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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
electrotechnical standardization.
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TECHNICAL SPECIFICATION

ISO/TS 10719:2016(E)

Cast irons — Determination of non-combined carbon
content — Infrared absorption method after combustion in
an induction furnace

1

Th
the

Scope

is document specifies an infrared absorption method after combustion in an induction fj
determination of non-combined carbon content in cast irons.

The method is applicable to non-combined carbon contents between 1,0 %\ (mass frag

3,0

Eldg
trg

% (mass fraction).

ments ordinarily present do not interfere. However, some alloyed castirons, when exteng
ated, contain carbides that are not soluble when using this method and\may give high valug

combined carbon.

2

co
un

IS(

IS(
coj

Fo
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3.1

Normative references

Thf following documents are referred to in the text in.such a way that some or all of the
s

irnace for

tion) and

ively heat
bs for non-

ir content

titutes requirements of this document. For dated references, only the edition cited applies. For

dated references, the latest edition of the referenced document (including any amendment
3696, Water for analytical laboratory use — Specification and test methods
14284, Steel and iron — Sampling and~preparation of samples for the determination o
nposition
Terms and definitions
" the purposes of this document, the following terms and definitions apply.

and IEC maintain terminiological databases for use in standardization at the following ad

IEC Electropediasavailable at http://www.electropedia.org/

[SO Onlinedrowsing platform: available at http://www.iso.org/obp

gr

phitic carbon

5) applies.

f chemical

lresses:

nO{-combined carbon

carbon that is not dissolved by methanol and nitric and hydrofluoric acids

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 in a flow of oxygen at a high
temperature, using a high-frequency induction furnace, in the presence of pure iron and an accelerator.
Transformation of carbon into carbon dioxide and/or carbon monoxide.

Measurement by infrared absorption of the carbon dioxide and/or carbon monoxide, carried by the
current of oxygen.

© ISO 2016 - All rights reserved
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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 ISO 3696.

5.1 Water, free from carbon dioxide.

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, minimum purity 99,5 % (volume fraction).

An oxidat
used priot

on catalyst [copper(I]) oxide or platinum] tube heated to a temperature above 450 ?€'shall
to a purifying unit, when oxygen is suspected for the presence of organic contaniinants.

5.3 Irom, containing less than 0,001 0 % of carbon (mass fraction).

5.4 Soly

'ent, appropriate for cleaning greasy or dirty test samples, for example,'acetone.

5.5 Methanol, minimum purity 99,5 % (volume fraction).

5.6 Bar

Dry bariu
a desiccat

5.7 Cas

The casti

5.8 Acc

Copper, tu

jum carbonate.

br before use.

Fons to be used for this purpose shall havéwhite structure.

blerator.

ngsten-tin mixture or tungsten containing less than 0,001 0 % carbon (mass fraction).

5.9 Nityic acid, p about 1,40 g/ml

5.10 Hyd

5.11 Hyd

rofluoric acid, p about 1,15 g/ml.

rochloric acid,’p about 1,19 g/ml, diluted 1 + 1.

5.12 Sodjum hydroxide, 120 g/ solution.

M carbonate [minimum purity > 99,5 % (mass fraction)j'at 105 °C to 110 °C for 3 h and coo] i

[ iron certified reference materials (CRMs), containing 1 % to 3 % (mass fraction) carbon.

Cautiously

 dissolve 60 g of sodium hydroxide in about 200 ml of water (5.1). When dissolution

complete,

1 _Jdaloeo o NN ] AN rs H Ak H | Fialaotel
CUOUI, UITULT tU JUU 1111 VVILIT VWWdadlll, IIIIA dIIUu StUT T IITIh d lJlClDLlL UULLIT,.

5.13 Magnesium perchlorate [Mg(Cl04)2], particle size from 0,7 mm to 1,2 mm.

be

is

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

to 1,2 mm

6 Apparatus

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

2
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the operation of the instrument. A pressure regulator is required to control the oxygen pressure to the
furnace according to the manufacturer’s specification.

Ordinary laboratory apparatus and the following shall be used.
6.1 Filter, made of glass fibre, 47 mm in diameter, pore size 0,3 um.

6.2 Vacuum filtering apparatus, for use with 47 mm glass-fibre filters (6.1) and suitable for use
with acids.

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

Ignpite crucibles in an electric furnace in air or in a current of oxygen, for not less than|2"h at 1 100 °C,
an(l store in a desiccator before use.

7 | Sampling

Sampling shall be carried out in accordance with ISO 14284 or with annappropriate national standard
for| cast irons (see Annex C).

NOTE For cast irons, use drillings with lengths of more than 2 mm.JFor spheroidal graphite casf irons, use
soljd portions, approximately 10 mm x 10 mm x 0,3 mm.
8 | Procedure

SAFETY INSTRUCTIONS

The risks related to combustion analysis aré mainly burns in pre-igniting the ceramic|crucibles
an(d in the fusions. Use crucible tongs at all times and suitable containers for the used ¢rucibles.
Narmal precautions for handling oxygen' cylinders shall be taken. Oxygen from the combustion
prpcess shall be removed effectively from the apparatus, since a high concentration of pxygen in
a donfined space can present a fire-hazard.

Talke care not to mix methandl with concentrated nitric acid because of the risk of explosion.

8.1 General operating-instructions

Pufify the oxygen supply (5.2) using tubes packed with the inert ceramic (5.14) impregnated with
soflium hydroxide+(5/12) and magnesium perchlorate (5.13), and maintain a quiescent flow fate while
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 freuently to
remnove oxide build-up.

When 'the main supply is switched on after being out of action for any length of time, allow the ¢quipment
to ktabilize for the time recommended by the equipment 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
analysed, 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 the calibration range as follows.

Select a cast iron certified reference material with a carbon content close to the maximum carbon
content in the calibration series, measure the corresponding carbon content in accordance with the
manufacturer’s instructions and adjust the reading of the instrument to the certified value.

© IS0 2016 - All rights reserved 3
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8.2 Test portion

If necessary, degrease the test sample by cleaning 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.

8.3 Blank test
In parallel with the determination and following the same procedure, carry out two blank tests using
the same WEWWWW#&M'M
test porti¢n (8.2).

Obtain th¢ reading of the blank tests and convert it to milligrams of carbon by means of the calibrat]on
curve (seqd 8.5).

The mean blank value (m1) is calculated from the two blank values. The mean blank’ value and the
differencq between the two blank values shall both not exceed 0,15 mg of carbo-f these values are
abnormally high, investigate and eliminate the source of contamination.

8.4 Detlermination

8.4.1 Dissolution of the test portion

Place the fest portion (8.2) in a 250 ml beaker. Add 25 ml of methanol (5.5), 50 ml of water (5.1) gnd
5 ml of nifric acid (5.9). Immediately cover the beaker with a watch glass and allow to stand for 12 i to
16 h at ropm temperature.

Add 20 m|l of nitric acid (5.9) and allow to stand until-further reaction ceases. Place the beaker on a
hot plate heated between 50 °C and 60 °C. When vigorous reaction ceases, add 4 drops to 5 dropg of
hydrofluofic 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‘wacuum filtering apparatus (6.2) and moisten with water (5/1).
Filter the [solution obtained in 8.4.1ywith very moderate suction. Transfer the non-combined carbor] to
the filter and, with a rubber-tipped glass rod detach any particle that may be adhering to the beaker
thoroughlly. Wash the sides ofthe funnel to deposit all non-combined carbon on the glass-fibre filter disc.

Wash the filter disc oncéwith hydrochloric acid (5.11), twice with hot water (5.1), three times with hot
sodium hydroxide (5.12]), twice with hot hydrochloric acid (5.11) and five times with hot water, in the
order givgn. Finally,;ywash with methanol (5.5) to remove any non-combined carbon from the wallg of
the funne].

Stop the sphiction and remove the top part of the filter assembly. Remove the top filter disc from the fil
support b : : , o : : . |
Remove the bottom filter disc from the filter support and use it to wipe off any non-combined carbon
from the filter apparatus. Fold the filter disc in eight parts and place it in the same crucible.

Dry the crucible containing the filters for 2 h at 105 °C, and store in a desiccator.
8.4.3 Measurements

8.4.3.1 Add 0,500 g of the pure iron (5.3) and the appropriate mass of accelerator to the ceramic
crucible containing the dried filters prepared in 8.4.2.

The quantity of accelerator (5.8) will depend on the individual characteristics of the instrument. The
amount used should be sufficient for complete combustion.

4 © IS0 2016 - All rights reserved
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8.4.3.2 Place the ceramic crucible and contents on the pedestal post, raise to the combustion position
and lock the system. Operate the furnace in accordance with the manufacturer’s instructions.

8.4.3.3 Atthe end of the combustion and measuring cycle, remove and discard the crucible, and record
the analyser reading.

8.5 Establishing the calibration curve

8.5.1 Primary product calibration

Waigh, to the nearest 0,1 mg, the masses of barium carbonate (5.6) indicated in Table 1 and-transfer to
foyr ceramic crucibles (6.3).

Add two glass-fibre filters (6.1) to the ceramic crucible (6.3) containing the barium carbonate (5.6).
Add 0,500 g of the pure iron (5.3) and cover with the same quantity of the accelerator (5.8) aq that used
in B.4.3.

Cafry out the measurements as specified in 8.4.3.1.

Obftain the net reading by subtracting the reading of the zero membérfrom that of each menjber of the
calibration series.

—

Prepare a calibration graph by plotting the net reading against the mass of carbon, in milligrams, for
eath member of the calibration series.

Table 1 — Composition of the calibration with barium carbonate

Corresponding non-
combined carbon content
ina 0,5 g test portion

Mass of barium carbonate (5.6) Corresponding
carbon mass

mg mg % (mass fraction)
0a 0
82,1 5 1
164,3 10 2
2464 15 3

a  Zero member.

8.3.2 Calibration-by means of certified reference materials

Selecta set of white structure castiron certified reference materials (5.7) for calibration and verification
which, at aminimum, falls at the bottom, top, and quartile points of the operating range.

Waigh, to-the nearest 1 mg, approximately 0,50 g of a certified reference material having a carbon
content* corresponding to the top of the operating range into a crucible (6.3). Add the appropriate

aco ey VO o v O~ 11t O

Adjust the net instrument reading to correspond to the correct level of carbon in the certified reference
material according to the manufacturer’s operating instructions. Repeat this measurement twice to
check the repeatability of the reading: each result shall be within the range “certified value +2 ¢”, where
o is the standard deviation characterizing the certified value.

Check the linearity of the calibration by analysing at least three times two other certified reference
materials, one with a content of carbon in the middle and the other at the bottom of the range: the
correlation coefficient shall be at least greater than 0,99.

Correct any non-compliant conditions before continuing to the next step.

© IS0 2016 - All rights reserved 5
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9 Expression of results

9.1 Primary product calibration

Convert the analyser reading of the test portion to milligrams of carbon (mg) by means of the calibration
curve (8.5.1).

The non-combined carbon content, w, expressed as a percentage by mass, is given by Formula (1):

(mn—m1) (mn—m1)
—f—— 10— (1)
mx103 10m

where

mo i9the mass of carbon in the test portion, expressed in milligrams;

m1 i9the mass of carbon in the blank test (8.3), expressed in milligrams;

m i§the mass of the test portion (8.2), in grams.

9.2 Calibration by means of certified reference materials

If the instfument has been calibrated to give a read-out directly asa pércentage by mass of carbon wjith
automatid compensation for the mass of the test portion, take the average of the set of determinatigns
carried oyt and report the result.

With somg instruments it will be necessary to prepare a calibration curve of instrument reading vergus
the mass,|in micrograms, of carbon in the certified reference materials. Read off the calibration cufve
the mass ¢f carbon in the test portion in micrograms;gorrect for the blank and mass of the test portipn.
Average tte determinations carried out and report the result.

10 Precjsion

A planned trial of this method was carried out by 12 laboratories, using 10 levels of non-combired
carbon copntents, each laboratory miaking 3 determinations of non-combined carbon on each level ($ee
Note 1).

NOTE1 |Two of the three determinations were carried out under repeatability conditions as defined in
ISO 5725:19861), i.e. one operator, same apparatus, identical operating conditions, same calibration angl a
minimum period of time,

The third determinatioh was carried out at a different time (on a different day) by the same operator, using fhe
same appatatus with'da new calibration.

The resultg obtained were statistically evaluated in accordance with ISO 5725-2 and ISO 5725-3.

NOTE 2  For the preparation of this document the original results were submitted to a new statistical
evaluation, based on ISO 5725-2 and ISO 5725-3. This new evaluation led to all the results provided by a
laboratory (labelled “USA 1”) being discarded, as all the corresponding results showed a systematic low tendency
of about 0,2 % for the nine cast iron samples. See Annex B for a comparison between the results of the first and
second precision tests.

NOTE3 The main use of the procedure described in this document deals with the determination of non-
combined carbon content in cast irons. Its possible application to steel materials is a border case, as most of these
materials do not contain non-combined carbon. For this reason, steel materials were removed from the scope of
the method.

The results obtained during the precision test are presented in Table A.1.

1) Withdrawn document.

6 © IS0 2016 - All rights reserved
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The precision data obtained have no consistent relationship with the related non-combined carbon
content mean value, as the correlation coefficients are as follows:

Th

0,15 for the logarithmic relation between the repeatability limit (r) and the content mean value;

0,43 for the logarithmic relation between the interlaboratory reproducibility limit (R,,) and the

content mean value;

0,18 for the logarithmic relation between the reproducibility limit (R) and the content mean value.

erefore, only the experimental data are to be used (see Table A.1).

It llas also to be underlined that the experimental reproducibility data for a majority of the's3

ab

11

pve the acceptable limits defined within ISO/TC 17/SC 1, as shown in Table A.2.

Notes on the procedure

11[.1 Preliminary blank tests

To
fol

qu

All
ne

test water (5.1) and the different reagents, carry out two preliminary blank tests at the g
owing the same procedure and using the same quantities of all‘the reagents, including
hntity of the pure iron (5.3) as used for the test portion (8.2),

the preliminary blank values shall be equal to or less than 0,15 mg of carbon. If they ar
Cessary to select other reagents and water and to repedt.the preliminary blank test.

11.2 Preliminary tests on certified referencethaterials

Aff

er selecting reagents and water, and before;carrying out the tests, make preliminary t

solne certified reference materials.

Ca

'ry out two determinations under repeatability conditions, following the same procedure

th¢ same quantities of all the reagents'as used for the test portion.

Th

e related mean value should,be within the range “certified value * 2¢” and the differenc

the two determinations shouldbée equal to or less than 0,1 %. If they are not, the preliminary |

be

repeated until these criteria are met.

12 Test report

Th
a)

b)

‘)
d)

e)

©lI

e test reportShall include the following information:

all infermation necessary for the identification of the sample, the laboratory and the date
or of the test report;

mples are

ame time,
the same

e not, it is

psts using

and using

b between
est should

bf analysis

the method used by reference to this document, i.e. ISO/TS 10719;

the results and the unit in which they are expressed;

any unusual features noted during the determination;

any operation not specified in this document, or any optional operation which might have influenced

the results.
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Annex A
(informative)

Additional information on the international interlaboratory test

Table A.1 summarizes the results of the second international precision test carried out in 1991 on

1 steel sa:[ple and J castiron samples 1n 6 countries involving 12 laboratories (see Note Z in Clause 10).
The results of the original statistical evaluation of the precision test were reported in document
ISO/TC17fSC 1 N 925, February 1992 whereas Table A.1 shows the precision data obtained frem their
re-evaluation carried out in 2014.
The test samples used are listed in Table A.1 together with the related precision data!
Table A.1 — Test samples used for the precision test and related precision data
Non-combined carbon . .
Total Precision data
content 0 ,
carbon % (mass fraction) % (mass fraction)
$ample content p_—
o Repeatability | Reproducibility
f:a(cr?i?)ii Certified Found limit limits
r Ry R

Steel 1,4 0,395a 0,397 0,052 0,109 0,142
NIST 3424
(Nodular ¢ast iron) 19 1,38 1,43 0,077 0,090 0,208
BCS 172/3
(Ni - Cr - hu - Mo cast iron) 2,2 1,55 1,57 0,065 0,065 0,200
ECRM 483-1 2,5 165 1,71 0,090 0,125 | 0246
(Castiron]
CTIF FG2( 2,5 1,924 197 0,079 0,086 | 0,193
(Castiron]
NIST 107c
(Ni~ Cr - Qu - Mo cast iron) 3,0 1,98 2,15 0,107 0,162 0,374
ECRM 428-1 2,8 2,33 2,33 0,111 0124 | 0,199
(Castiron]
BCS 206/ b
(High Si, B cast iron) 2,5 2,4 2,4 0,018 0,045 0,102
NIST 4k | 3,2 2,65 2,67 0,105 0164 | 0,264
(Castiron]
NIST 1221" 2 C 2.0 200 10 Q207 Q.29
(Cast iron) T,J Z,0Z Z,79 U, 100 U207 U, 00z
a  Mean value of a preliminary round robin test (non-certified value).
b Non-certified value.

Table A.2 shows the comparison between the experimental reproducibility data, expressed as “variation
coefficient”, and the acceptable limits defined within ISO/TC 17/SC 1.

8 © IS0 2016 - All rights reserved
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Table A.2 — Comparison between the variation coefficient and the acceptable limits defined
within ISO/TC 17/SC 1

Variation coefficient Acceptable limits defined within
I1SO/TC 17/SC 1
% %
5,20 2,87
4,54 2,77
5,14 2,70
349 Z,57
6,21 2,49
1,50 2,39
3,04 2,42
3,54 2,31
4,45 2,24

© IS0 2016 - All rights reserved 9
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Annex B
(informative)

Comparison between the results of the first and the second
precision tests

Table B.1 — Comparison between the results of the first and the second precision tests
Non-combined carbon content Precision-data
% (mass fraction) % (mass fraction)
Found Reproduci}?ility limif
Telfltl:f;n( ,gle Name of the sample 1st trial
Certified — —
wc,1 +we?2 2nd trial<f 1sttrial 2nd trial
2
20-1 ECRM 430-1 2,338 2,336 0,240
20-24 Pigiron 0,289 0,519 1,408
20-3 20-20 Steel 0,395b 0,393 0,397 0,191 0,142
20-4 P-405 2,813b 2,794 0,330
20-5 2(-17 ECRM 428-1 2,33 2,384 2,330 0,158 0,199
20-6 NIST 51 1,98 1,991 0,233
20-7 NIST 8b 2,37 2,361 0,234
20-8 2(0-13 ECRM 483-1 1565 1,688 1,710 0,298 0,246
20-9 CTIF FG 10 1647b 1,694 0,329
20-10 20-14 CTIF FG 20 1,924b 1,907 1,974 0,122 0,193
20-11 NIST 342a 1,38 1,428 0,208
20-12 BCS 1723 1,55 1,573 0,200
20-15 NIST 10Zc 1,98 2,148 0,374
20-16 BE€S\206-2 2,4¢ 2,422 0,102
20-18 NIST 4k 2,65 2,666 0,264
20-19 NIST 122h 2,82 2,904 0,362
W(,1: general mean within a day.
W(,2 : general mean between days.
a  Fine dust sample.
b Mean value of a preliminary round robin test (non-certified value).
¢ Non-certified value.
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Annex C
(informative)

Effect of fine material in a sample on the determination of non-

combined carbon content

sa
the

C.7

Ad
the
md

.2.2 Determination of total carbon in'separate samples

Th]Elre is a wide range of valuesdor-the carbon content, although the mean for the six “T” sanf
identical to

ples taken from the top of a can or “B” for samples from the bottom of a can.

e as the mean for the seyen“B” samples: 3,494 % (mass fraction) in each case, which is
mean for all 156 determinations.

.3 Determination of total carbon in a composite sample after sieving

n sieved through a screen (40 mesh) while shaking and tapping for 10 min. Approximately
terial passed through the screen.

C.:IS Analysis of the composite sample from which the fine material was re

ring the precision tests carried out by ISO/TC 17/SC 1, the following information was submitted

possible that the variability in results obtained during thege tests might be caused by th¢ presence
ine loose non-combined carbon. The following determinations, which were conducted on 1|3 samples
IST 122i (cast iron in chip form) supplied for homogeneity testing for total carbon, tend o support

samples were taken from large cans of NIST 122fand were identified by a can number, and “T” for

Ch of the 13 samples was run 12 times on a LECO CS-44 instrument using a 0,4 g test portion and
4 g of tungsten accelerator. The results are given in Table C.1.

les is the

omposite sample was prepared by combining 10 g from each of the 13 samples. The 130 g sample was

0,24 g of

moved

The results of 13 determinations of the total carbon content in the composite sample described in C.2.3,
expressed in % (mass fraction), are shown below:

3,481 - 3,454 - 3,452 - 3,457 - 3,432 - 3,454 - 3,431 - 3,419 - 3,405 - 3,408 - 3,361 - 3,456 - 3,415

The corresponding mean value is 3,433 % (mass fraction), with a standard deviation of 0,031 % (mass
fraction) and a coefficient of variation of 0,91 %.

C.4 Analysis of fine material

Th

e total carbon content found in the fine material was 31,8 % (mass fraction).

© ISO 2016 - All rights reserved
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C.5 Calculated total carbon content of the composite sample before sieving

Mass of carbon in the fine material removed by sieving = 0,24 x 0,318 = 0,076 g.

Contribution to the carbon content of the total 130 g sample = (0,076 x 100)/130 = 0,058 % (mass

fraction)

Total carbon content in the composite sample before sieving = 3,433 + 0,058 = 3,491 % (mass fraction).

This correlates very well with the value of 3,494 % (mass fraction) obtained for the mean of 156

determinations of the 13 separate samples.

C.6 Conclusions

This evid¢nce strongly suggests that the presence of excessive non-combined carbon [31,8 % (m

ASS

fraction) In this case] in the fine material affects the total carbon homogeneity and(would similarly

affect thelnon-combined carbon homogeneity, resulting in the wide spread of results*obtained dur
these trials.

ng
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