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ISO 13898-1:19497(E)

Foreword

1SO (the Intemational Organization for Standardization) is a worldwide fed-
eration of national standards bodies (150 member bodies). The work of
preparing Intemational Standards is nomally camied out through ISQ
technical committees. Each member body interested in & subjeet for which
a technical committee has been established has the nght to be
represented on that committee. International organizations, governmentsl
and non-governmental, in liaison with 150, also take parl in the work. 150
collaborates closely with the Intemationzl Electrotechnical Commission
{IEC) on all matters of elecirotechnical stancardization.

Dratt International Standards adoptad by the technical committees ars
circulated to the member bodies for valing. Publication as an Intemationai
Standard requires approval by at lsast 75 % of the member bodies casting
avote.

International Standard 1SO 13898-1 was prepared by Technical Committee
ISCITC 17, Sieed, Subcommittee SC 1, Mesthods of delerninaiion of
chemical compasition.

180 12898 consists of the fallowing pans, uncer the general title Stesl and
iron —— Detsrmination of nickel, copper and cobalt contents — Inductively
coupled plasma atomic emission specirometric method.

—  Pari 1: General requirements and sample dissolution
—  Part 2: Defermination of nicke! content

—  Part 3: Delermination of copper confent

- Part 4: Determination of cobali content

Annex A forms an integral part of this part of ISO 13888, Annexes B and C
ara for informatian onky.
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All rights reservedd. Uindess otharwisa specified, no part of this pubBcation may be reproducad
or utilized in any form or by any means, akectronic or mechanical, Including photocopying and
micnafilen, without perrigshon in weiting trom the publisher.
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o IS0 ISO 13898-1:1997(E)

Introduction

This part of IS0 13898 is to be used in conjunction with subsequent pars
which specify methods for the determination of individual elemerts in stesl

and iron by inductively coupled plasma atomic emission spectrometric -
method {ICP-AES),

Although the analytical methods are specified as independant standards,
rmorg than one elernent in & single test solution can be determined.

K30 13898 is oplimized 1o give the highest accuracy far each individual
element, which implies that the multi-elemsnt capability of the ICP
tachnique is not utilized,
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INTERNATIONAL STANDARD ©I30 1SO 13898-1:1997(E)

Steel and iron — Determination of nickel, copper and cobalt
contents — Inductively coupled plasma atomic emission
spectrometric method —

Part 1:
General requirements and sampie dissolution

1 Scope

1.1 This part of IS0 13898 specifies a method for determination of nickel, copper and cobalt contents in unalloyed

steal and unalloyad iron within the rangaes specified in table 1 by means of inductively coupled plasma atomic
emission spectrometric method,

Table 1 - Application ranges of the elemeants to he determinad

Elamank Application range
%ol mm
Nicke| 0,001 to 0,30
Copper 0,001 to 0,40
Cobalt 0,401 to 0,10

1.2 This part of 1S0 13898 specifies the general requiremerits for analyzes hy |CP-AES, preparation and
dissclution of the test portion and method of calculation and the procedures used for the evaluation of the Precision
data of the individual methods specified in the subsequent parts.

1.3 The International Standard specifies two altamalive methods of evaluating concentrations in test solutions.
One is with, the other is wilhout 1he use of an Internal standard,

2 HNormatlve references

The following standards contain provisions which, through reference in this text, constitute provigions of this pan of
PS50 13888, At the time of publication, the editions indisated were valid. Al standards are sublect to revision, and
parties o agreements based on this part of IS0 13898 are encouraged to investigate the possibility of applying the

mast recent editions of the standards indicated telow. Membars of IEC and 1SQ maintain registers of eurrently valid
International Standards.

IS0 385-1:1984, Laboratory glassware - Bureties - Part 1 : General requirements.

IS0 648:1977, Labnratory glassware - One-mark pipattes.
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150 13898-1:1897(E) & 150

B0 1042:1983, Labhomtory glassware - One-mark volumetrc Rasks.
150 3696: 1987, Waler for analytical laboratory use - Specificalion and test methods.

IS0 13808-2:1997, Sias! and iron - Determination of nickal, cobait and coppar rontants - inductively coupled plasma
afomic emission spectromatric method - Parl Z: Determination of nicks! content.

IS0 13858-3:1947, Stes! and iron - Determination of mickel, cobaif and copper conlertts - Inductively coupled plasma
alomic emission speciromatriz mathod - Fart 5 Determination of coppear content,

ISC 13688-4;1997, Steel and iron - Deltenmination of nickel, cobalt and copper conlents - Inductively coupled plasma
atomie emission speciromstric method -Fart 4: Deterrnination of cobalt content,

ISO 14284:1996, Steel and iron - Sampiing and prapatation of samplas for the detanminglion of chemical
composition.

3 Principle

Dissolution of a test pertion in a mixture of hydrochloric and nitric acids and dilution of the sclution to known veiume,
If necassary, additien of scandium or yitium as internal standard. Nebulization of the solution into an inductively
coupled plazma atomic emission spectrometer and measurement of the intensity of the emitted light from each
element, or with emitted light from scandium ar yitdum, simultaneously. Examples of the analytical lines are given in

tahle 2.
Table 2 - Examples of analytical lines of the elements to be determined
Element Analytical lines
nm

Mickel 221,80

Copprat 324,75 or 22740

Cobalt 228,62

Scandium 361,38 or 424,88 (Intemal standard)

Yitrium 371,02 (inernal standard)
4 Reagents

During the analysis, unless otherwisze stated, use only reagents of recognized analﬁical grade and only grade 2
water as specified in 150 3696,

4.% Pure iron, containing less than 0,000 1 %(mim) of each element.

4.2 Hydrachlore acld, p approximatalty 1,19 g/mil, diluted 1+1.

4.3 Nitric acid, p approximately 1,40 gfml, diluted 1+1.
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L) ISO 13898-1:1997(E)

4.4 Scandivm Intemnal standard aolution, sorresponding to 1 g of scandium per litre.

Weigh, to the nearest 1 mg, 1,534 g of scandium oxide [purity >29,98 So{mm)|. Transter to a 500 ml beaker and
digsolve in 40 mi of nitric acid {4.3). Transfer to a 1 000 ml cne-mark volumeatric flask, dilute to tha mark with water
and mix,

1 mi of this internal standard salution contains 1 mg Sc.

4.5 ¥tirlum internal standard solution, comresponding to 1 g of yitrium per litre.

Waigh, to the nearest 1 mg, 1,270 g of ytiium osxide [purity =86,88 %{m/m)]. Transfer to a 500 ml beaker and

dissalve in 50 ml of hydrochloric acid {(4.2). Transter into a 1 000 mi one-mark volurmetric flask, dilute to the marlk
with water and mix .

1 ml of this internal standard sclution contains 1 mg Y.
4.5 Standard solutions of each alement ta be determined

Prepare separately for each element as specified in the eppropriate par of 150 128985,

5 Apparatus

All velumetric glassware shall be dlass A, in accordance with 1SO 385-1, IS0 848 or ISO 1042 as apprapriale.
Ordinary laboratory equipment and
2.1 Atomic emission spectrometer, equipped with inductively coupled plasma {ICP-AES).

The ICF-AES used will be satisfactory if after optimization according to 7.4.1 it meets the performance criteria given
in5.1.1to 5.1.3.

The spectrometar can be ether the simuftanecus or the sequential type. If a sequential spectromsier can be
equipped with an extra arrangement for simultanecus measurement af the internal standard ling (scandium or

yttriumy, ft can be used with the internal standard technique. If the sequential spactrometer is not equipped with this

arrangemert, an intemnal standard cannot be used and an alternative technigue withowt internal standard can ba
applied.

£.1.1 Short term stability

See A 1.3

The standard deviation of ten mesasurements of the absolute intensity or ratloed intensity of the emitted light of the
most concentrated calibration solution is caleulated for sach element to be determined,

The relative standarc deviation shall net exceed (0,4 %) of the mean absolute or raticed intensities.

3.1.2 Background equivalent concentration and detaction limit

See A 1.1 and A.1.2.

The background equivalent eoneentration (BEC) and detsction limit (DL) is caleulated for the analytical line in a
solution eontaining only the analyte element.

Tho value shall b balow the values indicated in tahle 3.

5.1.3 Graph linearlty
See A2

The linearity of the calibration graph is chacked by ealculating the correlation coefficiant,
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This coefficient shall be more than 0,959,

Table 3 - Background egulvalent concentralion and detection Nmit

Anahyticat line BEC DL
iy mgAl Mgk
Wi 231,60 1.5 04
Cu 384,75 0,8 002
Co 228,82 oA 004

6 Sampling

Carry aut sampling in accordance with 150 14284,

7 Procedure

7.1 Test portion

Waigh, to the nearest 1 mg, 1,000 g of the test sample.

7.2 Blank test (corresponding to the zere member)

In parallel with the datermination of the content and following the same procedure, carry old @ blank test using the
same quantities of alf the reagents ineluding the pureiron (4.1).

7.3 Datarmination
7.2.1 Preparation of the test solution
Place the test portion {7.1) in 2 200 mil baaker. Add 10 ml of nitic acid (4.3).cover the beaker with 8 watch-glase and

heat gently undil the effervescence ceases. Add 10 ml of hydrochleric acid {4.2) and continue the heating until
complete dissolution ocurs.

Cool to amblent temperature and transfer the solution quantitatively to a 200 mi one-rmark velumstric flagk. If the
intamal standard technigue is used, using a pipette, add 2 mil of the seandium intarnal standard solution (4.4) or 10
ml of yvitriim intarnal standard solution {4.5}. Dilute to the mark with water and mix.

7.3.2 Preparatian of the calibration solutions

Proceed as dirested in the relevant part of 150 13898,

7.4 Spectromatric measurements
7.4.1 Optimization of the instrument

Start the ICP-AES and let it run for at least one hour before taking any measuremants.
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2 IS0 ISO 13898-1:1997(E)

Adjust all instrumental parameters, each gas flow-rate (ouler, intemmediate or gentral), torch position, entrance slits,
exit slits, photomultiplier tube voltage, wavelength of the analytical line specified in tabls 2, pre-spraying time and
integrating time according to the instrurnent manufacturer's recommended aperating practices and guidelines (zes
annex A) while aspirating the highest concentration of calibration solution.

Prepare the software to measure tha intensity, mean value and relative standard deviation of the analytical fine.

Set an appropriate observation time and high voltage on the attenuators and measure the high standard to give
optimum intensity reading according to the manufactyrar's recommendation.

It an internal standard is used prepare the softwara to use the scandium line (361,38 nm) or the yitrium line

(371,03 nm) as an intema! standard and 1o caleulate the mtio between the intansity of each alemant and scandium
ot yitrium intensity.

The intensity of the internai standard shall be measured simultanecusly with the analyta intansity.
Checlc the instrument performance requirements given in 5.1.110 5.1.3.

7.42 Measurements of the emitted intenzities

if the absoluts intensities are to be measured, the temperatures of all salutions shall be within 1 °C of each other.
Filter all solutions thraugh a medium texture filter paper. Discharge the first 2 ml to 3 mil.

Measure the absolute intensity or intensity ratio of the analytical line baginning with the lowast calibration solution
i {zero member).,

Continue with two or three unknown tes! solutions, then the next lowest calibration solution, two or more UnRknowe
sulutions and sc on. in this way all unknown test solutions are measursd with the same time period as the
calibration salutiohs, minimising any possible drift between calibration and unknown test solutions.

For each solution make five integrations and check that the short termn stability is the same as specified in 5.1.1 and
calculate the mean inlensity or the mean ratioad intensity for each solution,

Subtract the mean abhgolute inlensity or the mean ratioed intensity {4} of the zero member from the mean absclule
intensity or the mean ratioed intensity {£) of each solution giving the net absalute intensity of the net raticed intensity

(A

IN =5 -y

7.43 Preparation of the calibration graph

U Use an elecironic calculator to make a linsar regression through the points with the net intensities or the net
intensity ratios on the F-axig and the concenlration, expressed as micrograms per millilitre, of each element to be
determined in the calibration sclution on tha X-axis.

Calcuiale the correlation coefficient. The coefficient shall meet the specification given in 5.1.3.

8 Expression of results
B.1 Meathod of calculation

Using the slectronic calculator convert the absolute intensity or ratived intensity into the concentration, p,,
expressed as micrograms per millilitre, of the element in the test solution, by using the calibration graph [see 7.4.3).

The conient of the element, wa, eXpressed as a percentage by mass, is given by the formula:

(Pot = Pap)*200 100 (Po,1— Po)
Wg = 10& K?+W9.U =T+WB|D
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where

Pai I8 the concentration, expressed in migrograms per millilitre, of the element in the test soiution;
Pen  is the concentration, expressed i micrograms per millilitre, of the element in the bBlank test;
" is the mass, in grams, of the test portion;

wgo i5the content, expressed as a percentage by mass, of the elemert in the pure iron used.

2.2 Precision

A planned trial of these methods was carred out. The tési samples used are listed in annex B.

The precision shall be as specified in the rélevant part of 150 13338,

9 Test report

The test report shall include the following information:

a)
b
c)
d)

&)

all information necessary for the identification of the sample, tha laboratory and the date of analysis;
the method used by reference to this part of (SO 13808;

the resets and the form in which they are expressed,

any unusual featuras noted during the delermination;

any aparation not spacified in this part of IS0 138388, ar any optional operation which may have influenced the
results.
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Annex A
(normative)

Procedures for the determination of instrumental criterla

A.1 Determination of detection limit {DL), background equlvalent concentration (BEC)
and short term stability

For the preparation of standard methods of analysks using ICP-AES, these crlteria shall ba decided by the working
group in charge of the inter-laboratary test results.

Swilch on the apparatus {plasma and electronics) and allow 1o stabilize. Stabilization time may vary from instrument
to instrumert and therefore cannct be exactly specified here. As a guideline, modem instrurnentation should be
stable within fifteen minutes under ordinary laboratory conditions. It may be verified by a further measurement of
short term stability on completion of the tests given balow.

| Prepars three sclutions containing the analyte elements of interest at concentration levels of zere, 10 x detsction

* limit and 1 000 x detectian limit. These solutions should also contain concentrations of acids, fusion agents and
malrix elemnents similar 1o those in the samples to be analysed. Datection limits for these reference sclutions may be
laboratory estimates or the specified values in the method.

Spray the 1 000 x DL solution and wail about ten seconds after the solution arrives in the plasma to ansure stable
nebulization.

Set operating and instrumental conditions for tha alement In question.

Position carefully on the maximum peak at the selected wavelength and select an appropriate photomultipiier gain {if
not automatic) o ensure that the measured intensity is to four significant digits. Set an integration tima of 3 &.

A.1.1 Determination of detection limit

Detection limits may be detemmined by different methods depending on the type of instrument. Nomally the
following procedure can ba used.

Spray the blank sclution for approximataly 10 s.
Take ten readings at the pre-set inlegration kime.
Spray the 10 x DL solution for about 80 s,

Take ten readings at the pre-set inlegration time.

Fromn the intensity readings obtained far the blank and the 10 x DL sclutions, calculats the mean intensities X4 and
Xp and the standard daviation of the blank S,

Calculate the net mean intensity for the 10 x DL solution
X=X - Xy

Calculate the detection limit for the element considerad according to the following axprasaion:
DL = 384 (Cy / Xy )

where € Is the concerdration, expressed as micrograrns per millilitre, of tha 10 x Dk solution.
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A.1.2 Determination of background equivalent concentration

Calculate the background equivalent congentration (BEC) according to the expression:

BEC = (Xp 7 Xm)&y

A.1.3 Determination of short tarm stability

Spray the 1 000 x DL solution for about ten seconds. Take ten readings at the pradetermined integration time.

From these and measurements taken previously on the 10 x DL solution calculate respectively the mean net
Intensities Xq1 and Xno and also tha corresponding standard deviations §¢ and Sz

Calculata the shaort term stability of the emission signal for the twa concentration levels.
RSDy = (3 / Xy ) 100 %
RS0, = (S f X2 ) 100 %

if several sets of readings are available, calculate the mesn RSD for each set.

Mean RSO = total R2DYx

A.2 Calculation of calibration curves

Fitting the best straight line to & set of paints {linear regression) simply iImvohves finding values for « and & in the
equation

Jm g4 BC

where

{ is the measured absolute or ratioed intensities;

C is the concentration of the calibration solutions.

The mathematical operation is known as the method of least squares. The slope of the curve {F) and the intercept
{a) are given by.

b =5Fcr'ion

a=}—bE

in which

where
€ is the mean of the cancentrations &

7 is the mean of the intensities 1.
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For the sef of data to which the

f I fitting has been applied a corralation cosfficient, », can be calculatod using the
armula:

3oy

(sccSi )1:2

F=

B , , 2
n which S¢; and 8¢ are defined above and 5, = §{7 - .') .
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Annex B

{informative)

Test samples used in the interlaboratory test

Sample

Chemical composition
% (i

Cu

N

Co

G

Si

Mn

cr

JBS 0033
(Linalloyed
slael}
KRG
{Unalleyad
etaal)
HR21
(Unalloyad
stasl)
MBS 15h
{Linalloyed
atesl)
HEBES 181
{Unalboyed
shzal)
BAS 0871
[Unalioyed
steel]
BCS 4561
[Unalloyed
sheal)
BCS 452
{Unalloyed
sael)
IRSIC G51-1
{Unalkoyad
&baal)
1RSI0 010-1
{Unralkysd
shael)
EURD 488-1
{Pig iron)
EURD 4871
{Pig iron)

0N 4

G001 4

0,045

0,013

0.006

0,17

022

0,026

0278

o021 6

0,000 &

Q.00a 0

0,035

0,017

0,00

0,118

4,18

0,042

G258

0,085 1

0,040

0,001 ©

0,004 &

0,003

0,008

0,013

Q042

0,017

0,008 &

0,001 1

0,804 2

172 8

O7E

0,87

0,174

1001

0315

0,080

0,541

3,73

ae7

0.004 1

| oas

0,

G214

263

024

0.085

0.105

0,268

0,241

0,006

& 001 8

016

AL

0,014

e ]

0,0t

0023

00128

Q01e

00212

0,002 0

9,004 B

0,006 O

145

Q372

0404

.67

020

0,03

0,605

0410

0218

0,094

Q0002

0.001 2

0.0z4

0,018

0,020

0,678

0,342

oMz

J£3

041 4

0,063

10
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Annex C
{informative)
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