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Foreword 
IS0 (the International Organization for Standardization) is a worldwide federation of 
national standards bodies (IS0 member bodies). The work of preparing International 
Standards is normally carried out through IS0  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, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. IS0 
collaborates closely with the International Electrotechnical Commission (IEC) on all 
matters of electrotechnical standardization. 

The main task of IS0 technical committees is to prepare International Standards. In ex- 
ceptional circumstances a technical committee may propose the publication of a 
technical report of one of the following types: 

- type 1, when the necessary support within the technical committee cannot be 
obtained for the publication of an International Standard, despite repeated efforts; 

- 
exposure; 

type 2, when the subject is still under technical development requiring wider 

- type 3, when a technical committee has collected data of a different kind from 
that which is normally published as an International Standard ("state of the art", for 
example). 

Technical reports are accepted for publication directly by IS0 Council. Technical 
reports of types 1 and 2 are subject to review within three years of publication, to 
decide whether they can be transformed into International Standards. Technical 
reports of type 3 do not necessarily have to be reviewed until the data they provide are 
considered to be no longer valid or useful. 

ISO/TR 9769, which is a technical report of type 3, was prepared by Technical 
Committee ISO/TC 17, Steel. 

This second edition cancels and replaces the first edition (ISO/TR 9769 : 19881, of 
which it constitutes a minor revision. 

Annexes A and B of this Technical Report are for information only. 

O IS0 1990 
All rights reserved. No part of this publication may be reproduced or 
means, electronic or mechanical, including photocopying and mici 
writing from the publisher. 

International Organization for Standardization 
Case postale 56 0 CH-121 1 Genève 20 0 Switzerland 

Printed in Switzerland 
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rofilm, without permission in 
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TECHNICAL REPORT ISO/TR 9769 : 1990 (E) 

Steel anc 
O 

- Review of available me hods of analysis 

1 Scope and field of application 

T h i s  Technical  Report aims t o  f a c i l i t a t e  r e f e r e n c e  t o  t h e  a v a i l a b l e  
i n t e r n a t i o n a l  s tandard method(s) f o r  t h e  de t e rmina t ion  o f  r equ i r ed  e l emen t ( s )  
i n  s t ee l  and i ron .  

I n  t h i s  Technical  Report ,  f i e l d  o f  a p p l i c a t i o n ,  method o f  determinat ion 
( p r i n c i p l e )  and p r e c i s i o n  (see in fo rma t ive  annex A . )  of  each s t anda rd  are 

O stated 
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2 List of International Standards 

2.1 A l  Aluminium 

Reference 1 Ed I Pages 
I I l 1  IS0 9658: 1 9 9 0  

2.2 As Arsenic 

to be prepared 

2.3 B Boron 

under preparation 

2.4 B i  Bismuth 

to be prepared 

2.5 C Carbon 

ISOITR 4830-1 
: 1978 

ISOITR 4830-2 
: 1978 

ISOITR 4830-4 
: 1978 

IS0 9556:1989 

10 

a 

Title 

Steel - Determination of aluminium content - 
Flame atomic absorption spectrometric method 

Steel and cast iron - Determination of total 
carbon content - Combustion gravimetric method 
Steel - Determination of low carbon contents - 
Part I: Manometric (low-pressure) method after 
combustion 

Steel - Determination of low carbon contents - 
Part II: Titrimetric method after combustion 

Steel - Determination of low carbon contents - 
Part III: Conductimetric measurement after 
combustion 

Steel - Determination of low carbon contents - 
Part IV: Coulometric method after combustion 

Steel and iron - Determination of total carbon 
content - Infrared absorption method after 
combustion in an induction furnace 

2.6 Ca Calcium 

under preparation 
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IS0 4943: 1985 6 

IS0 4946:1984 6 
(Corrected and 
reprinted:1986) 

2.7 Ce Cerium 

to be prepared 

Steel and cast iron - Determination of copper 
content - Flame atomic absorption spectrometric 
method 

Steel and cast iron - Determination of copper 
content - 2,2'-Diquinolyl spectrophotometric 
method 

2.8 Co Cobalt' 

IS0 629: 1982 . 

to be prepared 

2.9 Cr Chromium 

4 

Reference 

IS0 4936:1984 

-I- 

IS0 4941:1978 

#SO 4937: 1986 

4 Steels and cast irons - Determination of 
molybdenum content - Photometric method 

Pages Title 

Steel and cast iron - Determination of chromium 
content - Diphenylcarbazide spectrophotometric 
method 

Steel and iron - Determination of chromium 
content - Potentiometric or visual titration 
method 

2.11 Mg Magnesium 

to be prepared 

2.12 Mn Manganese 

Steel and cast iron - Determination of 
manganese content - Spectrophotometric method 
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8 

6 

7 

2.15 Nb Niobium 

Steel and iron - Determination of nickel 
content - Gravimetric or titrimetric method 
Steel and cast iron - Determination of nickel 
content - Dimethylglyoxime spectrophotometric 
method 

Steel and cast i r o n  - Determination of nickel 
content - Flame atomic absorption spectrometric 
method 

IS0 9441:1988 

IS0 2732: 1984 2 

Steel - Determination of niobium content - PAR I 6 1  spectrophotometric method 

3 Steel and cast iron - Determination of 
phosphorus content - Phosphovanadomolybdate 
spectrophotometric method 

2.16 Ni Nickel 

IS0 4938 : 1988 

IS0 4939: 1984 
(Corrected and 
reprinted:1986) 

IS0 4940:1985 

2.17 O Oxygen 

2.19 Pb Lead 

t o  be prepared 
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3 

7 

5 

2.20 S Suifur 

Steel and cast iron - Determination of total 
silicon - Gravimetric method 
Steel and cast iron - Determination of total 
silicon content - Reduced molybdosilicate 
spectrophotometric method - Part 1: Silicon 
contents between 0,05 and 1 , O  % 

Steel and iron - Determination of total silicon 
content - Reduced molybdosilicate 
spectrophotometric method - Part 2: Silicon 
contents between 0,Ol and 0,05 % 

Reference 

IS0 671:1982 

ISO 4934: 1980 

ISO 4935:1989 

'Pages 

2.21 Sb Antimony 

under preparation 

2.22 Si Silicon 

IS0 439:1982 

IS0 4829-1:1986 

IS0 4829-2~1988 

a 
2.23 Sn Tin 

to be prepared 

2.24 Ta Tantalum 

to be prepared 

2.25 Ti Titanium 

Title 

Steel and cast iron - Determination of sulphur 
content - Combustion titrimetric method 
Steel and cast iron - Determination of sulphur 
content - Gravimetric method 
Steel and iron - Determination of sulfur 
content - Infrared absorption method after 
combustion in an induction furnace 

under preparation 
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2.26 V Vanadium 

Reference 

IS0 4942:1988 

IS0 4947:1986 

IS0 9647:1989 

Ed 

I 
2.27 W Tungsten 

t o  be prepared 

2.28 Zr Zirconium 

t o  be prepared 

Pager 

6 

6 

8 

T i t l e  
~~ ~ 

Steel and i r o n  - Determination o f  vanadium 
content  - N-BPHA spectrophotometr ic  method 

S tee l  and cast i r o n  - Determination of  vanadium 
content  - Potent iomet r ic  t i t r a t i o n  method 

Steel  and i r o n  - Determination of vanadium 
content  - Flame atomic absorp t ion  spec t romet r i c  
method 
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3 Synopsis of method 

3.1 Al Aluminium 

3.1.1 IS0 9658: 1989, Flame atomic abso rp t ion  spec t romet r i c  method 

( 1 )  Scope 

Determination o f  ac id-so luble  and/or  t o t a l  aluminium con ten t  between 
0,005 % (m/m) and 0,20 % (m/m) i n  non-alloyed s t e e l  

(2) Def in i t i on  

Acid-soluble aluminium f o r  t h e  method is def ined  as t h e  aluminium 
disso lved  i n  t h e  hydrochlor ic  and n i t r i c  a c i d s  mixture  as specified i n  
the  procedure.  

( 3  P r i n c i p l e  

Disso lu t ion  of a tes t  po r t ion  i n  d i l u t e  hydrochlor ic  and n i t r i c  acids 

Fusion of  t he  ac id- inso luble  material w i t h  o r thobor i c  acid-potassium 
carbonate  mixture 

Spraying of  t h e  s o l u t i o n  i n t o  a d i n i t r o g e n  monoxide ace ty l ene  flame 

Spect rometr ic  measurement o f  t h e  atomic absorp t ion  o f  t h e  309,3 nm 
s p e c t r a l  l i n e  emit ted by an aluminium hollow cathode lamp 

( 4 )  Prec is ion:  see informat ive  annex A. 

Figure  A . l . l ;  P r ec i s ion  f o r  t he  de termina t ion  o f  ac id-so luble  
aluminium con ten t  

F igure  A.1.2; Prec i s ion  f o r  t h e  de te rmina t ion  of t o t a l  aluminium 
content  

3.2 As Arsenic  

t o  be prepared 

3.3 B Boron 

under p repa ra t ion  

3.4 Bi Bismuth 

t o  be prepared 
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3.5 C Carbon 

3.5.1 IS0 437: 1982, Combustion g rav ime t r i c  method 

( 1 )  Scope 

Determination of t o t a l  carbon con ten t  n o t  less than  0 , l  % (E&) i n  
s t e e l  and cast i r o n  

( 2 )  P r i n c i p l e  

Combustion of a test po r t ion  a t  a h igh  temperature ( 1  2OOOC t o  1 35OOC) 
i n  a c u r r e n t  o f  pure oxygen, i f  necessary i n  the  presence o f  a f l u x  and 
t ransformat ion  of  carbon i n t o  carbon d ioxide  

Absorption o f  t he  carbon d ioxide  carried by c u r r e n t  o f  oxygen i n  soda 
a sbes tos  contained i n  a weighed absorp t ion  bulb,  and de termina t ion  o f  
t h e  inc rease  i n  mass 

3.5.2 ISO/TR 4830-1: 1978, Par t  I: Manometric (low-pressure) method a f t e r  
combustion 

( 1 )  Scope 

Determination o f  carbon con ten t  between 0,002 % ($2) and 0 , l  % (g/g) 
i n  s t ee l  

( 2 )  P r i n c i p l e  

Combustion of  a tes t  po r t ion  a t  a h igh  temperature  ( 1  2OOOC t o  1 35OoC, 
depending on the  t y p e  of  material) i n  a c u r r e n t  o f  pure oxygen, 
conver t ing  t h e  carbon t o  carbon d iox ide  

Entrainment o f  t h e  carbon d ioxide  by t h e  c u r r e n t  o f  oxygen, e l imina t ion  
o f  ox ides  o f  su lphur  and of  water vapour, and sepa ra t ion  of  t h e  carbon 
d ioxide  by s o l i d i f i c a t i o n  i n  a f r e e z i n g  t rap  immersed i n  l i q u i d  oxygen 

After e l imina t ion  o f  oxygen from t h e  measuring system, vapor i za t ion  of 
t h e  carbon d ioxide ,  by r a i s i n g  t h e  temperature ,  i n t o  a c a l i b r a t e d  
volume which has been evacuated 

Determination of  t h e  carbon content  o f  t h e  test po r t ion  by measuring 
t h e  p re s su re  i n  t h e  volume which has previous ly  been calibrated us ing  
known volumes o f  carbon d ioxide  

3.5.3 ISO/TR 4830-2: 1978, 

( 1 )  Scope 

Part II: T i t r i m e t r i c  method a f t e r  combustion 

Determination of carwon con ten t  between 0,005 % (m/m)  and 0 , l  % 
i n  pure i r o n  and s t ee l  

- -  
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3.5.5 ISO/TR 4830-4: 1978, P a r t  I V :  Coulometric method after combustion 

( 1 )  Scope 
, 

Determination of carbon con ten t  between 0,005 % (~/IJ) and 0 , l  % (g/m) 
i n  steels 

( 2 ) P r i n c i p l e  
I 

P r i n c i p l e  

Combustion o f  a tes t  po r t ion  i n  an  e l e c t r i c  r e s i s t a n c e  furnace  i n  a 
c u r r e n t  o f  oxygen, i n  t h e  presence of a f l u x i n g  agent  which encourages 
the  combustion, conver t ing  t h e  carbon t o  carbon d ioxide ,  which is 
absorbed i n  a mixture  o f  py r id ine  and 2-aminoethanol o r  o f  
formdimethylamide and 2-aminoethanol, and which is a t  t he  same time 
t i t r a t e d  us ing  thymol b lue  as i n d i c a t o r  

Calcu la t ion  of t h e  carbon con ten t  from t h e  consumption of  t h e  s tandard  
volumetr ic  s o l u t i o n ;  t h i s  s o l u t i o n  being s tandard ized  a g a i n s t  calcium 
carbonate  (primary s t a n d a r d ) ,  which is heated t o  a temperature  between 
1 2 5 O O C  and 1 400OC i n  t h e  same furnace 

3.5.4 ISO/TR 4830-3: 1978, Part III: Conductimetric method after combustion 

( 1 )  Scope 

Determination of carbon con ten t  between 0,005 % (fi/;) and 0 , l  % (m/m> 
i n  steels 

( 2 )  P r i n c i p l e  

Combustion of  a tes t  po r t ion  a t  a high temperature  ( >I  25OOC) i n  a 
c u r r e n t  o f  pure oxygen, conver t ing  t h e  carbon t o  carbon d ioxide  

Entrainment of t h e  carbon d iox ide  by the  c u r r e n t  o f  oxygen, s epa ra t ion  
from the o t h e r  v o l a t i l e  oxides  and absorp t ion  by a d i l u t e  s o l u t i o n  of  
sodium hydroxide 

Deduction of  t he  carbon con ten t  o f  t h e  t es t  po r t ion  from measurement o f  
t he  v a r i a t i o n  i n  conduc t iv i ty  o f  t h e  sodium hydroxide s o l u t i o n  wi th  
r e s p e c t  t o  a r e fe rence  

Combustion of  a tes t  po r t ion  a t  a high temperature  ( 2 1  250OC; see no te  
below) i n  a c u r r e n t  o f  pure oxygen, conver t ing  t h e  carbon t o  carbon 
dioxide.  Entrainment o f  t h e  carbon d ioxide  by t h e  c u r r e n t  o f  oxygen, 
and sepa ra t ion  from t h e  o t h e r  v o l a t i l e  oxides .  Absorption of t he  
carbon d ioxide  i n  a barium hydroxide s o l u t i o n  con ta in ing  barium 
perchlora te :  during t h e  absorp t ion ,  re-establ ishment  o f  t h e  i n i t i a l  
barium hydroxide concent ra t ion  by e l e c t r o l y s i s  of t h e  barium 
pe rch lo ra t e ,  the  v a r i a t i o n  i n  t h e  pH of  t h e  s o l u t i o n  being followed by 
a pH meter. 
re-establ ishment  o f  the  i n i t i a l  pH, i n  o rde r  t o  deduce t h e  q u a n t i t y  of  
barium hydroxide formed and hence t h e  q u a n t i t y  of carbon d ioxide  
neu t r a l i zed .  

Measurement of  t h e  q u a n t i t y  0f e l ec t r i c i ty  requi red  f o r  
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The pH o f  t h e  absorb ing  s o l u t i o n  must always be equal  t o  o r  g r e a t e r  
than 9,O. 

NOTE - Cer ta in  types  of appara tus  are  incapable  of ob ta in ing  t h e  
temperature of  1 250OC necessary t o  comply w i t h  t h e  requirements of  
t h i s  Technical Report. 

3.5.6 IS0 9556: 1989, I n f r a r e d  abso rp t ion  method a f t e r  combustion i n  an 
induct ion  furnace  

( 1 )  Scope 

Determination of t o t a l  carbon con ten t  between 0,003 % ( m / m >  - and 
4,5 % ($/E) i n  s t e e l  and i r o n  

(2)  P r i n c i p l e  

Combustion of a t e s t  po r t ion  w i t h  a c c e l e r a t o r  a t  a high temperature i n  
an induct ion  furnace i n  a c u r r e n t  o f  pure oxygen and t ransformat ion  of  
carbon i n t o  carbon d ioxide  and/or  carbon monoxide 

(3 

Measurement by i n f r a r e d  absorp t ion  of t h e  carbon d ioxide  and/or carbon 
monoxide c a r r i e d  by a c u r r e n t  of  oxygen 

Prec is ion:  see informat ive  annex A. 

Figure A.5.1; P rec i s ion  for  t h e  de te rmina t ion  of  t o t a l  carbon 
con ten t  by I S 0  9556 

3.6 Ca Calcium 

under prepara t ion  

3 .7  Ce Cerium 

t o  be prepared 

3.8 Co Cobalt 

t o  be prepared 

3.9 Cr Chromium 

3.9.1 IS0 4936: 1984, Diphenylcarbazide spectrophotometr ic  method 

( 1 )  Scope 

Determination of  chromium con ten t  between 0,Ol % (m/m> and 0,25 % (!/ml 
i n  s t ee l  and cast i r o n  
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( 2 )  Principle 

Dissolution of a test portion in nitric and perchloric acids 

Oxidation of chromium in a phosphoric perchloric medium by potassium 
permanganate 

Oxidation of diphenylcarbazide by chromium(V1) 

Spectrophotometric measurement of the oxidized form of 
diphenylcarbazide at a wavelength of about 540 nm 

3.9.2 IS0 4937: 1986, Potentiometric or visual titration method 

( 1 )  Scope 

Determination of chromium content between 0,25 % (m/m> and 35 % (!/E) 
in steel and iron (If vanadium is present, the visual titration is 
applicable only to test portions containing less than 3 mg of 
vanadium. 

( 2 )  Principle 

Dissolution of a test solution with appropriate acids 

Oxidation of chromium in an acid medium to chromium(V1) by ammonium 
peroxydisulfate in the presence of silver sulfate 

Reduction of manganese(VI1) by hydrochloric acid 

Reduction of chromium(V1) by ammonium iron(I1) sulfate standard 
solution 

In the case of potentiometric detection, determination of the 
equivalence point by measurement of the potential variation when the 
ammonium iron(I1) sulfate standard solution is being added 

In the case of visual detection, titration of the excess ammonium 
iron(I1) sulfate by potassium permanganate standard solution which also 
acts as the indicator 

(3)  Precision: see informative annex A .  

Figures A.9.1 and A.9.2; Precision for the determination of chromium 
content by IS0 4937 

3.10 Cu Copper 

3.10.1 IS0 4943: 1985, Flame atomic absorption spectrometric method 

( 1 )  Scope 

Determination of copper content between 0,004 % 
in steel and cast iron 

and 0,5 % (m/m) 
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( 2 )  P r i n c i p l e  

Disso lu t ion  of  a tes t  po r t ion  i n  a mixture of  hydrochlor ic ,  n i t r i c  and 
p e r c h l o r i c  a c i d s  

Spraying of  t h e  s o l u t i o n  i n t o  an  a i r - ace ty l ene  flame 

Spectrometr ic  measurement o f  t he  atomic absorp t ion  o f  t h e  324,7 nm 
s p e c t r a l  l i n e  emit ted by a copper hollow cathode lamp 

(3 )  Prec is ion:  see informat ive  annex A .  

F igure  A.lO.l; P rec i s ion  f o r  de te rmina t ion  of  copper conten t  by 
IS0 4943 

3.10.2 IS0 4946: 1984, 2,2 '-Diquinolyl spec t rophotometr ic  method 

Determination of  copper con ten t  between 0,02 k ( m / m )  - -  and 5 % (m&) - i n  
s teel  and c a s t  i r o n  

c i d s  

( 1 )  Scope 

( 2 )  P r i n c i p l e  

Disso lu t ion  of a t e s t  po r t ion  w i t h  appropr i a t e  a c i d s  

Fuming with p e r c h l o r i c  ac id  t o  remove hydrochlor ic  and 
and dehydrate s i l i c i c  acid 

i t r i c  

Reduction of copper ( I1)  t o  copper(1)  i n  hydrochlor ic  a c i d  s o l u t i o n  by 
means o f  a sco rb ic  ac id  

Formation of  a coloured compound of  copper (1)  w i t h  2 ,2 ' -d iquinoly l  

Spectrophotometr ic  measurement a t  a wavelength o f  about 545 nm 

(3)  Prec is ion:  see informat ive  annex A. 

Figure A.10.2; P rec i s ion  f o r  de te rmina t ion  o f  copper con ten t  by 
IS0 4946 

3.11 Mg Magnesium 

t o  be prepared 

3.12 Mn Manganese 

3.12.1 IS0 629: 1982, Spectrophotometr ic  method 

( 1 )  Scope 

Determination of  manganese con ten t  between 0,Ol % ( m / m )  - -  and 4 I ( m / m )  - -  
i n  s teel  and cast i r o n  
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(2)  Principle 

Dissolution of a test portion in sulphuric-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 

3.13 Mo Molybdenum 

3.13.1 IS0 4941: 1978, Photometric method 

Determination of molybdenum content between 0,003 % (m/m) - -  and 
9 % (;/fi) 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 or the W/Mo ratio is 
greater than 8 

NOTE - Greater V/Mo o r  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 

Quantitative formation of a coloured compound of molybdenum, in the 
presence of thiocyanate, iron(I1) and/or copper(I1) ions and 
extraction of this compound using -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 2 60. 

3.14 N Nitrogen 

3.14.1 IS0 4945: 1977, Spectrophotometric method 

( 1 )  Scope 

Determination of nitrogen content between 0,002 % (;/fi) and 
0,050 % (;/;) in non-alloy and low-alloy steels 
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