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INTERNATIONAL

Standard Test Method for
Porosity in Gold and Palladium Coatings by Sulfurous Acid/
Sulfur-Dioxide Vapor *

This standard is issued under the fixed designation B 799; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope Substrates by Paper Electrograghy
1.1 This test method covers equipment and methods for B 765 Guide for Selection of Porosity Tests for Electrode-

determining the porosity of gold and palladium coatings, _POSits and Related Metallic Coatinys

particularly electrodeposits and clad metals used on electrical B 798 Test Method for Porosity in Gold or Palladium
contacts. Coatings on Metal Substrates by Gel-Bulk Electrography

1.2 This test method is designed to show whether the B 809_ Test Method for Porosity in Metallic Coatings By
porosity level is less or greater than some value which by Humid Sulfur Vapor (“Flowers-of-Sulfur”}
experience is considered by the user to be acceptable for t
intended application. o o
1.3 Avariety of other porosity testing methods are described 3-1 Definitions—Many terms used in this test method are
in the literature? 3 Other porosity test methods are B 735, deflned in Term|_nology B 54_2 and terms relating to metallic
B 741, B 798, and B 809. An ASTM Guide to the selection of €0atings are defined in Terminology B 374.

porosity tests for electrodeposits and related metallic coatings 3-2 Definitions of Terms Specific to This Standard:
is available as Guide B 765. 3.2.1 corrosion products-those reaction products emanat-

1.4 The values stated in S| units are to be regarded 489 from the pores that protrude from, or are otherwise attached

standard. The values given in parentheses are for informatidi¢: the coating surface after a vapor test exposure.
only. 3.2.2 measurement area (of’significant surface}—the

1.5 This standard does not purport to address all of theSurface that is examined for the presence of porosity. The
safety concerns, if any, associated with its use. It is theignificant surfaces or measurement areas of the part to be

responsibility of the user of this standard to establish appro-ested shall be indicated on the drawing of the part or by

priate safety and health practices and determine the applicaProvision of suitably marked samples. o
bility of regulatory limitations prior to use.For specific 3.2.3 Discussior—For specification purposes, the signifi-
hazards, see Section 6. cant surfaces or measurement areas are often defined as those

portions of the surface that are essential to the serviceability or

f? Terminology

2. Referenced Documents function of the part, such as its contact properties, or which can
2.1 ASTM Standards: be the source of corrosion products or tarnish films that
B 374 Terminology Relating to Electroplatirig interfere with the function of the part. _

B 735 Test Method for Porosity in Gold Coatings on Metal ~3:2.4 metallic coatings-include platings, claddings, or
Substrates by Nitric Acid Vapdr other metalhc_ layers appll|ed to the substratc_a. The coatings can
B 741 Test Method for Porosity In Gold Coatings on Metal Icomprlse a single metallic layer or a combination of metallic
ayers.

3.2.5 Porosity—the presence of any discontinuity, crack, or
1 This test method is under the jurisdiction of ASTM Committee BO2 on NOl€ in the coating that exposes a different underlying metal.
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee  3.2.6 Underplate—a metallic coating layer between the
B02.11 on Electrical Contact Test Methods. substrate and the topmost layer or layers. The thickness of an

Current edition approved April 15, 1995. Published June 1995. Originally . .
published as B 799 — 88. Last previous edition B 799 — 93. underplate IS usua”y greater that 0.8 pHm (30 “m')'

2 For example see: Nobel, F. J., Ostrow, B. D., and Thompson, D. W.,* Porosity

Testing of Gold Deposits,Plating, Vol 52, 1965, p. 1001. 4. Summary of Test Method
> h . . X ) )
S.J. Krumbu?n, Porosity Testing of Cpntact PlatingmceedingsConnectors 4.1 The test method employs concentrated sulfurous acid
and Interconnection Technology Symposium, Oct. 1987, p 47. R K . .
4 Annual Book of ASTM Standardol 02.05. (H,S0y), which emits sulfur dioxide (S£) gas according to the
5 Annual Book of ASTM Standardgol 02.04. equilibrium reaction:
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H,SO; = SG, + H,0 1) 5.4 Methods for determining pores on a contact surface are
The procedure is similar to one first proposed by Lee andnost suitable if they enable their precise location and numbers
Ternowski.® to be determined. Contact surfaces are often curved or irregular

4.2 Exposure periods may vary, depending upon the degre@ shape, and testing methods should be suitable for them. In
of porosity to be revealed. Reaction of the gas with aaddition, the severity of porosity-determining tests may vary
corrodable base metal at pore sites produces reaction produdtem procedures capable of detecting all porosity to procedures
that appear as discrete spots on the gold or palladium surfacdat detect only highly porous conditions.

Individual spots are counted with the aid of a loupe or 55 The present test method is capable of detecting virtually
low-power stereo microscope. all porosity or other defects that could participate in corrosion

4.3 This test method is suitable for coatings containingreactions with the substrate or underplate. The test is rapid,
95 % or more of gold or palladium on substrates of coppergimple, and inexpensive. In addition, it can be used on contacts
nickel, and their alloys which are commonly used in electricalh‘—j“,ing complex geometry such as pin-socket contacts (al-
contacts. though with deep recesses it is preferred that the contact

4.4 This porosity test involves corrosion reactions in whichgirctures be opened to permit reaction of the sulfur dioxide
the products delineate defect sites in coatings. Since th&iih the interior significant surfaces).

chemistry and properties of these products may not resemble . . . .
those found in natural or service environments this test is not 5.6 The relationship of porosity levels revealed by particular

recommended for prediction of the electrical performance oEStS t(?]contatf:t blehawo_rmust b%m_at(jje by thte_lt_ﬁer oftt)hese tes;cs
contacts unless correlation is first established with servicdfOU9N practical €xperience or by judgment. Thus, absence o
porosity in the coating may be a requirement for some

experience. N . )
applications, while a few pores in the contact zone may be

5. Significance and Use acceptable for others.
5.1 Gold coatings are often specified for the contacts of 5.7 This test is considered destructive in that it reveals the

separable electrical connectors and other devices. ElectrodBI€Sence of porosity by contaminating the surface with corro-
posits are the form of gold that is most used on contacts>iON products and by undercutting the coating at pore sites or

although it is also employed as inlay or clad metal and a&t the boundaries of the unplated areas. Any parts exposed to
weldments on the contact surface. The intrinsic nobility of goldthis test shall not be placed in service.
enables it to resist the formation of insulating oxide films that 5.8 This test is intended to be used for quantitative descrip-
could interfere with reliable contact operation. tions of porosity (such as number of pores per unit area or per
5.2 Palladium coatings are sometimes specified as alterngontact) only on coatings that have a pore density sufficiently
tives to gold on electrical contacts and similar electricallow that the corrosion sites are well separated and can be
component surfaces, both as electrodeposits and as inlay wradily resolved. As a general guideline this can be achieved
clad metal. This test method is particularly suitable for deterfor pore densities up to about 100/&mAbove this value the
mining porosity in palladium coatings, since the reactivetests are useful for the qualitative detection and comparisons of
atmosphere that is used does not attack the palladium if thgorosity.
specified test conditions are followed. In contrast, palladium 59 Forthese purposes, thieeasurement arear significant
coatings are attacked by nitric acid (Hi)and other strong  syrface shall be defined as those portions of the surface that
oxidizing agents, so that Test Method B 735 cannot be used fore essential to the serviceability or function of the part, such
determining the porosity in such coatings. . as its contact properties, or which can be the source of
5.3 In order for these coatings to function as intendedcorrosion products or tarnish films that interfere with the
porosity, cracks, and other defects in the coating that exposginction of the part. The significant surfaces shall be indicated

base-metal substrates and underplates must be minimal gp the drawings of the parts, or by the provision of suitably
absent, except in those cases where it is feasible to use the; ked samples.

contacts in structures that shield the surface from the environ-
ment or where corrosion inhibiting surface treatments for th
deposit are employed. The level of porosity in the coating that
may be tolerable depends on the severity of the environment to 6.1 Carry out these test procedures in a clean, working fume
the underplate or substrate, design factors for the conta¢tood. The SQ gas that is emitted is toxic, corrosive, and
device like the force with which it is mated, circuit parametersirritating.

and the reliability of contact operation that it is necessary to 6.2 Use caution, however, in actually performing the tests
maintain. Also, when present, the location of pores on thehat the drafts often found in hoods do not cause significant
surface is important. If the pores are few in number and ar@ooling of the chamber walls which may lead to condensation
outside of the zone of contact of the mating surfaces, theiof water and acceleration of the test. It is often convenient to
presence can often be tolerated. enclose the reaction vessel in a box with a loose-fitting cover,

and to keep the box in a hood during the test.

6.3 Observe normal precautions in handling corrosive acids.

SLee, F., and Ternowski, MProceedings Ninth International Conference on In partlcular, wear eye prmeq_'qn Completely 'enclosmg the
Electrical Contact Phenomen&hicago, 1978, p. 215. eyes, and make eye wash facilities readily available.

Safety Hazards



Ay B 799

7. Apparatus Note 2—Omit the cleaning steps for samples having corrosion-

. - inhibiting, or lubricant coatings, or both, if it is desired to determine the
7'1. Test .Chambe{_MaY be any C(.)nven.lem size, glass or efficacy of these coatings in the $@tmosphere.
acrylic resin vessel having a gastight lid, such as a glass A
desiccator of 9 to 10-L capacity. The ratio of chamber volume 92 The test temperature shall be 233°C, unless other-
in cubic centimeters to the generating solution (sulfurous acidyise specified, and the relative humidity in the immediate
surface area in square centimeters shall not exceed 25 vicinity of the test chamber shall be no greater than 60 %. If the
7.2 Specimen Holders or Supportdviay be made of glass, relative humidity is greater than 60 %, do not run the test.
polytetrafluoroethylene, or other inert materials. It is essential 9.3 Carefully add the sulfurous acid {800 ;) to the bottom
that the specimens be arranged so as not to impede circulatiéh the cleanand dry test chambein a fume hoodload the
of the gas. Specimens shall not be closer than 25 mm (1 in§@mples, using suitable fixtures, and replace the lid. The
from the wall and 75 mm (3 in.) from the solution surface. ambient relative humidity shall be no greater than 60 % during
Also, the measurement areas of the specimens shall be at le&§ith the addition of the 58O, and the insertion of the samples.
12 mm (0.5 in.) from each other. 9.4 Expose the samples to the test environmenfh for
7.2.1 Do not use a porcelain plate or any other structure thatold coating thicknesses of 1.25 pm (50 pin.) or greater, 90 min
would cover more than 30 % of the liquid surface cross-for gold thicknesses less than 1.25 pm, and 60 min for

sectional area. This is to insure that movement of air and vapdi@lladium coatings. .
within the vessel will not be restricted during the test. 9.5 Remove the samples at the end of the test period, and

7.3 Stereomicroscope having a)i@nagnification shall be a”OW them to Stabi”ze at IOW'hUm|d|ty Under the fume hOOd

used for pore counting. In additon a movable source of©r 10 = 5 min. _ _ o _
illumination capable of giving oblique lighting on the specimen  9-6 Place samples (preferably with their holding fixture, if
surface is required. It is preferred that a graduated reticle bOssible) into an air circulating oven, maintained at #25°C,

fitted into one of the eyepieces of the microscope. for 15 = 5 min, for the purpose of “developing” the pore-
corrosion products for easier examination.

8. Reagents 9.7 Discard the sulfurous acid in a safe manner at the end of
8.1 Sulfurous Acid (H,SQ,),“ analyzed reagent grade”, or €ach day. It may be re-used during any one day for several
better, preferably in individual sealed 500-mL bottles. consecutive tests provided the chamber is kept closed between

test runs, and no discoloration or contamination, visible to the
9. Procedure naked eye, is present.

9.1 Handle specimens as little as possible, and only with o
tweezers, microscope-lens tissue, or clean, soft cotton glove30. Examination

Prior to the test, inspect the samples undex Ifagnification 10.1 Count individual pore-corrosion products atlfhag-

for evidence of particulate matter. If present, such particlesification, using collimated incandescent illumination at an

shall be removed by blowing them with clean, oil-free air. If oblique angle below 15°. They are delineated by the corrosion
this is not successful discard the sample. Then, clean thgroducts protruding from the pore sites. The solids may be
samples with solvents or solutions that do not contain chloritransparent, especially in the case of gold or palladium-plated
nated hydrocarbons, CFC’s or other known ozone-destroyingickel; exercise great care in counting, particularly for rough or

compounds. The procedure outlined in Note 1 has been founglirved surfaces.

to give satisfactory results for platings with mild to moderate

surface contamination. Note 3—The following hints may be useful as an aid to counting.

(1) Count only corrosion products that protrude above the surface.

Note 1—Suggested cleaning procedure: Stains are not considered porosity within the scope of this specification.

(1) Keep individual contacts separated if there is a possibility of (2) Loose contamination that can easily be removed by a gentle air
damage to the measurement areas during the various cleaning steps. dusting should not be considered corrosion products.

(2) Clean samples for 5 min in an ultrasonic cleaner which contains a (3) Move sample around under the light to vary the angle when unsure
hot (65-85°C) 2 % aqueous solution of a mildly alkaline (pH 7.5-10)of a pore. Burnished gold can give the appearance of black spots.
detergent (such as Micro or Sparkleen). (4) Acorrosion product should be measured and counted when at least

(3) After ultrasonic cleaning, rinse samples under warm running tafone half of the corrosion product falls within theeasurement area
water for at least 5 s. Unless otherwise specified, corrosion products which initiate outside the

(4) Rinse samples ultrasonically for 2 min in fresh deionized water tomeasurement area but fall within it, and which are irregular in shape
remove the last detergent residues. should not be counted, see Fig. 1. However, for small measurement areas,

(5) Immerse in fresh methanol or isopropanol, and ultrasonically“or where the migrating pore-corrosion product covers a significant portion

agitate” for at least 30 s in order to remove the water from the samplesef this area, the presence of such products should be recorded.
(6) Remove and dry samples until the alcohol has completely evapo- . . .
rated. If an air blast is used as an aid to drying, the air shall be oil free, 10.2 Pore size shall be defined by the longest diameter of

clean, and dry. the corrosion product. Unless otherwise specified, corrosion
(7) Do not touch measurement area of the samples with bare fingefgroducts less than 0.05 mm (0.002 in.) in diameter shall not be
after cleaning. counted. A graduated reticle in the microscope eyepiece is

(8) Re-inspect samples (underxd@nagnification) for particulate matter \,sefyl as an aid to counting and sizing.
on the surface. If particulates are found, repeat the cleaning steps. Surface
cleanliness is extremely important; contaminants, such as plating salts, Note 4—A useful sizing technique is to tabulate the pore-corrosion
organic films, and metal flakes may give erroneous indications of defect@roducts in accordance with three size ranges. These are (approximately):
and are unacceptable. (@ 0.12 mm diameter (0.005 in.) or les$) petween 0.12 and 0.40 mm
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FIG. 1 Corrosion Products at Boundaries of Measurement Area
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nickel underplate. Round-robin results from a series of four
runs in each laboratory with an $Q@est of greater severity
gave coefficients of variation of less than 20 % in each of three
participating laboratories. However, poorer precision was ob-
tained when the results of the different laboratories were
compared.

11.2 Bias—The porosity of commercially produced contact
platings is a property with potentially large sample-to-sample
variability. 7 Since there is no acceptable reference material
suitable for determining the bias for porosity testing, no
statement on bias is being made.

diameter (0.005 and 0.015 in.), and)(greater than 0.40 mm diameter 12. Keywords

(0.015 in.).

10.3 The acceptable number, sizes and locations of the pojg
corrosion products shall be as specified on the appropriatg
drawing or specification, or as agreed upon by the producer an

user.

11. Precision and Bias

) 11-]j Precisio_H—The precision of thiS test method is b_eing in “Testing of Metallic and Inorganic CoatingsASTM STP No. 94 Harding, W.
investigated with gold-plated electrical contacts having &B., and DiBari, G. A, Eds., ASTM, PA, 1987, p. 193.

12.1 gold coatings; gold platings; palladium coatings; pal-
dium platings; plating porosity; porosity testing; pore corro-
>jon test; sulfur dioxide test; sulfurous acid/S@st

7 Krumbein, S. J., and Holden, C. A., Jr., “Porosity Testing of Metallic Coatings,”

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk

of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website

(www.astm.org).



