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National foreword

This Subsection of BS 6200 has been prepared under the
direction of the Iron and Steel Standards Committee,

It is identical with ISO 4940 ‘Steel and cast iron —
Determination of nickel content — Flame atomic
absorption spectrometric method’ published by the
International Qrganization for Standardization {ISO).

Terminology and conventions. The text of the
international standard has been approved as suitable for
publication as a British Standard without devlation,

Some terminology and certain conventions are not Identical
with those used in British Standards; attention is drawn
especlally to the following.

The comma has been used as a decimal marker. In British
Standards it is current practice to use a full point on the
baseline as the decimal marker.
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Wherever the words ‘International Standard’ appear,
referring to this standard, they should be read as ‘British
Standard’.

Cross-refarence. The Technical Committee has reviewed
the provisions of ISO/R 377, to which reference is made in
clause 6, and has decided that they are acceptable for use in
conjunction with this standard.

A related standard to ISO/R 377 is BS 1837 ‘Methods for
the sampling of iron, steel, permanent magnet alloys and
ferro-alioys’. Appropriate procedures from ISO/R 377 will
be incorporated in BS 6200 : Part 2 ‘Methods of sampling
and sample preparation’, which will be published in due
course and which will supersede BS 1837,

Compliance with a British Standard does not of itself
confer immunity from legal obligations.
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1 Scope and field of application

This International Standard specifies a method for the deter-
mination of nickel in steel and cast iron by means of flame
atomic absorption spectrometry.

The method is applicable to nickel contents in the range 0,002
10 0,6 % (m/m).

2 Reference

ISO/R 377, Selection and preparation of samples and test
bieces for wrought steel.

3 Principle

Dissolution of a test portion in a mixture of appropriate acids
followed by evaporation to fuming with perchloric acid.

Spraying of the solution into an air-acetylene flame. Spec-
trometric measurement of the atomic absorption of the 352,56 nm
spectral line emitted by a nickel hollow cathode tamp.

NOTE — With some instruments it is not possible to obtain sufficient
sensitivity at the wavelength of 352,56 nm for low concentrations of
nickel near the bottom end of the application range and in such cases
the alternative wavelength of 232,0 nm must be used.

At the wavelength of 352,56 nm, the signal-to-noise ratio is higher than

at a wavelength of 232,0 nm. In general, use of the 352,6 nm line will
give better reproducibility.

4 Reagents

During the analysis, unless otherwise stated, use only reagents
of recognized analytical grade and having a very low nickel con-
tent and only distilled water or water of equivalent purity.

If possible, use only freshly prepared distilled or deionized
water.

4.1 lron of high purity, nickel content < 0,06005 % {m/m).
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4.2 Hydrochloric acid-nitric acid mixture.

Mix three parts by volume of hydrochloric acid (o about
1,19 g/ml), one part by volume of nitric acid {¢ about
1,40 g/ml), and two parts by volume of water.

Prepare this mixture immediately before use.

4.3 Nitric acid-perchloric acid mixture.

Mix 100 ml of nitric acid (o about 1,40 g/ml) with 800 ml of per-
chloric acid (o about 1,54 g/ml). Dilute to 1 litre and mix.

NOTE — Perchloric acid (¢ about 1,67 g/ml) may also be used. 100 mi
of perchloric acid (¢ about 1,54 g/ml} is equivalent to 79 ml of per-
chloric acid (¢ about 1,67 g/ml).

4.4 Nickel, standard solution.

4.4.1 Stock solution, corresponding to 1 g of Ni per litre.

Weigh, to the nearest 0,000 1 g, 0,500 0 g of high purity nickel
[>. 99,9 % (m/m) pure], and dissolve in 25 ml of nitric acid
{0 about 1,40 g/ml, diluted 1 + 1). Boil to remove nitrous
fumes. Cool and transfer the solution to a 500 mi one-mark
volumetric flask, dilute to the mark and mix.

4.4.2 Standard solution, corresponding to 40 mg of Ni per
litre.

Transfer 10,0 ml of the stock solution (4.4.1) into a 250 ml one-
mark volumetric flask, dilute to the mark and mix.

1 ml of this standard solution contains 40 ug of Ni.

Prepare this standard solution immediately before use.

5 Apparatus

Ordinary laboratory apparatus, and

5.1 Atomic absorption spectrometer

A nickel hollow cathode lamp; supplies of air and acetylene suf-
ficiently pure to give a steady clear fuel-lean flame, free from
water and oil, and free from nickel.

The atomic absorption spectrometer used will be satisfactory if
after optimization according to 7.3.4 the limit of detection and

.
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characteristic concentration are in reasonable agreement with
the values given by the manufacturer and it meets the precision
criteria given in 5.1.1.

5.1.1 Minimum precision

Calculate the standard deviation of 10 measurements of the ab-
sorbance of the most concentrated calibration solution. The
standard deviation shall not exceed 1,0 % of the mean absor-
bance.

Calculate the standard deviation of 10 measurements of the ab-
sorbance of the least concentrated calibration solution (ex-
cluding the zero member}. The standard deviation shali not ex-
ceed 0,5 % of the mean absorbance of the most concentrated
calibration solution.

It is also desirable that the instrument should conform to the
additional performance requirements given in 5.1.1.1 to
5.1.1.3.

5.1.1.1 Characteristic concentration

The characteristic concentration for nickel in a matrix similar to
the final test portion solution shall be better than 0,50 ng of Ni
per millilitre for wavelength 352,56 nm and better than 0,10 pg
of Ni per miltilitre for wavelength 232,0 nm.

65.1.1.2 Limit of detection

This is defined as twice the standard deviation of 10
measurements of the absorbance of a solution containing the
appropriate element of a concentration level selected to give an
absorbance just above that of the zero member.

The limit of detection of nickel in a matrix similar to the final
test portion solution shall be better than 0,30 pg of Ni per
millilitre for wavelength 352,65 nm and better than 0,15 ug of Ni
per millilitre for wavelength 232,0 nm,

5.1.1.3 Graph linearity

The slope of the calibration graph covering the top 20 % of the
concentration range {expressed as a change in absorbance}
shall not be less than 0,7 times the value of the slope for the
bottom 20 % of the concentration range (expressed as a
change in absorbance) determined in the same way.

For instruments with automatic calibration using two or more
standards, it shall be established prior to the analysis by obtain-
ing absorbance readings, that the above requirements for
graph linearity are fulfilled.

5.2 Ancillary equipment

A strip chart recorder and/or digital readout device is recom-
mended to evaluate the criteria in 5.1.1 and for all subsequent
measurements.

Scale expansion can be used until the noise observed is greater
than the read-out error and is always recommended for absor-
bances below 0,1. If scale expansion has to be used and the
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instrument does not have the means to read the value of the
scale expansion factor, the value can be calculated by measur-
ing a suitable solution with and without scale expansion and
simply dividing the signal obtained.

6 Sampling

Carry out sampling in accordance with ISO/R 377 or ap-
propriate national standards’ for cast iron. :

7 Procedure

WARNING — Perchloric acid vapour may cause ex-
plosions in the presence of ammonia, nitrous fumes or
organic matter in general.

Ensure that the spray system and drainage system are washed
free from perchloric acid after use.

NOTE — All glassware shall first be washed in hydrochloric acid (¢
about 1,19 g/ml, diluted 1+ 1), then in water. The quantity of nickel
present in the beakers and flasks can be checked by measuring the ab-
sorption of the distilled water introduced into the glassware after the
acid wash.

7.1 Test portion

Weigh, to the nearest 0,001 g, approximately 1 g of the test
sample.

7.2 Blank test

Parallel with the determination and following the same pro-
cedure, carry out a blank test using the same quantities of all
the reagents including iron (4.1).

7.3 Determination

7.3.1 Preparation of the test solution

Place the test portion (7.1} in a 250 mi beaker. Add, in small
portions, 15 ml of the nitric acid-perchloric acid mixture (4.3},
cover the beaker with a watch-glass and heat gently until sol-
vent action ceases. Evaporate until dense white fumes of per-
chloric acid appear. Continue fuming for 1 min at such a
temperature as to maintain a steady reflux of white perchloric
acid fumes on the walls of the beaker.

NOTE — For samples not readily soluble in the nitric acid-
perchloric acid mixture (4.3), first dissolve in 10 ml of the hydrochloric
acid-nitric acid mixture (4.2) before adding the 15 ml of the nitric
acid-perchloric acid mixture (4.3}

Allow to cool, add 26 m! of water and heat gently to dissolve
salts. Cool again and transfer quantitatively to a 100 m! one-
mark volumetric flask. Dilute to the mark and mix.

Filter by decantation through a dry medium filter paper to
remove any residue or precipitate, for example graphite, silica
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