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1. SCOPE AND FIELD OF APPLICATION

This EURONORM specifies a method for the determination
of nickei in steeis and irons by means of (flamepatomic
apsorption spectrometry.

The method is appiicable to steels and irons with nickel

contents of 0.003 0 2.0% (m/m).

2, REFERENCGE

ZURONORM 18 - Selection and preparation of sampies and
rest preces for steet and iron and steet products.

General guidelines for the appiication of flame atomic absoro-
tion spectrometric methods are in course of preparation.

3. PRINCIPLE

Dissoiution of a test portion in a mixture of appropnate acids
and fummng with perchloric acid.

Soraying of the soluton into an air-acerviene flame. Determi-
saton of the nicke! by means of the spectrometric measure-
Tent of the atomic absorouon of the 232.0am or 332.5 nm
‘ine emimea by a nickei hoilow cathoae iamp.

The instrument is calibratea by addition orf a nickel standard
soiution 0 a simiiar mawrix to that of the test sowtion.

NOTE - At the waveiength of 352.5nm the signai-to-
noise ratio is higher than at a wavelength of 232.0 nm.
Generaily. use of the 352.5nm line wiil lead to a better
reproducibility.

However. as the sensitivity at 352.5nm is less than the
sensitivity at 232.0 nm. with some instruments the use of the
longer wavetengtn wiil be impossible when analysing iow
nickel contents. '

4. REAGENTS

During tne anaiysis use oniy reagents of recogmzed anaivtcal
-eagent quaiity and having a very low nickei content. and oniy
sisdiled water or water of equivaient punty.

Carefuily check the nicket content of ail reagents.

{f possibie. use oniy freshiy prepared distlled or deionized
water,

4.1 Iron of high purity, with a nickei content
< 0.0005% (m/m)

4.2 Hydrochioric acid—nitric acid mixture

Mix three voiumes of hydrochloric acid. 2 1.19 ¢/mi approxi-
mateiy, one volume of nitric acid. g 1.40 g/ml approximately



and two voiumes of water. This mixtwre 1s © be prepared
immediately before use.

4.3 Nitric acid—perchioric acid mixture

Mix 100 mi of nitric acid. p1.40 gmi approximateiy with
300 mi of perchioric acid. o 1.54 g/mi approximateiy. Dilute
o || with water and mix.

NOTE — Perchloric acid (p 1.67 g/ml approximately) may
aiso be used. 100 mi of perchloric acid (p 1.54 ¢/mi approxi-
mately) is equivaient to 79 mi of perchionc acid o 1.67 g/mi
approxumatety).

n

Orrinary iaboratory equipment and

3.1 Atomic absorption spectrometer: a nickel hoi;
low cathode lamp: supplies of air and'acétylene
sufficiently pure to give a steady clear fuei-lean
flame. free from water and oil. and free from
nickel ' )

The atomic absorption spectrometer used wiil be satisfactory

i arter optimization according to 7.3.4 the limit of detection

and characteristic concentration are in reasonable agreement

witn the values given by the manuracturer ana it meets the
“cilowing performance reguirements.

3.1.1 Minimum precision

The standard deviation of |0 measuremeats of the absorb-
2ncy of the most concentrated soiution snail not exceed 1.0%
of the mean absorbance.

The standard deviaton of 10 measurements of the absoro-
znce of the least concentrared caiibration soiution (exciuding
-na zero calibraton soiution) shall not exceed 0.3% of the

4.4 Nickel stock solution. corresponding to | mg
of nickel per mi approximately

Weigh, to the nearest 0.001 g, about 0.5¢g of high purity
aickei (> 99.9% pure). Transfer the weighed mass to a 400 mi
Seaker and dissoive in 25 mi of nitric acid (p 1.40 g/mi
approximately diluted | = 1 (v/v)). Boil to remove oxides of
nirogen. Coot and transfer the solution to a 500 mi volu-
metric flask. dilute to the mark with water and mix. Calculate
:he concentration of nickel in this stock soiution. in mg/mi.

4.5 Nickel reference solution. corresponding to 40
ug of nickel per mi approximately

Transfer 10.0 mi of nickel stock solution (4.4) to a 250 mi
voiumerric flask. dilute w0 the mark with water and mix.
Calculate the concentration of nicket in the reference soiution.
in ug/mi.

. APPARATUS

mean absorbency of the most concentrated calibration solu-
tion.

For example. if the top and bottom calibration solutions
represent @. 1% and 0.01% nickel in the sampie. the precision
cailed for (as two standard deviations) would be 0.002% and
0.0017 nickel respectively. assuming curve linearity.

V12V Additional ‘performance requirements

It is also desirable that the instrument should conform to the
‘ollowing additionai performance requirements.

{a) Characteristic concentration — The characteristic concen-
tration for nickel in a matrix similar to the final test
solution shail be better than 0.10 ug/mi.

(b) Limit of detection — The limit of detection of nickel in a
matrix similar to the final test solution shall be better than
0.15 yg/mi.

3.2 Anciilary equipment
A strip chart recorder and/or digital readout device is recom-

mended to evaluate the criteria in 5.1 and for all subsequent
measurements.

6. SAMPLING

Sampiing shail be carried out in accordance with EURONORM 18.

7. PROCEDURE

"W ARNING — Perchioric acid vapours may cause expiosions
‘n the presence of ammonia. nitrous fumes Of Orgamic matter
in generai. Always use a specaily designed fume-hood.

3

7.1 Test portion

Weigh the mass (m) indicated below to the nearest 0.001 g:
m=1g & 3%.



7.2 Blank test

With each analytical run. carrv out an analysis on a reagent
plank in parallei with the test portion anaiysis. using identical
reagents. conditions. anaivticai procedures and dilutions
shroughout.

7.3 Determinadon
7.3.1 Preparation of the test solution

Place the test poruon (7.1) in 2 250 mi beaker. Add 10 mi of
qydrochlonc acid—nitric acid mixture (4.2). Heat gently untii
the reacuon ceases.

Add 13 mi of nitric acid—perchloric acid mixture (4.3) and
heat untif dense-wnite fumes of perchionc acid appear. Con-
dnue heating tor one minute and allow to cool.

NOTE = if the test portion is readilv soiuble in the nitric
acid—perchioric acid mixture (4.3). the addition of hvdro-
chioric acid—nitric acid mixtwure (4.2) can be omitted. [n that
case the test porton is dissoived in the mitric acid—perchioric
acid mixture (4.3) and the soiution thus obtained is heated as
described above.

Dissolve in 25 mi of water by heating gentiy. Cool again and
transter the solution to a 100 mi voiumetric flask. dilute to the
mark with water and mix. This is thetest solution. If some
residue has been ieft in the soiution duefo silicon. tingsten.
niopium or tantaium. tilter the soiution through a dry. me-
dium textured fiiter paper. discarding the {irst funnings.

[f the expectea nickei content of the test sampie excesds 0.1%
¢msm). dilute the solution as follows: f

Transter 23.0 mi of the solutionltopa 300mivoiumetric slask:
dliute to the mark with water and mix.

NOTE - if the soiution has to be diluted to give the test
soiution. the biank test sotution (7.2) must be diluted in the
same way.

7.3.2 Preparaton of the caiibration solutions

Place [0 g or iron (4.1) in a 800 mi beaker. Add 100 mi of
Sydrochiornic acid—nitric acid mixture (4.2) and heat gentiy to
cissoive the ron.

Add 150 mi of nitric acid—percnioric acid mixture 14.3) and
~eat unni dense white fumes of percnioric acid appear. Con-
znue neaung for one minute ana ailow to cool. Dissotve in
-G0 mi of water by heating gendy. Cool again and transrer the
solution to a 230 mi voiumertnic tlask. diiute to the mark with
waler and mix.

~.2.2.0 Nickel content < 0.19% (mim)

Transfer a2 series of 25.0 mi aliquots of the iron soiution to
120 mi vowmetnic (lasks. add o 2ach {lask by means of a
surette or pipette respecuveiv 0. 2.2, 5.0, 10.0. 15.0. 20.0 and
23.9 mi of nickei reference soiuuon (4.3), dilute to the mark

vitn water and mix.

-

7.2.2.2 Nickei content 0.1 0 2.0% (mim)

Transrer 25.0 mi of the iron soiuuon to a 300 mi volumetrnic
“ask. diiute to the mark with ‘»ater and mix. From s
zownon transrer 23.0 mi aliquots :0 :00 mt voiumetric tlasks.
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Add to each flask by means of a burette or pipette respec-
uvety 0. 2.5, 5.0. 10.0. 15.0. 20.0 and 25.0 m! of nickel
reterence soiution (4.3), dilute to the mark with water and
mix.

NOTE — | mi of nickel reference solution (4.5) is approxi-
mately equivaient to 0.004% (m/m) in the sampiein the case
of 7.3.2.1 and 0.08% (m/m) in the sample in the case of

7.3.2.2.

7.3.3 Adjustment of atomic absorption spectrometer (5.1)

Type of lamp: Nickel hoilow cathode.
Waveiength: 232.0 nm or 352.5 nm.
Flame: Air-acetyiene clear fuel-lean
flame adjusted for maximum
nickel response

Follow manutacturer's
recommendations.

Lamp current —
Slit width

NOTE - The manuracturer’s recommendations shouid be
closely foilowed and particular attenton is drawn to the
following safety points:

(a) the explosive nature of acetylene and reguiations concern-
ing its use:

{b) the need to shield the eyes of the operator from UV
radiation by -means-of tinted glass:

(c) the need to keep burner head clear of deposits. A badly
cloggded burner may cause a flash back:

(d) make sure that the liquid trap is filled with water.

7.3.4 Optimization-of , the, atomic absorption spectrometer
seqtings

Foilow the manufacturers instructions for preparing the in-

strument for use.

When the current to the iamp. the waveiength and flow of zas
have been adjusted ana the burner lit. spray water unui the
indicauon has stabilized. Set the absorbance value to zero.
Choose a damping setting or integration time to give a signai
steady enough to fuifil the precision requirements (5.1).

Adjust the flame to be ciear fuel-lean and the burner height to
about | cm below the light path. Spraying, alternately. the
high. ana zero caiibration soiutions. adjust the gas flow and
burner position (horizontaily. verticaily and rotationally) until
the differencs in absorpance between the calibration solutions
is at 2 maximum.

Evaiuate the criteria of 5.1.1 to ensure that the instrument is
suitabie for the deterrmnauon.

7.3.5 Atomic absorption measurements

Set the scaie expansion so that the top calibration solution gives
nearty fuil scaie derlection. Aspirate the calibration soiutions in
ascending order repeutiveiy unui each gives the acceptable
precision (see 3.1.1), thus showing that the instrument has
achieved stability. Select two calibration soiutions. one having
an absorbency just lower than the test solution and one just
higher. Aspirate these rirst in ascending order. then in descend-
ing order. with the test soiution as the middle solution in each
case. measuring the absorbency in reiation to water. Aspirate
the compiete range of caiibration soiutions again.

[t is recognized that these procedures cannot be followed \-Vilh
automauc instruments which accept two calibration soiutions
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oniyv. In this case. it is suggested that the two ‘sandwiching’
soiuticns shouid not be used for the pnmary caiibrauon but
shouid be anaiysed alternately with the test solution.

Obtain the net mean absorbance of each calibration soiution
by subtracting the mean absorbance of the zero calibration
soiuuon.

Obtain the mean absorbance of the test soiution and the mean
absorbance of the reagent blank soiuton.

Convert the mean absorbances of the test soiution and of the
reagent blank soluton to micrograms of nickel per muililitre
by means of the calibration graph (7.4).

7.4 Establishment of the calibration graph

It is necessary to draw up a new calibration graph for each
series of determunauons. and for the range of nickei contents
expected.

Prepare a calibration graph by plotting the net mean absorb-
ance velues of the calibration solutions against micrograms of
nickel per muiililitre, calcuiated according to 4.5. Refer the net
absorbances of the two adjacent calibration solutions to the
graph. If these two calibration readings do not deviate from
the graph by more than the permitted precision criteria then
the test solution readings are acceptable.

8. EXPRESSION OF RESULTS

The percentage by mass of nicket (Ni) is given by the
expression

\;-o/(m,m,_(b—C)'D'Ioo 100_(b—f:'!-D
S = T0° m 100 m
where:

b is the concentration of nickel in the test soiution in ug/mi:

¢ is the concentration of nickei in the reagent blank soiution
in ug/mi:

D is the diludon factor in 7.3.1:
(D =1 for sampies with an expected nickel content of
0.1% or less.

D = 20 for samples with an expected nickel content of
more than 0.1%):

m is the mass of the test porton. in g.

9 ITEST'REPORT

The test report shail contain the following partcuiars:

{a) The metnod of analysis used by reference‘to this"'EURO-
NORM:

{b) the resuits obtained. as weil as the form in which they are
2xpressed:

{c) any parucular detaiis which may have been noted during
the determination:

(4 anv operations not specified in this EURONORMor any
optonal operations wiich couid have had an iniluence on
the, resuit:

(e) ail indications necessary for the identification of the sam-
ple:

() the laboratory and the date of analysis.

ANNEX

Precision data

Planned triais of this method were carried out by anaiysts
‘rom 6 to {9 laboratories: 2-5 determinatons were carried out
5y 2ach analyst on each sampie. From the resuits

obtained the 95% (2s) confidence limits have been calculated
in accordance with ISO 5725 and are tabulated as follows:
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