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Foreword

This European Standard has been prepared by Technical Committee CEN/TC 209, "Zinc and zinc alloys", the
secretariat of which is held by AFNOR.

This European Standard shall be given the status of a national standard, either by publication of an identical text or
by endorsement, at the latest by April 2002, and conflicting national standards shall be withdrawn at the latest by
April 2002.

Within its programme of work, Technical Committee CEN/TC 209 entrusted CEN/TC 209/WG 6 “Methods of
analysis and testing” with the preparation of the following document:

EN 12441-1, Zinc and zinc alloys - Chemical analysis - Part 1: Determination of aluminium in zinc alloys –
Titrimetric method.

This standard is part of a series of eleven standards. The other standards are:

� Part 2 : Determination of magnesium in zinc alloys – Flame atomic absorption spectrometric method

� Part 3 : Determination of lead, cadmium and copper - Flame atomic absorption spectrometric method

� Part 4 : Determination of iron in zinc alloys - Spectrophotometric method

� Part 5 : Determination of iron in primary zinc - Spectrophotometric method

� Part 6 : Determination of aluminium and iron - Flame atomic absorption spectrometric method

� Part 7 : Determination of tin - Flame atomic absorption spectrometric method after extraction

� Part 8 : Determination of tin in secondary zinc - Flame atomic absorption spectrometric method

� Part 9 : Determination of nickel in zinc alloys - Flame atomic absorption spectrometric method

� Part 10 : Determination of chromium and titanium in zinc alloys – Spectrophotometric method

� Part 11 : Determination of silicon in zinc alloys - Spectrophotometric method

The annexes A and B are informative.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Czech Republic, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland and the United Kingdom.
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1 Scope

This European Standard specifies a titrimetric method for the determination of aluminium in zinc alloys. It is
applicable to the products specified in EN 1774 and EN 12844.

It is suitable for the determination of aluminium contents (mass fractions) between 3 % and 30 %.

2 Normative references

This European Standard incorporates by dated or undated reference, provisions from other publications. These
normative references are cited at the appropriate places in the text, and the publications are listed hereafter. For
dated references, subsequent amendments to or revisions of any of these publications apply to this European
Standard only when incorporated in it by amendment or revision. For undated references, the latest edition of the
publication referred to applies (including amendments).

EN 1774, Zinc and zinc alloys - Alloys for foundry purposes - Ingot and liquid.

EN 12060, Zinc and zinc alloys - Method of sampling - Specifications.

EN 12844, Zinc and zinc alloys - Castings - Specifications.

ISO 5725-1, Accuracy (trueness and precision) of measurement methods and results - Part 1: General principles
and definitions.

3 Terms and definitions

For the purposes of this European Standard, the terms and definitions given in EN 12060 apply.

4 Principle

An excess of EDTA is added to the hydrochloric solution of a test portion. This is followed by quantitative
complexing of the excess with a standard zinc solution. The aluminium-EDTA complex is decomposed with sodium
fluoride and the liberated EDTA is titrated against a standard zinc solution.

5 Reagents

5.1 General

During the test, use only reagents of known analytical grade and distilled or demineralized water.

5.2 Hydrochloric acid , � = 1,19 g/ml

5.3 Nitric acid , � = 1,4 g/ml

5.4 Hydrochloric acid  (1 + 1)

Mix 1 volume of hydrochloric acid (5.2) with 1 volume of water.

5.5 Hydrogen peroxide , 30 % (mass fraction)

5.6 Hydroxylammonium chloride , 200 g/l solution

5.7 Ethylenediamine tetra-acetic acid disodium salt (EDTA) , 65 g/l solution
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5.8 Ammonia solution,  � = 0,91 g/ml

5.9 Sodium fluoride , saturated solution

Dissolve 60 g of sodium fluoride in 1 l of boiling water. Cool to room temperature and filter.

5.10 Sodium acetate , buffer solution

Dissolve 135 g of sodium acetate (CH

3COONa, 3H2O) in approximately 300 ml of water. Add 13 ml of glacial acetic
acid (5.16). Check that the pH is within the range 5 to 5,5. Make up the volume to 500 ml with water.

5.11 Standard zinc solution , 0,05 M

Dissolve 3,269 g of high purity zinc in 40 ml of hydrochloric acid (1 + 1) (5.4) in a 250 ml beaker fitted with a
watch-glass. Dilute with 100 ml of water. Add 2 drops of methyl red solution (5.12). Neutralize with ammonia
solution (5.8). Add hydrochloric acid (1+1) (5.4) drop by drop until the colour changes to red. Transfer quantitatively
to a 1 l volumetric flask. Add 5 ml of hydrochloric acid (1 + 1) (5.4), dilute to the mark with water and mix.

1 ml of this solution corresponds to 1,349 mg of aluminium.

5.12 Methyl red , ethanolic solution

Dissolve 0,02 g of methyl red in 100 ml of ethanol.

5.13 Xylenol orange , 10 g/l solution

5.14 Aqua regia

Mix 3 volumes of hydrochloric acid (5.2) with 1 volume of nitric acid (5.3).

5.15 Xylene cyanol , 1 g/l solution.

NOTE Use of this reagent is optional.

5.16 Glacial acetic acid , � = 1,05 g/ml

6 Apparatus

All glassware used for the preparation of the solutions and for the implementation of the method shall be cleaned
with boiling aqua regia (5.14) prior to use.

7 Sampling

The test sample shall be selected and prepared in accordance with the procedure given in EN 12060.

8 Procedure

8.1 Test portion

Weigh, 5 g of the test sample to the nearest 0,001 g.

8.2 Determination

8.2.1 Introduce the test portion (8.1) into a 500 ml beaker fitted with a watch-glass and dissolve by carefully
adding 50 ml of hydrochloric acid (1 + 1) (5.4). Oxidize and complete the dissolution by adding a few drops of
hydrogen peroxide (5.5).
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8.2.2 Add 5 ml of hydroxylammonium chloride solution (5.6) to decompose the excess of hydrogen peroxide.
Heat the beaker carefully.

Dilute to 100 ml with water and cool to room temperature. Transfer quantitatively:

a) for Al contents (mass fractions) ������������	�
����
���
���������
	�� ;

b) for Al contents (mass fractions) ������������	��������
���
���������
	���

Dilute to the mark with water and mix.

8.2.3 Transfer a 25 ml aliquot to a 500 ml conical flask.

8.2.4 Add successively :

a) approximately 100 ml of water;

b) 

1) for Al contents (mass fractions) �������������
�����������
����������  ;

2) for Al contents (mass fractions) ���������
���
�����������
���������� �

c) 5 drops of methyl red solution (5.12).

8.2.5 Neutralize exactly with ammonia solution (5.8) until the colour changes to yellow. Add 25 ml of buffer
solution (5.10).

8.2.6 Boil for 2 to 3 min. Cool to room temperature.

8.2.7 Add 2 to 3 drops of xylenol orange solution (5.13).

NOTE For some operators the end-point can be made even more readily detectable by the addition of not more than 1 ml
of xylene cyanol solution (5.15).

8.2.8 Titrate the excess of EDTA with standard zinc solution (5.11) until the colour changes to purple.

8.2.9 Add 25 ml of sodium fluoride solution (5.9). Boil for 2 to 3 minutes. Cool to room temperature.

8.3 Volumetric measurement

Titrate the liberated EDTA with the standard zinc solution (5.11) until the colour changes to purple.

9 Calculation and expression of results

9.1 Method of calculation

The aluminium content shall be given, as a percentage by mass,

a) for Al contents (mass fractions) ���������!"��#�������
	�V x 0,269 8 ;

b) for Al contents (mass fractions) ���������!"��#�������
	�V x 1,079 2,

where V is the volume, in millilitres, of standard zinc solution used to titrate the liberated EDTA (see 8.3).

If a number of determinations are carried out, then the mean of all the results shall be calculated by adding the
individual results and dividing by the number of individual results.

The results shall be expressed as specified in EN 1774 and EN 12844.
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9.2 Precision

Repeatability and reproductibility limits are given in Table 1.

NOTE Table 1 has been established according to annex A. Graphical representation of precision data is given in annex B.

Table 1 — Repeatability and reproducibility limits

Sample Aluminium content Precision data

(mass fraction)

%

Repeatability limit Reproducibility limit

Refer value Found value r Rw R

ZL2 4,00 3,999 0,039 6 0,044 9 0,079 0

ZL3 4,00 3,990 0,036 2 0,030 6 0,082 4

ZL5 3,97 3,948 0,060 3 0,063 2 0,104 8

ZL6 5,75 5,743 0,051 9 0,043 9 0,102 8

ZL8 8,37 8,353 0,061 3 0,060 1 0,125 0

ZL12 11,00 10,985 0,090 0 0,129 0 0,247 5

ZL27 26,83 26,909 0,146 5 0,168 9 0,360 0

10 Test report

The test report shall include the following:

a) identification of the sample ;

b) test method used, (i.e. reference to this standard) ;

c) aluminium content, expressed as percentage by mass, giving where possible the results for the individual and
mean values ;

d) any unusual occurrence during the determination ;

e) any steps in the procedure beyond those specified in this standard, and any circumstances that may have
affected the results ;

f) date of testing ;

g) name of laboratory or testing organization ;

h) signature of the laboratory manager or other responsible person.
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