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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
ical standardization.
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INTERNATIONAL STANDARD ISO 4947:2020(E)

Steel and cast iron — Determination of vanadium content
— Potentiometric titration method

1 Scope

This document specifies a potentiometric titration method for the determination of vanadium in steel
and castiron

The npethod is applicable to vanadium contents between 0,04 % (mass fraction) and 2 %|@miass fraction).

2 Normative references

The fpllowing documents are referred to in the text in such a way that some or all of their content
constjtutes requirements of this document. For dated references, onlyZthe edition cited applies. For
undafed references, the latest edition of the referenced document (including any amendménts) applies.

ISO 385, Laboratory glassware — Burettes

ISO 6448, Laboratory glassware — Single-volume pipettes

ISO 1042, Laboratory glassware — One-mark volumetric flasks

[SO 3696, Water for analytical laboratory use — Specgification and test methods

ISO 1284, Steel and iron — Sampling and preparation of samples for the determination of chemical
compgsition

3 Terms and definitions

No tefms and definitions are listed'in this document.

[SO and IEC maintain terminaological databases for use in standardization at the following pddresses:

]

$0 Online browsjng platform: available at http://www.iso.org/obp

]

EC Electropediaravailable at http://www.electropedia.org/

4 Principle

Disso]ution of a test portion with appropriate acids. Addition of hydrofluoric acid to keep tungsten in
solution.

Oxidation of chromium and vanadium by potassium peroxydisulfate. Partial oxidation of chromium.
While checking the potential of the solution:
— reduction of chromium(VI) and vanadium(V) by ammonium iron(II) sulfate;

— oxidation of vanadium by a slight excess of potassium permanganate; reduction of the excess of
permanganate by sodium nitrite, and reduction of the excess of sodium nitrite by sulfamic acid.

Potentiometric titration of vanadium with an ammonium iron(II) sulfate standard solution.

© IS0 2020 - All rights reserved 1
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5 Reagents

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade and only

grade 2 water as specified in ISO 3696, free from reducing or oxidizing activity.
5.1 Potassium peroxydisulfate (K,S,05).
5.2 Hydrochloric acid, p approximately 1,19 g/ml.

5.3 Nitric acid, p approximately 1,40 g/ml.

5.4 Hydrofluoric acid, p approximately 1,15 g/ml.

5.5 Sulfurjc acid, p approximately 1,84 g/ml, diluted 1 + 4.
5.6 Sulfuric acid, p approximately 1,84 g/ml, diluted 1 + 50.
5.7 Orthophosphoric acid, p approximately 1,70 g/ml.

5.8 Ammgdnium iron(II) sulfate [Fe(NH,),(SO,),-6H,0] solution in-suJfuric acid medium.

Dissolve 40 g of ammonium iron(Il) sulfate hexahydrate in approximately 500 ml of water, add
of sulfuric agid, p approximately 1,84 g/ml, allow to cool, make,up the volume to 1 000 ml with
and mix.

5.9 Potassium permanganate, 5 g/1.
5.10 Sodium nitrite, 3 g/1.

5.11 Sulfamic acid (NH,SO5H), 100 g/1.

This solutior] is stable for only one we€k:

5.12 Potassium dichromate, standard solution.

Weigh, to thg nearest 0,001,g;approximately 1 g of potassium dichromate (high purity grade) prev
dried at 150|°C until a canstant mass (the mass difference shall not exceed 0,3 mg) is obtained
cooling in a flesiccator, Pransfer the weighed mass into a 250 ml beaker, dissolve it in 20 ml of
and add 160 ml of sulfuric acid (5.5). Transfer the solution quantitatively into a 1 000 ml one
volumetric flask, allow to cool, dilute to the mark with water and mix.

20 ml
water

ously
after
water
mark

4)2 4)2 2

1 ml of this solution corresponds to approximately 1,299 mg of vanadium.

5.13.1 Preparation of the solution

Dissolve 10 g of ammonium iron(II) sulfate hexahydrate in approximately 500 ml of water, add 25

ml of

sulfuric acid, p 1,84 g/ml approximately, transfer the solution quantitatively into a 1 000 ml one-mark

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

2 © IS0 2020 - All rights reserved
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5.13.2 Standardization of the solution (to be carried out just before use)

Transfer 25,0 ml of the potassium dichromate standard solution (5.12) into a beaker of appropriate size
and titrate potentiometrically with the ammonium iron(II) sulfate solution (5.13.1). The corresponding
concentration (p) of the ammonium iron(II) sulfate standard solution (5.13) is given by Formula (1):

0,025xm

p=———x50,94 (@8]
49,03xV

where
p IS the CoTTeSponding CONCENration of te armImoT T Tom( 1) Sutfate standard solution
(5.13) expressed in milligrams of vanadium per millilitre;
Mo is the mass of the weighted potassium dichromate expressed in milligrams;
1% is the volume of the ammonium iron(II) sulfate standard solution. (5.13) used for the titra-

tion expressed in millilitres;

0]025 is the ratio between the volume taken and the total volume of the potassium djchromate
standard solution;

4P,03 is the molar mass of potassium dichromate divided)by 6;

5D,94 is the molar mass of vanadium.

6 Apparatus
All volumetric glassware shall be class A, in accordance with ISO 385, 1SO 648 or ISO 1042 agappropriate.

Ordirjary laboratory apparatus and the following shall be used.

6.1 |Potentiometric titration device which permits a difference in potential to be me¢asured with
platinum-saturated calomel electrodes or platinum-Ag/AgCl electrodes.

7 Sampling

Carry out sampling ifn“accordance with ISO 14284 or appropriate national standards for steel and
castifon.

8 Procedure

8.1 [Test portion

According to the presumed vanadium content, weigh, to the nearest 0,001 g, the following mass of the
test portion:

a) for vanadium contents between 0,04 % (mass fraction) and 0,25 % (mass fraction):
approximately 5 g;

b) for vanadium contents between 0,25 % (mass fraction) and 1 % (mass fraction): approximately 2 g;
c) forvanadium contents between 1 % (mass fraction) and 2 % (mass fraction): approximately 1 g.

The quantity of vanadium in the test portion may vary between 2 mg and 20 mg.

© IS0 2020 - All rights reserved 3
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8.2 Blank test

In parallel with the determination and following the same procedure, carry out a blank test using the
same quantities of all reagents as used for the determination, except the test portion.

8.3 Determination

8.3.1 Preparation of the test solution

8.3.1.1 Samples soluble in sulfuric acid

Transfer the

If hydrofluon
The glasswa

NOTE If
adversely affe

Add 40 ml of
acid (5.5). Cd

For samples

test portion (8.1) into a 400 ml beaker.

ic acid (5.4) is used, a fused silica beaker and a fused silica watch-glass should be;emp
e used should not contain more than 0,05 % (mass fraction) of arsenic.

he glassware contains barium, a barium sulfate precipitate can form; howéver, this w|
ct the determination.

sulfuric acid (5.5) for a 1 g or 2 g test portion. For a 5 g test poftion, add 70 ml of sy
ver the beaker with a watch-glass and heat gently until effepvescence ceases.

with high silicon contents, add 5 to 10 drops of hydroflugric acid (5.4). Bring to the |

ensure compllete cessation of effervescence.

If the sample
In general, 5
and 13 ml fo

Dilute the so

8.3.1.2 Sai

For test port
out with am

contains tungsten, add a sufficient quantity of hydfefluoric acid (5.4) to keep it in sol
ml of hydrofluoric acid (5.4) will suffice for a g test portion, 7 ml for a 2 g test pg
a5 g test portion.

ution to a volume between 90 ml and 100 ml with water and proceed as described in

mples not readily soluble in sulfuric acid

jons difficult to dissolve in the ‘sulfuric acid medium, the initial dissolution may be c:
xture of nitric acid (5.3) add-hydrochloric acid (5.2).

After dissoldtion, add the quantity of-sulfuric acid (5.5) specified in 8.3.1.1 and heat until white {

are given off]
Add water a
nitric acid is

If the test pd
solution. In d
portion, and

hd heat to disselve the salts. Repeat the evaporation to white fumes to ensure th
completely eliminated.

rtion contains tungsten, add a sufficient quantity of hydrofluoric acid (5.4) to kee}
eneral; "5 'ml of hydrofluoric acid (5.4) will suffice for a 1 g test portion, 7 ml for a 2
13-ml'for a 5 g test portion.

oyed.

i1l not

Ifuric

oil to

ution.
rtion,

8.3.2.

irried

umes

ht the

b it in
g test

Dilute the so

ution to a volume between 90 ml and 100 mI with water and proceed as described In

8.3.2 Oxidation of chromium and vanadium

8.3.2.

Cool the solution (8.3.1) to approximately 50 °C. Add 3 g of potassium peroxydisulfate (5.1) per gram of

test portion,

heat slowly to boiling and boil for at least 10 min.

8.3.3 Preparation of the solution for titration

8.3.3.1 Control of the oxidation of chromium and vanadium

Cool the solution (8.3.2) to room temperature. If graphite is present in the solution, filter the solution
through a cellulose pulp lined coarse filter paper and rinse with sulfuric acid (5.6), adding several

© IS0 2020 - All rights reserved
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drops of hydrofluoric acid (5.4) to facilitate filtering. Make up the final volume of the solution to
approximately 150 ml.

Introduce the electrodes of the potentiometric device (6.1) into the beaker and stir the solution,
preferably with an electromagnetic stirrer. The potential should be above 770 mV.

If the potential is lower, or if it falls regularly, remove the electrodes from the solution and repeat the
operations described in 8.3.2.

Cool to room temperature and make up the volume to approximately 150 ml.

Verify that the potential is above 770 mV.

8.3.3

Intro
amm
570

Whern
to us
finish

8.3.4

Cool the solution (8.3.3) to a temperature below 15 °C to-avoid partial oxidation of chromit

Wait
betwyq
partiz

NOTE
pink c

Wait
drop

Elimi
The p

Whern
soluti
add 2

add 30 ml to~40 ml of orthophosphoric acid (5.7). Wait until the potential stabilizes (aj

2 min

2 Reduction of chromium and vanadium

luce the electrodes into the beaker and reduce chromium(VI) and vanadium(V
nium iron(II) sulfate solution (5.8) to a slight excess (the potential drops,to betweer]
V) and agitating continuously at a constant speed.

the quantity of chromium is high (test portion of 5 g, or high chremium content), if]
e a2 more concentrated ammonium iron(II) sulfate solution (e.g+400 g/1) at the beg
with the solution (5.8).

Oxidation of vanadium

P min. Then add, drop by drop, potassium permanganate solution (5.9) until the potent

1] oxidation of the chromium.

When the solution is not highly celoured, oxidation with the permanganate can be o
plour, stable for 2 min).

P min to 3 min, during which time the potential shall neither increase by more thg
below 1 100 mV.

hate the excess potassium permanganate by adding sodium nitrite solution (5.10), d
otential will drop; when it reaches 850 mV, add 15 drops of this solution.

the potential js.stabilized at about 770 mV, wait approximately 30 s and add 5 ml of
on (5.11). Thepotential will drop to about 740 mV and then increase again to about §
D ml of orthophosphoric acid (5.7) if the volume is at or below 200 ml. If the volume is §

to 5 min).

8.4

) by adding
1 500 mV and

is necessary
rinning, then

hm.

ial stabilizes

ben 1 100 mV and 1 160 mV (see note). The potential shall not exceed this range in ofder to avoid

bserved (light

n 30 mV nor

rop by drop.

sulfamic acid
00 mV. Then
bove 200 ml,
pproximately

TiE 43
1l dtivlil

When the potential is stable, titrate the vanadium with the ammonium iron(Il) sulfate standard
solution (5.13) until the equivalence point is reached. The potential at this point is between 570 mV

and 6

70 mV.
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9 Expression of results

9.1 Method of calculation

The vanadiu

wy (%)=

where

Vo

(5.13) used for the titration of the blank solution;
V; is the volume, expressed in millilitres, of the ammonium iron(II) sulfate standafd solutio
(5.13) used for the titration of the test solution;
p isthe corresponding concentration of the ammonium iron(II) sulfate standard solution (!
expilessed in milligrams of vanadium per millilitre;
m is the mass, expressed in grams, of the test portion.
9.2 Precigion
A planned trfal of this method was carried out by twelve laboratories, at seven levels of vanadium

laboratory m
The composition of the test samples used is given in Table’A.1.
The results d
A graphical 1
The data obt

and reprodu

The smooth

calculated fn

reproducibil

is the volume, expressed in millilitres, of the ammonium iron(II) sulfate standard solutia

m (wy ) content, as a percentage by mass, is given by the Formula (2):

<V1 -V )XP ><100

1000 m

(2)

aking three determinations of the vanadium content at each level.

btained were treated statistically in aecerdance with ISO 5725-2:1994.
epresentation of the experimentalprecision data is given in Annex B.

ained showed a logarithmic xelationship between vanadium content and repeatabil
Cibility (R) of the test results.

bd precision data, expressed as a percentage (mass fraction), shown in Table 1
om the relationships-between the vanadium content mean values and repeatabilit
ty experimentaldata.

Table 1 — Precision data (smoothed values)

—

5.13),

, each

ty (r)

were
y and

Vangdium eentent Repeatability limit, r Reproducibility limit, R
% (fnasS\fraction) % (mass fraction) % (mass fraction)
a4 00035 0005 1
0,10 0,006 1 0,0089
0,20 0,009 1 0,013 5
0,50 0,0155 0,023 4
1,00 0,023 2 0,0356
2,00 0,034 9 0,054 2

10 Test report

The test report shall include the following information:

a)

or of the

testreport;

© IS0 2020 - All rights re
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b) method used by reference to this document, i.e. ISO 4947:2020;
c) results 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.

© IS0 2020 - All rights reserved 7
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Annex A
(informative)

Additional information on the international interlaboratory test

Table 1 was derived from the results of an international interlaboratory test carried out in 1983 on six
steel samples and one pig iron sample in three countries and involving twelve laboratories.

The results [of the test were reported in document ISO/TC 17/SC 1 N 579, December 1983. The
recalculation was carried out in 2019.

Table A.1 — Test samples used

Chemical composition (%)
Label Sample -
\Y Cu Ni Cr Mo Co w
Pigiron

8-1 0,035 0,011 0,019 0,075 — — T
(JSS 102-3)
Tool steel

8-2 0,041 0,041 0,055 0,86 0,11 — 4)35
(JSS 600-7)

Low alloy steel

8-3 0,10 0,46 2,06 0,50 0,97 — 1
(JSS 152-7)
Tool steel

8-4 0,31 0,029 0,038 0,49 0,10 — 3[42
(JSS 602-7)
Tool steel

8-5 0,88 0,028 0,040 4,29 0,33 0,064 11,35
(JSS 606-7)
Tool steel

8-6 1,84 0,089 0,13 4,20 4,77 4,99 6[12
(JSS 609-7)

High chromium steel
8-7 (EURO 278-1) 0,077 0,077 0,236 18,11 1,040 — 1

8 © IS0 2020 - All rights reserved
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