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European foreword

This document (EN 13603:2021) has been prepared by Technical Committee CEN/TC 133 “Copper and 
copper alloys”, the secretariat of which is held by DIN.

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 November 2021, and conflicting national standards 
shall be withdrawn at the latest by November 2021.

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CEN shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN 13603:2013.

In comparison with the previous edition, the following technical modifications have been made:

—	 included the X-ray fluorescence analysis (XRF) to measure the thickness of the tin layer.

According to the CEN-CENELEC Internal Regulations, the national standards organisations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, 
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, 
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic 
of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the 
United Kingdom.
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1	 Scope

This document specifies methods for assessing the tin coating on drawn round copper wire for the 
manufacture of electrical conductors, e.g. according to EN 13602.

This document includes test methods for the determination of the following characteristics:

a)	 thickness of the unalloyed tin coating;

b)	 continuity of the tin coating;

c)	 adherence of the tin coating.

WARNING — — This document can involve the use of hazardous materials, operations, and 
equipment. This document does not purport to address all of the safety problems associated 
with their use. It is the responsibility of the user of this document to establish appropriate 
safety and health practices and determine the applicability of regulatory limitations prior to 
use. Moreover this document does not cover the aspects related to the people protection against 
the X-ray. To obtain information applicable to this aspect, it is convenient to refer to national and 
international standards, and also to the local regulations if they exist.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies.

EN 610, Tin and tin alloys - Ingot tin

3	 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological 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/

3.1
unalloyed tin coating
layer of pure tin on the surface of tinned wire

3.2
alloyed tin coating
diffusion layer of copper and tin formed at the copper wire and tin coating interface during tinning and 
subsequent drawing and annealing processes

3.3
total tin coating
sum of the thicknesses of the unalloyed tin coating and the alloyed tin coating

3.4
measuring area
area of the surface over which a single measurement is made
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3.5
X-ray fluorescence
XRF
secondary radiation occurring when a high intensity incident X-ray beam impinges upon a material 
placed in the path of the incident beam

NOTE The secondary emission has wavelengths and energies characteristic of that material.

[SOURCE: EN ISO 3497:2000-12, 2.1]

4	 Thickness of the unalloyed tin coating

4.1	 General

This document refers to two different methods to measure the thickness of the tin coating layers on 
copper wires, the first one is based on the electrolytic dissolution of the tin layer. The second one is 
based on the direct measure of the tin layer on the wires by means of the reflection of an X-ray beam on 
its surface.

4.2	 Principle of the method based on the electrolytic dissolution of the tin coating

4.2.1	 General

Anodic dissolution of a well-defined area of the unalloyed coating using a suitable electrolyte, followed 
by detection of the virtually complete dissolution of the unalloyed coating by a rapid change in cell 
voltage. Calculation of the unalloyed coating thickness from the quantity of electricity (in coulombs) 
used, which can in turn be calculated from:

a)	 the time interval between the start of the test and the first rapid change of cell voltage, if it is 
conducted at constant current density; or

b)	 the integrated quantity of electricity used in dissolving the unalloyed coating.

4.2.2	 Reagents and materials

4.2.2.1	 Electrolyte, either a hydrochloric acid electrolyte or an electrolyte recommended by the 
instrument manufacturer.

For the hydrochloric acid electrolyte, dilute 170 ml of hydrochloric acid (HCl), ρ = 1,18 g/ml, to 1 000 ml 
with deionised water.

NOTE	 The unalloyed tin coating dissolves anodically at an efficiency of nearly 100 %; for determination of 
the electrolyte efficiency, see 4.2.5.6.

WARNING — — Hydrochloric acid causes burns and is irritating to the respiratory system. Avoid 
breathing the vapour and prevent contact with eyes and skin.

This electrolyte dissolves tin coatings at very low cell voltages at which there is no anodic attack on the 
substrates when they are exposed at the end of the test.

4.2.2.2	 Tin, tin grade in accordance with EN 610.

4.2.3	 Apparatus

Suitable instruments may be constructed from readily available components. Alternatively, a 
proprietary instrument may be used.
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4.2.3.1	  Direct reading instruments 

Proprietary direct reading instruments are available for use with electrolytes recommended by the 
manufacturer.

The calculation of thickness of tin coating from current density is made electronically. The instrument 
shall have some means of indicating when the unalloyed tin coating has been fully removed.

4.2.3.2	 Other instruments

Instruments other than proprietary direct reading instruments record the quantity of electricity, in 
coulombs, used in dissolving the unalloyed coating from the measuring area, usually in arbitrary units, 
from which the thickness can be calculated using factors or tables.

4.2.3.3	 Electrolytic cell

The electrolytic cell consists of a container for the electrolyte, a cathode and an anode, which is the test 
piece. If the container is made of metal, such as stainless steel, the container can serve as the cathode. If 
the container is made of insulating material, a separate cathode is required.

Also required are a device for supporting the appropriate length of the test piece and an agitation 
mechanism. Depending on the wire diameter, the test piece may be a straight length of wire or, if 
necessary to obtain sufficient surface area for smaller diameter wires, a holding device such as that 
shown schematically in Figure  1 is required. A magnetic stirrer or similar system shall be used to 
provide agitation.
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