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INTERNATIONAL STANDARD

1SO 4525-1985 (E)

Metallic coatings — Electroplated coatings of nickel plus
chromium on plastics materials

0 Introduction

This International Standard specifies requirements for a range
of electropldted coatings of nickel plus chromium on plastics
materials fof various conditions of service. No distinction is
made betwegn the types of plastics material that are suitable for
electroplating and no detailed requirements are laid down con-
cerning the [surface condition of the plastics material or the
level of moulding stresses.

condition humber, and if desired, the classification
number. Merely to ask for plating to be carried out in ac-
cordance with ISO 4525 is insufficient.

Itis essentEl that the purchaser should state the service

1 Scop€d and field of application

This Interngtional Standard specifies requirements for lelec-
troplated cdatings of nickel plus chromium, with a.'copper
undercoat in many cases, on plastics materials. It is not ap-
plicable to slich coatings on plastics used for engdineering pur-
poses.

2 Referénces
ISO 1462, Metallic coatings -£~Coatings other than those
anodic to the basis metal = Accelerated corrosion tests —

Method for the evaluation of the results.

1ISO 1463, Metallic .ahd”oxide coatings — Measurement of
coating thickness =>-Microscopical method.

ISO 2064, Mletallic and other non-organic coatings — Defini-

ISO 3543, Metallic and non-metallic-coatings {~- Measurement
of thickness — Beta backscatter_method.

1ISO 3769, Metallic coatings—— Acetic acid salt|spray test (ASS
test).

ISO 3770, Metallic coatings — Copper-accelefated acetic acid
salt spray test(CASS test).

ISO 4519, Electrodeposited metallic coatings and related
finishes\>= Sampling procedures for inspectioh by attributes.

3 Definition

significant surface : The part of the article govered or to be
covered by the coating, and for which the cofating is essential
for serviceability and/or appearance.

(Definition taken from 1SO 2064.)

4 Information to be supplied to the
electroplater

When ordering articles to be electroplated in accordance with
this International Standard, the purchaser sh3ll state, in addi-
tion to the number of this International Starldard, ISO 4525,
the service condition number denoting the seyerity of the con-
ditions the coating is to withstand (see clause §) and, if desired,
the classification number of the particular coatjng required (see
clause 7). If the service condition number is quoted and not the

tions and conventions concerning the measurement of
thickness.

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

1ISO 2361, Electrodeposited nickel coatings on magnetic and
non-magnetic substrates — Measurement of coating thickness
— Magnetic method.

ISO 2859, Sampling procedures and tables for inspection by
attributes.

1) At present at the stage of draft. (Revision of ISO 2859-1974.)

classification number, the supplier shall be free to supply any of
the classes of coating corresponding to the service condition
number, but shall inform the purchaser of the classification
number of the coating supplied.

The purchaser shall state the appearance required, for example
bright or dull or satin. Alternatively, a sample showing the
required finish shall be supplied or approved by the purchaser.

On articles where a contact mark on the significant surface is
unavoidable, its position shall be the subject of agreement be-
tween the parties concerned.
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5 Grading of service conditions
The service condition number comprises

a) a number from 1 to 4 indicating the severity of the con-
ditions that the coating is likely to encounter in service (the
highest number denoting the most severe conditions).
Typical service conditions for which the various service con-
dition numbers are appropriate are

— service condition No. 4 — service outdoors in excep-
tionally severe corrosive conditions

g) a letter or letters designating the type of chromium
deposit (see 8.3).

For example the complete classification number for a coating
comprising 15 um (minimum) bright nickel plus 0,3 um
(minimum) micro-cracked chromium is

PL/Ni15b Cr mc

8 Coating requirements

NOTE B 1se-of-the-di

— service cpndition No. 3 — service outdoors in normal
conditions

— service dondition No. 2 — service indoors in places
where condensation may occur, for example kitchens
and bathrooms

— service dondition No. 1 — service indoors in warm
dry atmospHeres, for example offices;

b) a letter A, B or C (see 8.6) indicating the temperature
conditions thatare to be used in the thermal cycling test.

6 Substrate requirements

The plastics materials to be electroplated with nickel and
chromium shall haye properties which enable the electroplated
coatings of nicke] and chromium to conform to the re-
quirements of this [International Standard, provided that those
coatings have beer) correctly applied. Where plastics artefacts
are produced by spme technique which involves a change of
phase, such as mpulding, then the electroplating operation
shall not take place until at least 24 h has elapsed after prodtc-
tion.

7 Classificatipn number

The classification number comprises

a) the letters PL, indicating a{plastics basis material, fol-
lowed by an oblique stroke;

b) if a copper uUndercoat.is specified, 1), the chemical sym-
bol Cu, followed by/a number indicating the minimum local
thickness (see 1$0-2064), in micrometres, of that undercoat

coating should possess sufficient ductility. This may-be
using either ductile copper or ductile nickel for“the fifst electro-
deposited layer.

8.1 Undercoats

To ensure good adhesion and-compliance with 8.p, certain
plastics materials require a ductile undercoat. In the|case of a
copper undercoat, the minimum local thickness at any point on
the significant surface.that can be touched by a ball|20 mm in
diameter shall be A5\um, but not less than 20 um |is recom-
mended for thermal-cycles B and C.

8.2 Nickel coating

The number following the chemical symbol Ni indicates the
midimum local thickness, in micrometres, of the nickel coating,
measured by one of the methods given in 10.1, at any point on
the significant surface that can be touched by a ball[20 mm in
diameter. The minimum local thickness requirement| may also
be applied to additional portions of the significant surface if
specified by the purchaser.

The type of nickel? shall be designated by the following sym-
bols :

b : for nickel deposition in the fully bright conditjon

s : for dull or satin or semi-bright nickel which shall not
have been mechanically polished

d : for double- or triple-layer nickel coatings, which shall
have the properties indicated in table 1

8.3 Chromium coating

{see 8.1);
c) the chemical symbol Ni for nickel;

d} a number indicating the minimum local thickness (see
ISO 2064), in micrometres, of the nickel coating;

e) a letter designating the type of nickel deposit (see 8.2):

f) the chemical symbol Cr for chromium;

The thickness of the chromium coating shall be measured by
the coulometric method given in 10.1.2 at any point on the
significant surface that can be touched by a ball 20 mm in
diameter. The minimum local thickness requirement may also
be applied to additional portions of the significant surface if
specified by the purchaser.

The type of chromium shall be designated by the following
symbols placed after the chemical symbol Cr :

1) This item would be omitted if a copper undercoat was not specified or used, but see the note to clause 8.

2} It will usually be possible to identify the type of nickel by microscopical examination of a polished and etched cross-section of an article prepared

according to 1SO 1463.
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8.4 Coatings appropriate for each service
condition number

r: for regular (i.e. conventional) chromium, having a
minimum local thickness of 0,3 um

Table 2 shows the coating classification numbers appropriate
for each service condition number. See clause 5 and 8.6 for the
significance of the designations.

mc : for micro-cracked chromium, having more than
250 cracks per centimetre in any direction, forming a
closed network over the whole of the significant sur-
face when determined by one of the methods
specified in 10.3, and having a minimum local
thickness of 0,3 um. With some processes, a
substantially greater thickness (about 0,8 um) will be
required to achieve the necessary crack pattern, in
which case the minimum local thickness shall be in-
cluded in the classification number, for example
Cr[mc (0,8)

8.5 Appearance

The electroplated article shall be clean and free from damage.
Over the significant surface, the electroplated article shall be
free from visible electroplating defects such as blisters, pits,
roughness, cracks or areas not coated by any|layer, and shall
not be stained or discoloured.

mp : for| micro-porous chromium, containing a minimum

of |10 000 pores per square centimetre when deter-

mi:Fed by the method specified in 10.3.2 and having a
i

8.6 Thermal cycling

The thermal cycling test is intended primarily fo assess adhe-
sion. Temperature fluctuations in service may dause premature
adhesion failures and _the,“magnitude of thgse fluctuations
should be taken into consideration when selectfing the thermal
cycling requirements.) The purchaser shall select one of the
following requirements and include the appropifiate letter in the
service condition/number :

mimnimum local thickness of 0,3 um. 1) The pores shall
be [invisible to the unaided eye or corrected vision

There may bg some loss of lustre after a period of service in the
case of mc and mp chromium deposits of 0,3 um thickness
which could| be unacceptable in some applications. This
tendency car) be reduced by increasing the chromium deposit
thickness to §,5 um in which case the minimum local thickness

A : temperature limits of 75 °C and 20 + p °C

shall be included in the classification number, as follows
B\’ temperature limits of 75 °C and —20 9C
Cr mc (0,5)
Cr mp (0,p) C : temperature limits of 75 °C and —40 9C
Table 1 — Properties of double- and triple-layer nickel coatings
. Thickness, as a percentage of
LaVer Elongation (%) Su;f)zr(fno/':;ﬁ"t total nickel thickness
Double layer Triple layer
Bottom > 8 < 0,005 > 60 > 50
Middle — > 0,15 — <10
Top . > 0,04 and < 0,15 < 40 < 40
Test method See 10.2 — See 10.1.1
* The sulfur c@ntents are specifiedin order to indicate the type of nickel electroplating solution that is to be used. No simple methdd exists for deter-
mining the suljur content of.a¢nickel deposit on a coated article. An accurate determination is possible on a specially prepared tdst specimen.

Fabte-2—=Cuatings o plastics Trateriats™

Service condition number Classification number
PL/Ni 25 b (or s) Cr mc (or mp)
4A, 48 or 4C PL/Ni 25 d Cr r (or mc or mp)
PL/Ni20 b (orsord) Crr
3A, 3B or 3C PL/Ni 15 b (or s or d) Cr mc (or mp)
2A, 2B or 2C PL/Ni 10 b (or s or d) Cr r {(or mc or mp)
1A, 1B or 1C PL/Ni 5b (ors) Crr (or mc or mp)

* Where a copper undercoat is specified, it is not permissible to reduce the thickness of nickel given. See
clause 7 for the manner of specifying a copper undercoat.

1) The specified porosity pattern at a minimum chromium thickness of 0,3 um may be achieved by depositing chromium over a nickel layer which
contains a large number of small non-conducting particles.
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After having been subjected to the appropriate test specified in
10.4, the coated article shall show no defects, which are visible
to the unaided eye or corrected vision, such as cracking,
blistering, peeling, sink marks or distortion.

NOTE — The use of this test eliminates the need for a separate adhe-
sion test.

8.7 Corrosion resistance of the coating metal

Coated articles shall be subjected to the CASS corrosion test
specified in ISO 3% >
for the duration ~tated in table 3 as appropnate for the par-
ticular service corldition number.

The durations of the corrosion test given in table 3 provide a
means of controlling the continuity and quality of the coatings
and do not necessarily relate to the service life of the finished
article.

Table 3 — Corrgsion test durations appropriate to each
srrvice condition number

Servick Duration of CASS test
condition number (h)
4 32
3 16
2 8
1" —

* Although no tedt duration is specified for service condition
number 1, such cogtings may be subjected, by agreement, to the
acetic salt spray spegified in ISO 3769 for an agreed period of not more
than 8 h.

The durations giveh in table 3 shall be either continuous or shall
consist of an apprgpriate number of 8 or 16 h periods:separated
by rest periods of petween 1 and 16 h, as agreed\between the
purchaser and the|electroplater.

Assign a rating each article, tested-in accordance with
ISO 1462, representing the extent to-which the nickel plus
chromium coating|has remained unpenetrated, thus preventing
corrosion of the cppper undercoat, or exposure of the plastics
material. For compliance with this International Standard, the
rating for each art|cle shall-be*not less than 8.

NOTE — Surface ddgterioration of the coating itself is expected to oc-
cur during the testing of'some types of coating.

10.1 Measurement of thickness

10.1.1 Microscopical method

Use the method specified in ISO 1463 with, if required, the
nitric acid/glacial acetic acid etchant specified therein or, for
coatings of nickel on copper, a solution of 1 part by volume of
nitric acid (0 = 1,42 g/ml) to 5 parts by volume of glacial
acetic acid.

NOTE — The use of these etchants enables the thickness of the dif-
ferent Iayers in double— and triple-layer nickel coatings to be

10.1.2 Coulometric method

Use the method specified in ISO 2177.

10.1.3 Magnetic method (applicable to nickel coatings
only)

Use the method specified in ISO 2361.

10.1.4 Beta-backscatter method (applicable only in the
absence of-copper undercoats)

Use the method specified in 1ISO 3543.

NOTE — This method determines the total coating thicknegs, including
that of a copper undercoat, if present. The thickness of this undercoat
can, however, be distinguished from that of the outer coat|ng by using
this method in conjunction with that specified in ISO 217§, for nickel
and chromium coatings, or in conjunction with that ppecified in
1ISO 2361, for nickel coatings.

10.2 Ductility test

10.2.1 Preparation of test specimen

Prepare an electroplated test specimen 150 mm lorjg, 10 mm
wide and 1 mm thick by the following method.

Polish a sheet of soft brass, the length and breadth of which
both exceed those of the final test specimen by at legst 50 mm.
Plate the sheet on one side with nickel to a thicknesg of 256 um

9 Sampling
The method of sampling shall be selected from the procedures

given in ISO 2859 or ISO 4519. The acceptance levels shall be
specified by the purchaser.

10 Test methods
With the exception of the methods specified in 10.1 and 10.3,

all methods of test shall be carried out not earlier than 24 h after
electroplating.

4

under the same conditions and in the same bath as the cor-
responding articles.

Cut the test specimen from the plated sheet with a guillotine.
Round or chamfer the longer edges of the test specimen at
least on the plated side, by careful filing or grinding.

10.2.2 Procedure

Bend the test specimen with the plated side in tension, by
steadily applied pressure, through 180° over a mandrel of
diameter 11,5 mm until the two ends of the test specimen are
parallel. Ensure that contact between the test specimen and the
mandrel is maintained during bending.
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