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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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Rubber — Determination of metal content by atomic

ab

sorption spectrometry —

Part 5:
Determination of iron content

1

This
cont

The

1 000 mg/kg. Higher concentrations can be determined, provided that.suitable adjustmen

to th

2

The
cons
und{

ISO
ISO
ISO
ISO
ISO
ISO

No t

ISO

Scope

ent of rubbers.

method is applicable to raw rubber, rubber products and latex having iton contents off

e mass of the test portion and/or the concentrations of the solution-used.
Normative references
titutes requirements of this document. For dated, references, only the edition cited

| 23, Rubber latex — Sampling

| 24, Latex, rubber — Determination of totgl solids content
P47-1, Rubber — Determination of ashy— Combustion method
h48, Laboratory glassware — Single-volume pipettes

042, Laboratory glasswares- One-mark volumetric flasks

| 795, Rubber, raw nattisal and raw synthetic — Sampling and further preparative procedy

Terms and.deéfinitions
brms andrdéfinitions are listed in this document.

ind IEG-maintain terminological databases for use in standardization at the following a

document specifies an atomic absorption spectrometric method for the deteriination of the iron

5 mg/kg to
ts are made

following documents are referred to in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced'document (including any amendments) applies.

res

ddresses:

ECElectropedia: available at https://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.org/obp/

4 Principle

Atestportionisashed at 550 °C = 25 °Cin accordance with ISO 247-1. The ash is dissolved in hydrochloric
acid or nitric acid and if any silicates are present they are decomposed with a mixture of sulfuric acid

and

hydrofluoric acid to remove them.

The solution obtained is aspirated into an atomic absorption spectrometer and the absorption is
measured at a wavelength of 248,3 nm for concentrations up to 10 mg/kg or 0,001 % (by mass), or
372,0 nm for concentrations of 10 mg/kg to 1 000 mg/kg or 0,001 % (by mass) to 0,1 % (by mass).

© ISO 2018 - All rights reserved
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5 Reagents

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade, and only
distilled water or water of equivalent purity.

5.1 Sulfuric acid, p2p = 1,84 Mg/m3, 95 % (m/m) to 97 % (m/m).

5.2 Hydrochloric acid, po0 = 1,19 Mg/m3, 37 % (m/m).

5.3 Hydrochloric acid diluted 1 + 3, dilute 1 volume of concentrated hydrochloric acid (5.2) with

3 volumes g
5.4 Hydr

5.5 Concg

5.6 Dilut
a1000 cm3
5.7 Stand

Either use 3

Grind meta
conical flas
concentrate
mark with

1 cm3 of thi

5.8 Stand

Carefully pipette 10 cm3 of the standard\iron stock solution (5.7) using volumetric pipette (6.13) it

1 000 cm3
diluted nitr

1 cm3 of thi

6 Apparnatus

Use ordina
implementg

f water.
bfluoric acid, pyo0 = 1,13 Mg/m3, 38 % (m/m) to 48 % (m/m).
pntrated nitric acid, p2o = 1,42 Mg/m3, 69 % (m/m).

p nitric acid, 1,6 % (by mass), carefully pipette 11,5 cm3 of concentrated nitric acid (5.5)
one-mark volumetric flask, making up to the mark with water, and mix thoroughly.

ard iron stock solution, containing 1 g of Fe per cubic decimetre.
commercially available standard iron solutions, or prepare as follows:

lic iron, purity greater than 99 % (by mass). Weigh 1 g to the nearest 0,1 mg in a 250
K (6.11) and dissolve it in a mixture of 100 cm3 of *+ 3 hydrochloric acid (5.3) and 10 cn

| + 3 hydrochloric acid (5.3) and mix thoroughly.

s standard solution contains 1 000 ug of-Fe.

ard iron solution, containing 10 thg of Fe per 1 000 cm3.

ne-mark volumetric flask (6.4) and dilute to the mark with 1 + 3 hydrochloric acid (5.
jc acid (5.6).

s primary calibration solution contains 10 pg of Fe.

'y laboratory apparatus and the following, ensuring that all apparatus and laborg
arénon-ferrous.

into

cm3
h3 of

d nitric acid (5.5). Transfer it to a 1 000 cm3 @ne-mark volumetric flask (6.4), dilute t¢ the

1to a
B) or

tory

6.1 Balance, accurate to 0,1 mg.

6.2 Muffl

e furnace, capable of being maintained at 550 °C + 25 °C.

6.3 Beaker, of capacity 250 cm3.

6.4 One-mark volumetric flasks, glass-stoppered, of capacity 50 cm3, 100 cm3, 200 cm3, 500 cm3
and 1 000 cm3, complying with the requirements of ISO 1042, class A.

6.5 Filter funnel.

6.6 Crucible (silica or porcelain), of capacity 150 cm3 depending on the test portion size.

2
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6.7 Crucible (platinum), of capacity 50 cm3 to 150 cm3 depending on the test portion size.

6.8

6.9

6.10

6.11

Platinum rod or borosilicate-glass rod, as stirrer.
Ashless filter paper, of diameter 150 mm.
Electrical heating plate or sand bath.

Conical flask, of capacity 250 cm3.

6.12
also
high

The
perf]

Alte
by a

6.13
requ

6.14
6.15
6.16

7

Carr

8

Atomic absorption spectrometer, fitted with a burner fed with acetylene and compte
fitted with an iron hollow-cathode lamp capable of emitting radiation of the required wa
brightness lamp is advisable.

Drmance.

natively, an electrothermal atomization device (graphite furnace)may be used. It shall
competent person in accordance with the manufacturer's instructions for optimum pel

Volumetric pipettes, of capacity 5 cm3, 10 cm3, 20 cm3,50c¢cm3 and 100 cm3, comply
irements of ISO 648, class A.

Watch glasses, for covering the crucibles (6.6 and:6.7).
Steam bath.

Non-ferrous cutting implement.

Sampling

y out sampling as follows;

raw rubber, in accordance with ISO 1795;

atex, in accordance-with ISO 123;

products, toderepresentative of the whole sample.

Procédure

WARNING — All recognized health and safety precautions shall be observed when cz

ssed air and
velengths. A

instrument shall be operated in accordance with the manufacturer's instructions f¢or optimum

be operated
-formance.

ng with the

irrying out

the procedures specified in this document.

8.1

Preparation of test portion

8.1.1 Weigh, to the nearest 0,1 mg, approximately 1 g to 5 g of rubber product and 5 g to 10 g of
raw rubber, milled or finely cut, into an appropriate crucible (6.6 or 6.7), using a non-ferrous cutting
implement (6.16). The size of the test portion shall be judged by prior knowledge of the approximate
amount of iron present.

8.1.2

cruc

ible (6.7).

© ISO 2018 - All rights reserved
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8.1.3 For natural rubber latex concentrate, take a portion of thoroughly mixed latex containing about
10 g of total solids, make into a thin film by pouring the portion onto a glass plate, dry to constant mass
as specified in ISO 124 and cut into small pieces.

8.1.4 For raw, natural rubber, take the test portion from a test sample prepared in accordance with

ISO 1795.

8.2 Preparation of test solution

8.2.1 Destruction of organic matter

Ash in acco
allow the cr

If the ash is
to the ash, 4
return to th

8.2.2 Dis

Add carefu
(6.15). Covg
splashing a

Transfer th
heat for 30

If the residyie dissolves completely, transfer to a 50 cm3;yolumetric flask (6.4), dilute to the mark

1 + 3 hydro

If the ash if
and 8.2.1. A
sulfuric aci
in a fume cu
rod (6.8).R

Allow to co
glass (6.14)
flask (6.4) t
Dilute to thg

8.2.3 Dis

Add 10 cm3
bath (6.16)

ucible and its contents to cool to ambient temperature.

black, caused by small amounts of carbon black, add 1 cm3 of concentratedmit¥ic acid
vaporate to dryness on an electrical heating plate or gas burner with sand bath (6.10)
e muffle furnace and ashed for 10 min to 15 min.

solution of inorganic residue using hydrochloric acid

ly 20 cm3 of 1 + 3 hydrochloric acid (5.3) to the ash and hé€at for 30 min on a steam
r with a watch glass (6.14) to avoid losses, for exampléeé\due to carbonates, which c
nd foaming.

e solution and the residue to a beaker (6.3) with 50,cm3 of 1 + 3 hydrochloric acid (5.3)
min.

Chloric acid (5.3) and proceed in accordance'with 8.4.

not totally dissolved, i.e. silicates ate present, ash a new portion in accordance with |
dd a few drops of sulfuric acid (5.1)and heat to fuming. Cool and add a further three dro
1 and 5 cm3 of hydrofluoric acid\(3.4). Heat on the electric heating plate or sand bath (¢
pboard and evaporate to drymness, while stirring with the platinum rod or borosilicate-§
bpeat this procedure twice:

bl to ambient temperature, add 20 cm3 of 1 + 3 hydrochloric acid (5.3), cover with a w
and heat for 10 mins Filter the contents of the crucible into a 50 cm3 one-mark volum
hrough an ashless-filter paper (6.9) and rinse the contents with 1 + 3 hydrochloric acid

solutiorfof inorganic residue using nitric acid — Alternative method

of dildte nitric acid (5.6) to the cooled residue. Cover with a watch glass and heat on a st
o¥-electrical heating plate (6.10) for at least 30 min. Allow to cool to ambient tempera

‘dance with ISO 247-1 in the muffle furnace (6.2) maintained at 550 °C £ 25 °C. After asll\ing,

[5.5)
and

bath
Quse

and

with

3.1.2
ps of
p.10)
rlass

atch
etric
5.3).

mark using 1% 3 hydrochloric acid (5.3) and mix thoroughly. Proceed in accordance with 8.4.

eam
fure.

Filter the contents of the crucible into a 50 cm3 one-mark volumetric flask (6.4) through an ashless
filter paper (6.9). Rinse the crucible and mix thoroughly, before making up with dilute nitric acid (5.6)
to the mark. Proceed in accordance with 8.4.

8.3 Preparation of the calibration curves

8.3.1 Preparation of standard calibration solutions

8.3.1.1

Into a series of eight 100 cm3 one-mark volumetric flasks (6.4), place the volumes of the

standard iron solution (5.8) as indicated in Table 1, add 1 + 3 hydrochloric acid (5.3) or dilute nitric acid

(5.6) to the

mark and mix thoroughly.

© ISO 2018 - All rights res
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8.3.1.2 Prepare the set of calibration solutions immediately prior to the determination.

Table 1 — Standard calibration solutions

5:2018(E)

8.3.1

Swit]
cath
and

Adju
insti

Aspi
the

aspi
leve

the 1articular spectrometer being used.

Volume of standard iron solution Mass of iron contained in 1 cm3

cm3 Hg

100 10
50 5
20 2
10 +

0,5

2a 0,2a

1a 0,1a

a  Only if the sensitivity of the spectrometer is high enough for accurate results:

. Spectrometric measurements

ch on the spectrometer (6.12) sufficiently in advance to ensure stabilization. With the i
pde tube suitably positioned, adjust the wavelength to 248,3 nm or 372,0 nm, and thg
the slit aperture according to the characteristics of the instrument.

uctions so as to obtain a clear blue, non-luminous, oxidizing flame, suited to the chara

ate the series of standard calibration solutions in succession into the flame, ar
hbsorbance of each solution twice, averaging the readings. Take care to ensure that|
ration is constant throughout this process. Ensure also that at least one standard is at
corresponding to the rubber being tested.

Aspirate water through the burner after each measurement.

8.3.

Plottwo curves (one for each of the concentration ranges given below) having, for example,

in
a)
b)

and
solu

Plotting the calibration-curves

icrograms, of iron Ceirtained in 100 cm3 of the standard calibration solutions as abscisg
10 ug/100 cm3te100 pg/100 cm3 for 248,3 nm,

100 pg/100/cm3 to 1 000 ug/100 cm3 for 372,0 nm (recommended flame for waveleng
s nitrous-oxide-acetylene)

thé corresponding values of absorbance, corrected for the absorbance of the calibr
[ion (see Table 1), as ordinates.

ron hollow-
sensitivity

st the pressures and flow rates of the air and of the acetylene in accordance with the manufacturer’s

cteristics of

)i d measure
the rate of
r below the

the masses,
ae from

h 372,0 nm

ation blank

Represent the points on the graph by the best straight line as judged visually, or calculated by the least-
square fit method.

8.4

Determination

8.4.1 Spectrometric measurements

Carry out duplicate spectrometric measurements at a wavelength of 248,3 nm or 372,0 nm on the test
solution (8.2.2 or 8.2.3), following the procedures specified in 8.3.2.

© ISO 2018 - All rights reserved
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8.4.2 Dilution

If the instrument response for the test solution is greater than that found for the standard calibration
solution having the highest iron content (see Table 1), dilute as appropriate with 1 + 3 hydrochloric acid
(5.3) or dilute nitric acid (5.6) in accordance with the following procedure.

Pipette carefully a volume, V, of the test solution (8.2.2 or 8.2.3) into a 100 cm3 one-mark volumetric
flask so that the iron concentration lies within the range covered by the standard calibration solutions.
Dilute to the mark with 1 + 3 hydrochloric acid (5.3) or dilute nitric acid (5.6). Repeat the measurement.

NOTE To increase the reliability of the test method, the standard-addition method can be used (see Annex A).

8.4.3 Blale determination

Carry out afblank determination in parallel with the determination, using 1 + 3 hydrochleric¢/acid (5.3)
or dilute nifric acid (5.6), but omitting the test portion.

If sulfuric apid and hydrofluoric acid were used for the test portion preparation, the same quantities of
these acids ghall be used in the preparation of the blank determination solution;,

8.4.4 Number of determinations

Carry out the procedure in duplicate, using separate test portions cut fremthe same homogenized sample.

9 Expression of results

9.1 Read the iron content of the test solution directly front the calibration graph plotted in 8.3.3] The
iron content of the test portion, expressed as percentage’by mass, is given by the Formula (1):

p(Fe) |-p(Fe),
200m

xf (M

where

p(Fe)t | istheiron content, in micrograms per cubic centimetre, of the test solution, read from
the calibration graph;

p(Fe)p | istheiron confent, in micrograms per cubic centimetre, of the blank solution, read from
the calibration graph;

m is the'mass, in grams, of the test portion;

is'the test solution dilution factor, if required (see 8.4.2), given by:
166

f=3

where V is the volume, in cubic centimetres, of the test solution pipetted out.

9.2 The iron content of the test portion can also be calculated, in milligram per kilogram, of the test

solution, by Formula (2):

50[ p(Fe), —p(Fe), |

X f (2)

6 © ISO 2018 - All rights reserved
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9.3 The test result is the average of two determinations, rounded to two decimal places when the iron
concentration is expressed as a percentage and to the nearest whole number when the concentration is
expressed in milligrams per kilogram.

9.4 Report the iron content as a percentage if greater than or equal to 0,1 % or as milligrams per
kilogram if less than 0,1 %.

10 Precision

See Annex B.

11
The

lTest report

test report shall include the following information:

hll details necessary for the complete identification of the product tested;
the method of sampling;

h reference to this document, i.e. ISO 6101-5:2018;

Fhe method of ashing and the method of dissolution used;

Lhe type of instrument used;

the results obtained and the units in which they.ar€’expressed;

hny unusual features noted during the determination;

Hetails of any operations not specified in-this document, or in the International Standat
reference is made, which might have affected the results.

© ISO 2018 - All rights reserved
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Annex A
(informative)

Method of standard addition

The method of standard addition is used with samples containing unknown concentration of matrix
materials, with samples which are difficult to duplicate with blanks and/or when it is necessary to

lower the li

mits of detection.

The methofl of standard addition can be found in any standard text book on atomiccabsorption
spectroscopy and is usually described in the user’s manual supplied with the atomie, absorption
spectrometgr.

The followihg example illustrates the method.

From a test
aliquots, ad
total for all

Measure th

Plot absorbpnce on the Y-axis and the concentration, in micrégrams of iron per cubic centimetf

solution prepared as described in 8.2, take four aliquots of the same Size. To three of these

four aliquots. Use concentrations which fall on the linear poytion of the calibration gray

b absorbance of each of the four solutions so obtained.

d a different, but known, volume of standard iron solution. Makeup the volumes to the Jame

solution, on{the X-axis.

Extrapolatg
the X-axis, 1

An examplg

the straight line to intersect the X-axis (zero.absorbance). At the point of intersection
ead off the concentration of iron in the test:Solution.

is given in Figure A.1.

with

© ISO 2018 - All rights reserved
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