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INTERNATIONAL STANDARD @IS0 150 13902:199%{E}

Steel and iron — Determination of high sulfur content — Infrared
absorption method after combustion in an induction furnace

1 Scope

This Intsrnational Standard specifies a method far the deterrmination of the sulfur cuntent in steg| and inon using an
infrared absarption method afler combustion in an induction fumare.

The method is applicable to a sulfur content of between 0,10 % (M} and 0,35 % (mim).

2 Normative references

The following standards contain provisions which, threugh reference in this text, constitute provisions of this
International Standard. At the tima of publicatian, the editions indicated were valid. All standards are subject to
revision, and parties to agreemants based on this [nternational Slardard are encouraged to investigate the
possibility of applying the most recent editions of the standards indicated below. Members of IEC and 1SO maintain
registérs of currantly valid Internationa! Stardards,

IS0 585:1990, Test sieves — Melal wirg cloth, perforated metal plate and elsctroformed sheet— Naminal sizes of
CEIINGS.

150 5725-1:1884, Accuracy (frueness and precision) of measurement methods and results — Part 1+ Generaf
principies and definitions.

IS0 5725-2:1994, Accuracy firueness and pracision) of measurement methods and results — Part 2- Basic method
for the determination of repeatabifity and reproducibility of a standard measurement meifiod.

IS0 5725-3:11994, Agcuracy {trueness and precision) of measurement methocs and results — Fart 3: Intermeacdizta
measures of e precision of 2 slandard measurement mathod,

IS0 1£284:1996, Steal and ron — Sampling and preparation of samplas for the defermination of chemical

sompostion.

3 Principle

Combustion of a test porticn with accelerator at a high temperature in a high-frequency induction fumnace in a
current of pure oxygen,

Transformation of sulfur inte su¥ur dioxide,

Measurement by infrared absarption of the sulfur dioxide carried by a current of axygen.

4 Reagents and materials

During the analysis, unless otherwise stated, use anly reagents of recognized analytical grade.
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4,1 Oxygen, 93,5 % {mm} minimum.

It is essential that an oxidation catalyst, copper(il} oxids or platinum far example, in a tube heated to a temperature
above 420 “C iz uzed prior ta a puritying unit {see annex A}, when the prasence of organic contaminants is
suspected in the oxygen.

4.2 Purairon, of a known {or determined by the procadire given in 7.4} low sulfur content of less than
0.000 5 %5 ().

4.3 Suitahle solvent, appropriate for washing dreasy or dirty test samplas, for example, acetoane.
4.4 Magnesium perchlorate, anhydrous, [Mg{CiQ }|, particle size: from 0,7 mmto 1,2 mm.
4.5 Acceierator, tungsten, free from sulfur, or of a known sulfur content of less than 0,000 5 % (mfrm).

WOTE 1 The mesh size of tha accelarator may be dependanl on the type of apparatus uged.

4.6 Anhydrous barium sulfate [minimum assay: 99,5 % (M. dried at 105 *C to 110 *C for 3 h and cooled in 2
desiccator befare use.

4.7 1ner ceramie (aitapulaus clay), impregnated with sodium Pydroxide, padicle size: from 3,7 mmto 1,2 mm.

5 Apparatus

During the analysis, uniess ctherwisa stated, use only ardinary laboratory apparatus.

Ths apparatue required for eornbustion in & high-frequeney induction furnace and the subsagquent infrared
absorplion measurement of the evolved sulfur dioxide may be obtained commaercially frem a number of
manufacturers. Follow the manufacturer's instructions for the operation of the eguipment.

Features of commaercial instruments are given in annex &,

5.1 Microbalance, weighing to the nearest 0,001 mg.

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

ignite crucibles in an electric furnace in air of i a current of oxygen, for not less than 2 k at 1 100 °C, and storein a
desiccator before use,

5.3 Glass-fibre filter, cut to the diameter of the crucible and ignited for 12 b at 450 °C.

6 Sampling and preparation of the test samples

Sampling and preparation of the samples shall be carfed out in accordance wilh 130 14284, The sample for
analysis shall be homogenized before weighing the test portion. Powders can be homogenized by stitring {(sec
clause 5).

7 Procedure

SAFETY INSTRUCTIONS — The risks related to combustlon analysis are mainly burns in pre-igniting the
ceramic crucibles and In the fusion. Use crucible tongs at all times and suitable containers fer the ugad
¢rucibles. Normal precautions for handling oxygen cylinders shall be taken. Qxygen from the combustion
process shall be removed effectively from the apparatus since a high concentration of oxygen In a confined
space can prezent a fire hazard.
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7.1 Apparatus conditioning

Purify the exygen supply using tubes packed with the inert cerarmic {attapulgus clay) impregnated with sodium
hydroxide (4.7) and magnesium perchlorate (4,43, and maintain a guiescant flow rate whilst on stangby, Maintain a
glass-wool filter or a stainless steel net as a dust collectar. Clean and change as necessary. The furnace chamber,
pedesial post and fitter rap shalt be cleaned frequently to remeve oxide build-up.

Allow sach itemn of equipment to stabilize for the time recommended by the equipmet manufaciurers when the
main supply is switched on alter being out of action for any length of time.

Ater cleaning the furnace chamber and/or changing filters or after the squiprment has besn inoperative for a period,

stabilize the apparatus by buming several samples, of similar type to the samples 10 be analysed, prior to satting up
for analysis.

Fush oxygen thruugh the apparatus and adjust the instrument controls 1o cive a zero reading.

It the instrument used provides a direct reading in percentage sulfur, adjust the instrument reading for each
calibration range as follows.

Select the certified reference material with a sulfur content close to the maximum sulfur eontent in the calibration
series, and measure Ihg sulfur content of the cedified reference material in the same manner as spacified in 7.4.

Adjust the reading of the instrument to the certified value.

ltis essential that this adjustment is made befare the calibration as specified in 7.5, k cannat replace or carmrect the
calibration.

7.2 Test portion

Degrease the test sample by washing in a suitable sohient {4.3). Evaporate the last tracas of the solvert by heating.

Weigh, to the nearest 1 mg, 0.5 g of the test sample (see clause 9 and add 0.5 G 0,007 g of the pure iron (4.2
[see note 2],

5 NOTEZ Tha mass of the test portion and accelerater may be depeadent on the tyze of instrument Usedd,

7.3 Blank test
Frigi to the determination, ca-ry out the following blank tests in duplicate.

Prepare a ceramic crucible (5.2), place a glass-fibre filter (5.3) at the bottom by using a small pair of tweezers. Add
1,008 g of 1he pure iron (4.2) and 1,5 g + 0,1 g of the accelerator (4.5).

Treat the crucible and centents as specified in the sscond and third paragraphs of 7.4,

Obtain the readings of the blank tests and convert themn 1o milligrams of sulfur by means of the calibration graph
{7.8).

The mean blank value {m,) is calculated from the two blank values (5Ee nole 3.

MOTE 3 it is essontial that the maan blank value does net exceed 0,005 myg ol sulfur and the differsnce between the two

blank va ues does rot exceed 0,003 ma of sultur, If this valua is ah ratmizlly high, it should bo investigated and the 2ource
of cantamination sliminatad.

7.4 Sulfur content In the pure iron {4.2)
Detarmine the sulfur cantent in the pure iron (4.2 as follows.

Prepare two ceramic cnucibles(s.2). Place a glass-fibra filter £5.3} at the bottomn of each of them by using a smal
pair of weezers,
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Add 0,500 g &f the pure iron (4.2) to one caramic crucible and 1,000 g to the olher, Cover each with 1,5 g + 0,1 g of
the accelarator {4.5).

Treat the crucible and ecntents as spegified In the second and third paragraphs of 7.5,
Convert the values obtained into milligrams of sulfur by means of the calibration graph {7 .8).
The mass () of sulfur, with 0,500 g of pure iron added, is obtained by subtracting the value () correspending to
0,500 g of the purs iran from that{m,) of 1,000 ¢ of pure iran. The rmass (o) of sulfur with 1,000 g of pure iren added
is twice the mass (m} of the sulfur with 4,500 g of pure iron added:

w, =2, =2 {m, ~m,)

7.5 Determination

Frepare a ceramic crucible (5.2) and place & glass-fitre filter (5.3) at the bottom by using a small pair of tweezers.
Add the test portion (7.2) and the pure iron {4.2) (see 721, and cover with 1,5 g 2 0.1 g of the aceslerator {4.5),

Place the ceramic crueble and contents on the pedestal post, raiga to the combustion position and lock the systam.
Operate the furnaca in acccrdance with tha manufacturar's instructions,

A the and of the combustion and measuring cyele, remove and discard the crucible, and record the analyser
reading.

7.6 Establishment of tha calibration graph
7.6.1 Preparation of the calibration series

Prepare gight ceramic crucibles {5.2) and place a glass-fibre filker {5.3) at the bottom of each of them by using a
small pair of tweezers.

Weigh, with the microbaiance {3.1), to the nearest 0,001 mg, the masses of barium sulfate (4.8) as near a3 possible
to these indicated in table 1.

Add 1,000 g of the pure iron (4.2) and cover with 1,5 ¢ = 0,1 ¢ of the accelerator (4.5).

762 Measurements

Treat the crucible and contents as specified in the greond and third paragraphs of 7.5.

Table 1 — Calibration seriss

Masz of barium Mass of sulur taken In Sulfur content in
sulfate {4.6) the ceranle crucible tha tast portion
my my 0 (e’

oM d a
3.64 0,50 0,3q
5,46 0,75 013
¥.2a 1,00 070
8,10 1,25 0,25

1092 1,50 0.30

12,74 1,75 0,35

14,58 2.00 0,40

1) 2ero member
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763 Plotting the calibration graph

The net reading is obtained by subtracting t<e reading of the zero member from that of each mermber of the
calibration series,

Prepare a calibration graph by platting the net reading against milligrams of sulfur for each membear of the
calibration series.

8 Expression of results
81 Method of caleulation

Convert the analyser reading of the test pation (see 7.5) to milligrams of suliur [my) by means of the calibration
gaph.

The sultur content, v, expressed as a percantage by mags, is given by the eguation

M. — M b
Wy ={_ﬁ._,le-}xm.U
malh

{m, —m +m.)
I':'III

fh, is 1he mass, expressed in miligrams, of sulfur in the tast pertion:

m, is 1ha mass, exprassed in miligrams, cf sulfur in the blank lest {7.3%

m, s 1he mass, expressed in miligrams, of sukfur in 0,5 q of pure iron (4.2), (gee 7.4}

M is the mass, in grams, of the tast portion (7 2).

8.2 Preclsion

A planned trial of this method was carried out by 15 laboratories in seven enuntries, at sight leveals of sullur content,
each laboratory making three determinations {see notes 4 and 5) of sutfur content on each levet,

NOTES

4 Two ol the three detervinations were carrled out unde- repeatability conditions as defined in 180 5725-1:i.e. ona
operator, same apparatus, identical operating conditions, same calibration, and a minimum period of time.

5 The third determination was carricd oul at a different time(on a difteront day) by the same operator as in nole 4. using
the same apparatus with a new calibration.

The test samples used and mean/precision resuits obtained are listed in bl B.1.

The regults obtained ware treated statistically in accordance with 180 5725, Parts 1, 2 and 3.

The data ustained showed & logarithmic relationship between sulfur cortent and repeatability limit () and
reproducibility limits {Fand A} of the lest results (see note 6} as summarized in tabla 2, The graphical

representation of the data ie shown in figure ©.1.

MOTE &  From the two values obtained on day 1, the repeatablity {f and reproducibility () were calculated using the
pracedure spacified in IS0 5726-2. From Lhe first value oblained on day 1 and the value oblained on day 2, the within-
laboratony reroducibility imit {R,) was calculatad using the procadure given in |50 5725-3.
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Table 2 — Results for repeatabllity and reproducihility

Sulfur contant Repeatability Reproducibility
% [y r A ] A,
0,10 0,004 0,017 7 0,009 &
(R 0,005 & ERe) ). I [TNER N K]
0,20 0,007 8 0,020 0 00126
0.25 0,008 7 G020 7 00135
0.0 00116 0.0t 3 80,0750
0,25 00134 0,021 9 g.015 9

9 Procedure for samples containing fine powder

In the case of a sample for analysis which does contain fine powdsr, that is , particles of size tess than 500 pm,
s'eve into coarse and fine fractions using a test sieve (500 um size) specified in 190 585, Weigh proportionate parts
of each fraction to obtain a representative sample for analyaig, and deterrmine the sulfur content separately for each
fracticn.

In this case, the sulfur content, w,, expressed as a percenlage by mess, is given by the equation

- (wg, Xl )= (Wy o Xty )

s L o

whera
Wy, 5 the sulfur conlent, expressed as a percentage by mass, in the coarse fraction;
wg, I5 the sulfur content, expressed as a percentage by mass, in the fine fraction;
m, is the mass of the coarse fraction, expressed ir grams, in the test sample;

m,  is the mass of the fine fraction, expressed in grams, in the test sample.

10 Test report

The test report shall include the following information:

a) allinfermalion necessary for the identification of the sample, the laboratory and the date of analysis;
by the method used, by relerence to this International Standard:

c) the results, and the form in which they are exprezsed,

dy any unusual features noted during the detemination:

e} any operation nal specified in this Inlemational Standard, or any aptional operation which may have influenced
the rasults.
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Annex A
(informative)

Features of commercial high-frequency induction furnaces and infrared
carbon analysers

A1 Source of oxygen, fitted with & fine regulating valve and a pressure gauge. A pressure requlator is

required to control the oxygen prassure 10 the furnace according to the manufacturer's specification. This is
uslially 28 kiNm®.

A.2  Purifying unit, containing the inert ceramic impregnated with sodium hydroxide in a carbon cioxide absorbing
tukre, and the magnesium perchlorate in a dehydration tube.

A3 Flowmeter, capable of measuring a flow of axygen of O lfminto 4 |/min.

A.4  High-frequency induction furnace

A.4.1 The combustion farnace eonsists of an induction coll and 2 high-frequency generalor. The furnace chamber
consists of 4 silica tube (e.g. 30 mm to 40 mm in outer diameter, 26 mm to 36 mm in inner diameter, 200 mm to

2240 mm in length) which fils inside the induction coil. Thig tube has metal plates at the top and bettom which are
sealed to the tune by O-rings.

Gas inlet and outlet points are made through the metal plates,

A.4.2 The generator is Usually a 1,5 KVA 1 2,5 kVA apparent power Unit, but the freguency used by ceartain
ranufacturers may be different. Values of 2 MHz ta &6 MHz, 15 MHz, and 2¢ MMz have been used. The powar
from the: generator is fed to the induction coil which surrounds the silica fumace Wbe and is Lsually air-cooled,

A.4.3 The crucible containing the sample, flux and aceelerator is supported on a pedestal post which is precisely

positicned g0 that, when raised, the melzl in the cruciple s correctly placed withun the induction eqil for eflective
coupting when the power is supplied.

A.44 The induetion coil diameter, the numher of tums, tha fumace chambsr geo metry and the power of the

generatar determine the degree of coupling which can ccour. These factors are determined by the instrument
rmanufacturer.

AA5 The temperature attained during the combustion depends in par: on the factors indicated in A4 but also
on the characteristics of the metal in the erucible, the form of the test portian and the mass of matedals. Certain of
these factars may be varied to some extent by the oparator.

A.5 Dust callector, capable of collecting metal oxide dust in a current of oxyrgen from the fumace,

A6 Infrared gas analyser

A6.1 In most instruments the gaseous products of combustion are transferred in a continuous flow of oxygen o
the analyser system. The gases flow through an inlrared cell, for example of the Luft type, where the absorption of
the infrared radiation due to sulfur diox de is measured and integrated aver a pre-programmed time period. The
signal is amplified and converted to a sigital display of the percentage concentration of sulfur,
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AG.2 In some analysers, the products of combustion may be collected in oxygen in a fiked volume at cantrolied
pressure and the mixture analysed for sulfur dioxide.

A.6.3 Elsctronic controls ars usually pravided for adjusting the instrument zero, compensating far the blank,
adiusling the slopa of the callbration line and correcting for non-linear response. The analyser genetally has a
means of entering the mass of standard or test portion for automatic correction of the read-out. Ingtruments may
akso be equipped with an integrated automatic balance for weighing the crucible, weighing the test partion and
transterring the value of mass to the calculator,
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Annex B
{informative)

Additional information on the international cooperative tests
Table 2 was derived from the results of intemational analytical trials carried out it 1993 on three stesl samples and
fve iron samples in seven countries involving 18 laboratories.

The rasults of the trials were reported in document ISO/TC 17/5C 1 M 1035, March 1994, The grap hical
representation of the precision data is given in annex G,

The test samples used and mean results obtained are listed in lable B.1,

Table B.1 — Detailed resulis obtained in interlaboratory tests

Sulfur content Precizicn data
% frmr
Sampla Gartified Found Repeatahility Reproducibllity
'I'_PSI1 FS.E r R Hw

ACS 2 {castiron) 125 nize2 D20 006 3 3,017 anur T
ECRHM 485-1{cast iran) 155 0,t53 0,153 0,005 7 2,021 0,014
ECHM 485-2(cast iron) G165 0,147 0,146 0,006 6 2.018 011
ECRM d88-1{uast irgn) o, 168" U446 | 0,146 | aBosQ 0,021 o012
SWELEM STEEL {5 ainless 018" 0193 0,200 006 & 2016 2,014
stecl]
ECAM 484-1 {rast iron) h233 0038 0,235 0085 3 2027 0012
JEE 526 (unalloycd stoalh 4,904 0,251 {0,260 o1z 0,021 02,018
ZCRM DBS-1 {unalleyed steel}| 0,338 0,336 FRER ] o146 2020 0,012
g 4, DENEtal migan within a day
Wy o . gENErEl Mean Salwean deys
1] Mon-cartiflad value.
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Annex C
(informative)

Graphical representation of precision data
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Su. Far content [%0mami]

e =095140g &g, - 1441
lg R, =03%28Ig wg o — 1624
R =0177719 wg, - 1,574
where
wg 4 I8 the average sulfur content, expressed as a parcentage by maes, sbtained within a day;

w5z I8 lhe average sulfur content, expressed as a percentage by mass, obtamed betwsen days,

Flgure C.1 -— Logarithmic relationship hetwsen sulfur content {wg)
and repeatabillty limit {r) or repreducibillty limits{A and A_)

10
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ICS 77.080.0M

Degcriptors: steeis, iron. chamicai snalysis, determinakion of content, Sulphur, comzustion snalysis, specloscopic analysis.
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