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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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All

oyed steels — Determination of manganese —

Potentiometric or visual titration method

1 Scope

This document specifies a potentiometric or visual titration method for the determination of manganese

cont

The

inter
mas{

theo

2 Normative references
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ISO 3
ISO 4
[SO 1

ISO 3

ISO
comp

3
No t¢
ISO 4

Terms and definitions

FTTt T atioyed Steets:

method is applicable to manganese mass fractions between 2 % and 25 %. Vanadium|
fere with the determination. If the mass fraction of cerium in the sample is less than 0

fraction of vanadium in the sample is less than 0,005 %, the interference is-négligibl
Fetical corrections are necessary.

following documents are referred to in the text in such a way'that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced documerit (including any amendme

85, Laboratory glassware — Burettes

48, Laboratory glassware — Single-volume pipettes

042, Laboratory glassware — One-mark volumetric flasks

696, Water for analytical laboratory use'=- Specification and test methods

14284, Steel and iron — Sampling~and preparation of samples for the determination
osition

rms and definitions.are listed in this document.
nd IEC maintain,terminological databases for use in standardization at the following g

SO Online brewsing platform: available at https://www.iso.org/obp

EC Electropedia: available at https://www.electropedia.org/

and cerium
01 %, or the
b, otherwise

heir content
applies. For
hts) applies.

of chemical

ddresses:

PTinciple

Dissolution of a test portion in appropriate acids. Addition of phosphoric acid. Oxidation of manganese
to manganese(IIl) in phosphoric acid medium by ammonium nitrate. Visual titration of manganese(III)
with a ferroammoniumdisulfate standard solution with N-phenylanthranilic acid as indicator, or
potentiometric titration with a ferroammoniumdisulfate standard solution. If the sample contains

vana

dium and/or cerium, the manganese content shall be corrected.

5 Reagents

During the analysis use only reagents of recognized analytical grade and only grade 2 water in
accordance with ISO 3696.
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Ammonium nitrate, NH4NO3.

Phosphoric acid, p approximately 1,69 g/ml.

acid, p approximately 1,42 g/ml.

Hydrochloric acid, p approximately 1,19 g/ml.

5.1

5.2 Urea.
5.3

5.4 Nitric
5.5

5.6 Sulfus
5.7 Sulfus
5.8 N-phg

Dissolve 0,2

5.9 Potas
Weigh 0,731

[ic acid, diluted 1 + 3.
[ic acid, diluted 5 + 95.

nylanthranilic acid solution, CcHsNHCqH4COOH, approximately 2 g/1.

D g of N-phenylanthranilic acid and 0,20 g of sodium carbonate in 100-ml of water and

sium dichromate solution, K;Cr;07, 0,002 5 mol/L

5 g of high purity potassium dichromate, previously dried at 150 °C for at least 2 |

cooled in a desiccator. Introduce it into a 250 ml beaker and dissolveiin some water. Transfer the sol

quantitative

5.10 Mang

ly into a 1 000 ml one-mark volumetric flask, dilute to-the mark with water and mix.

hnese standard solution, corresponding to 1,00 g/1 of manganese.

Weigh, to thle nearest 0,1 mg, 1,000 g of pure manganese [ purity = 99,9 % (mass fraction)].

When the st

follows:

a) introdu

b) decant,
with w4

c) drythe

Introduce it
heat gently

irface of manganese seems oxidized;thé oxide layer should be removed before weighi

Ce several grams of manganese into a beaker containing sulfuric acid (5.7) and stir;

discard the sulphuric acid_solution and immediately rinse the metal several times, f
ter and then with ethanel or acetone;

metal for about 2. miin at 100 °C and cool in a desiccator.

in a 250 ml begaker and add 40 ml of hydrochloric acid (5.5). Cover with a watch glas
to complete~dissolution. Cool and transfer the solution quantitatively to a 1 000 ml

mark volumetric flask,dilute to the mark with water and mix.

1 ml of this

btariddrd solution contains 1,00 mg of manganese.

ilter.

and
1ition

hg as

rstly

t and
one-

5.11 Ferroammoniumdisulfate standard solution, [(NH4)2Fe(S04)2:6H20] 0,015 mol/I1.

5.11.1 Preparation of the solution

Dissolve 5,9

g of ferroammoniumdisulfate in 1 000 ml sulfuric acid (5.7) and mix.

© ISO 2018 - All rights reserved
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5.11.2 Standardization of the solution (to be carried out just before use)
5.11.2.1 Visual titration method

5.11.2.1.1 Titration

Transfer three aliquots of 20,0 ml of the potassium dichromate solution (5.9) to three 250 ml
conical flasks.

Add 20 ml of sulfuric acid (5.6), 5 ml of phosphoric acid (5.3) and water up to a volume of approximately
150 ml. Proceed as specified in 8.2.2.1.

Calcyilate the mean (V1) of the three volumes values of the ferroammoniumdisulfate “splution. The
difference between the values should not exceed 0,05 ml.

5.11{2.1.2 Correction for N-phenylanthranilic acid

Trangfer three aliquots of 5,0 ml of the potassium dichromate solution5.9) to three 259 ml conical
flaskis. Add 20 ml of sulfuric acid (5.6), 5 ml of phosphoric acid (5.3)~Titrate the solution with the
ferrdqammoniumdisulfate solution (5.11) until the end point is approached (i.e. when the purplish
red golour of the solution becomes lighter). Add two drops of N;phehylanthranilic acid sdlution (5.8),
contjnue the titration until the purplish red colour disappearstand record the volume|added. Add
another 5,0 ml of potassium dichromate solution (5.9), titrate with the ferroammoniumdisulfate
solutfion (5.11) until the end point and record the volume-added again. The mean of the differences
between the volumes of the two titrations is the corrected value, V.

5.11{2.1.3 Calculation

The [corresponding concentration, ¢, expressed in moles per litre, of the ferroammoniumdisulfate
solutlion (5.11) is given by Formula (1):

4 0,015%20,0

(1)
V1=V
where
V1 is the mean volume, expressed in millilitres, of the ferroammoniumdisulfate solution
(5.11) used\for the titration;
Vo is the'mean volume, expressed in millilitres, of the ferroammoniumdisulfate solution

(5.1%)-used for the correction of N-phenylanthranilic acid titration;

,015._1s the molar concentration, expressed in moles per litre, of the potassium dichrpmate
solution (5.9) times six;

0,0 isthe volume, expressed in millilitres, of the potassium dichromate solution (5.9) used for
the standardization.

5.11.2.2 Potentiometric titration method

5.11.2.2.1 Titration

Transfer three aliquots of 20,0 ml of the manganese standard solution (5.10) to three 300 ml conical
flasks. Add 15 ml of phosphoric acid (5.3). Heat until the surface of the solution calms down (i.e. a state
where no bubble is observed on the surface of the solution) and white fumes are just given off (at this
stage the temperature should be about 200 °C to 240 °C). Remove the flask from the heater, add 2 g of
ammonium nitrate (5.1) immediately and shake the conical flask for removing nitrogen oxide. Nitrogen

© ISO 2018 - All rights reserved 3
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oxide shall be eliminated thoroughly by blowing with a pipette or by adding 0,5 g to 1,0 g of urea (5.2).
Wait for 1 min to 2 min. Cool the solution to 80 °C to 100 °C.

Transfer the solution to a 400 ml beaker. Add 60 ml of sulfuric acid (5.7) and mix. Make up the volume

to approxim

ately 150 ml with water and cool to room temperature.

Proceed as specified in 8.2.2.2.

Calculate the mean, Vy, of the three values of the ferroammoniumdisulfate solution volumes. The

difference b

5.11.2.2.2

~al

etween the values should not exceed 0,05 ml.

ladia
TCUTAatronr

N

The corresy
solution (5.1

o = 1,00x20,0
17 54]94xv,
where
1%} is the mean volume, expressed in millilitres, of the ferroammoniumdisulfate solution
(5.11) used for the titration of the manganese solution;
54,94 | is the molar mass, expressed in grams per mole, of mahganese;
1,00 is the concentration, expressed in grams per litre;-of the manganese standard
solution (5.10);
20,0 is the volume, expressed in millilitres, of.the manganese standard solution (5.10) use
for the standardization.
6 Apparptus

All volumet
appropriate

a)
b)

indicatd
referen

NOTE A

es

onding concentration, c1, expressed in moles per litre, of the ferroammoniumdisy

1) is given by Formula (2):

ric glassware shall be class''A, in accordance with ISO 385, ISO 648 or ISO 104

r electrode, of bright\platinum, which shall be kept in a clean, highly polished conditio
ce electrode, of-silver/silver chloride, calomel or mercury(I) sulfate.

redox electrode can also be used.

7 Samp

Carry outs

l[ ng

Use ordinary laboratory apparatus and a potentometric titration device, consisting of:

Ifate

(2)

8 Procedure

8.1 Test portion

Weigh, to th

e nearest 0,000 1 g, a test portion of the sample according to Table 1.

© ISO 2018 - All rights reserved
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Table 1 — Test portion

Expected mass fraction of manganese
%

Mass of test portion

8

2to5 0,50

5to 15 0,20

15to 25

0,10

8.2

Determination

8.2.1

Intrd
high
nitri
nitri

Cont
stagd
amm
oxidd
Wait]

8.2.2

8.2.2
Add

Preparation of test solution

duce the test portion (8.1) into a 300 ml conical flask. Add 15 ml of phosphoric.acid (5.
alloy steels, first add 15 ml of aqua regia: three volumes hydrochloric acid(545) plus
C acid (5.4)] and heat gently until effervescence ceases. Decompose the'Carbides by
C acid (5.4) drop by drop.

nue heating until the surface of the solution calms down and whitéfiimes are just give
the temperature should be about 200 °C to 240 °C). Remove the flask from the heatd
onium nitrate (5.1) immediately and shake the conical flask fortremoving nitrogen oxi
e shall be eliminated thoroughly by blowing with a pipette{or'by adding 0,5 g to 1,0 g g
for 1 min to 2 min. Cool the solution to 80 °C to 100 °C.

Titration

.1 Visual titration

b0 ml of sulfuric acid (5.7) to the solutien (8.2.1) and mix. Make up the volume to ap

150 ml with water and cool to room temperature.

Titrg
Add

the s
the t

8.2.2

Tran|

te the solution with the ferroammoniumdisulfate solution (5.11) until the end point is
fwo drops of N-phenylanthranilic'acid (5.8). Continue the titration until the purplish g
plution disappears. Recordthe volume, V'3, of the ferroammoniumdisulfate solution (5]
tration.

.2 Potentiometriectitration

sfer the solution)(8.2.1) to a 400 ml beaker. Add 60 ml of sulfuric acid (5.7) and mix.

volume to approximmately 150 ml with water and cool to room temperature.

Placd

Imm

the beaker on the magnetic stirrer and switch it on.

ersesthe indicator and reference electrodes [see Clause 6 a) and b)] or a redox elec

solut

ion Titrate slowly with the ferroammoniumdisulfate solution (5.11) until the e

3) [for some
one volume
addition of

n off (at this
r,add 2 g of
de. Nitrogen
furea (5.2).

[proximately

hpproached.
ed colour of
11) used for

Make up the

trode in the
nd point is

approached. Continue the titration in 0,05 ml or one drop increments and record the burette and
potential readings when equilibrium is reached after each incremental addition. Continue the titration
through the end point. Determine the end point by the titration curve or the derivative ratio dE/dV.
Record the volume, V4, of the ferroammoniumdisulfate solution (5.11) used for the titration.

8.2.3 Theoretical correction of vanadium and cerium

For the samples containing vanadium and/or cerium, mass fraction of manganese shall be corrected on
the following theoretical basis.

Manganese, per cent = vanadium, per cent x 1,08; manganese, per cent = cerium, per cent x 0,39

For detailed information, see Annex C.
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Vanadium can be determined by the procedures specified in ISO 4942, ISO 4947 or ISO 9647, or by any
other appropriate wet chemistry method. The corresponding content shall be subtracted from the raw
mass fraction of manganese.

9 Expression of results

9.1 Method of calculation

9.1.1 Visual titration

The mass fr

o

hction of manganese in the sample, wyy, expressed in per cent, is given by Formula (3)

x(V3 =V )x54,94

Whn =

where

V3

mo
54,94
wy
WC(Ce
9.1.2 Poty

The mass fr

Whn =]

where

x100-1,08xwy —0,39xw,
My x1000

is the concentration, expressed in moles per litre, of the ferroammoniumdisulfate
solution (5.11);

is the volume, expressed in millilitres, of the ferroammoniumdisulfate solution (5.11) {
correction of N-phenylanthranilic acid;

is the volume, expressed in millilitres, of the ferroammoniumdisulfate solution (5.11) {
to titrate manganese, vanadium and cerium;

is the mass, expressed in grams, of the test portion;
is the molar mass, expressed in grams:per mole, of manganese;
is the mass fraction of vanadium itrthe sample, expressed in per cent;

is the mass fraction of cerium in the sample, expressed in per cent.

bntiometric titration
hction of manganese-in the sample, wyp, expressed in per cent, is given by Formula (4)

| XV, x54,94

X100—1,08xwy —0,39XWc,
my %1000

(3)

hsed

(4)

1

isthe concentration, expressed in moles per litre, of the ferroammoniumdisulfate

Vy

mo
54,94
wy

WCe

solution (5.11);

is the volume, expressed in millilitres, of the ferroammoniumdisulfate solution (5.11) used

to titrate manganese, vanadium and cerium;

is the mass, expressed in grams, of the test portion;

is the molar mass, expressed in grams per mole, of manganese;

is the mass fraction of vanadium in the sample, expressed in per cent;

is the mass fraction of cerium in the sample, expressed in per cent.

© ISO 2018 - All rights reserved
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9.2 Precision

A planned trial of this method was carried out by ten laboratories, at seven levels of manganese, each
laboratory making three determinations of manganese content at each level.

NOTE1 Two of the three determinations were carried out under repeatability conditions as defined in
ISO 5725-1; i.e. one operator, same apparatus, identical operating conditions, same calibration, and a minimum
period of time.

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

The fest samples used are Iisted in A.I. The results obtained were treated statisticallyin accordance
with|ISO 5725-2 and ISO 5725-3.

The ¢lata obtained showed a logarithmic relationship between manganese contentand rep¢atability (r)
and feproducibility (R and Ry) of the test results (see note 3) as summarized ixf Table 2. The graphical
repr¢sentation of the data is shown in Annex B.

NOTE 3  From the two values obtained on day one and the value obtained on day two, the repeatapility limit (r)
and reproducibility limits (R and Ry) were calculated using the procedure specified in ISO 5725-3.

Table 2 — Results for repeatability limit and reproducibility limits

Mass fraction of manganese Repeatability limit Reproducibility limits

% r Ry R

2 0,023 2 0,0356 0,p67 8
5 0,041 2 0,061 5 0,131 2
10 0,0636 0,092 8 0,16 3
12 06713 0,103 4 0,p46 7
15 0,082 0 0,118 1 0,289 8
20 0,098 3 0,140 2 0,856 6
22 0,104 3 0,148 3 0,882 0
25 0,113 0 0,160 0 04189

10 Test report
The test report shadlinclude the following information:

a) 4llinformation necessary for the identification of the sample, the laboratory and the date of analysis
or the date/of the test report;

b) the/method used by reference to this document;

c) theresults and unit in which they are expressed;
d) any unusual features noted during the determination;

e) any operation not specified in this document, or any optional operation which may have influenced
the results.

© ISO 2018 - All rights reserved 7
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Annex A

(informative)

Additional information on the international interlaboratory test

The test samples used are listed in Table A.1. Detailed results for manganese content obtained from the
international interlaboratory test are shown in Table A.2.

Table A.2 was derived from the results of the international interlaboratory test carried out inn2006 on
steel samplés in 5 countries involving 10 laboratories.
The precisign data are presented in graphical form in Annex B.
Table A.1 — Test samples used
Chemical composition
Sa;lrz)ple D No. of CRM % (mass fraction)
C Si Mn P S Cr Ni Mo Cu
1 GBW 01301 0,9 0,06 2,09 0,05 0,03 0,1 0,08 — 0,2
2 GBW 01657 0,07 0,5 4,76 0,03 0,01 11,5 4,5 3,1 0,02a 0,1
3 YSBC 11301-93 | 0,06 09 10,03 0,02 | 0,003 18 5,7 — —
4 YSBC 11315-94 | 1,2 0,6 12,61 0,08 | 9,007 0,2 0,1 — —
5 BH1004-1 0,06 0,6 17,22 0,091 0,008 9,3 — — —
6 BH 0227 0,2 0,2 22,44 0,02 | 0,001 | 0,02 | 0,003 | — Al 2,2
a  Need to ble corrected.
Table A.2 — Detailed results'obtained in the international cooperative test
Mass fraction of manganese Precision data
% %
No. Sample Found Repeatability limit Reproducibility limifs
Certified _
W Mn r Rw R
1 (¢BW 01301 2,09 2,089 0,020 0,035 0,072
2 GBW.01657 4,76 4,752 0,056 0,063 0,113
3 YSBE11301-93 10,03 10,080 0,055 0,083 0,251
4 YSBC 11315-94 12,61 12,658 0,060 0,119 0,263

wMn General mean.

a  When the international cooperative test started, the scope of the working draft concerned the determination for
manganese mass fractions between 2 % and 30 %. Since there was no certified reference material (CRM) available for the
level of 30 % manganese (mass fraction), CRM BH0227 was used as two samples: one for its normal level of manganese,
22,44 % (mass fraction) and the other for the 30 % level of manganese (mass fraction) by weighing 0,13 g, which is
more than the normal, but being calculated as 0,1 g. On this base, the “reference value” was calculated by multiplying its
manganese certified value by the factor 1,3.

According to an ISO TC 17/SC 1 Resolution on October 18-20, 2006, the scope was changed to the mass fraction range of
2 % to 25 %, and the results obtained for sample No. 7 were removed from the statistical calculation of precision data.

© ISO 2018 - All rights reserved
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Table A.2 (continued)

Mass fraction of manganese Precision data
% %
No. Sample Found Repeatability limit Reproducibility limits
Certified —
W Mn r Rw R
5 BH1004-1 17,22 17,228 0,131 0,164 0,284
BH 0227 22,44 22,363 0,087 0,117 0,399
7 —a 29,172 29,092 0,124 0,146 0,506

wMiH General mean.

a  When the international cooperative test started, the scope of the working draft concerned ‘the detefmination for
manganese mass fractions between 2 % and 30 %. Since there was no certified reference material|(CRM) avpilable for the

levelfof 30 % manganese (mass fraction), CRM BH0227 was used as two samples: one for its-narmal level
22,44 % (mass fraction) and the other for the 30 % level of manganese (mass fraction)by-weighing 0,1

more than the normal, but being calculated as 0,1 g. On this base, the “reference value” was calculated by rhultiplying its

manganese certified value by the factor 1,3.

According to an ISO TC 17/SC 1 Resolution on October 18-20, 2006, the scope was'changed to the mass fraftion range of

2 % to 25 %, and the results obtained for sample No. 7 were removed from the statistical calculation of preci

f manganese,
3 g, which is

ion data.
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Key
X mass
Y preci
lgr =
IgRy|
IgR S
where W Mn
Figur
10

Annex B
(informative)

Graphical representation of precision data

&
} .2 o R
-1 X A
L4 ° x W
Y 01 et X :
[ J r
@
=t e s VO R(%)
-
......... Rw (%)
®
r(%)
0,01
1 10

fraction of manganese, %
sion, mass fraction, %

0,6274 1gW mn —1,8239
=0,5947 lgWmn -1,6271
0,72131gW mn —1,3862

is the average mass fraetionl of manganese obtained from three determinations in each laboratdry.

e B.1 — Logarithmic relationship between mass fraction of manganese (WMU )
repeatability limit, r, and reproducibility limits, Ry and R
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