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1 Scope

This Technical Report aims to facilitate reference to the
international standard method(s) for the determination of
element(s) in steel and iron.

In this Technical Report, field of application,
(principle) and precision (see informative annex A) of each sta
stated.

available
required

method of determination

ndard are


https://standardsiso.com/api/?name=fbb37f5552c5b4b317815b5dc6ca33a1

ISO/TR 9769:1991(E)

2 List of International Standards

2.1 Al Aluminium
Reference Ed Pages Title
IS0 9658: 1990 1 11 Steel - Determination of aluminium content -
Flame atomic absorption spectrometric method
2.2 As Apsenic
to pe prepared.
2.3 B Boron
ISO 10153:| 1991 1 10 |Steel - Determination of boron( ¢ontent -
Curcumin spectrophotometric method
2.4 Bi Blismuth
to pe prepared.
2.5 C Carbon
ISO 437:19B2 1 4 ISteel and cast iron - Determination of total
carbon . @ontent - Combustion gravimetriec
method
ISO/TR 483p-4 1 8 |[Steel - Determination of low carbon contents
:19[78 -~ Part 4: Coulometric method after
combustion
IS0 9556:1p89 1 8 |Steel and iron - Determination of total

carbon content - Infrared absorption method
after combustion in an induction furnace

2.6 Ca C

hleium

ISO/DIS 10

697-1

Steel - Ditermination of calcium content by
flame atomic absorption spectrometry

- Part 1: Determination of acid-soluble
calcium content

2.7 Ce Cerium

to be prepared.
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2.8 Co Cobalt

under preparation.

2.9 Cr Chromium

ISO/TR 9769:1991(E)

Reference Ed Pages Title
I1SO 4936:1984 1 3 |Steel and cast iron - Determination of
chromium content - Diphenyl¢arbazide

spectrophotometric method

ISO 4937:1986 1 8 |Steel and iron - Determination off chromium
content - Potentiometric .orvisual|titration
method

1S0/DIS 10138 Steel and iron - Determination off chromium
content - Flame’ atomic abjsorption
spectrometric method

2.10 Cu Copper

1SO 4943:1985 1 6 [Steeld and cast iron - Determination of
copper content - Flame atomic @absorption
spectrometric method

I1SO 4946:1984 1 6) |Steel and cast iron - Determinption of

(Corrected and copper content - 2,2'-Diqulinolyl

reprinted:1986) spectrophotometric method

2.11 Mg Magnesium

tobe prepared.

2.12-Mn Manganese

ISO 629:1982 1 4 |Steel and cast iron - Determipation of
jmanganese content - Spectrophptometric
method

I1SO/TR 10281 1 10 |[Steel and iron - Determination of

:1990 manganese content - Flame atomic absorption
spectrometric method
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2.13 Mo Molybdenum

to be prepared.

Reference Ed Pages Title

I1SO 4941:1978 1 4 |Steels and cast irons - Determination of
molybdenum content - Photometric method

2.14 N Nitrogen

1SO U9u45:1977 1 6 [Steel - Determination of nitrogen content -
Spectrophotometric method

2.15 Nb Niobium

1SO 9441:1988 1 6 |Steel - Determination of niobium-content -
PAR spectrophotometric method

2.16 Ni Nickel

1SO 4938:1988 1 8 |Steel and iron - Determination of nickel
content - Gravimetric or titrimetric method

. IS0 14939:10984 1 6 |Steel and.(cast iron - Determination of

(Corrected| and nickel content - Dimethylglyoxime

reprinted|: 1986) spectrophotometric method

IS0 4940:1985 1 7 |Steel' and cast iron - Determination of
nickel content - Flame atomic absorption
spectrometric method

2.17 O Omygen

to| be prepared.

2.18 P Phosphorus

IS0 2732:1984 2 3 |Steel and cast iron - Determination of
phosphorus content - Phosphovanadomolybdate
spectrophotometric method

2.19 Pb Lead
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2.20 S Sulfur

ISO/TR 9769:1991(E)

Reference Ed Pages Title

1SO 671:1982 ] 5 |Steel and cast iron - Determination of
sulfur content - Combustion titrimetric
method

I1SO 4934:1980 1 5 |Steel and cast iron - Determination of
sulfur content - Gravimetric method

1S0 4935:1989 1 7 |Steel and iron - Determinatiom, 9f sulfur
content - Infrared absorption -method after
combustion in an induction furnace

2.21 Sb Antimony

under preparation.

2.22 Si Silicon

1SO 439:1982 1 3 Steel and cast iron - Determination of total
silicon - Gravimetric method

1SO 4829-1:1986 1 7 |Steel and cast iron - Determination of total
silicon content - Reduced molybdosilicate
spectrophotometric method - Part 1f: Silicon
contents between 0,05 and 1,0 %

IS0 u4829-2:1988 1 5 |Steel and iron - Determination |of total
silicon content - Reduced molybdosilicate
spectrophotometric method - Part 2: Silicon

contents between 0,01 and 0,05 %

2.23 »/Sw Tin

to be prepared.

2.24 Ta Tantalum

to be prepared.

2.25 Ti Titanium

1S0/DIS 10280

Steel and iron - Determination of titanium
content - Diantipyrylmethane
spectrophotometric method
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2.26 V Vanadium

Reference Ed Pages Title

ISO 4942:1988 1 6 |Steel and iron - Determination of vanadium
content - N-BPHA spectrophotometric method

ISO 4947:1986 1 6 |Steel and cast iron - Determination of
vanadium content - Potentiometriec titration
method

1SO 9647:1989 1 8 |Steel and iron - Determination of vanadium
content - Flame atomie absorption

spectrometric method

2.27 W Tungsten

tq be prepared.

2.28 Zr |Zirconium

tq be prepared.

3 Synopsis of method

3.1 Al Aluminium

3.1.1
(1)

(2)

(3)

ISQ 9658: 1990 Flame atomic absorption spectrometric method

Scape

Deflermination of Cacid-soluble and/or total aluminium contents
betiween 0,005 % {m/m) and 0,20 % (m/m) in non-alloyed steel.
Deflinition

Acild-soluble aluminium for the method is defined as the aluminium
digsoXved in the hydrochloric and nitric acids mixture as
specified in the procedure.

Principle

Dissolution of a test portion in dilute hydrochloric and nitric
acids.

Fusion of the acid-insoluble material with orthoboric acid-
potassium carbonate mixture.

Spraying of the solution into a dinitrogen monoxide acetylene
flame.
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(4)
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Spectrometric measurement of the atomic absorption of the 309,3 nm
spectral line emitted by an aluminium hollow cathode lamp.

Precision: see informative annex A.

Figure A.1.1; Precision for the determination of ac
aluminium content

Figure A.1.2; Precision for the determination
aluminium content '

id-soluble

of total

3.2 As Arsenic

3.3 B Boron

3.3.1
(1)

(2)

(3) Precision: see information annex A.

3.4 Bi Bismuth

to be prepared.

ISO 10153: 1991 Curcumin spectrophotometric method
Scope

Determination of boron contents between 0,000 5 %
0,012 % (m/m) in steel.

Principle

m/m) and

Dissolution of a test. portion in hydrochloric and nitric acids.

Decomposition ofV boron compounds (nitrides et
orthophosphoric ;and sulfuric acids at a temperature of 29

Formation of*“a coloured complex between orthoboric
curcumin in. buffered acetic acid medium.

Spectrophotometric measurement at a wavelength of about 5/

Figure A.3.1; Precision for the determination of borx«
by ISO 10153

., ) with
DeC.

acid and
13 nm.

bn content

to be prepared.

3.5 C Carbon

3.5.1
(1

ISO 437: 1982, Combustion gravimetric method
Scope

Determination of total carbon contents not less than 0
in steel and cast iron.

1 % (m/m)
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(2)

3.5.2
(1)

(2)

3.5.3

(1)

Principle

Combustion of a test portion at a high temperature (1 200°C to
1 350°C) in a current of pure oxygen, if necessary in the presence
of a flux and transformation of carbon into carbon dioxide.

Absorption of the carbon dioxide carried by current of oxygen in
soda asbestos contained in a weighed absorption bulb, and
determination of the increase in mass.

ISO/TR 4830-4: 1978, Part U: Coulometric method after combustion
Scope

Detg¢rmination of carbon contents between 0,005 % (m/m) “Yand
0,1(% (m/m) in steels.

Principle

Comhustion of a test portion at a high temperature, (51 250°C; see
notg below) in a current of pure oxygen, converting the carbon to
carhon dioxide.

Entrainment of the carbon dioxide by the current of oxygen, and
sepgration from the other volatile oxides.

Absgrption of the carbon dioxide in (&' barium hydroxide solution
confaining barium perchlorate: during the absorption, re-
estgblishment of the initial barium hydroxide concentration by
elegtrolysis of the barium perchlorate, the variation in the pH of
the |solution being followed by‘a-pH meter.

Meagurement of the quantity of electricity required for re-
estgblishment of the initial pH, in order to deduce the quantity
of |barium hydroxide (formed and hence the quantity of carbon
diojide neutralized.

The | pH of the-dabsorbing solution must always be equal to or
gredter than 9,0«

NOTE -.Certain types of apparatus are incapable of obtaining
the <temperature of 1 250°C necessary to comply with the
requirements of this Technical Report.

IS0 9556: 1989, Infrared absorption method after combustion in an
induction furnace

Scope

Determination of total carbon contents between 0,003 % (m/m) and
4,5 2 (m/m) in steel and iron.
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(2)
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Principle

Combustion of a test portion with accelerator at

a high

temperature in an induction furnace in a current of pure oxygen

and transformation of carbon into carbon dioxide and/o
monoxide.

r carbon

Measurement by infrared absorption of the carbon dioxide and/or

carbon monoxide carried by a current of oxygen.

€37

3.6 Ca Calcium

3.6.1

(1

(2)

(3) Precision: see informative annex A.

rrecision. see 1niormatlve annex A.

Figure A.5.1; Precision for the determination of - totlal carbon

content by ISO 9556

IS0/DIS 10697-1:Flame atomic absorption spectrometric metHod

- Part 1: Determination of acid-soluble“calcium content
Scope

Determination of acid soluble <calcium contents
0,0005 % (m/m) and 0,003 % (m/m) in steel.

Principle

between

Dissolution of a testportion in hydrochloric and nitric acids.

Addition of potassium chloride-lanthanum nitrate solutfjon as a

spectrochemicalibuffer.

Spraying of ‘the solution into a dinitrogen monoxidedacetylene

flame.

Spectrometric measurement of the atomic absorption of the
specbral line emitted by a calcium hollow cathode lamp.

Figure A.6.1; Precision for the determination of aci
calcium content by ISO/DIS 10697-1.

3.7 Ce Cerium

to be prepared.

3.8 Co Cobalt

under preparation.

22,7 nm

d-soluble
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3.9 Cr Chromium

3.9.1

1\
i)

(2)

3.9.2

10

(1)

(2)

(3)

ISO 4936: 1984, Diphenylcarbazide spectrophotometric method
Scope

Determination of chromium contents between 0,01 % (m/m) and

0,25 % (m/m) in s

eel and cast iromn.

Principle

Disgolution of a test portion in nitric and perchloric acids.

Oxidation of chromium in a phosphoric perchloric medium by
potdssium permanganate.

Oxidation of diphenylcarbazide by chromium(VI).
Spe¢trophotometric measurement of the oxidized.(form of

diphenylcarbazide at a wavelength of about 540 nm.

IS0 |4937: 1986, Potentiometric or visual titratiof_method

Scope
Detgrmination of chromium contents between 0,25 % (m/m) and
35 4 (m/m) in steel and iron. (If vanadium is present, the visual
titrhation is applicable only to test portions containing less than
3 mg of vanadium.)

Principle

Dissolution of a test solution with appropriate acids.

Oxidation of chromium ~in an acid medium to chromium(VI) by
ammonium peroxydisulfate in the presence of silver sulfate.

Reduction of manganése(VII) by hydrochloric acid.

tion of “¢hromium(VI) by ammonium iron(II) sulfate standard
ion.

he¢ ‘case of potentiometric detection, determination of the

iron(IT) sulfate standard solution is being added.

In the case of visual detection, titration of the excess ammonium
iron(II) sulfate by potassium permanganate standard solution which
also acts as the indicator.

Precision: see informative annex A.

Figures A.9.1 and A.9.2; Precision for the determination of
chromium content by ISO 4937
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3.9.3 1IS0/DIS 10138: Flame atomic absoroption spectrometric method

(1)

(2)

Scope

Determination of chromium contents between 0,002 % (m/m) and

2,0 2 (m/m) in non-alloy and low-alloy steels and iron.

Principle

Dissolution of a test portion in hydrochloric acid, followed by

(3)

3.10 Cu Copper

3.10.1
(1

(@)

oxidation with nitric acid.

Filtration and ignition of the acid insoluble residue
Removal of silica with hydrofluoric acid.

Fusion of the residue with potassium hydrogen~sulfate,

extraction

of the melt in acid and addition of the .€xtract to the reserved

filtrate.

Spraying the solution into a dinitrogeén ‘monoxide-acetylent
Spectrometric measurement of the @atomic absorption of th
or 425 4 nm spectral line emitted by a chromium holld
lamp.

Precision: see informative—~annex A.

Figure A.9.3; Precision for the determination of
content by ISO/DIS 10138

ISO L4943;°1985, Flame atomic absorption spectrometric mef
Scope

Determination of copper contents between 0,004 % (
0y5 % (m/m) in steel and cast iron.

Principle

Dissolution of a test portion in a mixture of hydrochlor
and perchloric acids.

b flame.

v

e 357,9 nm
w cathode

chromium

thod

and

E]
N

13
~

lc, nitric

(3)

Spraying of the solution into an air-acetylene flame.

Spectrometric measurement of the atomic absorption of the 324,7 nm

spectral line emitted by a copper hollow cathode lamp.

Precision: see informative annex A.

Figure A.10.1; Precision for determination of copper content by

ISO 4943

"
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3.10.2 IS0 4946: 1984, 2,2'-Diquinolyl spectrophotometric method

(1)

(2)

(3)

3.1

3.12
3.12.1
(1)

(2)

12

Scope

Determination of copper contents between 0,02 4 (m/m) and
5 % (m/m) in steel and cast iron.

Principle

Dissolution of a test portion with appropriate acids.

Fumipg with perchloric acid to remove hydrochloric and nitric
acids and dehydrate silicic acid.

Reduption of copper(Il) to copper(I) in hydrochloric acid solutién
by mpans of ascorbic acid.

Formption of a coloured compound of copper(I) with\2,2'-
diqufinolyl.

Spectrophotometric measurement at a wavelength of about 545 nm.
Precjision: see informative annex A.

Figure A.10.2; Precision for determination.,of copper content by
ISO 4946

Mg Magnesium

to be prepared.

Mn Manganese

IS0 629: 1982, Spectrophotometric method

(1]

Scop

Detepmination -of manganese contents between 0,01 % (m/m) and
4 4 (m/m) insteel and cast iron.

Prinpiple

Disspldtion of a test portion in sulfuric-phosphoric acid mixture

and nitric acid.
Treatment of the test solution with perchloric acid.
Formation of the permanganate ion by sodium periodate.

Spectrophotometric measurement of the test solution at wavelength
of about 545 nm.
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3.12.2 1SO/TR 10281: Flame atomic absoroption spectrometric method

(1)

(2)

Scope

Determination of manganese contents between 0,002 % (m/m) and
3,0 % (m/m) in non-alloy and low-alloy steels and iron.

Principle

(3)

3.13 Mo Molybdehum

Dissolution of a test portion with hydrochloric acid ,fpllowed by
oxidation with nitric acid.

Ignition of the residue and removal of silica_With hydrofluoric
acid.

Fusion of the residue with potassium hydrogen sulfate.
Determination of the manganese by (méans of the spgctrometric
measurement of the atomic absoroptjion) of the 403,71 nm line emitted
by a manganese hollow cathode lamp when the solution [s sprayed

into an air acetylene flame.

For low levels of manganesé.-the more sensitive line of 279,5 nm
may be used.

Precision

Figure A.12.1;Precision for determination of manganese content
by ISO/TR 10281

3.13.1 1ISO 4941: 1978, Photometric method
(1) Seope
Determination of molybdenum contents between 0,003 %|(m/m) and
9 % (m/m) in steel and cast iron.
Vanadium and tungsten interfere with the measurement if, because
of their contents, the V/Mo ratio is greater than 16 of the W/Mo
ratio is gpoaton than 8
NOTE - Greater V/Mo or W/Mo ratios (up to 300) may, however, be
permitted, but in such cases it is necessary to carry out the
measurement very quickly after the extraction.
(2) Principle

Dissolution of a test portion in an appropriate mixture of acids
and decomposition of the carbides by oxidation.

13
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Quantitative formation of a coloured compound of molybdenum, in

the

presence of thiocyanate, iron(II) and/or copper(II) ions and

extraction of this compound using n-butyl acetate.

Photometric measurement of the coloured compound at a wavelength
of about 470 nm.

NOTE - When the conditions of the procedure are respected, the
coefficient of molecular absorption is 18 930 % 60.

3.14 N Njtrogen
3.14.1 ISO 4945: 1977, Spectrophotometric method
(1) Scope
Detg¢rmination of nitrogen contents between 0,002 % (w/m) and

0,0

Thi
whi
non

(2) Pri
Dis
Aft
abo
Sep
dis
and

At
bet

hyp
nit
Spe
abo

3.15 Nb

3.15.1

14

0 % (m/m) in non-alloy and low-alloy steels.

method allows the determination only of the nitrogen content
h can be converted to an ammonium salt and 4s applicable to

alloy and low-alloy steels less than 0,6 % (m/m) of silicon.
ciple
olution of a test portion in dilute sulfuric acid.

r concentration, progressive increasing of the temperature to
e 300°C.

ration of ammonia from,;fthe ammonium salt formed, by
lacement and distillation ;in a boiling sodium hydroxide medium
collecting in an acid medium.

ambient temperature, formation of a blue-colored complex
een the ammonium “‘ions and phenol in the presence of sodium
chlorite and ~sodium pentacyanonitrosylferrate(II) (sodium
oprusside).

trophotometric measurement of the complex at a wavelength of
t 640 nm}

iobium

ISO 9441: 1988, PAR spectrophotometric method

(1) Scope

1,3

Determination of niobium contents between 0,005 % (m/m) and

% (m/m) in steel.

(2) Principle

Dissolution of a test portion in hydrochloric acid followed by
oxidation with hydrogen peroxide.
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Precipitation of niobium and tantalum with phenylarsonic acid,
using zirconium as a carrier.

Formation of a complex of niobium with U4-(2-pyridylazo)-resorcinol
(PAR) in a sodium tartrate medium buffered by sodium acetate
solution adjusted to pH 6,3.

Spectrophotometric measurement of the coloured compound at a
wavelength of about 550 nm.

(3)

3.16 Ni Nickel

3.16.1
(1)

(2)

Precision: see informative annex A.

Figure A.15.1; Precision for determination of rmiobjum content
by I1SO 9441

I1SO 4938: 1988, Gravimetric or titrimetric method
Scope

Determination of nickel contents between 0,5 % [(m/m) and
30 % (m/m) in steel and iron.

Principle
Dissolution of a testsportion with appropriate acids.
Precipitation of .the nickel as nickel dimethylglyoxime.

- Cobalty,~ if present, is oxidized by |potassium
hexacyanoferrate(III);

- Copper, if present with cobalt, preferably is |removed by
controlled-potential electrolysis.

Acid dissolution of the precipitate and filtratipn of the
solution, followed by a second precipitation of the| nickel as
nickel dimethylglyoxime.

In the case of the gravimetric finish, weighing of| the dried
nickel dimethylglyoxime precipitate.

In the case of the titrimetric finish, acid dissolufjion of the

(3)

precipitate, addition of excess EDTA.Nap solution and back
titration of the excess EDTA.Nap by =zinc solution using xylenol
orange as an indicator.

Precision: see informative annex A.
Figure A.16.1; Precision for determination of nickel content by
I1SO 4938 - Gravimetric method

Figure A.16.2; Precision for determination of nickel content by
ISO 4938 - Titrimetric method

15


https://standardsiso.com/api/?name=fbb37f5552c5b4b317815b5dc6ca33a1

ISO/TR 9769:1991(E)

3.16.2 ISO 4939: 1984, Dimethylglyoxime spectrophotometric method

(1)

(2)

(3)

Scope

Determination of nickel contents between 0,10 4 (m/m) and
4 4 (m/m) in steel and cast iron.

Cobalt, copper and manganese may cause interferences.

Principle

Dissplution of a test portion in hydrochloriec, nitric and
perchloric acids.

Formation of a coloured complex of nickel(III) with
dimethylglyoxime in ammoniacal solution containing iodiné. and
potajssium iodide.

Spectrophotometric measurement at a wavelength of about«535 nm.

Preclision: see informative annex A.

ro

igure A.16.3; Precision for determination efnickel content by
1SO 4939

3.16.3 1ISd 4940: 1985, Flame atomic absorption.spectrometric method

(1)

(2)

(3)

16

Scope

Detgrmination of nickel contents between 0,002 % (m/m) and
0,5 % (m/m) in steel and cast iron.

Principle

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

- = v v Have ‘i -, Y 5H © O
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 352,5 nm, the signal-to-noise ratio is
higher than at a wavelength of 232,0 nm. In general, use of
the 352,5 nm line will give better reproducibility.

Precision: see informative annex A.

Figure A.16.3; Precision for determination of nickel content by
ISO u49l0
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3.17 O Oxygen

to be prepared.

3.18 P Phosphorus

3.18.1
(1)

IS0 2732: 1984, Phosphovanadomolybdate spectrophotometr

Scope

(2)

3.19 Pb Lead

3.20 S Sulfur

3.20.1
(1

(2)

Determination of phosphorus contents between 0,005)%
1,5 % (m/m) in steel and cast iron, provided ithat
niobium, tantalum and zirconium contents are_(hot hi
1 % (m/m) for each of these four elements and titanium
not higher than 2 4 (m/m).

Principle

Dissolution of a test portion in an oxidizing acid mixtureg.

Conversion of phosphorus to phosphovanadomolybdate in p
nitric acids solution.

Extraction of phosphovanadomolybdate into U-methyl-2
with citric acid present to<complex arsenic.

Spectrophotometric measurement at a wavelength of about U

to be prepared.

ISO 671: 1982, Combustion titrimetric method
Scope
Determination of sulfur content in steel and cast iron.

Principle

ic method

(m/m) and
tungsten,
gher than
content is

[

erchloric-

-pentanone

P5 nm.

Combustion of a test portion at a high temperature (1 450°C) in a
current of pure oxygen, if necessary in the presence of a metal

flux and transformation of sulfur into sulfur dioxide.

Absorption of the gases resulting from combustion, freed from
oxide dust, by a solution of potassium sulfate and hydrogen

peroxide.

Titration of the absorbent solution with a standard sod
solution,

ium borate

17


https://standardsiso.com/api/?name=fbb37f5552c5b4b317815b5dc6ca33a1

ISO/TR 9769:1991(E)

3.20.2 ISO 4934: 1980, Gravimetric method

(1)

(2)

Scope

Determination of sulfur contents greater than 0,003 % (m/m) in
steel and cast iron, excluding steel containing selenium.

The method is particularly suitable as a reference method for the
standardization of samples on which certified standard values are
to be established.

Principle

Dissolution of a test portion in dilute nitric acid in the
presence of bromine, or in dilute nitric acid and concentrated
hydrjochloric acid in the presence of bromine (with the aid of) ‘an
appriopriate device to prevent sulfur losses).

Addition of hydrofluoric acid and perchloric acid and ,evaporation
of the solution until white fumes of perchloric acid are-evolved.

If necessary, volatilization of chromium as chromylichloride.

Chromatographic separation of the sulfate .dons in an alumina
column and elution with ammonium hydroxide solution.

Predipitation of the sulfate ions as: barium sulfate wunder
cargfully controlled conditions and filtering, washing, heating
and weighing.

3.20.3 1ISQ 4935: 1989, Infrared absorption method after combustion in an

(1)

(2)

(3)

3.21

18

induction furnace
Scope

Detgrmination of sulfur contents between 0,002 % (m/m) and
0,10 % (m/m) in steel™and iron.

Principle
Comhustion ©f a test portion with accelerator at a high
temperaturé in a high frequency induction furnace in a current of

purd oxygen and transformation of sulfur into sulfur dioxide.

Meagurement by infrared absorption of the sulfur dioxide carried

by a current of oxygen
Precision: see informative annex A.
Figure A.20.1; Precision for determination of sulfur content by
I1SO 4935
Sb Antimony

under preparation.
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3.22 Si Silicon

3.22.1

(1)

(2)

ISO 439:1982, Gravimetric method
Scope

Determination of total silicon contents between 0,10 % (m/m) and
8,0 % (m/m) in steel and cast iron.

Principle

3.22.2

(1)

(2)

(3)

Dissolution of a test portion in hydrochloric and nitrde ‘acids.

Conversion of silica into hydrated silica ®y fuming with
perchloric acid.

Filtration of the hydrated silica, ignition/ef the implre silica
and then weighing.

Treatment of the ignited residue with."hydrofluoric and sulfuric
acids, followed by ignition and weighing.

ISO 4829-1: 1986, Reduced molybdesilicate spectrophotometric
method - Part 1: Silicon conténts between 0,05 and 1,0 %
Scope

Determination of total;isilicon contents between 0,05 % |(m/m) and
1,0 % (m/m) in steeliand iron soluble in one or the other of the
alternative acid mi®tures.
Principle

Dissolution of a test portion in an acid mixture apprgpriate to
the alleyycomposition.

Fusion- of the acid-insoluble residue with sodium peroxide

Formation of the oxidized molybdosilicate (yellow) in |weak acid
solution.

Selective reduction of the molybdosilicate complex to reguced blue
complex with ascorbic acid, after increasing the sulfuric acid
concentration and adding oxalic acid to prevent the interference
of phosphorus, arsenic and vanadium,

Spectrophotometric measurement of the reduced blue complex at a
wavelength of about 810 nm.

Precision: see informative annex A.

Figure A.22.1; Precision for determination of silicon content by
1SO 4829-1

19
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3.22.3 1ISO 4829-2: 1988, Reduced molybdosilicate spectrophotometric
method - Part 2: Silicon contents between 0,01 and 0,05 %

(1) Scope

Determination of total silicon contents between 0,01 % (m/m) and
0,05 % (m/m) in steel and iron.

(2) Principle
Dis
mixture.
Fus

For
acid solution.
Sel
com
con
of

Spe
wav

(3) Pre¢ision: see table 1.

Table 1

ctive reduction of the molybdosilicate
lex with ascorbic acid,

olution oI a test portion 1n a hydrocnioric acid/nitric acid

on of the acid-insoluble residue with sodium peroxide.

ation of the oxidized molybdosilicate (yellow) complex in(Cweak

complex ~to/ a blue

after increasing the sulfuric acid
entration and adding oxalic acid to prevent the€) interference
hosphorus, arsenic and vanadium.

trophotometric measurement of the reduced. blue complex at a
length of about 810 nm.

Silicon, %.:(m/m)

Content r Rw R

0,008 |0,00270 | 0,002 8 | 0,005 1
0,015 {0,002 2 | 0,005 7 | 0,007 2
0,024 .40,004 5 | 0,005 3 | 0,005 2
0,043“9{0,006 0 | 0,007 O | 0,009 8
0,055’ |0,003 8 | 0,003 2 | 0,003 8

3.23 sn Tin

to be prepared.

3.24 T4 Tantalum

to be prepared.
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3.25 Ti Titanium

3.25.1
(1)

I1S0/DIS 10280: Diantipyrylmethane spectrophotometric method
Scope

Determination of titanium contents between 0,002 % (m/m) and
0,80 % (m/m) in steel and iron.

(2)

(3)

3.26 V Vanadium

3.26.1
(1)

(2)

Principle

Dissolution of a test portion with hydrochloricy nitric and
sulfuric acid.

Fusion of the residue with potassium hydrogen ‘sulfate.
Formation of a yellow complex with U, U4'-diantipyrylmethare.

Spectrophotometric measurement of «h& coloured compglex at a
wavelength of about 385 nm.

Precision: see informative annex“A.

Figure A.25.1; Precision *for determination of titaniim content
by ISO/DIS 10280

ISO 4gh2: 1988, N-BPHA spectrophotometric method
Scope

Determination of vanadium contents between 0,005 % (m/m) and
0,50 % (m/m) in steel and iron.

Prdineiple

Dissolution of a test portion with appropriate acids.
Addition of orthophosphoric acid to an aliquot of the solution
thus obtained to prevent the interference of iron, and dddition of

potassium permanganate to oxidize vanadium to the pentavalent
state.

(3)

Selective reduction of excess permanganate by sodium nitrite in
the presence of urea and treatment with N-BPHA and hydrochloric
acid to form a complex, followed by extraction of the complex into
trichloromethane.

Spectrophotometric measurement of the absorbance at approximately
535 nm.

Precision: see informative annex A.

Figure A.26.1; Precision for determination of vanadium content
by ISO L9442

21
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(1)

(2)

(3)

3.26.3
(1)

(2)
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ISO 4947: 1986, Potentiometric titration method
Scope

Determination of vanadium contents between 0,04 % (m/m) and
2 % (m/m) in steel and cast iron.

Principle

Dissolution of a test portion with appropriate acids.

Addition of hydrofluoric acid to keep tungsten in solution.

Oxidation of chromium and vanadium by potassium peroxydisulfateg
Partjal oxidation of chromium.

While checking the potential of the solution,

reduction of chromium(VI) and vanadium(V) by ‘. ammonium
iron(II) sulfate;

oxidation of vanadium by slight excess'’ of potassium

pprmanganate; reduction of the excess permanganate by sodium
niitrite, and reduction of the excess sodium\nitrite by sulfamic
apid.

Poteptiometric titration of vanadium by ‘ammonium iron(II) sulfate
stanflard solution.

Precfision: see informative annex Ag

rm

igure A.26.2; Precision for.(determination of vanadium content
by ISO 4947

ISO[ 9647: 1989, Flame atomic absorption spectrometric method
Scopg
Determination _6f) vanadium contents between 0,005 % (m/m) and
1,0 ¢ (m/m) in{steel and iron, provided that tungsten content in

the |test perfion is not higher than 10 mg and/or titanium is not
higher than*5 mg.

Pringiple

Dissolution of a test portion in hydrochloric, nitric and
perchloric acids.

Addition of aluminium solution as spectrochemical buffer.

Spraying of the solution into a dinitrogen monoxide-acetylene
flame.

Spectrometric measurement of the atomic absorption of the 318,4 nm
spectral line emitted by a vanadium hollow cathode lamp.
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(3) Precision: see informative annex A.

Figure A.26.3; Precision for determination of vanadium content
by ISO 9647

3.27 W Tungsten

to be prepared.

3.28 Zr Zirconium

to be prepared.
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A.1.1

A.1.2

A.3.1

A.5.1

A.6.1

A.9.1
A.9.2

A.9.3

A.10.1

A.10.2

A.12.1

A.15.1
A.16.1
A.16.2

A.16.3

A.16.4

A.20.1

A.22.1

A.25.1

24

Informative annex A
Graphical representation of precision data
Aluminium (acid-soluble) - Flame atomic absorption
spectrometric method - ISO 9658: 1990

Aluminium (total) - Flame atomic absorption spectrometric
method - ISO 9658: 1990

BLron - Curcumin spectrophotometric method - ISO 10153: 1991

Carbon (total) - Infrared absorption method after combustion in
ah induction furnace - ISO 9556: 1989

Chlcium (acid-soluble) - Flame atomic absorption spectremetric
method - ISO/DIS 10697-1

Chromium - Potentiometric titration method - ISO U4937.:/1986
Chromium - Visual titration method - ISO 4937: 1986

Chromium - Flame atomic absorption spectrometric method -
I150/DIS 10138

Copper - Flame atomic absorption xspectrometric method -
IBO 4943: 1985

Cppper - 2,2'-Diquinolyl spectrephotometric method - ISO 4946:
1p8L

nganese - Flame atomic¢ _)absorption spectrometric method -
O0/TR 10281: 1990

iobium - PAR spectrophotometric method - ISO 9441: 1988
ickel - Gravimeftric method - ISO 4938: 1988
ickel - Titrhimetric method - ISO 4938: 1988

ickel < Dimethylglyoxime spectrophotometric method - ISO 4939:

ickel - Flame atomic absorption spectrometric method -

ISO 4940: 1985

Sulfur - Infrared absorption method after combustion in an
induction furnace - ISO 4935: 1989

Silicon (total) - Reduced molybdosilicate spectrophotometric
method - ISO 4829-1: 1986

Titanium - Diantipyrylmethane spectrophotometric method -
1S0/DIS 10280
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Vanadium - N-BPHA spectrophotometric method - ISO 4942: 1988
Vanadium - Potentiometric titration method - ISO 4947: 1986

Vanadium - Flame atomic absorption spectrometric method -
ISO 96U47: 1989

NOTE - The types of precision (r, Rw and R) and the conditions under
which the tests were carried out are listed in informative annex B.

Precision

0,03
0,02
0,01
0.005
0,002
L4
0,001 [
00005 _—.//
4
X Application range
0.000'2" -
0,000 1 I | lllllll | 1 lllll[l I J
0,001 0,002 0,005 0,01 0,02 0.05 0.1 0,2 03
Acld soluble aluminfum content, [% (m/m )]
+ reproducibility
+ within-laboratory reproducibitity
: repeatabillty

Figure A.1.1 — Precision for determination of acid-soluble aluminium content — Flame atomic absorption

spectrometric method


https://standardsiso.com/api/?name=fbb37f5552c5b4b317815b5dc6ca33a1

ISO/TR 9769:1991(E)

0,03 [~ [N Spu— -
Iy D
002 | e
001
0,005 |—
L g
5 0,002 o '/
w ~
[¥]
[
& 0001 /
- 7
B 7~
0.0005 = 7
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0,0002
0,000 1 oWl o b L1

0,001 0,002 0,005 0,01 0,02 0,05 0,1 0,2 0.3
Total atuminlum content, [% (m/m)]

R : reproduclbitity’
R : within-laboratory reproducibitity
r : repeatabillty

Figure A.1.2 —|Precision fordetermination of total aluminium content -— Flame atomic absorption spectronjetric
method
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0,005

v —— 3
[ —
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0,002

T

0,001

0,000 5

Precision
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I

0,000 2

0,0001

TTTT]

0.000 05 Lot ot b dabprnald 1 |
0,000 1 0,000 2 0,0005 0,001 0,002 0,005 0.01 0,02

Boron content, [% (m /m)]

R : reproducibility
R : withinflaboeratory reproducibility
r  repeatabllity

ure A.3.1 — Precision for determination of boron content — Curcumin spectrophotometric method
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R | : reproduclbility
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r |: repeatability

Figure A.5.1 — Precisionfor determination of total carbon content — Infrared absorption method after combus-
tion in an indyctionfiirnace
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A6’ — Precision for determination of acid-soluble calcium content — Flame atomi¢ absorption
metric method
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Precision
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Chromium content, [9% (m/m)]

R : reproducibility
r : repeatability

Figure A.9.1 — Precision for determination of chromium content < Petentiometric titration method
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Figure A.9.2 — Precision for determination of chromium content — Visual titration method
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A.9.37= Precision for determination of chromium content — Flame atomic absorption

spectrometric
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— Precision for determination of copper content — Flame atomic absorption spectrometric m|ethod
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b A.10:2°>"Precision for determination of copper content — 2,2’-diquinolyl spectrophotometfic method
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Figure A.12.1 — Precision for determination of manganese content — Flame atomic absorption spectrometric

method (TR 10281)



https://standardsiso.com/api/?name=fbb37f5552c5b4b317815b5dc6ca33a1

ISO/TR 9769:1991(E)

0,2

1

— ) c— R
- Yo e R

—— [*
0,1

0,05

T T

o

[=]

N
1

o
o
-

Precision

0,005 |—
-

0002

0,001

] |I|u||

S| llnul

0,0005
0,002 0,005 0,01

R + reproduclbility

R .: ‘Within-laboratory reproducibitity

£ \: repeatability

0,02

0,05 0.1 0,2
Nioblum content, [9% (m/m)]

0,5

1

igure Ax15:1 — Precision for determination of niobium content — PAR spectrophotometric method
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Figure A.16.1 — Precision for determination of nickel content — Gravimetric method
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