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INTERNATIONAL STANDARD

1SO 6101/1-1981 (E)

Rubber — Determination of metal content —
Flame atomic absorption spectrometric method —
Part 1 : Determination of zinc content

1 Scope and field of application

This part|of ISO 6101 specifies a flame atomic absorption
spectromdtric method for the determination of the zinc content
of rubberg.

The methpd is applicable to products having zinc contents in
the rangd 0,1 to 3,0 % {m/m). Zinc contents outside this
range may be determined, provided that suitable adjustments

are made fo the mass of the test portion and to the concentra-
tions of the solutions used.

2 Reférence

ISO 247, Rubber — Determination of ash.

3 Pringiple

NOTE — For the terminology used, see 1SQ 6955, Analytical flame
emission, afomic absorption, and atomic fluorescence spectroscopy —
Vocabulary!!, and for further information on the use of flame atomic
absorption| spectrometry, see 1S0 6956, Atomic~ absorption
spectromelry — Introduction to its useV-

If the rubber contains halogenated compounds, digestion of
a test poltion in sulphuric acid and witric acid, removal of
the acids| by evaporation, and. ashing of the residue at
550 + 25|°C. Otherwise, direct_ashing of a test portion
at 550 + P5 °C. '

Dissolutiop of the ash.obtained in hydrochloric acid. If any
insoluble |zinc silicates'are present, decomposition with a
mixture of sulphurig-acid and hydrofluoric acid to convert them
to zinc su|phate.

During the analysis, use only reagents of técoghized analytical
grade, and only distilled water or waterof equivalent purity.

4.1 Sulphuric acid gy =,1,84 Mg/m3).
4.2 Hydrochloric acid {0, = 1,18 Mg/m3)

4.3 Hydrochloric acid solutions.

4.3.1.- Hydrochloric acid, 1 + 2 (V/V) solution.

Bilute 1 volume of the concentrated hydrochjoric acid (4.2)
with 2 volumes of water.

4.3.2 Hydrochloric acid, 1 + 100 {¥/V) sollition.

Dilute 1 volume of the concentrated hydrochjoric acid (4.2)
with 100 volumes of water.

4.4 Hydrofluoric acid {0y = 1,19 Mg/m3) |38 to
40 % (m/m)l.

4.5 Nitric acid {0y = 1,42 Mg/m3).

4.6 Zinc, standard solution corresponding to[1 g of zinc per
cubic decimetre.

Use either commercially available standard zinc solutions, or

Aspiratior-of—the-solution-ebtained-into-an-atomic-absorption
spectrometer and measurement of the absorbance at a
wavelength of 213,8 nm, using a hollow-cathode tube for the
zinc emission source.

4 Reagents
All recognized health and safety precautions shall be

observed when carrying out the procedures specified in
this International Standard.

1) At present at the stage of draft.

prepare as follows.

Weigh, to the nearest 0,000 1g, 1,000 g of pure zinc dust
{purity 99,9 %) and dissolve in a minimum amount of the
1 + 2 hydrochloric acid solution (4.3.1). Dilute to 1 000 cm3
with the 1 + 100 hydrochloric acid solution (4.3.2) and mix
thoroughly.

1 cm3 of this standard solution contains 1 mg (1 000 ug) of
zinc.
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4.7 Zinc, standard solution corresponding to 0,01 g of zinc
per cubic decimetre.

Carefully pipette 10 cm3 of the standard zinc solution (4.6) into
a 1 000-cm3 one-mark volumetric flask. Dilute to the mark with
the 1 + 2 hydrochloric acid solution (4.3.1) and mix

thoroughly.
Prepare this solution on the day of use.

1 cm3 of this standard solution contains 10 ug of zinc.

6.1.2 [f the rubber contains halogenated compounds (for
example chloroprene rubber}, weigh, to the nearest 0,1 mg,
0,1 g of milled or finely cut rubber into the 250 cm3 conical
flask (5.11).

6.2 Preparation of test solution
6.2.1 Ashing of test portion

6211 Carry out i .1) in accor-

5 Apparptus’
5.1 Balange, accurate to 0,000 1 g.

5.2 Muffle furnace, capable of being controlled at

550 + 25 °(Q.

ashing of the test portion (6.1
dance with method A or method B of ISO 247. Wejghing of the
ash is unnecessary.

6.2.1.2 If the rubber contains halogenated comppunds, carry
out ashing of the test portion {6.1.2). in accordamce with the
following alternative procedure.

Add to the test portion (611.2), 10 to 15 cm3 of the sulphuric

5.3 Beakdr, of capacity 250 cm3.

5.4 One-mark volumetric flasks, glass stoppered, of

capacity 50,
requirement

5.5 Filter

100, 200, 500 and 1 000 cm3, complying with the
of 1SO 1042, class A.

funnel, of diameter 65 mm, and of 60° angle.

5.6 Crucible, of silica or porcelain, and of capacity 50 cm3

(see 1ISO 177

2).

5.7 Crucible, of platinum, and of capacity 50 cm3,

5.8 Platin

5.9 Filter

bm rod, as stirrer,

baper, ashless, of diameter 110 mm:

5.10 Electric heating plate or gas burner with sand bath.

5.11 Coni

burner fed

cal flask, of capacity 250 cm3,

ith acetylene”and air. The instrument shall be

5.12 AtorEc absorption/~spectrometer, fitted with a

operated in
for optimum

ccordance.with the manufacturer’s instructions
performance.

5.13 Volu

apa 0, 20 and

acid (4.1) and heat moderately until the test
disintegrated. Carefully add 5 cm3 of the nitrig
Continue heating/until the test portion has compld
posed and white\fumes are evolved.

portion has
acid (4.5).
tely decom-

Some rubber formulations cause considerable splashing; in this

case, usea larger conical flask.

Transfer the reaction mixture quantitatively into
{5.6), evaporate to dryness and ash at 550 + 25 °(
carbon has burned off.

6.2.2 Dissolution of the ash

6.2.2.1 Add carefully 20 cm3 of the hydrochloric

the crucible
, until all the

hcid solution

(4.3.1) to the ash. (Carbonates cause splashing and foaming.)

Transfer the solution and the residue to the beak
50 cm3 of the hydrochloric acid solution (4.3.1)
30 min.

If the residue dissolves completely, transfer td
volumetric flask (5.4), dilute to the mark with the
acid solution (4.3.1), and proceed in accordance

6.2.2.2 If the ash is not totally dissolved when f

br (5.3) with
nd heat for

a 100 cm3
hydrochloric
vith 6.4.

bllowing the
accordance

procedure described in 6.2.2.1, repeat the ashing ir]

2 - 0O d
complying with the requirements of SO 648, class A.

6 Procedure

6.1 Test portion

6.1.1 If ashing is to be carried out by method A or method B
of ISO 247, weigh, to the nearest 0,1 mg, 0,1 g of milled or
finely cut rubber into the appropriate crucible (5.6 or 5.7).

and proceed as

follows.

Transfer the ash from the new test portion to the crucible (5.7).
Add a few drops of the sulphuric acid (4.1) and heat to fuming.
Cool and add a further 3 drops of the sulphuric acid (4.1) and
5 cm3 of the hydrofluoric acid {4.4). Heat on the electric
heating plate or sand bath (5.10) and evaporate to dryness,
while stirring with the platinum rod {5.8). Repeat this procedure
twice. :

-4} i The term millititre (ml) is commonly used as a special name for the cubic centimetre {cm3), in accordance with a decision of the 12th Coriférence
?@hérale des@)ids et pasures. The term millilitre is acceptable, in general, for references in International Standards to capacities of volumetric
I t Vi

assware and to liqui

olumes. Glassware with either marking is satisfactory for use with the procedure described in this International Standard.

2 @Def5e 150 IO, subelouse 2.33 +150 34/6i(psye 2) ]
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Cool, and add 50 cm3 of the hydrochioric acid solution (4.3.1)
and filter. Wash the filter with the hydrochloric acid solution
(4.3.1) and combine the filtrate and washings in a 100 cm3
volumetric flask (5.4). Dilute to the mark with the hydrochloric
acid solution (4.3.1) and mix thoroughly. Proceed in accor-
dance with 6.4,

6.2.2.3 Test solutions should contain approximately 33 % of
the hydrochloric acid (4.2} If evaporation or reaction with car-
bonates, etc., has reduced or increased this concentration,

ISO 6101/1-1981 (E)

as abscissae, and the corresponding values of absorbance, cor-
rected for the absorbance of the blank test solution (6.3.3), as
ordinates.

6.4 Determination

‘‘‘‘‘‘

blank test solution (see 6.4.3), following the . procedures

adjust it|accordingly with the concentrated hydrochioric acid
(4.2) or yvater.

6.3 Preparation of calibratio

6.3.1 Preparation of standard matchipg solutions

Into a sgries of five 100 cm3 one-mark volumetric flasks (5.4),
place thg volumes of the standard zinc solution (4.7) indicated
in the following table, dilute to the mark with the hydrochloric
acid soldtion (4.3.1} and mix thoroughly.

Volume of standard Corregponding mass of
zinc solution (4.7) zinc cpntained in 1 cm3
cm3 I Hg
100 10
50 5
20 2
10 1
5 0,5

6.3.2 Spectrometric measurements

Switch on the spectrometer (5.12) sufficiently in advance to en-
sure staljilization. With the zinc holloyv-gathode lamp suitably
positiongd, adjust the wavelength to 213,8 nm and the sensi-
tivity and the slit aperture according to the characteristics of
the instriment.

Adjust the pressures and ‘flow rat s of the air and of the
acetyleng according to the manufacturer’s instructions so as to
obtain afclear, non-luminous, oxidizing flame, suited to the
charactefistics of<the particular spectrometer being used.

Aspirate [the-series of standard matching solutions (6.3.1) in

=

y;f/

speqified in 6.3.2.

6.4.2 Af the instrument response for the-test splution is greater

"M}“hgwfhat for the standard matching solution hgving the highest

¢ Pipette carefully n cm3 of+the test solutior

zinc content (see 6.3.1), dilute“as appropriate with the
hydrochloric acid solution as follows.

(6.2.2) into. a
that the zinc
by the standard
he hydrochloric
measurements.

100 cm3 one-mark volumetric flask (5.4) sq
concentration lies within the range covered
matching solutions. Dilute to the mark with
acid solution (4.3.1). Repeat the spectrometrig

NOTE —<To increase the reliability of the test method, it may be ad-
visable\to determine zinc by the “addition’” method ifi which increasing
amounts of standard matching solution (6.3.1) are|added to the test
solution and remeasured. The results obtained are glotted against the
added zinc concentration and extrapolated to zero adldition. The use of
this method will reduce background-interference dde to the presence

of any unknown interfering ash components.
@ N

6.@ Blank test

Carry out a blank test in parallel with the detefmination, using
the hydrochloric acid solution (4.3.1).

If preparation of the test solution involved the juse of sulphuric
acid, prepare the blank test solution by repgating that pro-
cedure, but omitting the test portion.

7 Expression of results

7.1 Read the zinc content of the test solutipn directly from
the calibration graph.

The zinc content of the test portion, expressed|as a percentage
by mass, is given by the formula

successionhto-the-flame-and-rmeasy
solution twice. Take care to ensure that the rate of aspiration is
constant throughout.

ks I o £ Iy
o apoSuUTaniueTuUTrcac

NOTE — Aspirate water through the burner after each measurement.

6.3.3 Blank test

Carry out a blank test in parallel with the calibration, using the
hydrochloric acid solution (4.3.1).

6.3.4 Plotting the calibratio @

Plot a graph, having, for example, the masses, in micrograms,
of zinc contained in 1 cm3 of the standard matching solutions

where

M, is the zinc content, in micrograms per cubic centi-
metre, of the test solution (6.2.2), read from the calibration
graph;

M, is the zinc content, in micrograms pet cubic centi-
metre, of the blank test solution (6.4.3), read from the
calibration graph;

m is the mass, in micrograms, of the test portion;
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f is the dilution factor, if appropriate (see 6.4.2), of the
test solution :

100

n

where

n is the volume, in cubic centimetres, of test solution
diluted in 6.4.2.

A, s the absorbance of the standard matching solution
having a zinc content closest to that of the test solution;

M, is the zinc content, in micrograms per cubic centi-
metre, of the standard matching solution having the absor-
bance closest to that of the rest solution;

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

f is the dilution factor, if appropriate (see 6.4.2), of the

test solution :

NOTE — To exgress the zinc content as zinc oxide content, multiply 100
the result by 1,245, f=

n

7.2 Alternatively, providing that the absorbance of the test
solution lies within the linear section of the calibration curve,
the zinc content, expressed as a percentage by mass, is given
by the formulaT

where

n is the volume, in cubjc_centimetres, of test solution

diluted in 6.4.2.
M, -M,
100 x m 1S 7.3 Report the result rounded to two decimal plages.
where

8 Test report

M, is the|zinc content, in micrograms per cubic centi-

metre, of the test solution : The test report shall include the following information :

" Al x M, a) ~the type and the identification of the product tested;
o —-T b) a reference to this part of 1ISO 6101;
M, is the|zinc content, in micrograms per cubic centi- ¢) the method of ashing and the method of dissolution
metre, of the blank test solution : used:
M, = fb: M, d) the resuit obtained and the method of expresgion used;
" e) any unusual features noted during the deterr[dnation;

f) any operations not included in this part of[1SO 6101

A, isthe 1bsorbance of the test solution;
which might have affected the results.

Ay, is the absorbance of the blank test solution;
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