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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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Introduction

This part of ISO 4689 is a new procedure. ISO 4689-2 was originally published as ISO 4690:1986.
Under a policy of rationalization of the numbering system used in ISO/TC 102, it has been decided to
re-designate ISO 4690:1986 as ISO 4689-2. It was further decided to introduce a combustion/infrared
method, numbered ISO 4689-3, i.e. this part of ISO 4689.

When next revised, ISO 4689:1986 will be re-designated as ISO 4689-1.

© ISO 2015 - All rights reserved v
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INTERNATIONAL STANDARD
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Iron ores — Determination of sulfur content —

Part 3:
Combustion/infrared method

WARNING — This part of ISO 4689 may involve hazardous materials, operations, and equipment.

This
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This
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method is not applicable to iron ores containing more than¢1,0/% (mass fraction) of comh
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.|It is the responsibility of the user of this part of ISO 4689 to establish apprepr

safety practices and determine the applicability of regulatory limitations prior t

Scope

part of ISO 4689 specifies a combustion/infrared method, using~a” high-frequenc
ace, for the determination of the sulfur content of iron ores.

method is applicable to sulfur contents between 0,002 % (miass fraction) and 0,2
ion) in natural iron ores, iron ore concentrates and agglomérates, including sinter pr

Apparatus, of which the metal filter is equipped with @-heating device, can be applied
pining less than 3,0 % (mass fraction) of combined water.

Normative references

following documents, in whole or in part; are normatively referenced in this docum
pensable for its application. For dated references, only the edition cited applies. H
ences, the latest edition of the referenced document (including any amendments) appli

h48, Laboratory glassware — Single-volume pipettes

1042, Laboratory glasswarey— One-mark volumetric flasks

8082, Iron ores — Sampling and sample preparation procedures

/764, [ron ores —<Preparation of predried test samples for chemical analysis

uide 35, Reference materials — General and statistical principles for certification

Pringiple

sample is mixed with a flux containing iron, tin, and tungsten and heated in a hig]

ed with its
jate health
use.

y induction

5 % (mass
oducts. The
ined water.
o iron ores

ent and are
or undated
ES.

h-frequency

induction furnace, using oxygen as a supporting fuel and carrier gas.

The evolved sulfur dioxide is carried by oxygen into the cell of an infrared detector, where the
absorption scale is read.

4 Reagents

During analysis, use only reagents of recognized analytical grade, and only distilled water or water of
equivalent purity.

4.1

Metallic iron, particle size 0,2 mm to 1,2 mm containing less than sulfur.

© ISO 2015 - All rights reserved
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4.2 Magnesium perchlorate, Mg(Cl04), anhydrous, free flowing, particle size 0,5 mm to 2 mm.
4.3 Iron(III) oxide, containing less than 0,003 % sulfur.
4.4 Metallic tin, particle size 0,2 mm to 1,2 mm containing less than 0,001 % sulfur.
4.5 Metallic tungsten, particle size 0,2 mm to 1,2 mm containing less than 0,001 % sulfur.
4.6 Sodium hydroxide coated silica, particle size 0,5 mm to 2 mm.
4.7 Sodiym hydroxide, particle size 0,5 mm to 2 mm.
4.8 Standard sulfur solution, prepared as follows.
Dry 8 g of pptassium sulfate (purity >99,99 % [mass fraction]) to constant mass at 105.C to 110 °( and
cool in a degiccator. Weigh the dried masses of potassium sulfate specified in Table3l-and dissolve pach
portion in water. Cool, transfer each portion to separate 100 ml volumetric flasks)and dilute to volume
with water.
Table 1 — Sulfur standard solution (calibration series)
Solutipn No. Mass of potassium sulfate Concentration of sulfur
g mg/ml
0,5435 1,00
y 1,087 0 2,00
1,902 2 3,50
4 2,717 4 5,00

5 Apparatus

Ordinary laporatory apparatus, including one-mark pipettes and one-mark volumetric flasks compl]
with the specifications of ISO 648 and1SO 1042 respectively, as well as the following.

5.1 Oxygen supply.

5.2 Absorption towet;eontaining sodium hydroxide coated silica (4.6) or sodium hydroxide (4.7).
5.3 Drying tower;containing magnesium perchlorate (4.2).

5.4 High{frequency induction furnace, having a heating induction coil (height 30 mm to 55 mm

ying

5 rolls), capable of heating to a temperature of 1 200 °C.

An example of a combustion furnace, with combustion gas-refining section, is given in Figure 1.

5.5 Combustion tube, quartz.

5.6 Refractory combustion crucible.

© ISO 2015 - All rights res
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Figure 1 — Example of combustion furnace with combustion gas-refining section
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5.7 Tin capsule.

The following dimensions may be used as guidelines.

Combustion tube Combustion crucible Tin capsule

Length 140 m to 220 m Length 26 mm Diameter 6 mm

Outer diameter 30 mm to 44 mm Outer diameter 10 mm Height 18 mm

Inner diameter 26 mm to 37 mm Inner diameter 26 mm Mass 03g
Volume 0,4 mi

5.8 Metal filter.
5.9 Dustfrap, containing glass wool.
5.10 Detegtor for infrared absorption, an example of which is shown in Figure.2.

5.11 Micrg-pipette, capacity 100 pl, accurate to 1pl.

Py
]| |
l ST TR

5 6 7

Key

chopper]
measuring cell
infrared|detector;
motor
infrared|spurce

filter cel
reference cell

Combustion gas.

TN O U W R

Oxygen.

Figure 2 — Example of an infrared detection system
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6 Sampling and samples

6.1 Laboratory sample

For analysis, use a laboratory sample of =100 pum particle size which has been taken and prepared
in accordance with ISO 3082. In the case of ores having significant contents of combined water or
oxidizable compounds, use a particle size of =160 pm.

NOTE A guideline on significant contents of combined water and oxidizable compounds is incorporated in
ISO 7764.

6.2 | Preparation of predried test samples

Thotoughly mix the laboratory sample and, taking multiple increments, extract |a tesf sample in
such a manner that it is representative of the entire contents of the container. Dry the tegt sample at
105 PC + 2 °C as specified in ISO 7764. This is the predried test sample.

7 Procedure

7.1 | Number of determinations

Carrly out the analysis at least in duplicate in accordance wittyAfinex A, independently, on onhe predried
test kample.

NOTE The expression “independently” means that thé’second and any subsequent result is|not affected
by tHe previous result(s). For this particular analytical method, this condition implies that the repgtition of the
procgdure is carried out either by the same operator.ata different time or by a different operator{ including in
eithdr case, appropriate recalibration.

7.2 | Test portion

Taking several increments, weigh to_the nearest 0,000 2 g, approximately 0,5 g of the predried test
sample obtained in accordance with 6.2. For samples containing in excess of 0,1 % (ma$s fraction),
sulfyr should be taken.

The fest portion should be.taken and weighed quickly to avoid re-absorption of moisture.

7.3 | Blank test and,check test

In edch run, one.blank test and one analysis of a certified reference material of the same typg of ore shall
be carried outiin parallel with the analysis of the ore sample(s) under the same conditions{ A predried
test pamplesof the certified reference material shall be prepared as specified in 6.2.

The |certified reference material should be of the same type as the sample to be analysed and the
propet ttesofthetwomateriatsshotddbe ouffi\,icutl_y stmitar-toensure-thatinretthereaseno significant

changes in the analytical procedure will become necessary.

Where the analysis is carried out on several samples at the same time, the blank value may be
represented by one test, provided that the procedure is the same and the reagents are from the same
reagent bottles.

Where the analysis is carried out on several samples of the same type of ore at the same time, the
analytical value of one certified reference material may be used.

© IS0 2015 - All rights reserved 5
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7.4 Determination

Connect the furnace (5.4) with components (5.1), (5.2), (5.3), (5.5), (5.8), (5.9), and (5.10) and switch
on the power. Set the condition for heating in accordance with manufacturer’s instructions after
stabilization of the apparatus.

Analyse a standardization sample as follows.

Adjust the reading of the detector to the sulfur content of the standardization sample. Place the test

portion in a refractory combustion crucible (5.6) and cover the test portion with 0,50 g of iron (4.1),
0,3 gto 0,5 gof tin (4.4), and 1,0 g of tungsten (4.5) in that order. For 0,2 g of sample, cover the test

the test portion until the reading of the detector does not vary. Read out and recprd the indic

a)
portio
b)
to the
value.
c) After c
comple
d) Ifinco
A standard

ecified pressure and load the power to the heating induction coil. Continue combusti

witch off the power and take out the crucible.

mbustion, the used crucible shall be checked to determine whetheér the combusti
e or not.

plete, the test shall be carried out again.

easily degemerate and should be homogeneous.

NOTE Al

h apparatus equipped with a timer stops automatically.

7.5 Preppration of calibration graph

Decant wat
Heat each ¢

Place the d
bottom of t
tungsten (4

Treat each
microgram

Several CR]
CRMs shoul
74.

hpsule gently at 90 °C, to dryness andool in a desiccator.

Fied capsule in a refractory combustion crucible (5.6) and press the capsule agains

5) in that order.

5, and the net reading.

Table 2 — Aliquot of sulfur standard solution

zation sample means a sample used for adjusting the sensitivity of a detector. It shoulg

er and sulfur standard solution (4.8), inhaccordance with Table 2, into five tin capsules (|

he crucible. Cover the capsule with 0,5 g of iron oxide (4.3), 0,5 g of iron (4.1), and 1,0

s may be used instead of sulfur standard solutions. In this case, the sulfur contents o
d cover the.applicable range of this method. CRMs should be treated as indicated in 7.3

Insert the crucible into a quartz combustion tube (5.5) of the furnace at the centre position of the
heating induction coil. Substitute oxygen for air in the combustion tube, adjust the inner pres|

sure
bn of
ated

dn is

| not

5.7).

the
g of

crucible as describéd <in 7.4. Plot the relationship between the quantity of sulfu, in

f the
and

No. of sulfur standard solution Volume :lt aliquot Mass of sulrtnugr in aliquot
(water) 100 0
100 0,100
2 100 0,200
3 100 0,350
4 100 0,500
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8 Expression of results

8.1 Calculation of sulfur content

The sulfur content, wg, is calculated as a percentage by mass, to five decimal places for contents higher
than 0,01 % and to six decimal places for contents lower than 0,01 %, using Formula 1.
m;—m
w (%)= -1 2 f
mx10

1)

where

M1 is the mass, in micrograms, of sulfur in the test portion;
My is the mass, in micrograms, of sulfur in the blank test;

m is the mass, in grams, of the test portion.

8.2 | General treatment of results

8.2.1 Repeatability and permissible tolerance

The precision of this analytical method is expressed by the félowing formulae:

L

NOTE Additional information is given in Annexes B and Cs

R4 =0,0306 X +0,000 66 (2)

p=0,137977 x078121 (3)

¢4=0,0108X+0,00023 4)

¢ =0,048827 x 079196 (5)

whefe

Rq independentduplicate limit;

P is the permissible tolerance between laboratories;
bq is.the independent duplicate standard deviation;

b{-~is the between-laboratories standard deviation;

X isthe sulfur content, expressed as a percentage by mass, of the predried test sample calcu-
lated as follows:

— within-laboratory Formulae (2) and (4): the arithmetic mean of the duplicate values;

— between-laboratories Formulae (3) and (5): the arithmetic mean of the final results (8.2.5)
of the two laboratories.

8.2.2 Determination of analytical result

Having computed the independent duplicate results according to Formula (1), compare them with the
independent duplicate limit, Rq, using the procedure given in Annex A.

© IS0 2015 - All rights reserved 7
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8.2.3 Between-laboratories precision

Between-laboratories precision is used to determine the agreement between the final results reported
by two laboratories. The assumption is that both laboratories followed the same procedure described

in8.2.2.

Compute the following quantity:

Hi2

Hy+ Hp

2

where
uy isf
Uz ist

u1,21ist
If |11 = o]
8.2.4 Chg

The truene
(CRM) or 3
confirmatiag

value, A¢. There are two possibilities:

a) |:uc —A

value i
b) |.uc -4

value i
where

Ue 1st
Ac ist
C is4d
Certified re
ISO Guide 3

C should be

he final result reported by laboratory 2;
he mean of final results.

L P, the results are in agreement.

nal result reported by laboratory 1;

ck for trueness

s of the analytical method shall be checked by applying’it'to a certified reference mat
reference material (RM). The procedure is the same as that described above. 4
n of the precision, the final laboratory result is cofiipared with the reference or cert

|S C, in which case, the difference between the reported result and the reference/cert

statistically insignificant.

|> C, in which case, the difference between the reported result and the reference/cert|

statistically significant.

he final result for the ceftified reference material;
he reference/certified-value for the CRM/RM,;
value dependénton the type of CRM/RM used.

ference materials used for this purpose should be prepared and certified in accordance
b.

calculated as follows:

(6)

erial
\fter
ified

ified

ified

with

oy

where

Sc

of. +T+_

2

(O] 2

Sc

2
N

C

tion is the average value in each certifying laboratory) of the CRM/RM;

Nc

n

is the number of certifying laboratories;

is the number of replicate determinations carried out on the CRM/RM.

© ISO 2015 - All rights res
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For CRMs certified by only one laboratory, € should be calculated as follows:

2
c=2| 202 +24
n

A CRM certified by only one laboratory should be avoided unless it is known to have an unbiased
certified value.

8.2.5 Calculation of final result

The
othe
cont
0,01
the
incr
four

a)

b)

The

3:2015(E)

(8)

fimatresultts—thearithmetic meanof-the—acceptabteanaty ticat-vatuesforthetests
rwise determined by the operations specified in Annex A, calculated to five degima
ents of sulfur higher than 0,01 % (mass fraction) and to six decimal places for contentg
% (mass fraction). For contents higher than 0,01 % (mass fraction), the value s roy
hird decimal place as specified in a), b), and c). In a similar manner, with the ordin
pased by one, the value for sulfur contents lower than 0,01 % (mass fraction) is roundg
th decimal place.

Where the figure in the fourth decimal place is less than five, it isZdiscarded and the f
third decimal place is kept unchanged.

Where the figure in the fourth decimal place is five and thefe is a figure other than 0
Hecimal place, or if the figure in the fourth decimal placedis'greater than five, the figure
Hecimal place is increased by one.

Where the figure in the fourth decimal place is fivezand the figure 0 is in the fifth decim
five is discarded and the figure in the third dec¢imal place is kept unchanged if it is 0,
hnd is increased by one ifitis 1, 3, 5, 7, or 9.

Test report

test report shall include the following information:
hame and address of the testing laboratory;

Hate of issue of the test feport;

reference to this partef 1SO 4689, i.e. ISO 4689-3;
Hetails necessary-for the identification of the sample;
result of theranalysis;

reference number of the result;

hfiy)characteristics noticed during the determination, and any operations not specified

mple, or as
| places for
lower than
nded off to
al numbers
bd off to the

jgure in the

in the fifth
in the third

al place, the
2,4, 6,o0r8,

in this part

of ISU 4689, which may have had an Iniluence on the result, either for the test samp
certified reference material(s).
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Annex A
(normative)

Flowsheet of the procedure for the acceptance of analytical values

for test samples

Start with independence duplicate results

No

One more-determination

Xmax — Xmin < 1,3Ry

Yes > 1= X+ X
o 2
One more determination
Yes Xp + Xy + X3
Xmax = Xmin < 1,2Ry4 » [l = 3

4

\

U= Median ( X1, X2, X3, X4)

NOTE Rgqis as defined in 8.2.1.

Figure A.1 — Flowsheet of the procedure for the acceptance of analytical values for test samples

10
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