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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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RNATIONAL STANDARD ISO 9647:2020(E)

Steel — Determination of vanadium content — Flame
atomic absorption spectrometric method (FAAS)

1 S

cope

This document specifies a flame atomic absorption spectrometric method (FAAS) for the determination

of th

vanadium contentin steel

The 1
fracti

titanium content is not higher than 0,5 %.
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4 P

$0 Online browsinhg-platform: available at https://www.iso.org/obp

hethod is applicable to vanadium contents between 0,01 % (mass fraction) and 0
pn), provided that the tungsten content in a 1,0 g test portion is not higher than-1,0

ormative references

bllowing documents are referred to in the text in such a way-that some or all of
tutes requirements of this document. For dated references; only the edition cited
ed references, the latest edition of the referenced documeft)(including any amendmg

18, Laboratory glassware — Single-volume pipettes

D42, Laboratory glassware — One-mark volumetric.flasks

erms and definitions
'ms and definitions are listed in this document.

nd IEC maintain termihological databases for use in standardization at the following

C Electropedia available at http://www.electropedia.org/

rinciple

Disso

80 % (mass
0 and/or the

their content
applies. For
ents) applies.

96, Water for analytical laboratory use — Speéification and test methods
1284, Steel and iron — Sampling and preparation of samples for the determination of chemical
bsition

addresses:

ution of a test portion in hydrochloric, nitric and perchloric acids.

Addit

ion of an aluminium chloride solution as spectrochemical buffer.

Nebulisation of the test solution into an acetylene/nitrous oxide flame of an atomic absorption
spectrometer.

Spectrometric measurement of the atomic absorption of the 318,4 nm spectral line emitted by a
vanadium hollow-cathode lamp.

NOTE

Other suitable radiation sources can also be used.
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5 Reagents

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

only grade 2

water as specified in ISO 3696.

5.1 Pure iron, containing <0,000 5 % of vanadium or of low and known vanadium content.

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

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

5.4 Perchlloric acid, p approximately 1,67 g/ml.

WARNING -
fumes or or

5.5 Hydro
Add 10 ml of

5.6 Alumij

Dissolve 90
hydrochlorig

5.7 Vanad

5.7.1 Prep

Weigh (1,00
mixture of tH

Cover with a

- Perchloric acid vapour can cause explosions in the presence of ammonia, ni
panic material in general.

chloric acid solution, 1 + 50.

hydrochloric acid (5.2) to 500 ml of water and mix.

hium solution, 20 g/1.

b of aluminium chloride hexahydrate (AlCl;-6H,0) in“about 300 ml of water, add 5
acid (5.2), dilute to 500 ml with water and mix.

jum standard solution, 2,0 g/I1.

aration using vanadium metal

krous

ml of

* 0,001) g of vanadium (V = 99,9.%) and transfer it into a 400 ml beaker. Add 30 ml of a

ree volumes of hydrochloric acid (5.2) and one volume of nitric acid (5.3).

evaporate th

watch glass and if necessar§;-heat gently to assist dissolution. When dissolution is compplete

solution to just before dryness and add 20 ml of hydrochloric acid (5.2).

Allow to codl to room temperature and transfer the solution quantitatively into a 500 ml onefmark
volumetric fllask. Dilute to the-matrk with water and mix.

1 ml of this splution contains’2,0 mg of vanadium.

5.7.2 Preparation‘using ammonium metavanadate

Dry several grams of ammonium metavanadate (NH,VO3) (purity >99,9 %) in an oven at 100|°C to
105 °C for atlleast one hour and allow to cool to room temperatureina desiccator

NOTE A drying temperature over 110 °C will cause decomposition of ammonium metavanadate. Keep

strictly to the

drying temperature specified.

Weight 2,296 g of the dried product into a 600 ml beaker, add about 400 ml of hot water and gently
simmer to dissolve.

Allow to cool, transfer the solution quantitatively into a 500 ml one-mark volumetric flask. Dilute to the
mark with water and mix.

1 ml of this solution contains 2,0 mg of vanadium.
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Vanadium standard solution, 0,08 g/1.

Transfer 10,0 ml of vanadium standard solution (5.7) into a 250 ml one-mark volumetric flask. Dilute to
the mark with water and mix.

Prepare this solution immediately prior to use.

1 ml of this solution contains 0,08 mg of vanadium.

6 Apparatus

All vo
Ordin

6.1

Thes

ary laboratory apparatus and the following shall be used.

Atomic absorption spectrometer

mon

and free from vanadium.

The
the li
given

The ipstrument should also conform to the additional pérformance requirement given in §

6.1.1

The 5
soluti

The ¢
soluti
conce

6.1.2

The 1
lowes
from

The li

6.1.3

bectrometer shall be equipped with a vanadium hollow-cathode lampand supplied wi
ide and acetylene sufficiently pure to give a steady clear fuel-leari-flame, free from vy

omic absorption spectrometer used will be satisfactory if~dfter optimization accor
it of detection and characteristic concentration are ifréasonable agreement wit
by the manufacturer and it meets the performance criteria given in 6.1.1 to 6.1.3.

Minimum precision (see Annex C)

tandard deviation of 10 measurements of the absorbance of the most concentrate
on shall not exceed 1,0 % of the mean.absorbance of this solution.

tandard deviation of 10 measutrements of the absorbance of the least concentrate
on (excluding the zero membéer) shall not exceed 0,5 % of the mean absorbance
ntrated calibration solutiomn:

Limit of detection (see Annex C)

t concentration Jevel (or amount) of an element that can be determined to be statistic
hn analyticalblank.

mit of detection of vanadium in a matrix similar to the final test solution shall be less th

tomretTic glassware siratt bettass A7 fraccordance withr SO 648 or tSO-16#42 asapprypriate.

rh dinitrogen
vater and oil,

Hing to 8.3.3,
h the values

d calibration

d calibration
of the most

mit of detectionfis’a number, expressed in units of concentration (or amount) that dlescribes the

ally different

an 0,3 pg/ml.

Calibration linearity (see Annex C)

The slope of the calibration line covering the top 20 % of the concentration range (expressed as a
change in absorbance) shall not be less than 0,7 times the value of the slope for the bottom 20 % of the

conce

ntration range determined in the same way.

For instruments with automatic calibration using two or more standard solutions, it shall be established
prior to the analysis, by obtaining absorbance readings, that the above requirements for calibration
linearity are fulfilled.

6.1.4

Characteristic concentration (see Annex C)

The characteristic concentration for vanadium in a matrix similar to the final test solution shall be
greater than 1 pg/ml.
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6.2 Ancillary equipment

Scale expansion can be used until the noise observed is greater than the readout error and is always
recommended for absorbances below 0,1. If scale expansion has to be used and the instrument does not
have the means to read the value of the scale expansion factor, the value can be calculated by measuring

a suitable sol

7 Sampli

ution with and without scale expansion and then dividing the signals obtained.

ng

Carry out sampling in accordance with ISO 14284 or appropriate national standards for steels.

8 Procedure

8.1 Test
Weigh to the
a) forvana

b) forvana

8.2 Blank

ortion
nearest 0,001 g a test portion according to the presumed vanadium content as follow
Hium contents from 0,01 % to less than 0,20 %: a test portion of approximately 1,00 g

lium contents from 0,2 % to 1,0 %: a test portion of approximately 0,20 g.

test

yS:

In parallel wjith the determination and following the same progedure, carry out a blank test using the

same quanti
test portion.

8.3 Deter

8.3.1 Prey

Place the tes
acid (5.3), an
acid (5.4) an
glass and evz

Allow to coo
salts. Filter t|
warm hydro

Allow to coo

|, add 10 ml of hisdrochloric acid (5.2) and 20 ml of water, and heat gently to dissol

ies of all reagents as used for the determinatioef, ‘including pure iron (5.1) instead

mination

aration of the test solution

L portion (8.1) into a 250 m] beaker. Add 10 ml of hydrochloric acid (5.2) and 4 ml of
d cover the beaker with awatch-glass. After effervescence ceases, add 10 ml of perc
l evaporate the solution until fumes of perchloric acid are visible, then remove the
porate until no moré€ fumes come out of the beaker.

hrough a medium texture filter paper into a 100 ml one-mark volumetric flask. Was}
chloric acid(5.5) and add the washing fractions to the flask.

, add 10;0'ml of aluminium solution (5.6), dilute to the mark with water and mix.

pf the

nitric
hloric
ratch-

e the
1 with

8.3.2 Prep

aration of the calibration solutions

8.3.2.1 Vanadium contents <0,2 %

Transfer into a series of 250 ml beakers (1,00 + 0,01) g of the pure iron (5.1), add 10 ml of hydrochloric
acid (5.2) and 4 ml of nitric acid (5.3) to each beaker and cover them with watch-glasses. After
effervescence ceases, allow to cool and then respectively add the volumes of vanadium standard
solution (5.8) given in Table 1.
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Table 1 — Calibration solutions for vanadium contents <0,2 %

Vanadium standard solution volume (5.8) Corresponding vanadium mass

ml mg

02 0

1,0 0,08

2,0 0,16

2,5 0,20

5,0 0,40

1 ﬂ’ﬂ n’Qﬂ

15,0 1,20

20,0 1,60

25,0 2,00
a  Zéro member.
Procded as specified in 8.3.1 from "...add 10 ml of perchloric acid (5.4)..."£24 sentence of 1}t paragraph)
to thd end.
8.3.2)2 Vanadium contents between 0,2 % and 1,0 %
Trangfer into a series of 250 ml beakers (0,20 + 0,01) g of the\pure iron (5.1), add 10 ml of hydrochloric
acid (5.2) and 4 ml of nitric acid (5.3) to each beaker<and cover them with watch-glasses. After
efferyescence ceases, allow to cool and then respectively add the volumes of vanadifim standard
solution (5.8) given in Table 2.

Table 2 — Calibration solutions for vanadium contents between 0,2 % and 1}0 %
Vanadium standard solution volume (5.8) Corresponding vanadium mgss

ml mg

02 0

5,0 0,40

10,0 0,80

15,0 1,20

20,0 1,60

25,0 2,00
a  Zéro member.
Procded as.spécified in 8.3.1 from "...add 10 ml of perchloric acid (5.4)..." (2"d sentence of 1}t paragraph)

to thd

end,

8.3.3

Adjustment of the atomic absorption spectrometer

Fit the vanadium hollow-cathode lamp (see 6.1) to the atomic absorption spectrometer (6.1), switch
on the current and allow it to stabilize. Adjust the wavelength in the region of 318,4 nm to minimum
absorbance, if possible. Following manufacturer's instructions, fit the correct burner, light the flame,
adjust it to a red feather and the observation height in the flame to about 20 mm and then allow the
burner temperature to stabilize. Taking careful note of the manufacturer's instructions regarding the
minimum flow rate of acetylene, nebulize alternately the calibration solution of highest concentration
and the zero member, adjust the gas flow and burner position (horizontally, vertically and rotationally)
until the difference in absorbance between the calibration solutions is at a maximum.

NOTE

Other suitable radiation sources can also be used.

© IS0 2020 - All rights reserved
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WARNING — The manufacturer's recommendations should be closely followed, and particular
attention is drawn to the following safety points:

a) the explosive nature of acetylene, and regulations concerning its use;
b) the need to shield the eyes of the operator from ultraviolet radiation by means of tinted glass;

c) the need to keep the burner head clear of deposits because a badly clogged burner may
cause a flashback;

d) the need to ensure that the liquid trap is filled with water;

e) the neegs atibrnation

solutions.

Evaluate the| criteria of 6.1.1 to 6.1.3 and the additional performance requirement of 6.1.4to ensure
that the instfument is suitable for the determination.

8.3.4 Spedtrometric measurements

8.3.4.1 Spectrometric measurement of the calibration solutions

Nebulize thg relevant series of calibration solutions (8.3.2.1 or 8.3.2.2) depending on the expected
vanadium cqntent in succession into the flame and measure the absorbance for each solution] Take
care to keep[the aspiration rate constant throughout the preparation of the calibration curve. Nebulize
water through the burner after each measurement, see note.

NOTE For certain types of apparatus it is preferable to use a solution containing the attack reagents|in the
same concentfations as in the test portion solutions, instead of;water.

8.3.4.1.1 (alibration curves

Subtract the[mean absorbance value obtainedfor'the zero-member calibration solution from the|mean
absorbance yalues obtained for the other calibration solutions.

Establish th¢ appropriate calibrationcurve by plotting the net absorbance values of the calibration
solutions against the concentration,of vanadium, expressed in micrograms per millilitrg. Use
appropriate spectrometer software-or an off-line computer for regression calculations or prepare a
graphical representation.

If pure metals and reagentsthave been used, the zero member should have a negligibly small absorbance.

If, however, the zero member has a significant absorbance a more complicated procedure is required. In
this case, thq concentrdtion of vanadium c,, expressed in micrograms per millilitre (pg/ml), in the zero
member can|be caleulated using Formula (1)

A

€, =Coy X—2— (1

Acl_Az

where

c.4 1sthe concentration of vanadium, expressed in micrograms per millilitre (ng/ml) added to
the first calibration solution;

A. isthe absorbance of the zero member;

Z

A., isthe absorbance of the first calibration solution.

The ¢, value is then added to each of the nominal calibration concentrations in order to obtain a mean
calibration graph passing through the origin.

6 © IS0 2020 - All rights reserved
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8.3.4.2 Spectrometric measurement of the test solutions

8.3.4.2.1 Preliminary spectrometric measurement

Carry out a preliminary measurement on the test solution (8.3.1) at the same time as the spectrometric
measurements are carried out on the calibration solutions (see 8.3.2). Estimate the preliminary analyte

amou

8.3.4.

8.3.4

nt by using the calibration curve (8.3.4.1.1).
2.2 Spectrometric measurement

221 Use of the calibration curve

Meas
soluti

Convg
vanagd

8.3.4

Carry
caliby
vanad

9 E

9.1

Calcu

wherg

Wy=———
V' 100 x m

ire the absorbance of the blank test solution (8.2) and repeat the measurement]
on (see 8.3.4.2.1).

rt the absorbance values of the blank test solution and the test solutions to m
ium per millilitre by means on the calibration curve.

2.2.2 Use of bracketing method

out a second measurement on the test solution (see 8.3¢1) by bracketing betw
ation solutions having vanadium contents slightly higher~and slightly lower than t
ium concentration of the test solution.

xpression of results

Use of the calibration curve
Jate the vanadium content (wy), as a.percentage by mass, using Formula (2)

617G

h

| is the vanadium‘eoncentration in the test solution, derived from the calibration cu
crograms per‘millilitre (ug/ml);

is the vanadium concentration in the blank test, from the calibration curve, in mic
millilitre (ug/ml);

is the mass of the test portion, in grams (g);

s of the test

crograms of

een the two
he estimated

(2)

rve, in mi-

rograms per

- 41 I 4 - 41 - s 41 1.1 1o 4 4 1 4
IS LT VAIIdUTUIIT CUTILTIIU TIT LT TTUIT USTU TIT LT UIdIIR LTST, TAPITSSTU d5 d PTILTIIU
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9.2 Use of bracketing method

Calculate the vanadium content (wy), as a percentage by mass, using Formula (3)

6

Wy, =———
V" 100xm

(3)

where c, is the vanadium concentration, in micrograms per millilitre (pg/ml), calculated using

Formula (4):

Cy =C3+

A= 4,

Cp=Cq)X

(4)

where

is th
gra

C3
is th
gra
is th
is th

is th

AZ _Al

le vanadium concentration of the lower calibration solution used, expressedin micro
s per millilitre (png/ml);

le vanadium concentration of the higher calibration solution used,‘egpressed in micr
s per millilitre (ng/ml);

e absorbance value of the test solution;
le absorbance value of the calibration solution correspending to concentration c5;

le absorbance value of the calibration solution corrfésponding to concentration c,.

10 Precision

A planned te
laboratory m

st of this method was carried out by 23 laboratories, at seven levels of vanadium
aking three determinations (see Nates 1 and 2) of the vanadium content at each leve

The test samlples used are listed in Table A.1,"and the experimental precision data obtained are g

in Table A.2.
Theresultso
A graphical 1

The smooth
calculated fn
reproducibil

NOTE1 Tw
in 1SO 5725-

btained were treated statistically in accordance with ISO 5725-2:1994 and ISO 5725-3
epresentation of tHe-eXperimental precision data is given in Annex B.

bd precision _data, expressed as a percentage (mass fraction), shown in Table 3
om the relationships between the vanadium content mean values and repeatabilit
ty experimental data (see Annex A and Annex B).

o of the three determinations were carried out under repeatability conditions as d
|,.e™one operator, same apparatus, identical operating conditions, same calibration,

each
.

hown

1994.

were
y and

pfined
and a

iod

minimum pern

NOTE 2

as in note 1 using the same apparatus with a new calibration.

NOTE 3

The third determination was carried out at a different time (on a different day) by the same operator

When revising the present document, the precision data were re-evaluated: this new statistical

treatment has led to the removal of a sample (lowest vanadium content level), since the reproducibility
parameters (R, and R) found were not in line with those corresponding to the other samples (see Table A.2).
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Vanadium content Repeatability limit Reproducibility limits
% (mass fraction) % %
r R, R
0,01 0,0008 0,001 7 0,001 8
0,02 0,001 4 0,002 6 0,002 9
0,05 0,002 7 0,004 5 0,005 4
0,10 0,004 5 0,006 8 0,0088
0.20 0007 4 00104 00141
0,50 0,014 0,018 0,027
0,80 0,020 0,024 0,037

11 Test report

The t¢st report shall include the following information:

&
)

" of the test report;

b) npethod used by reference to this document, i.e. ISO 964%2020;

c) results and unit in which they are expressed;

d) apy unusual features noted during the determination;

&
[<8)

he results.

(=

linformation necessary for the identification of the sample, thelaboratory and the date of analysis

hy operation not specified in this documentor any optional operation which might haye influenced
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Annex A
(informative)

Additional information on the international interlaboratory test

Table 3 was derived from the results of an international interlaboratory test carried out in 1985 on six
steel samples and one pig iron sample in 10 countries and involving 23 laboratories.

The results d

f the test were reported in document ISO/TC 17/SC 1 N 646, March 1986.

10
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Annex B
(informative)

Graphical representation of precision data
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Figure B.1 — Relationships between vanadium content and repeatability limit, r, and

reproducibility limits, R, and R
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