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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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Starnjdards
adopted by the technical committees are circulated to the member bodies for votingPublication gs an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

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

ISO 4521 wgs prepared by Technical Committee ISO/TC 107, Metallic and other inorganic coatings,
Subcommitte¢ SC 3, Electrodeposited coatings and related finishes.

This second |edition cancels and replaces the first edition (1S@-4521:1985), and also 1SO 4522-1}11985,
ISO 4522-2:1p85 and ISO 4522-3:1988, which have been technically revised.
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Introduction

Electrodeposited silver and silver alloy coatings are often specified for their extremely good electrical
conductivity, but corrosion protection is often an additional requirement for electrical, electronic and other
applications. In many conditions of service, sulfide films may form on the coatings, increasing the contact
resistance at the silver electroplated mating surface and making them unsuitable for use in low-voltage
electronic circuits. Sulfide films are not especially detrimental to other electronic applications where higher
voltage and higher contact pressures are used, because the films are not completely insulating,

Becal

basis
of the

Electr

basis material are satisfactory for electroplating.

pbplated silver coatings have been used as bearing surfaces for many decades and a

usefull where the load-bearing surfaces are not well lubricated.

Electr

devicegs that support the majority of silicon chips.

se the appearance and serviceability of electroplated silver coatings depend on-the cgndition of the
material, agreement should be reached between interested parties that the surface finish and roughness

re particularly

bplated silver coatings have largely replaced electroplated gold,coatings on metallic lead frames, the
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INTERNATIONAL STANDARD

ISO 4521:2008(E)

Metallic and other inorganic coatings — Electrodeposited silver

and

silver alloy coatings for engineering purposes —

Specification and test methods

WARNING — This International Standard may not be compliant with some countries’ health and safety
legislations and calls for the use of substances and/or procedures that may be injurious to health if
adequate safety measures are not taken. This International Standard does not @ddress any health
hazards, safety or environmental matters and legislations associated with its use. It is the

respansibility of the user of this International Standard to establish appropriate health
envirpnmentally acceptable practices, and take suitable actions to comply with any
international regulations. Compliance with this International Standard does not, in
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document (including any amendments) applies.

ity from legal obligations.

cope
nternational Standard specifies requirements for electroplated silver and silver alloyj
cal, electronic and other engineering applications, including test methods. Engineering ag
d as those in which the coating essentially serves ahon-decorative purpose.

gh this International Standard does not specify’the condition, finish or surface roughnes
al prior to electroplating, the appearance and serviceability of electroplated silver an

and roughness of the basis material in-order to conform to the product requirements.

nternational Standard does not apply to coatings on screw threads or to coatings on shee
non-fabricated form.

ormative references

bllowing referenced documents are indispensable for the application of this docume
hces, only the-edition cited applies. For undated references, the latest edition of th

, safety and
national and
tself, confer

coatings for
plications are

5 of the basis
d silver alloy

gs depend on the condition of the basis material. It is essential that the purchaser specifi¢s the surface

L, strip or wire

ht. For dated
e referenced

ISO 1463, Metallic and oxide coatings — Measurement of coating thickness — Microscopical mgthod

1ISO 2'\RA, Metallic and other innrganir\ r\nafinge Definitions and conventions. r\nnr\nrning the easurement
of thickness

ISO 2080, Metallic and other inorganic coatings — Surface treatment, metallic and other inorganic coatings —
Vocabulary

ISO 2177, Metallic coatings — Measurement of coating thickness — Coulometric method by anodic
dissolution

ISO 2178, Non-magnetic coatings on magnetic substrates — Measurement of coating thickness — Magnetic
method

ISO 3497, Metallic coatings — Measurement of coating thickness — X-ray spectrometric methods
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ISO 3543, Metallic and non-metallic coatings — Measurement of thickness — Beta backscatter method

ISO 3868, Metallic and other non-organic coatings — Measurement of coating thicknesses — Fizeau multiple-
beam interferometry method

ISO 4516, Metallic and other inorganic coatings — Vickers and Knoop microhardness tests

ISO 4518, Metallic coatings — Measurement of coating thickness — Profilometric method

ISO 4519:1980, Electrodeposited metallic coatings and related finishes — Sampling procedures for inspection

by attributes

ISO 4538, Mg

ISO 9587, Me
embrittlement

ISO 9588, Mg
of hydrogen €

tallic coatings — Thioacetamide corrosion test (TAA test)

tallic and other inorganic coatings — Pretreatment of iron or steel to reduce the risk|of hyd

imbrittlement

ISO 10111, Metallic and other inorganic coatings — Measurement of mass @er unit area — Revi

gravimetric af|

ISO 10289, M
Rating of test

ISO 10308, M

ISO 10587, M
and uncoated

ISO 12687, M

ISO 14647, M
vapour test

ISO 15724, M
steels — Bart|

IEC 60068-2-

3 Terms

For the purpo

d chemical analysis methods

Jethods for corrosion testing of metallic and other inorganic‘coatings on metallic substra
specimens and manufactured articles subjected to corrasion tests

etallic coatings — Review of porosity tests

fetallic and other inorganic coatings — Test . for residual embrittlement in both metallic-g
externally-threaded articles and rods — Inclined wedge method

etallic coatings — Porosity tests — Humniid sulfur (flowers of sulfur) test

fetallic coatings — Determination of porosity in gold coatings on metal substrates — Nitri
Jetallic and other inorganic)coatings — Electrochemical measurement of diffusible hydro
acle electrode method

PO, Basic environmental testing procedures — Part 2: Tests. Test T: Soldering

and definitions

5es. Of this document, the terms and definitions given in ISO 2064 and ISO 2080 apply.

rogen

tallic and other inorganic coatings — Post-coating treatments of iron and ste€l to reduce the risk

ew of

fes —

oated

c acid

pen in

4

41

Information to be supplied by the purchaser to the electroplater

Essential information

The following information shall be supplied by the purchaser to the electroplater in writing, for example, in the
purchase order or contract, or on engineering drawings:

a)

b)
samples;

the number of this International Standard (ISO 4521) and the designation (see Clause 5);

the significant surface indicated, for example, on drawings or by the provision of suitably marked
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c) the nature, condition and finish of the basis metal, if they are likely to affect the serviceability and/or the
appearance of the coating;

d) the position on the surface of unavoidable defects, such as rack marks (see 6.2);

e) the finish required, for example, bright, dull or another type, preferably accompanied by approved
samples of the finish (see 6.2);

f)  the requirements for thickness, accelerated corrosion and adhesion testing (see 6.3, 6.5 and 6.9);

g) the tensile strength of parts and the requirements for heat treatment before and/or after electrodeposition

(see 6.7 and 6 8);

h) sampling methods, acceptance levels or any other inspection requirements if different from those
specified in ISO 4519:1980, Clause 7.

4.2 |Additional information

If the following additional information is required, it shall be specified by the purchaser in writing} for example,

in the |contract, purchase order or on the drawing with the definition.

a) the minimum silver content of the coating, details of any alloying‘elements, the methods ¢f determining
the minimum silver content (see 6.6) and presence of residual’salts (see 6.16);

b) ahy cleaning precautions to be followed;

c) apy special requirements for undercoats (see 6.15 and Annex A);

d) apy requirements for an anti-tarnish treatment,\the type of treatment and the test method|to be applied
(§ee 6.17);

e) the method of porosity testing to be applied, and the number and location of acceptable porgs (see 6.4);

f)  the electrical properties of the ceating and the methods of test to be used (see 6.10);

g) the microhardness of the coating and the test method to be used (see 6.11);

h) requirements for solderability and the test method to be used (see 6.12);

i) aphy requirements for wear resistance and the test method to be used (see 6.13);

j)  the ductility-efithe coating and the method of test to be used (see 6.14);

k) apy requirements for freedom from contamination of the finished articles (see 6.16);

[) the-density-of-the-silvercoatingif-the-thickness-methodrequires-a-density-correction{see-Ahnex B).

5 Designation

5.1

General

The designation shall appear on engineering drawings, in the purchase order, the contract or in the detailed
product specification. The designation specifies, in the following order, the basis material, stress-relief
requirements, the type and thickness of undercoats, if present; the thickness of the silver coating, heat
treatment requirements after electroplating, and the type of conversion coating and/or supplementary
treatment.

© 1SO 2008 — All rights reserved
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5.2 Designation specifications

The designation shall comprise the following:

a) the term, Electrodeposited coating;

b) the number of this International Standard, ISO 4521;
c) ahyphen;

d) the chemical symbol of the basis material followed by its standard designation (see 5.3);

e) asolidus|(/);

f) if appropfiate, the chemical symbol for an undercoat metal followed by a solidus and by a number|giving
the thickness of the undercoat, in micrometres (see 6.15 and Annex A);

g) asolidus(/);

h) the chenpical symbol for silver, Ag, followed by a number in parentheses giving the minimum|mass
fraction df silver in the coating, expressed as a percent to one decimal place;

i) anumbef indicating the minimum local thickness, in micrometres, of the-silver coating.

5.3 Designation of the basis material

The basis mdterial shall be designated by its chemical symbol, orits principal constituent if it is an allgy. For
example:

a) Fe forirop or steel;

b) Zn for zinc alloys;

c) Cu for copper and copper alloys;

d) Al for aluminium and aluminium alloys.

For plateable|plastics materials, the-letters PL shall be used. and for non-metallic materials, the lettefs NM
shall be used

It is recommgnded that the specific material be designated by its standard designation; for example, [by its
UNS number|or the local<national equivalent, in parentheses, following the chemical symbol for the| basis
material. For example, Fe(G43400) is the UNS designation of a high-strength steel (see References. [2] to [8]
in the Bibliography).

54 Desiglllation of heat treatment requirements

The heat-treatment requirements shall be designated as follows:

a) the letters SR for stress-relief heat treatment prior to electroplating, and/or the letters ER for hydrogen-
embrittlement-relief heat treatment after electroplating;

b) in parentheses, the minimum temperature, in degrees Celsius (°C);
c) the duration of the heat treatment, in hours (h).
For example, SR(210)1 designates stress-relief heat treatment at 210 °C for 1 h.

When heat treatment prior to or after electrodeposition is specified, the requirements shall be included in the
designation as shown in the examples (see 5.5).

4 © 1SO 2008 — All rights reserved
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Examples of designations

A silver coating (Ag) with a minimum thickness of 20 um on brass (Cu) shall have the following designation:

Electrodeposited coating ISO 4521 - Cu/Ag(98,8)20

A silver alloy coating containing 98,9 % silver, Ag (98,9), with a minimum thickness of 10 um on steel (Fe) with
a nickel undercoat (Ni) of unspecified thickness shall have the following designation:

A silvg
nickel

A silv

thick (Cu5) on steel that has an ultimate tensile strength of 1 200 MPa heat treated prior to ele

stress
at 190

The d
The s

symbol for steel, Fe, in the above example. It is especiallysimportant to know the standard de

metal

Electrodeposited coating ISO 4521 — Fe/Ni/Ag(98,9)10

Qo Aa(O0Q Q a

thick shall r,wave the following ,designation:

Electrodeposited coating ISO 4521 — Fe/Ni5/Ag(99,8)10

10 um with a

pr coating with a minimum thickness of 15 ym (Ag15) deposited over a copper’undercoat that is 5 ym

relief at 200 °C for 3 h, SR(200)3, and after electroplating to reduce the\risk of hydrogen
°C for at least 12 h, ER(190)12, shall have the following designation;

Electrodeposited coating ISO 4521 — Fe/SR(200)3/Ct5/Ag(98,8)15/ER(190)12

esignation describes the heat treatment and electroplating, steps in the order that they a
andard designation of the basis material shall be placed.in' parentheses immediately aftel

or alloy that is difficult to prepare for electroplating and that is susceptible to hydrogen emb

ctroplating for
embrittlement

re performed.
the chemical
signation of a
ritttement.

6 Requirements

6.1 |General

The tgst procedures specified in 6.2,'6.3, 6.7, 6.8, 6.9 and 6.11 for electroplated silver and silver jalloy coatings
are to|be performed in the absence of any anti-tarnish treatment. The tests specified in 6.6 and| 6.10 shall be
carried out after the anti-tarnish treatment.

Mercyry compounds shall‘not be used in the pretreatment of basis materials.

6.2 |Appearance

Over the significaht surface, the electroplated article shall be free from clearly visible defects, sugh as blisters,
pits, rpughness, cracks or uncoated areas other than those that arise from defects in the basis|material. The
electrpplated article shall be free from extraneous soil and mechanical damage. On articles where a contact
mark is Gnavoidable, its position shall be specified by the purchaser [see 4.1 d)].

In the case of selectively electroplated articles, the amount of stain at the boundary between the areas of the
article that have been electroplated with silver and those that are not electroplated with silver shall be agreed
between the parties concerned [see 4.1 e)].

Silver and silver alloy coatings that are to be subsequently machined shall be free from excessive nodulation
and treeing at edges, and from other imperfections detrimental to subsequent fabrication.

If required, a preliminary sample with the required finish shall be supplied or approved by the purchaser [see
4.1 e)].
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6.3 Thickness

The thickness of the coating specified in the designation shall be the minimum local thickness. The minimum
local thickness of the coating shall be measured at any point on the significant surface that can be touched
with a ball 20 mm in diameter, unless otherwise specified. The minimum thickness of the silver or silver alloy
coating shall be that specified by the purchaser [see 4.1 f)].

When silver and silver alloy coatings are to be machined, the purchaser shall specify the minimum thickness
required after machining. If machining is not to be carried out by the electroplater, the purchaser shall specify
the minimum thickness required before machining.

The thickness of the coatings shall be measured by an appropriate method selected by the purchaser from

those contain

Ed IN Annex b.

6.4 Porosity

When specifigd by the purchaser, the parts shall be subjected to one or more of the porgsity tests, su

1ISO 12687 or|

ISO 14647, given in ISO 10308 [see 4.2 e)]. The acceptable number and location of pore

also be specified by the purchaser.

6.5 Accelg

When the cor
acceptable cq
specimens arj

The duration

rated corrosion testing

rosion resistance of the coatings is important, the accelerated corrosion test to be used a
rrosion rating after testing shall be specified by the purchaser [see 4.1 f)]. The method of
d manufactured articles shall be in accordance with 1ISO:10289.

and results of artificial accelerated corrosion tests ean-bear little relationship to the service|

the coated arlicle and, therefore, the results obtained are not te\be regarded as a direct guide to the cor

resistance of

6.6 Comps

When the silv
shall also spq
residual salts

he tested coatings in all environments where thése coatings may be used.
psition
er content is specified by the purchaser in the designation [see 4.1 a) and 5.2 h)], the purg

cify the methods to be used for determining the silver content of the coating and prese
[see 4.2 a)].

6.7 Stressrrelief heat treatment prior to electroplating

When specifigd by the purchaser; steel parts that have an ultimate tensile strength equal to or greate

1000 MPa a
operations sh
and classes

specify appro

Steels with o

nd that containi.tensile stresses caused by machining, grinding, straightening or cold-fq
bll be givenastress-relief heat treatment prior to cleaning and metal deposition. The procs
or stress<relief heat treatment shall be as specified by the purchaser, or the purchase
briate procédures and classes from ISO 9587 [see 4.1 g)].

ide_or scale shall be cleaned before application of the coatings. For high-strength steels

to or greater

ch as
5 shall

nd the
rating

life of
rosion

haser
hce of

r than
rming
dures

shall

equal

han 1 000 l\/IPa), nnn-plp(‘frnly’rir‘ alkaline and anaodic alkaline cleaners_as well as mec

anical

cleaning procedures, are preferred to avoid the risk of producing hydrogen embrittlement during cleaning

procedures.

6.8 Hydrogen-embrittlement-relief heat treatment after electroplating

Steel parts having an ultimate tensile strength equal to or greater than 1000 MPa, as well as
surface-hardened parts, shall receive hydrogen-embrittlement heat treatment in accordance with the
procedures and classes of ISO 9588, or as specified by the purchaser [see 4.1 g)].

The effectiveness of the hydrogen-embrittlement-relief treatment shall be determined in accordance with
ISO 10587 for testing threaded articles for residual hydrogen-relief treatment, and with 1SO 15724 for
measuring relative, diffusable hydrocarbon concentration in steels, unless otherwise specified by the
purchaser.
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6.9 Adhesion

Coatings shall pass one or more of the adhesion tests given in Annex C, as specified by the purchaser [see
4.1 f)]. Coatings greater than 125 ym shall pass the shear test included in Annex C.

The preparation of metallographic specimens for the microscopical determination of thickness may give an
indication of poor adhesion, because grinding and polishing can cause separation of the coating from the
substrate which can be observed in the microscope.

To avoid poor coating adhesion, it is common practice to apply thin silver coatings (strikes) from electroplating
solutions especially formulated to prevent chemical deposition of silver onto the basis material. For
electr Ihquing certain allnyQ, a gnld strike may he rnquirnd

Alumipium alloys are given a post-plating heat treatment at 130 °C to improve the adhesion qf the coating.
This treatment is not recommended for alloys which could suffer deterioration at or above this temperature.

6.10 [Electrical properties

If the felectrical properties are important to the function of the coating, those-properties shall b¢ specified by
the pyrchaser, along with the methods of assessing the properties [see 4.2:f)})

6.11 Microhardness

If the nicrohardness of the coating is specified [see 4.2 g)], it shall be measured by one of the methods given
in IS 4516.

The npicrohardness of silver and silver alloy coatings prepared from many types of bright silver|electroplating
procegsses decreases during the first 24 h following electrodeposition. In such cases, the hardness
determination is not to be made until that time elapses, or alternatively, until an accelerated agejng treatment,
for expmple, heating at 100 °C for 1 h, is carried ‘out.

6.12 [Solderability
If spegified, the solderability of the.silver or silver alloy coating shall be measured by the test described in
IEC 6p068-2-20, or by an alternative test selected by the purchaser [see 4.2 h)]. The form of| test and any

artificipl ageing treatment carriedout before testing shall be related to the intended service of thg electroplated
produtt, the details of which(shall be agreed between the interested parties.

6.13 Wear resistance

If the|wear resistance is important to the function of the coating, the purchaser shall spefify the wear
resist@nce and its method of measurement [see 4.2 i)].

6.14 Ductility

When ductility is important, the ductility required and its method of test shall be specified by the purchaser
[see 4.2))].

6.15 Undercoats

Undercoats applied prior to electroplating with silver or silver alloy coatings may be specified to improve
corrosion resistance, adhesion and solderability; to prevent interdiffusion between the basis material and the
coating; to prevent contamination of electroplating solutions; or to reduce surface roughness and porosity.
When undercoats are specified, they shall meet the requirements given in Annex A [see 4.2 c¢)].

© 1SO 2008 — All rights reserved 7


https://standardsiso.com/api/?name=5795c4f43c2239799570134adabdda98

ISO 4521:2008(E)

6.16 Freedom from contamination

The articles electroplated with silver or silver alloy coatings shall be thoroughly rinsed and dried after
electroplating.

If specified by the purchaser, the articles shall be subjected to the residual-salt test specified in Annex D
[see 4.2 a)]. An increase in conductivity of not more 150 uS/m shall be acceptable, as measured by that test.

6.17 Anti-tarnish treatments

There are a number of anti-tarnish treatments that retard the onset of tarnishing of silver and silver alloys. If
such a treat ' fred; ift ; ' fated test
procedure. A puitable test is given in ISO 4538 and, if applied, the duration of the test shall be specified py the
purchaser.

Packaging materials, such as paper and cardboard, frequently contain small amounts of, sulfur comppunds
that can causf excessive formation of sulfide films on silver and silver alloy electroplatediarticles. This $hould

ed paper strips, that can be included in packages of silver and silveralloy electroplated fitems,
react with sulfides and oxides of sulfur to inhibit tarnish formation during shipment and storage, without
affecting the qurface properties of the coating adversely.

NOTE Mapy anti-tarnish treatments increase the electrical resistivity of«silver and silver alloy coatings, ar|d also
impair solderahility.

7 Samplipng

A random sarpple of the size specified in ISO 4519 shallhe selected from the inspection lot. The articles|in the
sample shall pe inspected for conformance to the requirements of the International Standard. The lot shall be
considered ag conforming or non-conforming to:«€ach requirement, in accordance with the criteria pf the
sampling plars in ISO 4519 [see 4.1 h)].
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(normative)

ISO 4521:2008(E)

Requirements for undercoats

A.1 Thickness requirements and measurement

The nfiinimum thickness requirements for electrodeposited undercoats applied prior to silvera
pplating are given in Table A.1 for different basis materials. When undercoats are required
coating thickness shall be that given in the table. The thickness of any undercoat shall be dete
bcopical method (ISO 1463) or the coulometric method (ISO 2177), when specified,

electr

micro

Table A.1 — Thickness requirements for undercoats for various,basis materia1s

nd silver alloy

the minimum

'mined by the

Basis material

Undercoat(s)

Minimum thick

pm

ness

Coppér

None

Coppér alloys (notably free-cutting

Copper (Cu) or nickel (Ni) may.be

Specified by the purchaser

brass|containing lead) required.

Ferrolis materials (other than austenitic | Nickel (Ni) 10

‘stainfess” steel) Copper plus nickel{Cu/Ni) 10 of Cu plus 5 of Ni (i.e{ Cu10/Ni5)

Austehitic “stainless” steel An acid nickel strike (Wood's bath) will | Thin coating to promote adhesion of
normally be required. the silver coating.

Zinc gnd its alloys Coppef.plus nickel (Cu/Ni) 8 of Cu plus 10 of Ni (i.e] Cu8/Ni10)

Alumipium and its alloys

Nickel (Ni)

20

Other
alloys

basis materials, such as copper.
with soldered joints

Nickel and/or copper may be required
to meet functional requirements.

Cu10 or Cu2Ni8 or as sp
purchaser

ecified by the

In Table A.1 above, low-stress nickel undercoats are essential. A Wood's bath consists of 24
e hexahydratedand 85 ml/l of 36 % (mass fraction) hydrochloric acid. The parts are made
than 2 min_and then cathodic for 6 min, at room temperature with a current density o
current reversalis not feasible, the anodic treatment can be replaced by immersion in the sg

chlorig
more

currert flowing=for 15 min.

An initial-copper coating can be used under the nickel coating but the thickness of the nicke
A

reducesd-

0 g/l of nickel
anodic for not

300 A/m?2. If
lution without

| shall not be

Silver-plated items made of copper-base materials on which a nickel undercoat is not used, and silver-plated
items made from other materials having a copper undercoat without a subsequent nickel undercoat, are not to
be used for continuous service at temperatures higher than 150 °C.

A.2 Chemical symbols for common undercoats

Chemical symbols for some common undercoats are given in Table A.2 and shall be used in the coating

designation when required.
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Table A.2 — Chemical symbols of common undercoats applied prior to silver electroplating

Chemical symbol Undercoat
Ni Nickel
Cu Copper
Cu/Ni Nickel applied over copper
SnNi Tin-nickel alloy
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Annex B
(normative)

Methods of measuring the thickness of electroplated silver and silver

B.1

than
shall
most
and si

B.2

For th
the sil
calcul
fractio

e

wherg
d

d

o,

A val|
chem
uncer

The s
coatin
opera

The tr

Uncertai £ thicl

The iethods cited in B.2 to B.6 have adequate precision; that is, the uncertainty in the nieasu

alloy coatings

0 %, when properly used with standard-thickness reference materials. If a referee.method
e specified by the purchaser and shall be selected from the test methods given in B.3, B
reliable method shall be selected taking into consideration the expected coatirig thickne
ze of the components, the coating material and the basis material.

Density and thickness calculations

ose thickness test methods where a value of the density of the coating is required, the t
ver or silver alloy coating should be used. If the true density is not known, use a suitable
hted value. For example, an alloy coating containing 60.% gold (mass fraction) and 40 9
n), would have the following calculated density, in gram's per cubic centimetre:

= 100/(60/19,3 + 40/10,5) = 14,5

ensity of pure gold = 19,3 g/cms3;
ensity of pure silver = 10,5 g/cm?;
is the calculated density(ofjthe alloy coating, in grams per cubic centimetre.
e of the density is required for the beta backscatter, X-ray spectrometric, coulometric, gr
cal analytical methoeds described in B.3, B.4 and B.5. If a density is calculated or

ainty in the measurement is likely to be greater than 10 %.

uppliers of proprietary silver electroplating solutions may be able to estimate the densit

ement is less
is required, it
4 or B.5. The
5s, the shape

rue density of
arithmetically
silver (mass

avimetric and
hssumed, the

of the silver

g electrodeposited from their particular solutions, but variations can arise, in practice, djyie to different
ing conditions, ageing of the solution, poor bath maintenance or inclusions of organic matt

er.

calcul

ared to values
may introduce

large errors.

Table B.1 — True and calculated densities of silver coatings electroplated from different solutions

Type of solution Deposit purity True density? Calculated density
% (mass fraction) g/cm3 glem?3
Alkaline cyanide (matt) 99,999 10,5 10,5
Alkaline non-cyanide 99,955 9,7 10,499
Alkaline nitrate (bright) 99,020 8,7 10,397
@  The values mentioned above are for illustrative purposes only and should not be used as density factors when converting
from mass per unit area to thickness.
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B.3 Non-destructive methods

B.3.1 Beta backscatter, ISO 3543

This method has a measurement uncertainty of less than 10 % for silver thicknesses corresponding to mass
per unit area equal to or greater than 1 mg/cm? on substrates with an atomic number of less than 35. A value
for the density of the silver or silver alloy coating is required for precise measurements.

B.3.2 Magnetic method, ISO 2178

This method is considered to have a measurement uncertainty of less than 10 % for coatings that are from
0,5 um to 7,5|um thick.

B.3.3 X-ray|spectrometric method, ISO 3497

This method lhas a measurement uncertainty of less than 10 % over a thickness range of 0{5'um to 7,5 um. A
value of the dgnsity of the coating is required for precise measurements.

B.3.4 Micrgmeter

Coatings gregter than 50 um thick can be measured directly with a micrometer by measuring the article ¢r part
before and affer electroplating.

The method s not necessarily valid if two layers of the coating are*to be measured and both are in¢luded

between the
to the require

B.4 Semi-(

For the purpo
area, usually
considered in
returned to s¢

B.4.1 Could

The instrume
silver alloy co

NOTE Ce
measurements

ments for overplating and its limitations when measuring thin coatings.

lestructive methods
ses of this annex, the term "semi-destructive methods" refers to thickness tests where a 1
ess than a few square millimetres,‘is removed during testing. The area of the coating rema

significant and can be repaired. by replating, or coating with an organic coating before
rvice.

)metric method, ISOC 2177

ht manufacturer-should be asked to recommend the solution to be used to remove the si
htings by anadic'dissolution for the specific substrate material.

tain addition agents in electroplating solutions can affect the results of coulometric thi

B.4.2 Profilometric method, 1ISO 4518

This method i

B.4.3 Interf

This method i

12

platens of the micrometer. Use the microscopical method, 1SO 1463, paying particular attention

ninute
ved is
being

ver or

ckness

s considered to have a measurement uncertainty of less than 10 %.

erometric method, 1SO 3868

s considered to have a measurement uncertainty of less than 10 %.
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B.5 Destructive methods

B.5.1 Microscopical method, ISO 1463

This method is considered to have a measurement uncertainty of less than 10 % or + 0,8 um, whichever is the
greater value. With high-resolution microscopes and careful specimen preparation, measurement
uncertainties of less than 0,5 ym can be achieved.

B.5.2 Gravimetric method, ISO 10111

B.5.2.4—General-principle

Chemiical or electrochemical dissolution of the silver or silver alloy coating without attackingthe substrate, and
determination of the mass of the coating. Calculation of the average thickness of the coating from its area,
mass fand density.

B.5.22 Stripping solutions

Use g solution capable of stripping the silver or silver alloy coating either chemically or ele¢trochemically
without attacking the substrate.

Silver|can be stripped electrolytically from nickel and steel substrates”in a solution containing 94 g/l of sodium
cyanide and 15 g/l of sodium hydroxide, at room temperature using steel cathodes and a voltage|of 2V to 6 V.

Silver|can be stripped from copper and copper alloys by.imimersion at 65 °C in a solution contdining 19 parts
by voJume of concentrated sulfuric acid (p= 1,84 g/ml)»and 1 part by volume of concentrated nitric acid
(p=1]42 g/ml). The samples to be stripped should e thoroughly dry and water should be kept out of the
solutign.

Silver|can be stripped electrolytically from tin_alloys in a solution containing 30 g/l sodium cyanide at room
tempdrature using steel cathodes and a veltage of 4 V.

B.5.23 Procedure
Thoroughly degrease a sample_of known area, rinsing and drying if necessary. Weigh the sample. Using the

recommended stripping soldtion appropriate to the basis material, completely remove the silver of the silver
alloy goating. Thoroughly.finse in running water. Dry and weigh the sample.

B.5.2/4 Thickness calculation

The ayerage coating thickness is calculated from the following equation:

L

=10Am/Ap

where
d is the average coating thickness, in micrometres;
Am is the loss in mass, in milligrams, of the sample;
A is the surface area, in square centimetres, of the coating;

p is the density, in grams per cubic centimetre, of the coating (unless the true value is known, a value
of 10,6 g/cm?3 shall be used to make the calculation).
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B.5.3 Chemical analysis

B.5.3.1 Procedure

Dissolve the silver or silver alloy coating from a sample of known area in a suitable reagent (see B.5.2.2) and
determine the mass of silver in the solution by a suitable analytical method.

B.5.3.2 Thickness calculation

The average coating thickness is calculated from the following equation:

d=10%m Apwag
where:
d is the average coating thickness, in micrometres;
m is {he mass, in milligrams, of the silver coating;
A is {he surface area, in square centimetres, of the coating;
P is {he density, in grams per cubic centimetre, of the coating; and

Wag is {he silver content, expressed as a percentage of the mass of the coating.

B.6 Generpl test report concerning thickness

The test repoft shall contain at least the following information:

a) areferenge to this annex including an identification of the specific test method used;
b) the resulf(s) of the test(s) carried out and, the form in which these are expressed;

¢c) any unusual features noticed during the determinations;

d) any operption not included in-this annex or in the International Standards to which reference hag been
made;

e) any othef relevant infortation requested by the purchaser.
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