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Foreword

IS0 {the International Organization for Standandization) is a worldwicle fed-
eration of natienal standards bodies (150 member bodies). The work of
preparing Intemational Standards is nomnally carred out through 150
technical committees. Each membar body intarested in a subject for which
a tachnical commitiee has been eslablished has the rnght to be
represented cn that committes, Intemational organizations, govarnmental
and non-govemmental, in iaison with 150, also take part in the work. 150
collaborates closely with the Intemational Electrotechnical Commission
({IEC) on all mattars of electrotechnical standardization.

Creft International Standards adopted by the technlcal commilttess ara
circulated to the member bodies for voting. Publication as an International
Standard requiras approval by at least 75 % of the member bodles casting
avole,

Intemational Standard 150 13888-3 was prepared by Technical Committee
ISO/TC 17, Steel, Subcommitter 5C 1, Methods of delsrminadion of
chemical composiion.

IS0 13858 cansists of the following parts, under the general title Stesf and
iron — Delermination of rickel, copper and cobalt cortents — Inductively
coupled plasma atprig emission spectromatnic msthod.

—  Pan 1: General requiremenis and sampia dissoilion
—  Pant 2: Datermination of nickel confent

—  Pan 3 Determination of coppear contert

—  Part 4: Delorrination of cobalt content

Annexes A and B of this part of IS0 13833 ara for information only.
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INTERNATIONAL STANDARD 150 : 150 13898-3:1997(E)

Steel and iron — Determination of nickel, copper and cobalt

contents — Inductively coupled plasma atomic emission
spectrometric method — -

Part 3:
Determination of copper content

1 Scope

This part of IS0 13588 specifies an inductively coupled plasma atomic emission spectromstnc method for the
determination of copper content in unalioyed steel and unalloyed iron.

The methad is applicable to copper cortants betwsen 0 001 % {mrm) and 0,40 % {m/m).

2 Normatlve references

The following standarda sontain provisions which, through reference in this text, constilute pravisions of this part of
IS0 13898, At the time of publicalion, the editions indicated were valid. All standards are subject to revision, and
parties to agreements bagsed on this part of IS0 13898 are encouraged to investigate the possibility of applying the

mosl recent editions of the standards Indicated below. Members of [EG and IS0 maintain ragigters of currently valid
International Standards.

150 3696:1987, Water for analytical laboratory use - Specification and lest methods.

IS0 5725-2:1994, Aceuracy (fruehess and precisian) of measurement melhods and resufts - Part 3: Determination
of repeatability and reproducibility of a standard measurement method,

IS0 §725-3:1994, Accuracy f{iruenass and pracision) of measurement methods and results - Pant 3 Intermediate
measures of the pracision of a standard measurerment method.

IS0 13808-1:1997, Steel and iron - Delormination of nickel, cobalt and copper corments - inductively coupled plasma
atornic emission spectromeltic method - Pant 1: General requiroments ancf sample dissolution,

IS0 14284:19968, Steal and jron - Sampling and preparation of samples for the determination of chamicat
COMmposition.

3 Principle

The principle is described in clause 3 of IS0 138%8-1:1897.
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4 Reagents

During the analysiz, unless otherwise stated, use only reagents of racognizad analytical grade and only grade 2
waler as specified in 1850 3696.

In additicn to the reagenis given in clause 4 of IS0 13898-1.1997, the following are required.

4.1 Copper, standard salution,

4.1.1 Stock solution, corresponding to 0,80 g of copper per litre.

Waigh, to the nearest 6,1 mg, 0,500 g ol copper metal [purity >$9,9% % (m'm)] and transfer to a 200 ml beaker. Add
50 mi of nitric ackd (4.3 of {50 13898-1:1997) cover with a watch-glass and heat 1o dissolve gently. Cool to ambient
temperalure , fransfer into a 1 000 mi one-mark volumetric flask quantitatively and dilute o the mark with water and
Imix.

1 ml of thie stock solution contains 0,80 mg Cu.

4.1.2 Standard solutlon A, coiresponding to 0,08 g of copper pear litre.

Transfer 20,0 mil of the copper stock solution (4.1.1) 10 a 200 ml ena-mark volumeatric flask, dilute to the mark with
water angd mix.

Prepare this standard solution immediately bafore usa.

1 mi of this standard soluticn contains 0,08 mg Cu,

4.1.3 Standard solutlon B, comesponding to 0.016 g of copper per litre,

Transfer 10,0 mi of the coppar stock salution (4.1.1} to a 500 ml one-mark volurmetric flask, dilute fo the mark with
I water and mix.

If the calibration graph is foundd to be non-linear, an additional calibration series may be used.
Prapare this standard solution immed|ately before uge.

1 ml of this standard soluticn contains 0,016 mg Cu.

5 Apparatus

The apparatus required is given in clause 5 of IS0 13898-1:1997.

& Sampling

Camy cut sampling in accardance with 150 14284,

7 Procedure
7.1 Tast portion

Weigh, to the nearest 1 mg, approximately 1,00 g of the test sample.

7.2 Blank test (corresponding to the zero member)

Proceed as directed in 7.2 of 130 13893-1:1997,
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7.3 Determination

7.3.1 Preparation of the test solution

Proceed as direcled in 7.3.1 of IS0 13006-1:1897.

7.3.2 Preparation of the calibration selutions
Infroduce inio a serias of six 200 ml beakers 1,00 g = 0,001 g of the pure iron (4.3 of ISO 13888-1:1897}. Add to
each beaksr 10 ml of nitric acid {4.3 of 130 13898-1:1997), cover the beaker with a watch-glass and heat gantly until

the end of effervescenca. Add 10 mt of hydrochloric acid (4.2 of 1S0 13898-1:1957) and continue the hesating until
complete dissolutian oocurs,

Coal te ambient temperature and transfer the solution to six 200 ml ore-mark volumetric flasks, rinsing the beakers
with the minimum guantity of water.

Using a pipefte or burette, add to the volumetric flasks the volume of copper standard solution A (4.1.2} indizated in
table 1. i the calibration graph is found to be non-linear, addilional ecalibration series may be used {a.q. tables 2 and

3). If the intemal standard technique is used, using a pipette, add 2 mf of the scandium intemal standard salution

(4.4 of ISC 13898-1:1997) or 10 mi of the yitriumn internal standard solution (4.5 of IS0 13895-1:1997). Diluts to the
mark with water and mix.

7.4 Spectrometric measurements
7.4.1 Optimization of the instrument

Proceed as directed in 7.4.1 of ISO 138498-1:1087.

7.4.2 Measurements of the emitted intensitles

Procead as diregted in ¥.4.2 of 1ISO 13808-1:1957,

7.4.3 Preparation of the calibration graph

Proceed as directed in 7.4.3 of 190 135%08-1:1007.

Table 1 — Copper contents between 0,001 % {m/m) and 0,40 % (mim)

Volume of copper Copper Comesponding
standard solutian & concentration copper content in
the test portion
il pgfrml T (i)
o 0 1]
10,0 4.0 0.080
15,0 &,00 0120
20,0 8,00 060
30,0 12,30 0,240
50,0 20,00 0,400
1) Zero membier,
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Table 2 — Example for copper conterts up to 0,008 % (m/m)
Volume of copper Cocpper Cormaspionding
standard sofutlon B concentration copper ¢ontesrt
In the test portion
ml #gfml Sh [wfm)
o a c
0.5 0,040 0,000 8
1.0 0,080 0,007 6
240 0,160 0,003 2
a0 0,244} G004 8
5.0 0,400 00080

anr'ighi_h'.r the mternational Depanization For Slandavdization

Tue Jap 07 k53230 2003

1) Zero membser.

Table 3 — Example for copper contentas between 0,008 % {nefre] and 0,080 % {mim)

Volume of copper Copper Comespaonding
standard solution B concentratlon copper contant
in the 125t portlon
mi gl %% {prafm)
o D 0
50 040 0,008
10,0 0,80 0,016
20,0 1,60 0,03z
30,0 240 0,045
50.0 4,00 0,080

1) e mEmber,

& 180
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B Expression of resulis

8.1 Method of calculation

Proceed as directed in 8.1 of ISO 13838-1:1997.

8.2 Precision

A planned trial of this methed was carried out by 26 laboratories in 12 counties at 10 levels of copper, sach
labcratory making lhree determinations (see notes) of copper content al aach level,

The tast samples used are listed In table A1

The rasults obtained were treated statistically in accordance with 1ISO 5725-1, IS0 5725-2 and 180 5726-3, using
the data obtained from the samples containing 10 levels of copper within the application range.

The data oblained showed a logarithmic relationship between copper conient and repeatability limit {/ and

reproducibility limits (A and Aw) ol the test results (see noles), as summarized in table 4. The graphical
! represemtation of the data ig given in annex B.

Table 4

Copper Repeatability limit Aepreducibillty Rmits

contant

Yo [muir) F R Ry
0,001 000 16 0,000 73 0,000 24
0002 0,000 23 0,000 37 ,000 35
0,005 0,000 37 0,000 70 0000 5B
0,010 0,004} 54 Q001 1 0,000 84
0,020 000077 .001 3 0,001 2
0,050 00013 0,003 4 0,002 0
0,104} 00018 0,006 4 0,002 9
0,20} o.o0Z6 0,008 4 0,004 2
0,404 0.0038 0,014 0,006 1

NOTES

1 Tws of the three delamminations were caried out under repeatabllity conditiens as defined in 130 5725-1, 1.2 one cperator,
samea apparatus, identical operating condifions, same calibration, end a minlmum perod of time.

2 Tha third determination was carrled out et a differert time (on a different day) by the same operator as in neote 1 using the
game apparatus with a new calibration.

3 From the results obtainsd on day 1 the repeatability limit (f and reproducibility limit (H) were calculated using the procedure
spacified in IS0 5725-2. From the first result obtained on day 1 and the resull obtained on day 2, the wilhin-laboratony
reprodugibility limit {Aw) was caleulated using the procedurs given in 130 57253,

9 Test report

Proceed as directed in dause 2 of 150 13858-1:1997.
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Annex A
{informative}

Additional information on the international cooperative tests

The repeatability and reproducibility data in table 4 were derived from the results of International analytical trials
carned cut in 1993 on nine steel samples and one iron sample in 12 countries involving 28 laboratories.

The results of the trials were repoded in document ISOMTC 17/8C 1 N 1024, March 1924, Tha graphical
presentation of the precision data is given in annex B,

The test samples used are listed in takle A7,

Table A.1
Sampla Coppar contant Preclsion dala
%o (mim) '
Certifled Found Ropaat- Reprocuclbliity
ability ’ limits
lirmit
¥ Wouz d o Rw
J35 003-3 0,001 4 0,007 41 0,001 35 0,000 17 0,000 43 .000 38
{unzloyed steel}
NR 10 {Unalloyad 0,001 4 007 45 0,001 42 0,000 30 0,000 38 0,000 59
steel]
NR 21 (Unalloyad 0,045 0,042 6 0042 6 0,001 2 00023 " 000 4
stesl)
NES 15h 4013 00126 gz 0,000 37 0,000 82 0,000 55
{Unalloyed steel)
MBE 16f 0,006 4,005 1 0,005 1 0,000 57 0,000 87 0,000 54
(Unalloyed steel)
BAS 087-1 0,11 0172 0,172 0,003 8 Q.008 O 0,007 1
fUnallayed steel)
BLS 452 022 027 0,217 0,003 3 JMEC 00083
{Unalloyed steel}
IASID 0811 0,026 0,025 4 0,028 5 0,000 81 0001 & 0,000 73
{Unallcyad stasl)
IRSID 0101 0,279 0,281 {1,281 00022 00130 0,000 ¥O
{Unalioyad slesf)
EURO 4871 00216 00221 0,002 1 0,008 BQ o0m 7 0000 23
{Pig iron} '
Wy 1 general mean within a day
;Gu,ﬂ : genaral mean betweon days
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Annex B
{informative)
Graphical representation of precision data
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whers

wou1  is the average copper content, expressed as a percentage by mass, obiained within a day;

wouz s the average copper content, axpressed as a percentage by mass, obtained betwean days.

Figure B.1 — Logarithmic relatienship betwean copper content {wcy ) and repeatability lmit () or
reproduclbliity limits (R and Ry)
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ICS 77.080.01

Descriptors: iran and staed produsts, wralloyed stools, unalloyed cast iron, chemical analysis, detorminafion of content, copper,
I spectrimettc mathod, alomls emission spectrometric method.
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