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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-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is @
rights. ISO s

1ISO 22962 W
SC 11, Titan

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan
the technical committees are circulated to the member bodies for voting. [Publication 2

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of
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INTERNATIONAL STANDARD 1ISO 22962:2008(E)

Titanium and titanium alloys — Determination of iron —
Inductively coupled plasma atomic emission spectrometry

1 cope

This |nternational Standard specifies an inductively coupled plasma atomic emission spectrometrjc method for
the determination of the mass fraction of iron in titanium and titanium alloys.

The method is applicable to titanium and titanium alloys with a mass fraction of ironvin the rangel from 0,01 %
to 3,0 %.

2 ormative references

The following referenced documents are indispensable for the! application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO 384:1978, Laboratory glassware — Principles of désign and construction of volumetric glassyare
ISO ¢48:—"), Laboratory glassware — Single volume pipettes

ISO 1042:1998, Laboratory glassware +— ©ne-mark volumetric flasks

ISO 3696:1987, Water for analytieallaboratory use — Specifications and test methods

ISO 4787:1984, Laboratory.glassware — Volumetric glassware — Methods for use and testing of|capacity

3 Principle

Dissqlve thestest portion in nitric acid and hydrofluoric acid, or sulfuric acid and hydrofluoric acid. Determine
the ifon«cencentration in the test portion using an inductively coupled plasma (ICP)-atorpic emission
spec‘rometer.

4 Reagents

4.1 General

During the analysis, use only reagents of recognized analytical grade and water that complies with grade 2 of
ISO 3696.

1) To be published. (Revision of ISO 648:1977)

© 1SO 2008 — All rights reserved 1
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4.2 Hydrochloric acid (1+1)

Add slowly 5
4.3 Nitric

4.4 Nitric

Add slowly 5

00 ml of hydrochloric acid (pyq 1,16 g/ml to 1,19 g/ml) to 500 ml of water (4.1).
acid (p,g 1,42 g/ml)

acid (1+1)

00 ml of nitric acid (pyq 1,42 g/ml) to 500 ml of water.

4.5 Hydr

Add, carefull

4.6 Sulfu

Add slowly 5

4.7 Sulfu

Add slowly 1

4.8 Titani

fluoricacid(1+t)

y and slowly, 100 ml of hydrofluoric acid (pyg 1,14 g/ml) to 100 ml of water.

ic acid (1+1)

DO ml of sulfuric acid (pyg 1,84 g/ml) to 500 ml of water, while stirring and eoling.
ic acid (1+3)

DO ml of sulfuric acid (pyg 1,84 g/ml) to 300 ml of water, while stirring and cooling.

um

Minimum putiity 99 % (mass fraction), the mass fraction of iron is‘as low as possible and already known.

mass fractior

of iron is unknown, it should be determined by the mass fraction of iron in ISO 22960.

4.9 Cobalt solution (1 mg Co/ml)

Weigh 1,00
decompose
mark with wa

4.10 Yttriu
Weigh 1,27

decompose
up to the ma

4.11 Lanth
Weigh 1,17 ¢

decompose
up to the ma

412 Iron's

j of cobalt metal [minimum purity.99;5 % (mass fraction)] into a 300 ml beaker, hea
vith 40 ml of nitric acid (4.4). After(cqoling, transfer to a 1 000 ml volumetric flask, make up
ter and mix.

M solution (1 mg Y/ml)
h of yttrium oxide(ll)~[minimum purity 99,5 % (mass fraction)] into a 300 ml beaker, hea

vith 20 ml of hydfochloric acid (4.2). After cooling, transfer to a 1 000 ml volumetric flask,
'k with water and mix.

anum solution (1 mg La/ml)

offanthanum oxide(lll) [minimum purity 99,5 % (mass fraction)] into a 300 ml beaker, he
ith’ 20 ml of hydrochloric acid (4.2). After cooling, transfer to a 1 000 ml volumetric flask,

If the

and
o the

t and
make

and
ake

rk with water and mix.

tandard solution (0,500 mg Fe/ml)

Weigh, to the nearest 0,1 mg, 0,500 g of iron metal [minimum purity 99,9 % (mass fraction)], into a 300 ml
beaker, heat and decompose with 30 ml of hydrochloric acid (4.2). Add 5 ml of nitric acid (4.4) to oxidize iron
and heat until nitrogen oxides evaporate. After cooling, transfer to a 1 000 ml volumetric flask, make up to the
mark with water and mix.

© 1SO 2008 — All rights reserved
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5 Apparatus

5.1

General

Use normal laboratory apparatus.

5.2
with |

5.3
5.4
5.5
5.6
238,
(371,

A hy|
hydrg
6

6.1

The 3
meth

6.2

Extra

Volumetric glassware, of class A complying with ISO 384, ISO 648 and ISO 1042. Use in accordance
SO 4787.

Polyethylene beaker and watch glass.
[Polytetrafluoroethylene (PTFE) beaker and PTFE watch glass.

Analytical balance, sensitive to 0,1 mg.
ICP-atomic emission spectrometer capable of simultaneously measuring'(thé iron e
0 nm, or 259,94 nm and the emission line of the internal standard cobalt (228,62
D3 nm), lanthanum (398,85 nm), titanium (255,60 nm) or titanium (333,21 nm)).

Hrofluoric-acid-resistant nebulizer is recommended for the decomposition method with ni
fluoric acid (7.3.2).

Sample

Sampling

ampling procedure for titanium and titanium allgys shall be agreed upon until a correspong
bd has been published.

Test portion

ct a test portion of 0,50 g from the test sample and weigh to the nearest 0,1 mg.

mission line
nm), yttrium

fric acid and

ing standard

bns, on each

7 Procedure

7.1 | Number of determinations

Carry out the detefmination at least in duplicate, as far as possible under repeatability conditi

sample.

7.2 | Blank test

Carry out a blank test in parallel with the analysis, using the same quantities of all reagents but omitting the
test portion.

7.3 Preparation of calibration solution

7.31

General

Prepare the calibration solutions in accordance with 7.3.2, 7.3.3 or 7.3.4.

©I1SO

2008 — All rights reserved
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7.3.2

procedure described in 7.4.2)

Weigh four samples of titanium (4.8), each of 0,50 g, and transfer to polyethylene beakers (200 ml).

In the case of decomposition with nitric acid and hydrofluoric acid (This method is used for the

Add 50 ml of nitric acid (4.4) and 10 ml of hydrofluoric acid (4.5), cover with a polyethylene watch glass and
heat gently on a water bath to decompose the titanium sample. Continue heating until nitrogen oxides

evaporate. C

ool to room temperature.

Remove a watch glass, add, from a burette or pipette, 0 ml, 10 ml, 20 ml and 30 ml of iron standard solution

(4.12). Trans

fer the solution into a 100 ml volumetric flask.

Add 5,0 ml

internal standard solution [cobalt (4.9)], make up to the mark with water and mix. Immedi

transfer the dolution into a dry polyethylene or PTFE bottle with a stopper and reserve.

7.3.3

In the case of decomposition with sulfuric acid and hydrofluoric acid (This method'is used

the procedure described in 7.4.3)

Weigh four s

Add 20 ml o
gently to ded

bmples of titanium (4.8), each of 0,50 g, and transfer to PTFE beakers (200'ml).

sulfuric acid (4.6) and 4 ml of hydrofluoric acid (4.5), cover with aaPTFE watch glass and
ompose the titanium. If the decomposition is incomplete, add a small quantity of hydrofluorig

(4.5) and heat again. Add 4 ml of nitric acid (4.4), and heat for a few minuies.

Remove the
temperature,
fumes appeq

The volume
recommendsg
influence will

Cool to room
salt.

Add, from a
solution into

Add 5,0 ml o
with water ar

7.3.4

Weigh four s

watch glass, continue heating until white fumes appear:for about 5 min. Then cool to
and rinse the inside of the beaker with a small quantity of water. Heat again until strong
r for 2 to 3 min.

of sulfuric acid remaining in the beaker will -influence the intensity of emission. Therefore
d that care be taken to keep a constant volume of the remaining sulfuric acid. However
be cancelled by using an internal standard-method.

temperature. Add 20 ml of hydroehloric acid (4.2) and a small quantity of water to dissolV
burette or pipette, 0 ml, 10 mi, 20 ml, and 30 ml of iron standard solution (4.12). Transfg

b 100 ml volumetric flask!

f internal standard sefution [cobalt (4.9), yttrium (4.10) or lanthanum (4.11)], make up to the
d mix.

In the case of decomposition with sulfuric acid (This method is used for the procedure in 7

bmples.of titanium (4.8), each of 0,50 g, and transfer to conical beakers (100 ml).

ately,

for

heat

acid

room
white

L it is
that

e the

r the

mark

4.4)

Add 40 ml o

sulfuric acid (4.7). cover with a watch glass and heat gently to decompose all of the titd

nium

(maintaining the volume with distilled water). After dissolution of the titanium, add nitric acid (4.3) drop by drop
for titanium oxidation, and heat the solution until white fumes appear. Cool to room temperature.

Remove a watch glass, add, from a burette or pipette, 0 ml, 10 ml, 20 ml and 30 ml of iron standard solution

(4.12). Trans

fer the solution into a 100 ml volumetric flask with water.

Make up to the mark with water and mix.

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=35a5c3be7d903ce3e60fde7fe71e6490

ISO 22962:2008(E)

7.4 Preparation of a test solution for presentation to the ICP-atomic emission spectrometer

741

General

Prepare the test solutions for presentation to the ICP-atomic emission spectrometer in accordance with 7.4.2,

7.4.3

7.4.2

or7.4.4.

Decomposition with nitric acid and hydrofluoric acid

NOTE This method is applicable for the determination of iron in titanium (including commercially
titanium) and titanium alloys.

available pure

Tran

Add
heat
Cool

Rem

Add
trans

743

NOTH
titanid

Trans

Add
gentl
(4.5)

Rem
temp

appe

The
recor
influg

Cool
salt.

fer the test portion to a polyethylene beaker (200 ml).
b0 ml of nitric acid (4.4) and 10 ml of hydrofluoric acid (4.5), cover with a polyethylene wat
gently on a water bath to decompose the test portion. Continue heating until nitfogen oxide
to room temperature.

bve the watch glass and transfer the solution into a 100 ml volumetric flask-

b,0 ml of internal standard solution [cobalt (4.9)], make up to the mark with water and mix.
fer the solution into a dry polyethylene or PTFE bottle with a stopper and reserve.

Decomposition with sulfuric acid and hydrofluoric acid

This method is applicable for the determination of (iron in titanium (including commercially
m) and titanium alloys.

fer the test portion to a PTFE beaker (200 ml):

PO ml of sulfuric acid (4.6) and 4 ml of hydrofluoric acid (4.5), cover with a PTFE watch gl
y to decompose the test portion. If decomposition is incomplete, add a small quantity of hyd
and heat again. Add 4 ml of nitric acid'(4.4) and heat for a few minutes.

pve the watch glass, continue* heating until white fumes appear for 5 min. After coo
brature, rinse the inside of the beaker with a small quantity of water. Heat again until strong
ar for 2 to 3 min.

olume of the sulfuric-acid remaining in the beaker will influence the intensity of emission . T
nmended that gare’ be taken to keep a constant volume of the remaining sulfuric acid. H
nce will be cancelled by using an internal standard method.

to room\temperature. Add 20 ml of hydrochloric acid (4.2) and a small quantity of water to

After

ch glass and
S evaporate.

Immediately,

pvailable pure

Bss and heat
rofluoric acid

ing to room
white fumes

herefore, it is
owever, that

dissolve the

cooling to room temperature, transfer the solution into a 100 ml volumetric flask

Add 5,0 ml of internal standard solution [cobalt (4.9), yttrium (4.10) or lanthanum (4.11)], make up to the mark
with water and mix.

7.4.4

Decomposition with sulfuric acid (using titanium as the internal standard)

NOTE This method uses titanium as the internal standard, and is applicable to the determinati
commercially available pure titanium only.

Transfer the test portion to conical beakers (100 ml).

©I1SO

2008 — All rights reserved
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Add 40 ml of sulfuric acid (4.7), cover with a watch glass and heat gently to decompose the titanium
(maintaining the volume with distilled water). After dissolution of the titanium, add nitric acid (4.3) drop by drop
for titanium oxidation. Heat the solution until white fumes appear.

After cooling

to room temperature, transfer the solution into a 100 ml volumetric flask with water.

Make up to the mark with water and mix.

7.5 Determination of iron concentration

7.51

General

The instrum
background
stabilization.

Measure thsg
method.

When using
normalizatior
manual for th

ent shall be set up in accordance with the manufacturer’s instruction. Chose appro
correction positions and ignite the plasma torch for at least 30 min before usg,)to

emission intensity using the ICP-atomic emission spectrometer using the“internal sta

devices for a computer system preparation of a working curve, standardization (drift corre
, recalibration) and measurement of iron concentration shall be in accordance with the ope
e device’s computer system software.

7.5.2 PrepI

Spray a por
measure the
the waveleng

ration of working curve
on of the calibration solutions into the argon plasma,of an ICP-atomic emission spectron

emission intensity of iron and the internal standard\elements (Co, Y, La, or Ti) simultaneou
th shown in Table 1.

Table 1 — Element and measurement wavelength

Wavelength
Element
nm

Fe 238,20 or 259,94

Co 228,62

Y 371,03

La 398,85

Ti 255,60 or 333,212
X For Fe 238,20 nm line, the Ti 255,59 nm line should used as the
internal standard line 9 and for the Fe 259,94 nm, the Ti 333,211 nm line
should be used the as internal standard line.

Driate
allow

hdard
ction,

ating

heter,
Sly at

Calculate the intensity

Equation (1).

ratios of the emission intensities of iron and the internal standard elements

R=Igellis
where
R is the intensity ratio of iron and the internal standard element;

Ig is the emission intensity of iron;

Iis

is the emission intensity of the internal standard element.

using

(1)

© 1SO 2008 — All rights reserved
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Prepare the relation curve between the obtained intensity ratios and the iron concentration, in mg/100 ml.
Ensure that the graph achieves better than 0,999 correlation and is suitably linear.

Prepare the working curve for a sample by parallel shifting of the relation curve, so as to let the curve pass
through the origin of the coordinate axes.

7.5.3 Measurement of iron concentration

Spray a portion of the test solutions into the argon plasma of an ICP-atomic emission spectrometer.

Measure the emission intensity of iron and the internal standard elements (Co, Y, La, or Ti) simultaneously at

the W
interr

Dete

8 1

The 1

wher

b
Calcl
The

not b
the a

Fe

Y%

P1

P2

P3

I

avelength shown n Table T. Calculaie the infensity ratios of the emission Iniensities of
al standard element using Equation (1).

mine the iron concentration (mg/100 ml) of the test solutions from the working curve:

Expression of result

e Tl YNPTRTIS

m
is the concentration of iron in the test solution,\expressed in mg/100 mi;
is the concentration of iron in the blank-solution, expressed in mg/100 ml;

is the concentration of iron in the titanium (4.8) used in 7.3.2 or 7.3.3, expressed in mg/1

is the mass of test portion, ‘expressed in g.

late the mass fraction of fron’in the test portion to the third decimal place.

lifference in results ‘of)two parallel determinations of the mass fraction of iron in the same
e greater than thé-tolerance [Equation (3), (4), (5), (6), (7) or (8)]. If the difference exceeds t
halysis shall be‘repeated.

iron and the

nass fraction of iron in the test portion, wg,, expressed as a percentage;is given by the Equation (2).

DO ml;

sample shall
he tolerance,

© 1SO 2008 — All rights reserved
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