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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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INTERNATIONAL STANDARD ISO 4945:2018(E)

Steel — Determination of nitrogen —
Spectrophotometric method

1 Scope

This document specifies a spectrophotometric method for the determination of nitrogen in steel.

The mhethod is applicable to the determination of nitrogen mass fraction between 0,J00 6 % and
0,050]% in low alloy steels and between 0,010 % and 0,050 % in high alloy steels.

The method does not apply to samples containing silicon nitrides or having silicon contents higher
than 0,6 %.

2 Normative references

The fpllowing documents are referred to in the text in such a way-that some or all of their content
constjtutes requirements of this document. For dated references; only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendmgnts) applies.

[SO 6448, Laboratory glassware — Single-volume pipettes

ISO 1042, Laboratory glassware — One-mark volumetric flasks

ISO 3696, Water for analytical laboratory use — Specification and test methods
ISO 14284, Steel and iron — Sampling and<preparation of samples for the determination of chemical
compégsition

3 Terms and definitions

No tefms and definitions are(isted in this document.

ISO and IEC maintain termirnological databases for use in standardization at the following pddresses:

et

$0 Online browsing platform: available at https://www.iso.org/obp

]

KEC Electropedia: available at http://www.electropedia.org/

4 Principle

Dissolution of a test portion in hydrochloric acid.
Fuming of the acid-insoluble residue in sulphuric acid with potassium sulfate and copper(ll) sulfate.

Distillation of the solution made alkaline with sodium hydroxide, and collection of ammonia in a
receiver containing diluted sulphuric acid.

Formation of a blue-coloured complex between the ammonium ions and phenol in the presence of
sodium hypochlorite and disodium pentacyanonitrosylferrate(IIl) (sodium nitroprusside).

Spectrophotometric measurement of the complex at a wavelength of about 640 nm.

© ISO 2018 - All rights reserved 1
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5 Reagents

During the analysis, unless otherwise specified, use only reagents of recognized analytical grade and
only freshly prepared grade 2 water as specified in ISO 3696.

5.1 Hydrochloric acid solution, 1 + 1.

Add 500 ml of hydrochloric acid (p approximately 1,19 g/ml) to 500 ml of water and mix.

5.2 Sulphuric acid, p approximately 1,84 g/ml, free from nitrogen compounds.

It is preferalple To prepare the acid by evaporating until the fume of sulphuric acid appears.and to
continue funjing for 20 min to 30 min at the time of use.

5.3 Sulphuric acid solution, approximately 0,02 mol/l.

Add 30 ml of sulphuric acid (5.2) little by little into about 700 ml of water. After copling, make yp the
volume to 1 Jwith water, and mix. Dilute 40 ml of this solution to 1 1 with water and mix.

5.4 Sodium hydroxide, 500 g/ solution.

Add cautioudly, while stirring and cooling, about 900 ml of water into-a.polyethylene bottle contgining
500 g of sodipm hydroxide pellets. Cool, dilute to 1 | with water andunix.

5.5 Sodium hydroxide, 7,5 g/l solution.

Dilute 15 ml jof sodium hydroxide (5.4) to 11 with water and'mix.
5.6 Potassium sulfate, K2S04.
5.7 Coppef(ll) sulfate pentahydrate, CuSO4~5H>0.

5.8 Disodium hydrogenphosphate, 0;1\mol/l1 solution.

Dissolve 36 g of disodium hydrogenphosphate dodecahydrate (NazHPO4-12H70) in water, make yip the
volume to 1 | with water, and mijx:

5.9 Sodium hypochlorite,)NaClO, approximately 0,1 mol/I solution, with approximately 0,3 % [mass
fraction) of active chlorine;

Store this solution at:a‘temperature less than 10 °C for at least 3 d or more before use.

5.10 Sodiurp phenoxide, solution.

Add, while stirring and cooling, 5 g of phenol (CgHgO) to a mixture of 10 ml of a 250 g/1 solution of
sodium hydroxide and 80 ml of water. Make up the volume to 100 ml with water, and mix.

Prepare this solution at the time of use.

5.11 Sodium pentacyanonitrosylferrate(llI), 0,25 g/I solution.

Dissolve 10 g of sodium pentacyanonitrosylferrate(Ill) dihydrate (sodium nitroprusside dihydrate)
[NazFe(CN)5NO-2H20] in water, make up the volume to 1 1 with water, and mix.

Dilute 25 ml of this solution to 1 1 with water at the time of use.

2 © ISO 2018 - All rights reserved
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5.12 Nitrogen stock solution, corresponding to 0,1 mg/ml of nitrogen.

Weigh, to the nearest 0,1 mg, 0,382 0 g of ammonium chloride, which is previously dried in a sulfuric
acid desiccator under a reduced pressure, dissolve in water and transfer the solution quantitatively to a
1 000 ml one-mark volumetric flask. Dilute to the mark with water, and mix.

1 ml of this stock solution contains 0,1 mg of nitrogen.

5.13 Nitrogen standard solution, corresponding to 2 pg/ml of nitrogen.

Transfer 20,0 ml of the nitrogen stock solution (5.12) to a 1 000 ml one-mark volumetric flask, dilute to
the mark with water and mix

Prepdre this standard solution at the time of use.

1 ml ¢f this standard solution contains 2 pg of nitrogen.

5.14 |Methyl red, 0,1 g/1 solution.

Disso|ve 0,005 g of methyl red in ethanol, make up the volume to 50 ml'with ethanol and njix.

6 Apparatus
All valumetric glassware shall be class A, in accordance witl}SO 648 and ISO 1042.

Ordirjary laboratory apparatus and the following shall be'used.

6.1 [Spectrophotometer, suitable for measuring’absorbances at a wavelength of 640 nm with 10 mm
opticdl path length cells.

6.2 [Steam distillation apparatus (see@Annex A).

The apparatus consists of a steam genérator, a distillation flask, a funnel, a condenser and a receiver. A
trap dan be used between the steam generator and the distillation flask.

A

Examjples of the recommendéd form of apparatus are illustrated in Figures A.1, A.2 and A.]

The qteam generator should be preheated to allow starting the distillation immediatgly after the
introdluction of the test’solutions.

6.3 |Hot water\bath, suitable for boiling water.

7 Sanipling

Carry out sampling in accordance with ISO 14284 or appropriate national standards for steel.

8 Procedure

CAUTION — Carry out operations in a well-ventilated room away from all sources of nitrogen
compounds.

8.1 Test portion

Weigh, to the nearest 0,1 mg, a test portion in accordance with Table 1.

© ISO 2018 - All rights reserved 3
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Table 1 — Mass of test portion

Expected nitrogen content Test portion
% (mass fraction) g
0,000 6t00,0050 2,0

0,005 0 to 0,050 1,0

8.2 Blank test

Carry out a blank test in parallel with the determination, following the same procedure and using the

es £.11 L IS R P T el b o
same quantl resSorarrreagentsasusearor e aetermiratio;except e teSTPotrTiott:

8.3 Determination
8.3.1 Dissplution

8.3.1.1 Plafe the test portion (8.1) in a 300 ml beaker or conical flask. Add 3@nil of hydrochlorilc acid
(5.1), cover With a watch-glass or a funnel and heat until acid action has apparfently ceased.

8.3.1.2 Filter the solution through a filter paper (see 8.3.1.3) and collécbthe filtrate in a 300 ml beaker.
Rinse the begker or the conical flask with water, remove adherent parti€les with a rubber-tipped rofl, and
filter the rinding through the same filter paper. Wash the filter paper'with a minimum quantity of water.
Keep the filtijate and the washings in the beaker (this is test solution S1).

8.3.1.3 A medium-texture filter paper is suitable for sample solutions that do not contain fine nifrides.
However, a ¢lose-texture filter paper is recommendedif the sizes of nitrides are unknown. Vgcuum
filtration, using a membrane filter with pore size lessythan 0,2 pm, is necessary for samples whi¢h are
known to comtain fine nitrides such as boron nitride.

8.3.2 Tredtment of insoluble residue

Transfer thelfilter paper and the insoluble residue to a 500 ml conical flask and add 10 g of potagsium
sulfate (5.6),|1 g of copper(l]) sulfate pentahydrate (5.7) and 20 ml of sulphuric acid (5.2).

Heat gently yintil the water intg’the flask has evaporated and the first white sulphuric fumes appear,
cover the flgsk with a funnel-and continue fuming (between 335 °C to 350 °C) for about 60 min to
decompose the residue.

Cool to roon] temperatute, add 50 ml of water and boil thoroughly for 5 min to remove sulfur djoxide
from the solytion (thiss test solution S2).

8.3.3 Steapi-distillation (see Figure A.1, A.2 or A.3)

To collect the distillate, transfer 5 ml of sulphuric acid (5.3) to a 100 ml volumetric flask with a ground
neck and having a mark at 90 ml. Introduce the tapered tube extension of the condenser into the flask in
such a manner that it is immersed in the 5 ml of sulphuric acid (5.3) solution.

Add 110 ml of sodium hydroxide solution (5.4) to the distillation flask (b) through the funnel (f) and
rinse the funnel with a minimum quantity of water.

Add sample solutions S1 and S2 (see 8.3.1 and 8.3.2) to the distillation flask (b) through the funnel (f)
and rinse the vessels of sample solutions and the funnel with a minimum quantity of water.

Add water to the distillation flask through the funnel to make up the volume of the solution to
about 250 ml.

4 © ISO 2018 - All rights reserved
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Begin the distillation and continue until the distillate has reached the 90 ml mark. Rinse the immersed
tube with water and collect the rinsings in the 100 ml volumetric flask. Make up to volume with water
and mix.

The distillation should take about 25 min.

8.3.4 Formation of the coloured complex

Transfer to a 100 ml one-mark volumetric flask an aliquot of the solution from 8.3.3, chosen in
accordance with Table 2. Add 100 pl of methyl red solution (5.14), and neutralize exactly with sodium
hydroxide solution (5.5). Make up the volume of the solution to about 50 ml with water if needed.

Table 2 — Aliquots

Expected nitrogen content Aliquots
% (mass fraction) ml
0,000 6 to 0,010 50
0,010 to 0,020 25
0,020 to 0,050 10

Add 3,0 ml of sodium phenoxide solution (5.10), 5,0 ml of disodium hydrogenphosphate qolution (5.8)
and agitate the flask in an identical manner by alternately turrfing’it upside down (atleast 10 times). Add
10,0 ml of disodium pentacyanonitrosylferrate(IIl) solution(5.11) and 5,0 ml of sodium fhypochlorite
solution (5.9) and agitate the flask in an identical manner byalternately turning it upside down (at least
10 times). Place the flask in the boiling water of the hotwater bath (6.3) for 5 min. After cogling to room
temperature, make up to volume with water and mix (this is the test solution).

8.3.5| Spectrophotometric measurements

Carry] out the spectrophotometric measurement of each test solution at a wavelength of apout 640 nm
after having adjusted the spectrophotometer to zero absorbance by reference to water using 10 mm cells.

8.4 |Establishment of the calibration curve

8.4.1| Preparation of thecalibration solutions

The preparation of the,calibration solutions shall be carried out in parallel to that of the sample
solutions.

Trangfer 30 mlef hydrochloric acid (5.1) and the volumes of nitrogen standard solution (§.13) given in
Table|3 into-a-series of seven 200 ml beakers.

To collect the distillate, transfer 5 ml of sulphuric acid (5.3) to a 100 ml volumetric flask with a ground

neck ndhavinag amark .+ 90 ml Intraduce the tanoroed tubhe evtencian afthe condencor info the flask ln
tH ety o HHoH ot o e O e CetH et P e et D - Er t e O O e R E-cO R eSS e

such a manner that it is immersed in the 5 ml of sulphuric acid (5.3) solution.

Add 55 ml of sodium hydroxide solution (5.4) to the distillation flask (b) through the funnel (f) and
rinse the funnel with a minimum quantity of water.

Add the content of the 200 ml beaker to the distillation flask (b) through the funnel (f) and rinse the
beaker and the funnel with a minimum quantity of water.

Add water to the distillation flask through the funnel to make up the volume of the solution about 250 ml.

Begin the distillation and continue until the distillate has reached the 90 ml mark. Rinse the immersed
tube with water and collect the rinsings in the 100 ml volumetric flask. Make up to volume with water
and mix.

© IS0 2018 - All rights reserved 5
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Transfer 50 ml of the solution to a 100 ml one-mark volumetric flask. Add 1 drop of methyl red solution
(5.14), and neutralize exactly with sodium hydroxide solution (5.5).

Add 5,0 ml of sodium phenoxide solution (5.10) and 5,0 ml of disodium hydrogenphosphate solution
(5.8) and agitate the flask in an identical manner by alternately turning it upside down (at least 10
times). Add 10,0 ml of disodium pentacyanonitrosylferrate(IIl) solution (5.11) and 5,0 ml of sodium
hypochlorite solution (5.9) and agitate the flask in an identical manner by alternately turning it upside
down (at least 10 times). Place the flask in the boiling water of the hot water bath (6.3) for 5 min. After
cooling to room temperature, make up to volume with water and mix.

Table 3 — Calibration solutions

Volume of pitrogen Corresponding Nitrogen content of the test sample
standard dolution | mass of nitrogen in
(519 the test solution % (mass fraction)
ml ug Test portion
2g 1g | 1g | lg
Aliquot
50 ml 50 ml 25ml 10 mll
0a 0 0 0 0 0
5 5 0,000 5 0,001 0 0,002 0 0,005(0
10 10 0,001 0 0,002:0 0,004 0 0,010(0
20 20 0,002 0 0,004°0 0,008 0 0,020(0
30 30 0,003 0 0,006 0 0,012 0 0,030(0
40 40 0,004 0 0,008 0 0,016 0 0,040)0
50 50 0,0050 0,0100 0,0200 0,050(0
a  Zero memper.

8.4.2 Spedtrophotometric measurements

Carry out the spectrophotometric measurement of each calibration solution (8.4.1) at a wavelength of
about 640 nin (see 8.3.5), in a cell of 10 mm optical path length, using water as the reference medfum.

Subtract the jabsorbance of the zeroymember solution from the absorbance of each calibration solytion.

8.4.3 Plotfing the calibration curve

Establish thq calibrationycurve, which passes through the origin, by plotting the net absorbance values
against the mass of nitrogen, expressed in micrograms per millilitre, in the calibration solutions.

9 Expression of results

9.1 Method of calculation

Convert the absorbance of the test solution and of the blank test solution to micrograms of nitrogen by
means of the calibration curve (see 8.4.3).

The nitrogen content, wy, expressed as a mass fraction (%), is given by Formula (1):

wy :L';Oxmo 1)

mx——
100
where
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m
m
m

B

9.2

1

0

is the mass of the test portion, in grams;

is the mass of nitrogen in the test solution, in grams;

is the mass of nitrogen in the blank test solution, in grams;

is the volume of the aliquot (see 8.3.4), in millilitres.

Precision

ISO 4945:2018(E)

A planned trial of this method was carried out by nine laboratories in four countries, at ten levels of the

nitro pell CONtent, eacn labordatory making tnree determinations 1or eacn ievel.

The test samples used are listed in Table B.1, and the experimental precision data obtaing

in Tal

The results obtained were treated statistically in accordance with [SO 5725-2:1994 and I1SO

The optained data showed a logarithmic relationship between the nitrogen.content and the
limit,|r and the reproducibility limits, Ry and R. From these relationships; the precision sn
showh in Table 4 were calculated. The graphical representation of the experimental pre

le B.2.

showh in Figure C.1.

10 7
The t

&
)

Table 4 — Precision data (smoothed values)

% (mass fraction

d are shown

6725-3:1994.

repeatability
noothed data
rision data is

Nitrogen content | Repeatability limit Reproducibility limits
r Rw R
0,000 6 0,000 07 0,000 13 0,000 51
0,001 0 0,000 %2 0,000 21 0,000 68
0,002 0 0,000 2 0,000 4 0,001 0
0,0050 0,000 5 0,000 8 0,001 6
0,010 0,001 0 0,001 5 0,002 4
0,020 0,0019 0,002 6 0,0035
0,050 0,004 5 0,0057 0,0057
est report
st reportshall include the following information:
linformation necessary for the identification of the sample, the laboratory and the date of analysis
" of the test report;

b) method used by reference to this document, i.e. ISO 4945;

c) results and unit in which they are expressed;

d) any unusual features noted during the determination;

e) anyoperation notspecified in this document, or any optional operation which might have influenced
the results
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Annex A
(informative)

Examples of distillation apparatus

steam generator, of capacity 2 1
distillation flask

condenser

inlet of the steam generator

trap

a
b

C

e

f funnel
g

r resistance heater, 600 W
1

,2,3 trap

Figure A.1 — First example of a distillation apparatus
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f
l
b
o o
Key
a steam generator, of capacity 2 1
b distillation flask
c condenser
e inlet of the steam generator
f funnel
g trap
r resistance-h€ater, 600 W
1,2,3 |trap

- A2 —§ I le of a distillati
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Key

o 0 T o

10

e
f
m
R
a
C

| %
steam geherator
distillation flask
condenser

inlet of the steam generator

funnel

Figure A.3 — Third example of a distillation apparatus
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Annex B
(informative)

Additional information on the international interlaboratory test

The data shown in Table 4 are derived from the results of an international interlaboratory test carried
out in 2016 on ten steel samples in four countries involving nine laboratories.

© ISO 2018 - All rights reserved 11
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