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1. Scope

1.1 This test method covers equipment and techniques for
determining porosity in gold coatings, particularly electrode-
posits and clad metals used on electrical contacts.

1.2 This test method is designed to show whether the
porosity level is less or greater than some value which by
experience is considered by the user to be acceptable for the
intended application.

1.3 This test method is suitable for flat surfaces, or with
appropriate fixtures, for gently curved surfaces.

1.4 A variety of other porosity testing methods are described
in Guide B 765 and in the literature. Detailed critical reviews
of porosity testing are also available.? * 3> 4 Other porosity test
methods are B735, B798, B799, and B809.

1.5 This test method is specifically designed for use with
gold coatings (>95 % gold) on substrates of copper and nickel
and their alloys. Although not covered in this standard,
variations of this test method may be found useful in evaluating
coatings other than gold.

1.6 The values stated in SI units are to be regarded as
standard. The values in parenthesis are for information only.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to its use. For a specific
precautionary statement, see Note 1.

2. Referenced Documents
2.1 ASTM Standards:

! This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.11 on Electrical Contact Test Methods.

Current edition approved April 15, 1995. Published June 1995. Originally
published as B 741 — 85. Last previous edition B 741 — 90.

2 For example: Nobel, F. J., Ostrow, B. D., and Thompson, D. W., “Porosity
Testing of Gold Deposits,” Plating, Vol 52, 1965, p. 1001.

3 Clarke, M., in “Properties of Electrodeposits—Their Measurement and Signifi-
cance,” Edited by Sard, R., Leidheiser, H., and Ogburn, F. The Electrochemical
Society, Princeton, NJ, 1975.

4 Krumbein, S. J., “Porosity Testing of Contact Platings,” Proceedings, Connec-
tor and Interconnection Technology Symposium, Oct. 1987, Phila., PA, p. 47.

B 276 Test Method for Apparent Porosity in Cemented
Carbides °

B 374 Terminology Relating to Electroplating °

B 537 Practice for Rating of Electroplated Panels Subjected
to Atmospheric Exposure 3

B 542 Terminology Relating to Electrical Contacts and
Their Use 3

B 735 Test Method for Porosity in Gold Coatings on Metal
Substrates by Nitric Acid Vapor °

B 765 Guide for Selection of Porosity Tests for Electrode-
posits on Related Metallic Coatings >

B 798 Test Method for Porosity in Gold or Palladium
Coatings on Metal Substrates by Gel-Bulk Electrography ©

B 799 Test Method for Porosity in Gold and Palladium
Coatings by Sulfurous Acid/Sulfur-Dioxide Vapor ©

B 809 Test Method for Porosity in Metallic Coatings by
Humid Sulfur Vapor (“Flowers-of-Sulfur”)

3. Terminology

3.1 Definitions—Many terms used in this test method are
defined in Terminology B 542 and terms relating to metallic
coatings are defined in Terminology B 374.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 decorations—those reaction products emanating from
the pores that provide visual contrast with the paper.

3.2.2 measurement area (or ''significant surface’’)—the
surface that is examined for the presence of porosity. The
significant surfaces or measurement areas of the part to be
tested shall be indicated on the drawing of the part or by
provision of suitably marked samples.

3.2.3 Discussion—For specification purposes, the signifi-
cant surfaces or measurement areas are often defined as those
portions of the surface that are essential to the serviceability or
function of the part, such as its contact properties, or which can
be the source of corrosion products or tarnish films that
interfere with the function of the part.

3 Annual Book of ASTM Standards, Vol 02.05.
© Annual Book of ASTM Standards, Vol 02.04.
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3.2.4 metallic coatings—include platings, claddings, or
other metallic layers applied to the substrate. The coating can
comprise a single metallic layer or a combination of metallic
layers.

3.2.5 porosity—the presence of any discontinuity, crack, or
hole in the coating that exposes a different underlying metal.

3.2.6 underplate—a metallic coating layer between the
substrate and the topmost layer or layers. The thickness of an
underplate is usually greater than 0.8 pm (30 pin.).

4. Summary of Test Methods

4.1 This test method uses chemically impregnated moist-
ened paper pressed against the specimen surface at controlled
pressure. / Current is passed from the specimen, which is
anodic, to an inert cathode, at a fixed voltage for a specified
time. Base metal ions at pore sites migrate to the paper where
a reaction occurs. Depending on the reagents employed, this
gives either colored products or colorless products that can be
made visible by developing the paper in appropriate chemical
vapors or solutions.

4.2 This porosity test involves corrosion reactions in which
the products delineate defect sites in coatings. Since the
chemistry and properties of these products may not resemble
those found in natural or service environments, these tests are
not recommended for prediction of the electrical performance
of contacts unless correlation is first established with service
experience.

5. Significance and Use

5.1 Gold coatings are often specified for the contacts of
separable electrical connectors and other devices. Electrode-
posits are the form of gold that is most used on contacts,
although it is also employed as clad metal and as weldments on
the contact surface. The intrinsic nobility of gold enables it to
resist the formation of insulating oxide films that could
interfere with reliable contact operation.

5.2 In order that the nobility of gold be assured, porosity,
cracks, and other defects in the coating that expose base metal
substrates and underplates must be minimal or absent, except
in those cases where it is feasible to use the contacts in
structures that shield the surface from the environment or
where corrosion inhibiting surface treatments for the deposit
are employed. The level of porosity in the coating that may be
tolerable depends on the severity of the environment to the
underplate or substrate, design factors for the contact device
like the force with which it is mated, circuit parameters, and the
reliability of contact operation that it is necessary to maintain.
Also, when present, the location of pores on the surface is
important. If the pores are few in number and are outside of the
zone of contact of the mating surfaces, their presence can often
be tolerated.

5.3 Methods for determining pores on a contact surface are
most suitable if they enable their precise location and numbers
to be determined. This test method is well suited to determin-
ing pore location. It is also well suited to determine the number

7 Noonan, H. N., “Electrographic Determination of Porosity in Gold Electrode-
posits,” Plating, Vol 53, 1966, pp. 461-470.

of pores per unit area up to a limit where the pore indications
begin to overlap to the extent that counting individual indica-
tions is not feasible.

5.4 The relationship of porosity levels revealed by particular
tests to contact behavior must be made by the user of these tests
through practical experience or by judgment. Thus, absence of
porosity in the coating may be a requirement for some
applications, while a few pores in the contact zone may be
acceptable for another.

5.5 The severity of porosity-determining tests may vary
from procedures capable of detecting all porosity to procedures
that detect only highly porous conditions. The test method in
this document is regarded as severe.

5.6 This test method is highly sensitive and is capable of
detecting virtually all porosity or other defects in gold coatings
that could participate in substrate corrosion reactions. The test
is rapid, simple, and inexpensive. It provides good pore
delineation in areas where there are several pores. The time for
this test is usually on the order of 60 s.

5.7 Since the results are printed on paper, a permanent
record of the porosity is obtained.

6. Limitations

6.1 This test is considered destructive in that it reveals the
presence of porosity by attacking the base metal areas and by
undercutting the gold coating at pore sites or at the edges of the
gold coated areas. Any parts exposed to this test shall not be
placed in service.

6.2 The paper electrographic procedure is used for gold
coatings on substrates of copper or copper alloys with or
without a nickel underlayer. This test is faster than the sulfur
dioxide, nitric acid vapor, and gel bulk electrographic tests, but
it requires that the test specimen be flat or of such shape that a
uniform clamping force can be applied.

6.3 This test is intended to be used for quantitative descrip-
tions of porosity (such as number of pores per unit area or per
contact) only on coatings that have a pore density sufficiently
low that the corrosion sites are well separated and can be
readily resolved. As a general guideline this can be achieved
for pore densities up to about 100/cm?. Above this value the
tests may still be useful for the qualitative detection and
comparisons of porosity.

7. Apparatus

7.1 Regulated Variable Power Supply is required. The volt-
age shall have a ripple of less than 0.1 V at the working voltage
and be adjustable from 0 to 5 V with the capability of being set
to 0.2 V. The power supply shall not develop a voltage
transient that exceeds the test value by more than 0.1 V. The
voltmeter shall have a range of at least O to 7 V, capable of
readings to 0.2-V resolution. The ammeter shall have a range
of at least 0 to 10 mA with 0.5-mA resolution.

7.2 Press for Clamping Test Specimen and Paper Togeth-
er is required. The clamping force shall be adjustable so that
clamping pressures on the specimen from 0 to 3.4 MPa (0 to
500 Ib/in%) can be produced. A means of measuring clamping
force must be provided. The accuracy of the force measure-
ment must be adequate to assure that the clamping pressure can

be measured with an accuracy of =0.3 MBMe Ats
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