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IS0 10701:1994(E)

Steel and iron — Determination of sulfur content —
Methylene blue spectrophotometric method

1 Scope

This International Standard specifies a methylena blue
spectrophotometric method for the determination of
sulfur in stael and iron,

The methed is applicable to sulfur contents batween
00003 % i and 0,010 % (miwd.  Howevar,
rickiurn, silican, tantalum and titaniu=n intgrfere in the
determination of sulfur,

Depending on the cancentration of the interfering sl
emrents, the application ranges and test porton
masses given in tabla 1 apply.

Table 1
Maximurn allowahla Test
content of the interfarlng portion | Application
elemerts ranges Aw,
B (el ¥ (rin)
MLk [ 81 Ta m g
000 3 1o
0.5 10 n3 1.0 1.0 0,001 O
0.001 Gt
1.0 24 o8 2.0 0,50 0010

2 MNormative raferences

The folowing standards contain provisions swhch,
through reference in this text, corstitute provisions
of this [mtemational Standard. At the time of publi-
catior, the editions indicated were valid. Alt standards
are subject to revision, and parties to agreaments
hased an this International Standard are encouraged
to invastigate the possibility of app'ying the mest re-
cant editions of the standards indicated below,
dtemoers of |EC anc |50 mantain registers of cur-
rently valid International Standards,
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IS0 377-2:1989, Salscticn and praparation of samples
and test pieces of wrought steels — Part 2: Samples
for the deterriination of tha chemical composition.

ISC 386-1:1984, Laporatory glasswars — Bureries —
Part 1 General requiraments,

150 6481977, Laboratory glassware — One-mark
pipettes,

ISQ 1042:1983, Laboratory glassware — One-mark
vollmatrie flasks.

ISC 36961987, Water for analytical laboratary use —
Spacification and test methods.

S0 5725:1986, Frecision of test methods — Deter-
mination of repsatability and reproducibifty for #
standarr tesr method by intar-faboratory tests.

3 Principle

Chssolution of a tast potion in a mixtuse of
hydrachioric and nitric acids.

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

Dissaluticn of the salts in hydrochloric acid, Evolution
of hydrogen suifide by reducing with a mixture of
hydraiodic and hypophesphorous acids inoa nitrogen
atrnosphere, distillation, and absarpton o zing
acetate seiution,

Formation of methyleng blue by reacting with
N N-dimsthyl-p-phenylenediaming and  irontlllt sal-
ution.

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

During the analysis, unless otherwise stated, use only
reagents of recognized analytical grade with 3 vary
lowe sulfur content, and only freshly prepared grade 2
water 35 speciied in 150 36896,

4.1 Hydrochloric acid, p sbout 1,18 gjml.

4.2 Hydrochlorle acld,  sbout 1,15 gimi, diluted
14+ 15

4.3 Perchloric acid, p abaut 1,584 g/mil.
4.4 Hydrobromic acid, g about 1,48 g/ml.

4.5 Mixtura of hydrochloric and nitric acids.

Mix one volurme of Pydiochlorc acid (4.1) ard one
valurné of nitrc acid, p about 1,40 g/ml.

Prepare immediately bafore use,

4.6 Reducing reagent solution.

Transfar 20C ml of hydriodic acid [about 57 % (mfm]]
and B0 ml of hypophosphorous  acid  fabout
B0 % {m/m] inte thé purifying apparatus (see
figura 1). Purge with nitrogen {4.12) at a fHowrate of
100 mljmin for 10 min, to mix the acids and expel air
from the systam. Switch on the electric heating
mantle. Heat to boiling and bod gently for about
120 mir at a temperature of about 118 *C in a current
of nitrogen. When purification is completad {ses
103, switch off the electric heating mantls. Then
cool the selution and keep it in 4 brown bottle,

4.} Absorbing solution,

Dissoive 54 of  zinc  acetate  dihydrate
[CHZCOR2n.2H,0] in 400 mi of weter, Add 200 mi
at sedium hydroxide solutien, 30 g/, and 70 g of am-
manium chleride, and then dilute to 1 020 ml with
water.

4.8 lron, 10 g/l solution.

Weigh, to the nearast 0,01 g, 1.00g of purs iron
which is free from sulfur as sulfate. Transfar to a
300 ml heakar, cover with a watch glass, dissolve by
heating with an addition of 20 rmil of hydrochloric acid
{p abaut 1,79 gymi, diluted 1 + *) and boil gently for
about 10 rman, Then sdd 2 ml of nitric ac.d {p aboun

Copyrighi by the Mtcrnational Deganization For Standardization
Sal Jan 04 Lk:26-24 2000

Q150

1.40 gfml} drop by drop to oxidize iren. Remaove the
ouitdas of nitragen by boiling, and ceol to roor tem-
perature. Transfar o a *00 ml cne-mark valumetric
flask, dilute to the mask with watar and mix.

4.3 Ironllll} chloride, salution.

Dissolve 1g of ironflill] chiornde hexahydrate
{FeCl,.6H,Q) in about 40 ml of water. Add 10 mi of
hydrochioric acid (4.1} and ciluts to 100 ml with water,

4.10 N M-dimethyl-p-phenylenediamine
in hydrachlarie acid medium.

Dissolve 0,5 35 of NMdirmethyl-gphenylensdamine
chloride [NH CeoHMCHG)L, 2HC] in about 100 ml of
water, Add 230 ml of hydrochloric ackd 4,13 ana dilute
te 500 Tl with water,

4.11 Sulfur, standard sclution.

4111 Stock solution, correspanding to 19 of S
per litre,

Weigh, to the nearsst 00001 g, 54352 g of pot-
assium sulfate Fminimurn gssay: 98,0 % imml], pre-
viously dried at 110 °C for 2 h and cooled to room
temperature in @ desiccatar. Dissolve in water, trans-
fer to a1 000 mil one-rmark volumetric flask gquantitat-
ivehy, diluta to the mark angd mix

1 ml of thiz stock soletion contains 1 mg of &

4.11.2 Standard scolution A, comesponding 1o
10 mg of £ per litre.

Transfer 18,2 ml of the stock solion 4.11.1) 10 a
1 000 mil one-merk volumeatric flask, diluta 4o tha mark
with water and mix.

1 ml of this standard solution contains 10 pg of 5,

4.11.3 Standard solution B, corrgsponding to
1 myg of 5 per litra.

Transfer 10,0 ml of the stenderd aclutian {4.11.2} to
8 100 mi one-mark volumetric flagk, dilute 1o the mark
with wweter and rmix.

Frepare the solution imrmediately before use.

1 ml of this standard zalution containg 1 pg of &,

4.12 Nlitrogan.
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Flgure 1 — Example of an apparatus for purification of the reducing mixture
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5 Apparatus When the apparatus is used for the first time, or after
a long period of disuse, blank tests shall be camed out

Al volumetric glassware shall be clags A, in accard: repetitivaly until statla low blank vaues are obtained.

ance with 150 385-1, 1SO 648 or 150 1042, as appro- .

priste. 5.1.1 Dacomposhion flagk, about 300 ml in vol-
ume.

Ordirary laboratory apparatus, and
5.1.2 Reflux condenser. about 150 mm in length.

5.1.3 (Gas washing bottle, about 160 ml in velume.

5.1 Apparatus for reduction and distlllatian 5.1.4 Absorption flask, cne-mark volumetric flask
of capacity 20 mi or 100 ml.

Assemble the apparatua for reduction and distillation
as shown in figured, Close-fitting ground-glass jcints 5.2 Spectrophotometer, oquipped o rmeasure
shall be used. absorbance at a wavelength of about 865 nm,

Dirmstsions im millirmatras

23
Retlux
cendemser
‘ :g :—ﬁ
i %
L
[=]
3 2 g
) waier
l oz Inlet fube
>
(=]
(713
Nitr 0gen gus —e= =;~./
o 210 Absorption Flask
icapacity: 20ml or 100 ml}

Washing battle

De¢ omposition flask
(eapacity: 300 ml}

Figura 2 — Example of an apparatus fer reduction and distillation

- ___________________________
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6 Sampling

Carry out sampling in accordarice with 150 377-2 or
appropriate national standards for gtesl and imon.

7 Procedurs

WARNING — Perchloric add vapour may cause
axplesions In the presence of ammonia, nitrous
fumes of arganic matter in ganeral.

7.1 Test portion

Waigh, to the nearest 1 tng, the mass giver below
a5 a function of the expected sulfur content:

al sJlfur conmtents  from Q0003 % (mdml 1o
0,001 O % {min], mass of test portion about
1,00 a;

M sulfur  econtents  from 0,001 0 % (mfen 1O
0,010 % {(mfm), mass cf test portien about
080 ¢

7.2 Blank test

In parallel with the determination and following the
same procedure, carty aut a blank test using the same
nuantities of all the reagents, It is recommsendad that
the blank value does not excead D7 pg of sulfur for
sulfu* gontents up to 0001 % uml or 1.0 pg of sul-
fur for sulfu- contents from  D0G7 % (mAmd to
0,070 % {rfm).

1.3 Determination

7.3.1 Preparation of the test solution

Face the test portion (7.1} 10 a decompasition flask
{51010 Add 19 m! of the mixture of hydrochione and
nitric acids [4.5). After standing at roam temperaturae
for about 30 min, heat gently until solvant action
CEASES.

Than, using a pipette, add 5.0 ml of parchloric acid
4.3} and 1.0 ™l of iron solution {4.B), ~eat and evap-
nrate untl white fumes appear. After coaling, add
8 ml of hydrochlorc acid 4.1}, {32e clause 8 for a
possible modification of this procedure.) Heat again
and evaporate to furning on a hotplaté at & tampera-
ture of aboutl 300 =€, Then continue 1o evaporate until
free from white fumes of parchloric acid and dry.

After cooling, add 10 ml of hydroshloric acid {4.%),
heat to dissoive the salis end coal 10 room tempera-
ture.
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7.3.2 Reduction and distillation

Adgd 20 ml of the reducing reagent solutien {4 6} to the
decomposition flask (51.1} and allow to stand for
10 min.

Pour 30 rrt of water intc the gas washing bottle
(5.1.3). Place the appropriate volume of ahsorbing
solution (4.7 in an absorption vessel 15.1.4), according
1o the expected sulfur content to beé determnined, as
follows:

al  for sulfur contenta kess than 0,001 0 % (mdn, in-
sroduce 10 ml of the absorbing solution (4.7} inta
a 20 mil absorption flask;

Bl for sulfur contents from 0,001 QO % iwmin) to
Q010 % {mfm), introduce B0 ml of the absorbing
aalution (£.7) into a 100 rml absarption flask.

With water flowing through the reflux condenser
{5.1.2}, connect the decomposition flask (5.1.1] conr
taining the test solution. Pass nitragen {(4.12) through
the apparatus at a flewrate of 100 miimin, as shown
in figure 2. Heat the test solution 1o 8 temperature of
114 °C to 118 °C for 30 m'n. This will nermaly ke
achieved by setting the hatplate temperature 10 about
250 *C 1see 10.2). Evolvad pases are conveyed by the
nitrogen carriar gas through the gas washing bottle
{5.1.3) to the absorption vessel,

7.2.3 Colour development

7.3.3.1 For sulfur contents up to 0,001 D % {m/m}

Disconmest the 20 mi absorption flask {5.1.4) and the
gas inlat tube from the apparatus. Keeping the tip of
the tube in the absarbing solution, add 1.0 ml of
hydrechloric acid [4.2) from <he uppar and of the tube
by using a micrepipette to wash the inside surface of
tha tube. followwsd by rinsing with 1 ml of water.

Aeamaove the gas inlet tube, gently swirk the 20 ml ab-
sorption flask, and allow to stand for 20 rrin at 26 °C
in a thermostat. Then add 2.0 ml of N ¥-dimsthyl-
pphanylenedisming sclution {4.10} to the absorption
flask (5.1.4) and shake gently. lmmediately add
0.4 ml of irontllly chioride solution 4.9), and shake
vigorously for 1 min, Dilute to the mark with watar
and mix_ Allows to stand for 186 rein.

7.3.3.2 For sulfur contents fram 0,001 G % (mm]
to 0,040 % [m'm)

Dizconnect the 100 ml absorption flask (5.1.4} and the
gas inlet tube fram the apparatus. Keeping the tip of
tha tubse in the absorbing solution, add 1.0 ml of
hydrochloric acid (4.2 from the Lpper end of the tube
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by using 8 micropipette to wash the inside surface of
the tube, followed by ringing with 1. ml or 2 ml of
water.

Rermove the gas et tuba, pently swir tha 100 ml
absorption flask, and allow to stand for 20 min at
25°C in a thermastat. Then add 100 ml of
NAdimethyl-pphenylanediamne  solution {4.10) to
the absorption flask (5.1.4} and shake gently. |m-
mediately add 2.0 mil of ironllill chloride solution
{4.9), and shake vigorously for 1 min. Dilute to the
mmark wity water and mix. Allow te stand for 15 min.

1.3.4 Spectrophotomoetric measuremaent

7.3.4.1 For sulfur contents up to 0,001 0 % (m4)

Carry ot tha spectrophatarmatric measuramants with
a cell of 1 cm optical path langth a7 8 wavelength of
about BEL nm, after adjusting the spectraphotometar
(5.2} to zero against water,

7.3.4.2 For sulfur contents frorm 9,001 0 % (m/m)
to 0,010 % [mim)

Carry out the spectrophotomatric measuraments with
a cell of 1 ¢m optical path length at a wavelength of
about 65 nm, after ediusting the spectrophotometer
(5.2 to zaro against water,

7.4 Establishing the calibration graph

7.41 Preparation of callbration solutions

Introduce 1,0 ml of iron solution {4.8) irto g serizs of
six decompasition flasks (511} and add the respec-
tive velumes of sulfur standard sclution [4.11) which
ara given in table 2. Then add 16 ml of the mixture of
hydrochloric and rnitrie acids 4.5), and 50 ml of
perchloric acid 14.3), heat and evaporate to fuming.
Proceed as described in the second paragraph of .31
from " After cooling, edd ..." to the end of 7.3.3.
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Table 2
Volume of | Volume of
Sulfur sulfur sulfur Loraspond-
contant standard standard ing rmaga of
soluilen A | sclntion B sulfur
(4112 4113
B imin) ml il s
up ta . "
0.001 0 0 ¢
—_ 1.0 1.0
—_ 3.0 30
— 5.0 5.0
— A+ 7.5
— 10,0 10,2
fram cu — 0
0001 0 ta
0,010
0.5 — 7]
1,0 — 10
20 —_ 20
A0 —_ an
%) — 50
11 Zero mamber.

T.4.2 Spectrophotometric measurement

7.4.2.1 For sulfur contends up to 0001 O %% (s}

Carry out the speatrophctometric measurernents with
a cell of 1 cm opticat path kength at a wavelength of
about 885 nm, after adjusting the spectraphotormeier
{5.2) to zero against the zerc member {see table 2).

7.4.2.2 Faor sulfur esntents from 0,001 0 % {miu}
to 0,010 % [mm)

Carry out the spectrophctomatric measuraments with
a call of 1 cm optical path length at a8 wavelangth of
about B85 nm, after adjusting the spectrophcicmeter
{5.2] t0 zero against the zero member (see table 2.

7.43 Plotting the calibration graph

Prepare the calibration graph by plotting tha
absorbance against the sulfur concentrations, ex-
pressed in microgramms per 20 mil {288 7.3.3.1) or per
100 mi of the colour-developed solution (see 7,3.3.2).
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8 Expression of results

8.1 Moethod of calculation

Convert the abscrbance measuted ih 7.3.4 into tha
corresponding mass, expressed in micrograms of
sulfur, ir the colburdeveloped test solution (zee
7.33.1 or 7.3.3.2) by using the calibratior graph (see
74.3hL

The sulfur content, w,, expressed az a percentage by
mass, is given by the eguation

100

m

=

We = - X
5 [.??‘151 "?51]:] 10&
= (mg —Mmgp) x 1.
' 10

whierg

wgpn IS the mass, expressed in micrograms, of
sulfur in the blank test solutior;

mgq is the mass, expressed ir micrograms, of
sulfur in tha test solution:

) iz “ha rmazs, in grams, of the test portien
(.10

B.2 Precision

A planred trial of this mothod was carried out by 11
or 13 laboratanes, at 18 levels of sulfur, each labora-
tary making three detarminations (see notes 1 and 2)
of sulfur content at sach leval.

The test zamples used are listed in table A1,

The results ootained wera treated statistically in ac-
cordance with 150 5726,

The data oktained showed a logarithmic relationship
batwean sulfur comtent and repeatability ¥ ar
reproducibility (R and R} of the test results (see nota
3t as summarized n table 3. The graphical rearesen-
tation of the figures is shown in figure B.1.
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Table 3

Sulhwr .

content Repaatahility Aeproducibiiity

% il r £ K.,
0000 2 0,000 08 0.0oc 17 0.000 11
0000 & 0Ll N 0,000 23 0.000 14
0.001 § 0,000 17 2,000 37 0,000 27
0,002 o 0,000 27 2,000 80 0,000 31
0,006 0 0,000 47 0,000 31 0.000 51
[SR0IE LR+ 0,000 72 0,001 71 0,000 74

NOTES

T Twea of the three determinshons weare carried out under
repaatability conditiors as detinad in 150 5725, 6. one op-
ergtor, same apparatus, identica operating conditions, samea
calibration, and a minimurm pariod of tima.

2 The third determination was cardad out at a different
time lon a differgnt day) by the sarme ope-ator as in note 1
abova, using the same apparatus with a new calibration.

3 From the rasult cotained on day 1, the repaatability i
and reproducitility (®; were caloulated using the procecurs
specified ir IS0 726, From the first resalt obtained gn day
1 and the result obtained on day 2, tre within-labaraiony
reproducibility (8,,) was calcutated,

9 Special case

For & test portion contaning selenium, the 3rd to Sth
tings of the 2nd paragraph of 7.3.1 should be changed
to “After cooling, add 5 mit of hvdrachlong acid {4.1)
and 5 ml of hydmbromic acid (4.4). Heat agair and
evaporatg untii white fumes appear and until absglk
utety dry, on a hotplats &t & temperature of about
300 «C."

1% Notes on procedure

10.1 Due 1o the extraordinary sensitivity of the
methad, it i3 important to sliminate sulfur as a con-
tarmiration sourca. In practice, it may be useful to
provide a room for this type of analys's. |f the analyst
chosses 1o run twa reagent blanks, the lowsr one
usualy 15 the correct one. Spuricus contamination by
sulfur has been observed when new flasks,
serupulously ¢ saned with aqua redia, weare used.

It 15 essantial that all sampls treatmeants ba carred out
in 8 scrupulously clean laboratory atmosphere, e,
frea from sulfuric acid fumes and any wvapgurs or
dusts containing sulfur or sulfur compounds,
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To kmep the sulfur blank values low and constant (2.0.
#=050pg and ¢ =10,15 pg of sulfur}, special care
should be given to the selection of all acids used, but
it cdoss not recessitate a purificetion procedure by
dligtillation,

10.2 Chemigally, the reduction of sulfate to hydro-
gen suffide is a difficull maction. To ensure a com-
plete recovery of sulfur, the reaction conditions shall
be closely controlled. The optimum reduging tem-
parature i 114 *C to 178 "C. If the reducing salution
is excessivaly diluted by the sample salutien, the
pniling point is decressed and the raduction kinatics
are siowed appraciably, At temperatures above
120 °C, the acid mixture shows signs of decompe-
sition of hypophosohorous acid and an increased for-
mation of phosphine,

The required termperature of the hotplate shall be gs-
tablished by a pealiminary blank test with a ther-
mormeter dipped ir the heated solution,

10.3 To check the sffactivenzss of the purification,
cornect the hydrogen suffide trap (see figurs 1) con-
taining 10 mi of the absorbing solution 4.7} and con-
tinue heating for 30 min.

Disconnect the trap. Develop the colour according to
the 2nd to 10th lines of 7.3.3.1, using a close-fitting
ground-glass stopper as needed. Dilute to about
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20 mi by adding 8 rml of water and rmix. Allow 10 stand
for 15 min,

Carry out the spectrophotemetric rmeasuremant with
a csll of 1 ¢m optical path length at a wavelength of
ghout 666 nm, after adjusting the spectrormeater [B.2)
to 7ero against water,

The purification is completed when the obtained
absorbance is below 3,085 {corresponding to 1 ug of
S

11 Test report
The test report shall include the following information:

g} all information necessary for the identification of
the sample. the laboratory and the date of analy-
sis,

b} the method used by reference to this Intarnational
Standard;

ci the results, and the form in which they are ex-
pressed;

di ary unusual features noted during the determi-
nation;

el ary oparaticn nat specifisd in this international
Standard, or any optional operation which may
have influsnced the results.
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Annex A
linformative}
Additional information on the international cooperative tests
“abled was derived from the results of international NCTE 4 These four samples were omitted from the re-
anelytical trigls carmied out in 1989 and 1991 on 12 gression calculation for the following reascns.
steel samples and four iron samples in nine countries o 1t . .
invalving 11 or T3 laboratories. Sarnpe_- 1_.- [pure_.- iror): sulfur gontant is lass than tro
loweer limit of this method.
“he rasults of the trials were reported in docurnent Sample 71 fstainl B titang tant
ISOJTC 17/SC 1 N 339, March 1990 and document Eﬁmﬂi‘;’m} stanless  stesh: titanum  cantan
ISOYTC 17/5C 1 W 815, February 19392, The graphical S '
representation of the precision data is gwen in Sermple 100 (higrssilicon  steel:  silicon  conlent
annex B. 3.7 % {mim}.
“he tast samples used zre listed in tatle A1 Sample 12) tnodular ironk: silicon content 2,3 % (man).
Table A.1
Sulfur content, % (mn) Pracizion
Sample Cortifiod Found Rapeatabillty Reproduclbllity
Wy Weo r R £,

11 J5E 0022 pure iron) 0,000 08 0.000 08 Q0,008 04 0,000 08 0,300 10 Q,000 0%

21 85 0332 pure iror) 0,000 4 Q000 42 Q006 42 0,000 10 a,0:00 14 2,000 16

41 ECEM 096-1 (unalloved steal) {20048 Q000 84 Q0,000 24 000017 4,000 32 0,000 23

4] IS5 244-4 unallpyed steal) 4,001 6 Q.00 bd 0.001 &5 0,000 24 0,000 77 {1,000 40

8 JSE 2408 |unalloyed =steel] 0,006 0 0,005 73 0,005 &9 0,000 82 0,001 12 1,000 78

61 ECRM 480-1 (cast irqn) 0,298 G Q00317 0,008 19 L0007 0,HZ 03 0,Ca0 35

71 NBE 34Ba (stainless steel) 0000 7 0,000 52 9,000 &2 0,200 11 0,000 3 G.cO0 09

gl J3G 65417 dstainless seel L0007 £,000 54 0,000 62 000013 0000 29 H s THITY

91 JS55 8118 highspead steal) 0,001 3 Qa0°% 33 0.001 34 0,000 18 0,608 53 0,000 23
10 ECHM 1311 {high-silicon steet) 0,001 7 Q.01 82 Q001 88 0,000 41 Q,cM 44 0000 72
111 ECRM 2851 thigh-alloy stesl) 0,302 4 0002 14 0002 11 0000 41 000 7E 0000 28
1Z] ECARM 4aB1-1 dnodular ron) Q,C0d 2,004 24 0,003 20 0,000 &3 Q.00 6D G,CH 41
13]  J55 550-2 {stainless sreel 0,005 3 0.005 38 0,005 40 0000 62 .00 87 C.000 39
14] ECRM 235%-1 {high-alloy stee| 0,007 2 Q.008 &1 {.[K1% R0 M,000 16 100 &3 | £.000 33
18] J55 654-7 istainlass soeal 0005 3 000912 {0,009 06 0,200 42 0,001 58 : C,000 BY
16] MES 338 [Se-gtainlnzs stoal) 0a13u 0,012 & o1z 4 0001 25 $00213 , GOM 08
e gersnal mean within g day

We ;. general mean betewsen days
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Annex B
{informative)

Graphical representation of precision data
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Sulfur content, [% (m/inl)
lgr=0822 413w, ~ 1,898 %
g R=06756 gwe, — 14005
lg R, =05487 Igwy, — 20368

where

wg, I3 the average sulfur cortant, expressad as a percentage by mass, obtained withn 2 day;

wsp i3 the average sJlfur content, expressed as a percentage by mass, obtained between days.

0.0z

walt

Figure B.1 — Logarithmlc relatlonship between sulfur content (w.) and repeatability [+] or reproducibillty
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