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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, governmental 
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 technical committees is to prepare International Stan- 
dards, but in exceptional circumstances a technical committee may pro- 
pose the publication of a Technical Report of one of the following types: 

- type 1, when the required support cannot be obtained for the publi- 
cation of an International Standard, despite repeated efforts; 

- type 2, when the subject is still under technical development or where 
for any other reason there is the future but not immediate possibility 
of an agreement on an International Standard; 

- 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 of types 1 and 2 are subject to review within three years 
of publication, to decide whether they can be transformed into Inter- 
national 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be reviewed until the data they provide are considered to be no longer 
valid or useful. 

lSO/TR 10719, which is a Technical Report of type 2, was prepared by 
Technical Committee lSO/TC 17, Steel, Subcommittee SC 1, Methods of 
determination of chemical composition. 

During the 12th ISO/TC 17/SC 1 meeting held in Sydney in 1988, WG 20 
was created to study the determination of non-combined carbon content 
in irons by the infrared absorption method after combustion in an induction 
furnace. 

Two methods were proposed: one was provided by the USA and the other 
was taken from EURONORM 38-83. 
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Q IS0 ISO/TR 10719:1994(E) 

Finally, after preliminary tests, a document was prepared on the basis of 
the method from the USA as a first working draft. A test programme for 
the international cooperative test was carried out in accordance with this 
document. 

The results showed that the most important point was sampling. The 
worst results were obtained with fine dust samples and the best with big 
chips (see annex 0. 

At the 13th ISO/TC 17/SC 1 meeting held in Madrid in 1990, it was de- 
cided that WG 20 should continue with precision testing using the same 
method (2nd draft) and, taking note of the remarks about sampling, with 
a new choice of samples specifying the size of the chips and precautions 
for transport conditions. 

A second test programme for an international cooperative test was then 
carried out. 

In spite of all the precautions taken for the choice of certified reference 
material (CRM), the size of the chips and the transport conditions, it ap- 
peared impossible to obtain results better than those of the first trial. 

Probably, the best results would be obtained on solid samples, but there 
are no CRMs in this form. This opinion had already been expressed by 
some participating laboratories in the first trial (see annex D). 

At the 14th ISO/TC 17/SC 1 meeting held in London in 1992, after 
discussion, it was decided that the method and work of WG 20 and as- 
sociated studies would be published as a Technical Report. 

Annexes A, B, C, D and E of this Technical Report are for information only. 

. . . 
III 
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TECHNICAL REPORT 0 IS0 ISO/TR 10719:1994(E) 

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

1 Scope 

This Technical Report describes an infrared absorption 
method after combustion in an induction furnace for 
the determination of the non-combined carbon con- 
tent in steel and iron. 

The method is applicable to non-combined carbon 
contents between 0.3 % (m/m) and 3,0 % (m/m). 

Elements ordinarily present do not interfere. How- 
ever, some alloyed cast irons, when extensively heat 
treated, yield carbides that are not soluble when using 
this method and may give high values for non- 
combined carbon. 

2 Normative references 

The following standards contain provisions which, 
through reference in this text, constitute provisions 
of this Technical Report. At the time of publication, 
the editions indicated were valid. All standards are 
subject to revision, and parties to agreements based 
on this Technical Report are encouraged to investi- 
gate the possibility of applying the.most recent edi- 
tions of the standards indicated below. Members of 
IEC and IS0 maintain registers of currently valid In- 
ternational Standards. 

IS0 377-2:1989, Selection and preparation of samples 
and test pieces of wrought steels - Part 2: Samples 
for the determination of the chemical composition. 

IS0 385-l : 1984, Laboratory glassware - Burettes - 
Part 1: General requirements. 

IS0 648:1977, Laboratory glassware - One-mark 
pipettes. 

IS0 1042:1983, Laboratory glassware - One-mark 
volumetric flasks. 

IS0 3696:1987, Water for analytical laboratory use - 
Specification and test methods. 

IS0 5725:1986, Precision of test methods - Deter- 
mination of repeatability and reproducibility for a 
standard test method by inter-laboratory tests. 

IS0 9556:1989, Steel and iron - Determination of 
total carbon content - Infrared absorption method 
after combustion in an induction furnace. 

3 Definition 

For the purposes of this Technical Report, the follow- 
ing definition applies. 

3.1 non-combined carbon: Carbon which is not 
dissolved by the procedure specified in 8.4.1 and is 
also known as graphitic carbon. 

4 Principle 

Decomposition of a test portion with nitric acid in the 
presence of methanol and treatment with hydrofluoric 
acid. 

Removal of the non-combined carbon by filtering 
through a glass-fibre filter. 

Combustion of the glass-fibre filter containing the 
non-combined carbon with the pure iron and acceler- 
ator, in a high-frequency induction furnace in a current 
of pure oxygen. Transformation of carbon into carbon 
dioxide and/or carbon monoxide. 
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Measurement by infrared absorption of the carbon 
dioxide and/or carbon monoxide carried by a current 
of oxygen. 

5 Reagents 

During the analysis, unless otherwise stated, use only 
reagents of recognized analytical grade and only water 
with a low content of organic matter, i.e. grade 2 or 
grade 1 water as specified in IS0 3696. 

5.12 Sodium hydroxide, 120 g/l solution. 

Cautiously dissolve 60 g of sodium hydroxide in about 
200 ml of water (5.1). When dissolution is complete, 
cool, dilute to 500 ml and store in a plastics bottle. 

5.13 Magnesium perchlorate [Mg(CIO,),], particle 
size from 0,7 mm to I,2 mm. 

5.14 Inert ceramic (attapulgus clay), impregnated 
with sodium hydroxide, particle size from 0,7 mm to 

5.1 Water, free from carbon dioxide. 
1,2 mm. 

Boil water for 30 min, cool to room temperature and 
allow oxygen (5.2) to bubble through it for 15 min. 
Prepare just before use. 

5.2 Oxygen, 99,5 % (m/m) minimum. 

An oxidation catalyst [copper oxide or platinum] 
tube heated to a temperature above 450 “C must be 
used prior to a purifying unit (see annex El, when the 
presence of organic contaminants is suspected in the 
oxygen. 

5.3 Pure iron, of known low carbon content less 
than 0,001 0 % (m/m). 

5.4 Suitable solvent, appropriate for washing 
greasy or dirty test samples, for example, acetone. 

6 Apparatus 

During the analysis, unless otherwise stated, use or- 
dinary laboratory apparatus. 

All volumetric glassware shall be class A, in accord- 
ance with IS0 385-1, IS0 648 or IS0 1042, as appro- 
priate. 

The apparatus required for combustion in a high- 
frequency induction furnace and the subsequent in- 
frared absorption measurement of the evolved carbon 
dioxide and/or carbon monoxide may be obtained 
commercially from a number of manufacturers. Fol- 
low the manufacturer’s instructions for the operation 
of the instrument. 

Features of commercial instruments are given in an- 
nex E. 

5.5 Methanol, 99.5 % (V/v) minimum. 

5.6 Barium carbonate. 

DW barium carbonate [minimum assay: 
99,5 % (m/m)] at 105 “C to 110 “C for 3 h and cool in 
a desiccator before use. 

6.1 Filter, made of glass fibre, 47 mm in diameter, 
pore size 0,3 pm. 

6.2 Vacuum filtering apparatus, for use with 
47 mm glass-fibre filters and suitable for use with ac- 
ids. 

5.7 Sodium carbonate. 

Dry anhydrous sodium carbonate [minimum assay: 
99,5 % (m/m)] at 285 “C for 2 h and cool in a 
desiccator before use. 

5.8 Accelerator: copper, tungsten-tin mixture or 
tungsten of known low carbon content less than 
0,001 0 % (m/m). 

5.9 Nitric acid, p about I,40 g/ml. 

NOTE 1 For cast iron and steel, use drillings with lengths 
of more than 2 mm. For ductile iron, use solid portions, ap- 
proximately 10mmx10mmx0,3mm (see ASTM 

5.11 Hydrochloric acid, p about 1 ,I9 g/ml, diluted E 351 :1989, Standard Test Methods for Chemical Analysis 
1 + 1. of Cast Iron - A// types). 

5.10 Hydrofluoric acid, p about ‘I ,‘l5 g/ml. 

6.3 Ceramic crucible, capable of withstanding 
combustion in an induction furnace. 

Ignite crucibles in an electric furnace in air or in a 
current of oxygen, for not less than 2 h at 1 100 “C, 
and store in a desiccator before use. 

7 Sampling 

Carry out sampling in accordance with IS0 377-2 and 
appropriate national standards for iron (see note I). 
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8.2 Test portion 

SAFETY INSTRUCTIONS 

a) The risks related to combustion analysis are 
mainly burns in pre-igniting the ceramic crucibles 
and in the fusions. Use crucible tongs at all times 
and suitable containers for the used crucibles. 
Normal precautions for handling oxygen cylinders 
shall be taken. Oxygen from the combustion 
process must be removed effectively from the ap- 
paratus, since a high concentration of oxygen in 
a confined space can present a fire hazard. 

b) Take care not to mix methanol with concen- 
trated nitric acid because of the risks of explosion. 

8.1 General operating instructions 

Purify the oxygen supply (5.2) using tubes packed 
with the inert ceramic (5.14) impregnated with sodium 
hydroxide (5.12) and magnesium perchlorate (5.13), 
and maintain a quiescent flow rate whilst on standby. 
Maintain a glass-fibre filter or a stainless steel filter- 
screen as a dust collector. Clean and change as 
necessary. The furnace chamber, pedestal post and 
filter trap shall be cleaned frequently to remove oxide 
build-up. 

When the main supply is switched on after being out 
of action for any length of time, allow the equipment 
to stabilize for the time recommended by the equip- 
ment manufacturers. 

After cleaning the furnace chamber and/or changing 
filters, or after the equipment has been inoperative for 
a period, stabilize the apparatus by burning several 
samples, of similar type to the samples to be ana- 
lysed, prior to setting up for analysis. 

Flush oxygen through the apparatus and adjust the 
instrument controls to give a zero reading. 

If the instrument used provides a direct reading in 
percentage of carbon, adjust the instrument reading 
for each calibration range as follows. 

Select the certified reference material of iron with a 
carbon content close to the maximum carbon content 
in the calibration series, and measure the carbon 
content of the certified reference material in the 
manner specified in 7.4 of IS0 9556:1989. 

Adjust the reading of the instrument to the certified 
value (see note 2). 

NOTE 2 This adjustement should be made before the 
calibration specified in 8.5. It cannot replace or correct the 
calibration. 

Degrease the test sample, if necessary, by washing 
in a suitable solvent (5.4). Cautiously evaporate the 
last traces of the solvent by warming. 

Weigh, to the nearest 1 mg, approximately 0,50 g of 
the test sample for non-combined carbon contents 
greater than I,0 % (m/m) and approximately I,0 g for 
non-combined carbon contents not more than 
l,o % (m/m). 

8.3 Blank test 

In parallel with the determination and following the 
same procedure, carry out two blank tests using the 
same quantities of all the reagents, including the 
same quantity of the pure iron (5.3) as used for the 
test portion (8.2). 

Obtain the reading of the blank tests and convert it to 
milligrams of carbon by means of the calibration graph 
(see 8.5). 

The mean blank value (m,) is calculated from the two 
blank values (see note 3). 

NOTE 3 The mean blank value and the difference be- 
tween the two blank values shall both not exceed 0,15 mg 
of carbon. If these values are abnormally high, investigate 
and eliminate the source of contamination. 

8.4 Determination 

8.4.1 Dissolution of the test portion 

Place the test portion (8.2) in a 250 ml beaker. Add 
25 ml of methanol (5.5), then 50 ml of water (5.1) and 
lastly 5 ml of nitric acid (5.9). Immediately cover the 
beaker with a watch glass and allow to stand for 
12 h to 16 h at room temperature. 

Add 20 ml of nitric acid (5.9) and allow to stand until 
further action ceases. Place the beaker on a hotplate 
heated to 50 “C to 60 “C. When vigorous action 
ceases, add 4 to 5 drops of hydrofluoric acid (5.10). 
Continue heating until dissolution is completed. If 
necessary, add water (5.1) to maintain the original 
volume. 

8.4.2 Filtration of the non-combined carbon 

Place two glass-fibre filters (6.1) in a vacuum filtering 
apparatus (6.2) and moisten with water (5.1). Filter the 
solution obtained in 8.4.1 with very gentle suction. 
Transfer the non-combined carbon to the filter and 
police the beaker thoroughly. Wash the sides of the 
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