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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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1 the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fo

les of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may be the subje
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Subcommittee SC 2, Testing and analysis.

This fourth
revised.

edition cancels and replaces the thirdredition (ISO 6101-3:2014), which has been technitally

The main clhanges compared to the preyvieus edition are as follows:

in Clauge 2, Clause 4 and 8.2.1,dSO"247 has been updated to ISO 247-1;

in Clauge 4, 6.3 and 8.2.1, the-ashing temperature for rubber products (950 °C) has been added;

in 5.2, the concentration-of dilute hydrochloric acid has been reduced to 2 %;

in 5.8, the amount'of nitric acid to prepare 1,6 % dilute nitric acid has been changed from 11,5/cm3

to 16 cip3 to correct a calculation error;

in 5.10,|18.232,8.3.1.1, 8.4.2 and 8.5, the concentration of hydrochloric acid in the standard solultion,
the sample solution and the calibration solutions has been changed to about 2 % to prevent the
burner from getting dirty or damage (in the alternative method given in 8.2.3, the concentration of
nitric acid in these solutions is 1,6 %);

in8.2.1,8.2.2 and 8.2.3, the sentence “moisten the ash with some drops of water, then add HCl/HNO,
acid” has been added and the sentence “stir carefully with the platinum or borosilicate-glass rod”
has been deleted to avoid ash losses;

in 8.2.2, the dissolution of inorganic residue process has been aligned with 8.2.3 to account for the
reduced concentration of the dilute hydrochloric.

Alist of all parts in the ISO 6101 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Rubber — Determination of metal content by atomic
absorption spectrometry —

Part 3:
Determination of copper content

WARNING 1 — Persons using this document should be familiar with normal laboratoj

Thi{
use.
detd

document does not purport to address all of the safety problems, if any, associat
Itis the responsibility of the user to establish appropriate safety and health/pract
rmine applicability of any national regulatory conditions.

WARNING 2 — Certain procedures specified in this document can involve-the use or

of s
Refd
use.

1

This
copyl

The

ibstances, or the generation of waste, that can constitute a local environmen
rence should be made to appropriate documentation on safe handling and dis

Scope

document specifies an atomic absorption spectrometric method for the determinz:
er content of rubbers.

method is applicable to raw rubber and rubber products having copper contents ab

Copper contents below this limit can be deterntined, provided that suitable adjustments 3

eithg
stan|

2

The
CONS
undai

ISO
ISO
ISO
ISO

1 the mass of the test portion or to the coneentrations of the solutions used, or both. TH
dard additions method can lower the bottom limit of detection.

Normative references

titutes requirements of this document. For dated references, only the edition cited

| 23, Rubber latex’=~Sampling
| 24, Latex, rtibber — Determination of total solids content
P47-1, Rubber — Determination of ash — Part 1: Combustion method

b4 8 \Laboratory glassware — Single-volume pipettes

'y practice.
ed with its
ices and to

generation
fal hazard.
posal after

ition of the

ove 1 ppm.
ire made to
e use of the

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 amendmerts) applies.

ISO

39, Laboratory glassware — Graduated pipettes

ISO 1042, Laboratory glassware — One-mark volumetric flasks

[SO 1772, Laboratory crucibles in porcelain and silica

[SO 1795, Rubber, raw natural and raw synthetic — Sampling and further preparative procedures

3 Terms and definitions

No terms and definitions are listed in this document.

© IS0 2022 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org/

4 Principle

A test portion is ashed at 550 °C + 25 °C for raw natural rubber or at 950 °C * 25 °C for rubber products
having high carbon black content in accordance with ISO 247-1. The ash is dissolved in hydrochloric
acid or nitricaci ion i i i ' i tion
is measuredl at a wavelength of 324,7 nm, using a copper hollow-cathode lamp as the copper emigsion
source. Any]silicates are volatilized by sulfuric and hydrofluoric acid.

5 Reagents

During the gnalysis, unless otherwise stated, use only reagents of recognized analyfical grade and|only
distilled wdter or water of equivalent purity.

5.1 Hydrpchloricacid, p,, = 1,18 Mg/m3, a mass fraction of 37 %.

5.2 Dilutg hydrochloric acid, a mass fraction of 2 %, prepared‘by“adding 64 cm3 of concentrnated
hydrochlorijc acid (5.1) into a 1 000 cm3 one-mark volumetric flask; making up to the mark with water
and mixing[thoroughly.

5.3 Sulfufric acid, p,, = 1,84 Mg/m3, a mass fraction of 95 % to a mass fraction of 97 %.

5.4 Sulfufric acid, diluted 1 + 3, add carefully 1 volume of concentrated sulfuric acid (5.3) to 3 volymes
of water.

5.5 Hydrpfluoric acid, p,, = 1,13 Mg/m3,'a/mass fraction of 38 % to a mass fraction of 40 %.
5.6 Hydrpgen peroxide solution, with a mass fraction of 30 %.
5.7 Concentrated nitric acid;p,, = 1,41 Mg/m3, a mass fraction of 65 % to a mass fraction of 70|%.

5.8 Dilutg nitric acidya.mass fraction of 1,6 %, prepared by adding 16 cm?3 of concentrated nitric
acid (5.7) inpto a 1 000vem3 one-mark volumetric flask, making up to the mark with water and mixing
thoroughly.

5.9 Standardcopper stock solution, containing 1,0 g of Cu per 1 000 cm3.

Either use a commercially available standard copper solution, or prepare as follows: weigh, to the
nearest 0,1 mg, 1 g of electrolytic copper (purity = 99,9 %) and dissolve in 50 cm3 of concentrated
hydrochloric acid (5.1). Add 15 cm3 of hydrogen peroxide solution (5.6). After dissolution, decompose
the excess hydrogen peroxide by boiling. Allow to cool and transfer quantitatively to a 1 000 cm3 one-
mark volumetric flask (6.5). Dilute to the mark and mix thoroughly.

1 cm3 of this standard stock solution contains 1 000 pg of Cu.

5.10 Standard copper solution, containing 10,0 mg of Cu per 1 000 cm3.

Carefully pipette 10,0 cm3 of the standard copper stock solution (5.9) into a 1 000 cm3 one-mark
volumetric flask (6.5) and dilute to the mark with dilute hydrochloric acid (5.2) or dilute nitric acid
(5.8) and mix thoroughly. Prepare this solution on the day of use.

2 © IS0 2022 - All rights reserved
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1 cm3 of this standard stock solution contains 10 pg of Cu.

6 Apparatus

Ordi

nary laboratory apparatus, plus the following.

3:2022(E)

6.1 Atomic absorption spectrometer, fitted with a burner fed with acetylene and air, compressed
to at least 60 kPa and 300 kPa, respectively, and also fitted with a copper hollow-cathode lamp as the
copper emission source.

The [instrument shall be operated in accordance with the manufacturers instructions-ror optimum
perfprmance.

Alternatively, an electrothermal atomization device (graphite furnace) may be used,Itshall pe operated
by ajcompetent person in accordance with the manufacturer's instructions for optimum performance.
6.2 | Balance, accurate to 0,1 mg.

6.3 | Muffle furnace, capable of being maintained at a temperature,of.(550 + 25) °C or (95p * 25) °C.
6.4 | Glass filter crucible, filter pore size 16 pm to 40 pm (parosity grade P40 according tp ISO 4793).
6.5 | One-mark volumetric flasks, glass-stoppered, of. capacities 50 cm3, 100 cm3, 200 cmn3, 500 cm3
and [l 000 cm3, complying with the requirements of 1SQ,1042:1998, class A.

6.6 | Volumetric pipettes, of capacities 5 cm3;510 cm3, 20 cm3, and 50 cm3, complying with the
requirements of ISO 648:2008, class A.

6.7 | Graduated pipette, of capacity 1 ¢t3, complying with the requirements of ISO 835:2P07, class A.
6.8 | Electric hotplate or heated sand bath.

6.9 | Platinum or borosilicate-glass rod, for use as a stirrer.

6.100 Crucible (platinum), of capacity 50 cm3 to 150 cm3 depending on the test portion siZe.

6.11| Crucible (sjlica, porcelain, or borosilicate glass), of capacity 50 cm3 to 150 cm3 deperding on the
test portion sizg; complying with the requirements of ISO 1772.

6.12 Ashless filter paper.

7 Sampling

Carry out sampling as follows:

— raw rubber: in accordance with ISO 1795;

— latex: in accordance with ISO 123;

— products: to be representative of the whole batch.

©1S0 2022 - All rights reserved 3
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8 Procedure

8.1 Test portion

Weigh, to the nearest 0,1 mg, approximately 1 g to 5 g of rubber product, or 5 g to 10 g of raw rubber,
milled or finely cut, into an appropriate crucible. Wrap the test portion in an ashless filter paper and
place into an appropriate crucible (6.10 or 6.11). The size of the test portion shall be judged by prior
knowledge of the approximate amount of copper present.

For natural rubber latex concentrate, take a portion of thoroughly mixed latex containing about 20 g
of total solids, make into a thin film by pouring the portion onta a glass plate _dry to constant mass as

specified in[ISO 124 and cut into small pieces.

For raw, natural rubber, take the test portion from a test sample prepared in accordance with ISO 1795.
8.2 Preppration of test solution

8.2.1 Destruction of organic matter

Ash the tept portion in accordance with ISO 247-1, in the muffle fufnace (6.3), maintained at
550 °C + 25[°C for raw natural rubber or at 950 °C * 25 °C for rubber products. After ashing, allow the
crucible and its contents to cool to ambient temperature.

If the ash is|black, caused by small amounts of carbon black, moisten the ash by carefully adding Jome
drops of wdter then add 1 cm3 of concentrated nitric acid (5.7)4o’the ash, evaporate to dryness on an
electrical hg¢ating plate or sand bath (6.8) and return to the muiffle furnace and ash for 10 min to 15 min.

8.2.2 Diskolution of inorganic residue using hydrochloric acid

After ashing, allow the crucible and its contents 6 cool to ambient temperature. Add a few drops of
distilled wdter to moisten the ash, and then add-10 cm3 of dilute hydrochloric acid (5.2). Cover ith
watch glasg and heat the mixture on the electiic hotplate or heated sand bath (6.8) for at least 30 min.
Do not let the reaction mixture boil. Allow'to cool to ambient temperature. Filter the contents of the
crucible intp a 50 cm3 one-mark volumetric flask (6.5), rinsing the crucible and filling it up to the mark
with dilute hydrochloric acid (5.2). Ifithe ash is not totally dissolved, proceed as follows.

— Transfdr the solution and theyundissolved ash quantitatively, with the aid of water, to a platinum
crucibl¢ (6.11). Add a few@rvops of concentrated sulfuric acid (5.3) and 5 cm3 of hydrofluoric|acid
(5.5). Heat on the electfio hotplate or heated sand bath (6.8) in a fume cupboard and evaporate to
dryness, while stirgingAvith a platinum rod (6.9). Repeat this digestion with the same quantities of
sulfuri¢ and hydrofliioric acids two more times.

— Allow tp cool to*dmbient temperature, moisten the ash with some drops of water then add 10{cm3
of dilute hydrochloric acid (5.2), heat for 30 min. Allow to cool to ambient temperature. Filter the
contenfsCof the crucible into a 50 cm3 one-mark volumetric flask (6.5), rinsing the crucible| and
filling itup to the mark with dilute hydrochloric acid (5.2].

8.2.3 Dissolution of inorganic residue using nitric acid — Alternative method

Add a few drops of distilled water to moisten the ash and then add 10 cm3 of dilute nitric acid (5.8)
to the cooled residue. Cover with a watch glass and heat on an electric hotplate or heated sand bath
(6.8) for at least 30 min. Allow to cool to ambient temperature. Filter the contents of the crucible into
a 50 cm3 one-mark volumetric flask, rinsing the crucible, and filling it up to the mark with dilute nitric
acid (5.8).

4 © IS0 2022 - All rights reserved
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Preparation of the calibration graph

8.3.1 Preparation of calibration solutions

8.3.1.1 Into a series of five 100 cm3 one-mark volumetric flasks (6.5), introduce, using pi
the volumes of standard copper solution (5.10) indicated in Table 1. Dilute to the mark with dilute
hydrochloric acid solution (5.2) or dilute nitric acid (5.8) and mix thoroughly.

Table 1 — Standard calibration solutions

pettes (6.6)

8.3.

8.3.1

Swit]
holld
aper|

Adju
insti
part|

Volume of standard copper solution | Mass of copper contained in 1 cm?
cm3 ng
50,0 5,0
20,0 2,0
10,0 1,0
5,0 0,5
0 0

.2 Prepare the set of calibration solutions immediately prior‘to the determination.

. Spectrometric measurements of calibration solutions

ch on the spectrometer (6.1) sufficiently in advance to ensure stabilization. With
w-cathode tube suitably positioned, adjust the wavelength to 324,7 nm and the sensiti
ture according to the characteristics of the instrtiment.

uctions to obtain a clear blue, non-lumiinous, oxidizing flame, suited to the character
icular spectrometer being used.

Aspirate the set of calibration solutions in succession into the flame and measure the ab
eacH solution twice, averaging the readings. Take care that the aspiration rate is constant
this |process. Ensure also thatsatleast one calibration solution is at or below the analyte le
the fubber being tested.

Aspi

8.3.:

Plot
calik
absa
line

ate water through'the burner after each measurement.

8 Plotting the/calibration graph

a graphchaving, for example, the masses, in micrograms, of copper contained in 1
rationsselutions as abscissae and the corresponding values of absorbance, correc
rbance of the calibration blank, as ordinates. Represent the points on the graph by the b
hsjudged visually or as calculated by the least-squares fit method.

the copper
vity and slit

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

stics of the

sorbance of
throughout
vel found in

cm3 of the
ted for the
est straight

8.4

Determination

8.4.1 Spectrometric measurements of test solution

Carry out duplicate spectrometric measurements at a wavelength of 324,7 nm on the test solution
prepared in 8.2.2 or 8.2.3, following the procedure specified in 8.3.2.

8.4.2 Dilution

If the instrument response for the test solution is greater than that found for the calibration solution
having the highest copper content, dilute, as appropriate, with dilute hydrochloric acid solution (5.2) or
dilute nitric acid (5.8) in accordance with the following procedure.

© IS0 2022 - All rights reserved
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Pipette carefully a suitable volume V (cm3) of the test solution into a 100 cm3 one-mark volumetric flask
(6.5) so that the copper concentration lies within the range covered by the calibration solutions. Dilute
to the mark with dilute hydrochloric acid (5.2) or dilute nitric acid (5.8). Repeat the spectrometric
measurements.

NOTE

(see Annex A).

8.5 Blank determination

To increase the reliability of the test method, the standard-additions method can be used

Carry out a blank test in parallel with the determination, using dilute hydrochloric acid (5.2) or dilute

nitric acid (|

If the prepa
blank tests

8.6 Num

Carry out 4
sample.

£.8), but omitting the test portion.

ration of the test solution involved the use of sulfuric acid and hydrofluoric acid, prepar
blution by repeating that procedure, but omitting the test portion.

ber of determinations

he procedure in duplicate, using separate test portions cut from.the same homogen

9 Expression of results
9.1 Read the copper content of the test solution directly from:the calibration graph plotted in §
The copper|content of the test portion, expressed as a percentage mass fraction, is given by Formuls
Cu).t-p(Cu
plea)|p(Cu)y .
200m
where
p(Cu), | is the copper content, in micrograms per cubic centimetre, of the test solution, read f
the calibration graph;
p(Cu)y, | is the copper contentin'micrograms per cubic centimetre, of the blank test solution,
from the calibratiomgraph;
m is the mass, ingrams, of the test portion;
. : N . : . 100 .
is the testsolution dilution factor, if required (see 8.4.2), given by: f = T where Vi
volume,in cubic centimetre, of test solution taken in 8.4.2.
9.2 The cppper content of the test portion can also be calculated, in micrograms per cubic centim

b the

ized

read

5 the

etre,

of the test solution, by Formula (2):

p(Cu);

—p(Culy

f

200m

where

p(Cu)

is the copper content, in micrograms per cubic centimetre, of the test solution, give
Formula (3):

A, xp(Cu),

p(Cu); = A

n

(2)

n by

(3)

© IS0 2022 - All rights reserved
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p(Cu),, isthe copper content, in micrograms per cubic centimetre, of the blank test sol

by Formula (4):

ution, given

Ab xp(Cu)n
pCu), =———" (4)
Al’l
where
A, is the absorbance of the test solution;
Ab tstheabsorbanceof the bltank-testsotution:
A, is the absorbance of the standard calibration solution having the copper content closest to
that of the test solution;
p(Cu),, is the copper content, in micrograms per cubic centimetre, of the*standard|calibration

9.3
the

condentration is expressed in milligrams per kilogram.

9.4

10

See Annex B.

11
The

solution having the absorbance closest to that of the test solution;
n is the mass, in grams, of the test portion;

i 100
volume, in cubic centimetre, of test solution takén‘in 8.4.2.

The test result is the average of two determinations, rounded to two decimal p
Copper concentration is expressed as a percentage and to the nearest whole numbg

Precision

Test report
test report shallinclude the following information:
h reference to this document (i.e. ISO 6101-3:2022);

h1l details necessary for the complete identification of the product tested;

is the test solution dilution factor, if required (see 874.2), given by: f = - where Vis the

laces when
r when the

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

he‘method of sampling used;

the type of instrument used (flame or graphite furnace spectrometer);
the results obtained and the units in which they have been expressed;

any unusual features noted during the determination;

any operations not included in this document, or in the International Standards to which reference

is made, as well as any incident which can have affected the results.

h) the date of the test.
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Annex A
(informative)

Method of standard additions

The method of standard additions provides the analyst with a powerful tool for increasing the accuracy
of an atomic absorption analysis.

It is used e
which are d
all.

The method
usually des

The followi

An examplg

From a
these a
to the s
calibrat

Measur

Plot th
centim

Extrap
with th

ther with samples containing unknown concentrations of matrix materials, with(san

| of standard additions can be found in any standard textbook on atomi¢ ‘absorption a
cribed in the user's manual supplied with the atomic absorption spectrometer.

hg example illustrates the method.

test solution prepared as described in 8.2, take four aliquots ©f the same size. To thr
iquots, add a different, but known volume of standard coppet{solution. Make up the voly
ame total for all four aliquots. Use concentrations whichfall on the linear portion o
ion graph.

e the absorbance of each of the four solutions so obtained.

e absorbance on the Y-axis and the concentration, in micrograms of copper per (
btre of solution, on the X-axis.

late the straight line to intersect the X:axis (zero absorbance). At the point of intersed
e Y-axis, read the concentration of cepper in the test solution.

is given in Figure A.1.

ples

ifficult to duplicate with blanks or when it is necessary to lower the limits of detectiop, or

nd is

be of

mes

[ the

ubic

tion
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Key
X  fponcentration of copper in solution, pg/cm3
Y pbsorbance

Figure A.1 — Example of a graph obtained using the method of standard additjons

©1S0 2022 - All rights reserved 9
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Annex B
(informative)

Precision

B.1 General

The precisi
withdrawn
details.

The precisi
or rejectior
those parti
the basis of]

The results
test methog
laboratorie
ammonia n|
labelled A a
B were the j
was require

A type 1 pr

programmes.

n of the test method was determined in accordance with ISO/TR 9272, which has riow
and replaced with ISO 19983, which can be referred to for terminology and other)statis

bn data are given in Table B.1. The precision parameters should not be used for accept

of any group of materials without documentation that the parameteérs are applicab
ular materials and specific test protocols of the test method. The predision is expresse
a 95 % confidence level for the values established for repeatability; and reproducibili

contained in Table B.1 are average values and give an estjmate of the precision of]
| as determined in an interlaboratory test programme, catried out in 2012, in which s

been
tical

ance

le to

d on
'y, R.

this
bven

b took part, performing duplicate analyses on two samples, A and B, prepared from
ptural rubber latex concentrate. Before the bulk latex'was sub-sampled into two bo|
nd B, it was filtered and homogenized by thorough stirring. Thus, essentially, samples A
ame and were treated as such in the statistical ceniputations. Each participating laborg
d to carry out the test, using these two samples, on the dates given to them.

ecision was evaluated, based on the method of sampling used for the interlaboratoryj

B.2 Rep¢

The repeat3

value tabul

atability

bility r, in measurement units, of the test method has been established as the approp
ted in Table B.1. Two single test results, obtained in the same laboratory under normal

igh-
tles
and
tory

test

riate
test

method prqcedures, that differ by more than the tabulated value of r (for any given level) should be

considered

B.3 Rep

The reprod
value tabul
test method
considered

B.4 Bias

o have come fromd@ifferent or non-identical sample populations.

oducibility

cibility’Ryin measurement units, of the test method has been established as the approp
hted in~Table B.1. Two single test results, obtained in different laboratories under no
procedures, that differ by more than the tabulated value of R (for any given level) shou

riate
rmal
d be

In test method terminology, bias is the difference between an average test value and the reference
(or true) test property value. Reference values do not exist for this test method since the value (of the
test property) is exclusively defined by the test method. Bias cannot therefore be determined for this
particular method.
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