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Foreword
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Draft International Standards adopted by the technical committees are
circulated to the member bodies_for voting. Publication as an International
Standard requires approval by atlleast 75 %) of the member bodies casting
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International Standard 1SO 10701 was prepared by Technical Committee
ISO/TC 17, Steel, Subcommittee SC 1, Methods of determination of
chemical composition.
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Steel and iron — Determination of sulfur content —
Methylene blue spectrophotometric method

1 Scope

This International Standard specifies a methylene blue
spectrophotometric method for the determination of
sulfur in steel and iron.

The method is applicable to sulfur contents between
0,0003 % (m/m) and 0,010 % (m/m). However,
niobium, silicon, tantalum and titanium.interfere in the
determination of sulfur.

Depending on the concentration of the'interfering el-
ements, the application ranges and test portion
masses given in table 1 apply.

Table 1
Maximum allowable Test
content of the interfering portion | Application
elements ranges Aw,
% (m/m) % (m/m)
Nb Si Ta Ti g
0,000 3 to
0,5 1,0 0.3 1,0 1,0 0,001 0
0,001 0 to
1,0 2,0 0.6 2,0 0,50 0,010

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

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

ISO 385-1:1984, Laboratory glassware — Burettes —
Part 1: General requirements.

ISO 648:1977, Laboratory glassware — One-mark
pipettes:

ISO11042:1983, Laboratory glassware — One-mark
volumetric’ flasks.

ISO 3696:1987, Water for analytical laboratory use —
Specification 'and test’'methods.

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

3 Principle

Dissolution of a test portion in a mixture of
hydrochloric and nitric acids.

Evaporation with perchloric acid until white fumes
appear to remove hydrochloric and nitric acids.

Dissolution of the salts in hydrochloric acid. Evolution
of hydrogen sulfide by reducing with a mixture of
hydroiodic and hypophosphorous acids in a nitrogen
atmosphere, distillation, and absorption into zinc
acetate solution.

Formation of methylene blue by reacting with
N,N-dimethyl-p-phenylenediamine and iron(lll) sol-
ution.

Spectrophotometric measurement at a wavelength of
about 665 nm.
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4 Reagents

During the analysis, unless otherwise stated, use only
reagents of recognized analytical grade with a very
low sulfur content, and only freshly prepared grade 2

epare
water as specified in 1ISO 3696

4.2 Hydrochloric acid, p about 1,19 g/ml, diluted
1+ 15.

4.3 Perchloric acid, p about 1,54 g/ml.
4.4 Hydrobromic acid, p about 1,48 g/ml.

4.5 Mixture of hydrochloric and nitric acids.

Mix one volume of hydrochloric acid (4.1) and one
volume of nitric acid, p about 1,40 g/ml.

Prepare immediately before use.

4.6 Reducing reagent solution.

Transfer 200 ml of hydriodic acid [about 57 % (m/m)]
and 50 ml of hypophosphorous acid. ¢[about
50 % (m/m)] into the purifying apparatus (see
figure 1). Purge with nitrogen (4.12) at a flowrate of
100 ml/min for 10 min, to mix the acids and expel! air
from the system. Switch on'the“glectric"heating
mantle. Heat to boiling and boil gently for “about
120 min at a temperature of about 115 °C in a current
of nitrogen. When purification is completed (see
10.3), switch off the electric heating mantle. Then
cool the solution and keep it in a brown bottle.

4.7 Absorbing solution.

Dissove 5g of zinc acetate dihydrate
[(CH3C0O0),Zn.2H,07] in 400 ml of water. Add 200 m!
of sodium hydroxide solution, 30 g/I, and 70 g of am-
monium chloride, and then dilute to 1 000 ml with
water.

4.8 Iron, 10 g/l solution.

Weigh, to the nearest 0,01 g, 1,00 g of pure iron
which is free from sulfur as sulfate. Transfer to a
300 ml beaker, cover with a watch glass, dissolve by
heating with an addition of 20 ml of hydrochloric acid
(p about 1,19 g/ml, diluted 1 + 1) and boil gently for
about 10 min. Then add 2 ml of nitric acid (p about
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1,40 g/ml) drop by drop to oxidize iron. Remove the

hv ha ||nn anAd ~AAanl +A ranrm tamm
oxides of nitrogen by boiling, and cool to room tem-

perature. Transfer to a 100 ml one-mark volumetric
flask, dilute to the mark with water and mix.

4.9 Iron(lll) chloride, solution.

Dissolve 1g of iron(lll) chloride hexahydrate

(FeCl3.6H,0) in about 40 ml of water. Add 10 ml of
hydrochloric acid (4.1) and dilute to 100 ml with water.

4.10 N,N-dimethyl-p-phenylenediamine
in hydrochloric acid medium.

Dissolve 05 g of N, )\l.rhmnfh\/l n.nhlnnulnnarlmmmn
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chloride [NH,CgH, N(CH?,)2 2HCI] in about 100 m! of
water. Add 230 ml of hydrochloric acid (4.1) and dilute

to 500 ml with water.

4.11 Sulfur, standard solution.

4.11.1 Stock solution, corresponding to 1 g of S
per litre.

Weigh,rtothe \nearest 0,000 1 g, 5,435 2 g of pot-
assium sulfate’ [minimum assay: 99,5 % (m/m)], pre-
viously,.dried, at 110 °C for 2 h and cooled to room
temperature in/a desiccator. Dissolve in water, trans-
fer to a 1 000 ml one-mark volumetric flask quantitat-
ively,/dilute to the mark and mix.

ol of thisstock solution contains 1 mg of S.

4.11.2 Standard solution A, corresponding to
10 mg of S per litre.

Transfer 10,0 ml of the stock solution (4.11.1) to a
1 000 ml one-mark volumetric flask, dilute to the mark
with water and mix.

1 ml of this standard solution contains 10 pg of S.

4.11.3 Standard solution B, corresponding to
1 mg of S per litre.

Transfer 10,0 ml of the standard solution (4.11.2) to
a 100 ml one-mark volumetric flask, dilute to the mark
with water and mix.

Prepare the solution immediately before use.

1 ml of this standard solution contains 1 pg of S.

4.12 Nitrogen.
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Hydrogen sulfide trap
(18 cm x 2,5 cm)

Double surface condenser
or equivalent (34 cm long)

g g g v
S — e

.

Thermometer

Nitrogen
intet

Three-neck flask
(capacity: 500 ml)

Figure 1 — Example of an apparatus for purification of the reducing mixture
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5 Apparatus

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

Ordinary laboratory apparatus, and

5.1 Apparatus for reduction and distillation

Assemble the apparatus for reduction and distillation
as shown in figure 2. Close-fitting ground-glass joints
shall be used.

© ISO

When the apparatus is used for the first time, or after
a long period of disuse, blank tests shall be carried out
repetitively until stable low blank values are obtained.

5.1.1 Decomposition flask, about 300 ml in vol-
ume.

5.1.2 Reflux condenser, about 150 mm in length.
5.1.3 Gas washing bottle, about 150 ml in volume.

5.1.4 Absorption flask, one-mark volumetric flask
of capacity 20 ml or 100 ml.

5.2 Spectrophotometer, equipped to measure
absorbance at a wavelength of about 665 nm.

Dimensions in millimetres

®8 A
Reflux |
condenser c
wn
3 g @ 28 i
I Water
s
o
wn

Nitrogen gas —=— T\

N\

Decomposition flask
(capacity: 300 ml)

145

523
Gas inlet tube

225

@ 30 Absorption flask

(capacity: 20 ml or 100 ml)

Washing bottle

Figure 2 — Example of an apparatus for reduction and distillation
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6 Sampling

Carry out sampling in accordance with ISO 377-2 or
appropriate national standards for steel and iron.

7 Procedure

TAFA MR ~ [« PROUPN Ty P iy | aremam e T
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explosions in the presence of ammonia, nitrous
fumes or organic matter in general.

7.1 Test portion

Weigh, to the nearest 1 mg, the mass given below

as a functlon of the expected sulfur content:

a) sulfur contents from 0,0003 % (m/m) to
0,001 0 % (m/m), mass of test portion about
1,00 g;

from 0,001 0 % (m/m) to
mass of test portion about

b) sulfur contents
0,010 % (m/m),
0,50 g.

7.2 Blank test

In parallel with the determination and following the
same procedure, carry out a blank test using the same
quantities of all the reagents. It is recommended’that
the blank value does not exceed 0,7 g of sulfur for
sulfur contents up to 0,001 % (m/m), or 1,5 pg ‘of sul-
fur for sulfur contents from 0,001 % (m/m) to
0,010 % (m/m).

7.3 Determination

7.3.1 Preparation of the test solution

Place the test portion (7.1) in a decomposition flask
(5.1.1). Add 15 ml of the mixture of hydrochloric and
nitric acids (4.5). After standing at room temperature
for about 30 min, heat gently until solvent action
ceases.

Then, using a pipette, add 5,0 mi of perchloric acid
(4.3) and 1,0 ml of iron solution (4.8), heat and evap-
orate until white fumes appear. After cooling, add
5 ml of hydrochloric acid (4.1). (See clause 9 for a
possible modification of this procedure.) Heat again
and evaporate to fuming on a hotplate at a tempera-
ture of about 300 °C. Then continue to evaporate until
free from white fumes of perchloric acid and dry.

After cooling, add 10 ml of hydrochloric acid (4.1),
heat to dissolve the salts and cool to room tempera-
ture.

ISO 10701:1994(E)

7.3.2 Reduction and distillation

Add 20 ml of the reducing reagent solution (4.6) to the
decomposition flask (5.1.1) and allow to stand for
10 min.

Pour 30 ml of water into the gas washing bottle
(65.1.3). Place the appropriate volume of absorbing

1+~ 2
solution {4.7) in an absorption vessel (5.1.4), according

to the expected sulfur content to be determined, as
follows:

a) for sulfur contents less than 0,001 0 % (m/m), in-
troduce 10 ml of the absorbing solution (4.7) into
a 20 ml absorption flask;

b) for sulfur contents from 0,001 0 % (m/m) to
O 010 % (m/m), introduce 50 ml of the absorbing
H t £ »
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With water flowing through the reflux condenser
(5.1.2), connect the decomposition flask (5.1.1) con-
taining the test solution. Pass nitrogen (4.12) through
the apparatus at a flowrate of 100 ml/min, as shown
in figure 2. Heat the test solution to a temperature of
11%°0 to 118 °Cyfor 30 min. This will normally be
achieved by setting the hotplate temperature to about
2501°C{see 10.2). Evolved gases are conveyed by the
nitrogen carrier gas through the gas washing bottle
(5.1.3) to the absorption vessel.

7.3.3,,Colour development

7.3.3.1 For sulfur contents up to 0,001 0 % (m/m)

Disconnect the 20 ml absorption flask (5.1.4) and the
gas inlet tube from the apparatus. Keeping the tip of
the tube in the absorbing solution, add 1,0 mi of
hydrochloric acid (4.2) from the upper end of the tube
by using a micropipette to wash the inside surface of
the tube, followed by rinsing with 1 ml of water.

Remove the gas inlet tube, gently swirl the 20 ml ab-
sorption flask, and allow to stand for 20 min at 25 °C
in a thermostat. Then add 2,0 ml of N,N-dimethyl-
pphenylenediamine solution (4.10) to the absorption
flask (5.1.4) and shake gently. Immediately add
0,4 ml of iron(lll) chloride solution (4.9), and shake
vigorously for 1 min. Dilute to the mark with water
and mix. Allow to stand for 15 min.

7.3.3.2 For sulfur contents from 0,001 0 % (m/m)
to 0,010 % (m/m)

Disconnect the 100 ml absorption flask (5.1.4) and the
gas inlet tube from the apparatus. Keeping the tip of
the tube in the absorbing solution, add 1,0 ml of
hydrochloric acid (4.2) from the upper end of the tube
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by using a micropipette to wash the inside surface of
the tube, followed by rinsing with 1 ml or 2 ml of
water.

Remove the gas inlet tube, gently swirl the 100 ml
absorption flask, and allow to stand for 20 min at
25°C in a thermostat. Then add 10,0 ml of
N,N-dimethyl-p-phenylenediamine solution (4.10) to
the absorption flask (5.1.4) and shake gently. Im-
mediately add 2,0 ml of iron(lll) chloride solution
(4.9), and shake vigorously for 1 min. Dilute to the
mark with water and mix. Allow to stand for 15 min.

7.3.4 Spectrophotometric measurement

7.3.4.1 For sulfur contents up to 0,001 0 % (m/m)

Carry out the spectrophotometric measurements with
a cell of 1 cm optical path length at a wavelength of
about 665 nm, after adjusting the specétrophotometer
(5.2) to zero against water.

7.3.4.2 For sulfur contents from _0,001.0.% (n/m)
to 0,010 % (m/m)

Carry out the spectrophotometric measurements with
a cell of 1 cm optical path length at a wavelength of
about 665 nm, after adjusting the spectrophotometer
(5.2) to zero against water.

7.4 Establishing the calibration graph

7.4.1 Preparation of calibration solutions

Introduce 1,0 ml of iron solution (4.8) into a series of
six decomposition flasks (5.1.1) and add the respec-
tive volumes of sulfur standard solution (4.11) which
are given in table 2. Then add 15 ml of the mixture of
hydrochloric and nitric acids (4.5), and 5,0 ml of
perchloric acid (4.3), heat and evaporate to fuming.
Proceed as described in the second paragraph of 7.3.1
from “After cooling, add ..." to the end of 7.3.3.
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Table 2
Volume of | Volume of
sulfur sulfur Correspond-
Sulfur dard d . §
content stan. ar standar ing mass o
solution A | solution B sulfur
(4.11.2) (4.11.3)
% (m/m) ml ml ug
up to . on 0
0,001 0
— 1,0 1,0
— 3.0 3,0
— 5,0 5,0
—_ 7,5 7.5
— 10,0 10,0
from on — 0
0,001 0 to
0,010
0,5 — 5
1,0 — 10
2,0 — 20
3.0 — 30
5,0 — 50
1) Zero member.

7.4.2 Spectrophotometric measurement

7.4.2.1 For sulfur contents up to 0,001 0 % (m/m)

Carry out the spectrophotometric measurements with
a cell of 1 cm optical path length at a wavelength of
about 665 nm, after adjusting the spectrophotometer
(5.2) to zero against the zero member (see table 2).

7.4.2.2 For sulfur contents from 0,001 0 % (m/m)
to 0,010 % (m/m)

Carry out the spectrophotometric measurements with
a cell of 1 cm optical path length at a wavelength of
about 665 nm, after adjusting the spectrophotometer
(5.2) to zero against the zero member (see table 2).

7.4.3 Plotting the calibration graph

Prepare the calibration graph by plotting the
absorbance against the sulfur concentrations, ex-
pressed in micrograms per 20 ml (see 7.3.3.1) or per
100 ml of the colour-developed solution (see 7.3.3.2).
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8 Expression of results

8.1 Method of calculation

Convert the absorbance measured in 7.3.4 into the
corresponding mass, expressed in micrograms of
sulfur, in the colour-developed test solution (see
7.3.3.1 or 7.3.3.2) by using the calibration graph (see
7.4.3).

The sulfur content, wg, expressed as a percentage by
mass, is given by the equation
1 100

X

1080 ™

wg = (mg 1 — mgg) x

1
= —_ X —
(s 1 = ms o) X ———

where

mso is the mass, expressed in/micrograms, of
sulfur in the blank test solutiort;

ms, is the mass, expressed in micrograms, |of
sulfur in the test solution;

m is the mass, in grams, of the test portion
(7.1).

8.2 Precision

A planned trial of this method was carried out by 11
or 13 laboratories, at 16 levels of sulfur, each labora-
tory making three determinations (see notes 1 and 2)
of sulfur content at each level.

The test samples used are listed in table A.1.

The results obtained were treated statistically in ac-
cordance with ISO 5725.

The data obtained showed a logarithmic relationship
between sulfur content and repeatability (r) or
reproducibility (R and R,) of the test results (see note
3) as summarized in table 3. The graphical represen-
tation of the figures is shown in figure B.1.
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Table 3

Sulfur - o
content Repeatability Reproducibility

% (m/m) r R R,
0,000 3 0,000 08 0,000 17 0,000 11
0,000 5 0,000 11 0,000 23 0,000 14
0,001 0 0,000 17 0,000 37 0,000 21
0,002 0 0,000 27 0,000 60 0,000 31
0,005 0 0,000 47 0,001 11 0,000 51
0,0100 0,000 72 0,001 71 0,000 74

NOTES

1 Two of the three determinations were carried out under
repeatability conditions as defined in ISO 5725, i.e. one op-
erator, same apparatus, identical operating conditions, same
calibration, and a minimum period of time.

2 The third determination was carried out at a different
time (on a different day) by the same operator as in note 1
above, using the same apparatus with a new calibration.

3" From-the result ‘obtained on day 1, the repeatability (r)
and reproducibility (R) were calculated using the procedure
specified'in ISO 5725. From the first result obtained on day
1 and the result obtained on day 2, the within-laboratory
reproducibility (R,) was calculated.

9 Special case

For a test portion containing selenium, the 3rd to 5th
lines of the 2nd paragraph of 7.3.1 should be changed
to “After cooling, add 5 ml of hydrochloric acid (4.1)
and 5 ml of hydrobromic acid (4.4). Heat again and
evaporate until white fumes appear and until absol-
utely dry, on a hotplate at a temperature of about
300 °C.”

10 Notes on procedure

10.1 Due to the extraordinary sensitivity of the
method, it is important to eliminate sulfur as a con-
tamination source. In practice, it may be useful to
provide a room for this type of analysis. If the analyst
chooses to run two reagent blanks, the lower one
usually is the correct one. Spurious contamination by
sulfur has been observed when new flasks,
scrupulously cleaned with aqua regia, were used.

It is essential that all sample treatments be carried out
in a scrupulously clean laboratory atmosphere, i.e.
free from sulfuric acid fumes and any vapours or
dusts containing sulfur or sulfur compounds.
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