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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 commlttee International organlzatlons governmental and non- governmental in
liaison with h iy ptechnical
Commissio (IEC) on aII matters of electrotechnlcal standardlzatlon

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft Interndtional Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the memberbodies casting|a vote.

Attention is @irawn to the possibility that some of the elements of this part of ISO 4524-may be the subjec} of patent
rights. ISO ghall not be held responsible for identifying any or all such patent rights.

International Standard ISO 4524-2 was prepared by Technical Committee 1S@/TC 107, Metallic and othef inorganic
coatings, Subcommittee SC 7, Corrosion tests.

This second|edition cancels and replaces the first edition (ISO 452442:1985), which has been technically fevised.

ISO 4524 cpnsists of the following parts, under the genetal title Metallic coatings — Test mathods for
electrodeposited gold and gold alloy coatings:

— Part 1: Determination of coating thickness

— Part 2: Mixed flowing gas (MFG) environmental tests
— Part 3: Electrographic tests for porosity.

— Part 4: Determination of gold content

— Part 5: Adhesion tests

— Part 6: Determination of the presence of residual salts

Annexes A, [C and E form a normative part of this part of ISO 4524. Annexes B and D are for information ¢nly.

iv © IS0 2000 — Al rights reserved
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Mixed flowing gas (MFG) tests are used to simulate or amplify exposure to environmental conditions that electrical
contacts or connectors can be expected to experience in various application environments (see references [2] and

[3))-
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htive field environments or environmental severity levels on standard metallic surfaces, sud
coupons or porous gold coatings (see references [2] and [3]).

MFG tests are simulations, both the test conditions and the degradation reactions (chemical
bn of reaction products, etc.) may not always resemble those found dnthe service enviro
bing tested.

exposures are generally used in conjunction with procedures that evaluate contact or conneg
ce such as measurement of electrical contact resistance before/and after MFG exposure.

tests are useful for connector systems, the contact surfaces of which are electroplated or c
brecious metal finishes. For such surfaces, environmentally produced failures are often
s or intermittences caused by the formation of*insulating contamination in the contact

contamination, in the form of films and hard patrticles, is generally the result of pore corrosion product
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INTERNATIONAL STANDARD

ISO 4524-2:2000(E)

Metallic coatings — Test methods for electrodeposited gold and
gold alloy coatings —

Part 2:
Mixed flowing gas (MFG) environmental tests

WARNING — This part of 1SO 4524 does not purport to address all of the safety praoblems,
associatefl with its use. It is the responsibility of the user of this part of ISO 4524 to establish approp
safety and health practices and determine the applicability of regulatory limitations priorite‘dse.

1

This part pf ISO 4524 provides procedures for conducting mixed flowing~gas (MFG) environmental te
exposures to controlled quantities of corrosive gas mixtures.

It describ
be condugcted in a reproducible manner. Reproducibility is_meéasured through the use of control
corrosion [films of which are evaluated by mass gain, coulometry or by various electron and X-ray bg
techniquels. Reproducibility can also be measured by in_sitt/ corrosion rate monitors using electrical
mass frequency change methods.

MFG test$ can be used to:

2

Scope

s the required equipment and the methods for gas, temperature and humidity control that er

evaluate novel electrical contact metallization for susceptibility to degradation due to environmen
to thq test corrosive gases;

evaluate the shielding capabilityref connector housings that may act as a barrier to the ingress
gases;

f any,
iate

sts involving

able tests to
coupons the
am analysis
esistance or

tal exposure

of corrosive

evaluate the susceptihility of other connector materials such as plastic housings to degradation from the test

corropive gases.

used|as porosity tests (for guidance on porosity testing, see ISO 10308, Metallic coatings — revie,

W of porosity

tests);

applicable where the failure mechanism is other than pollutant gas corrosion such as in tin-coated separable

contacts.

Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 4524. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 4524 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain
registers of currently valid International Standards.
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ISO 3696:1987, Water for analytical laboratory use — Specification and test methods.

ISO 4221:1980, Air quality — Determination of mass concentration of sulphur dioxide in ambient air — Thorin
spectrophotometric method.

ISO 4677-1:1985, Atmospheres for conditioning and testing — Determination of relative humidity — Part 1:
Aspirated psychrometer method.

ISO 4677-2:1985, Atmospheres for conditioning and testing — Determination of relative humidity — Part 2:
Whirling psychrometer method.

ISO 6349:1979, Gas analysis — Preparation of calibration gas mixtures — Permeation method.

ISO 6767:1990, Ambient air — Determination of the mass concentration of sulfur dioxide — Tetrachloro
(TCM)/paranosaniline method.

ISO 7934:1989, Stationary source emissions — Determination of the mass of concentration of sulfur

Hydrogen p

ISO 7996:19
method.

ISO 9096:1¢
material in g

ISO 10313:]
ISO 12687:1]

IEC 60050,

3 Terms

For the pur

IEC 60050 dpply.

4 Reage

roxide/barium perchlorate/Thorin method.

85, Ambient air — Determination of the mass concentration of nitrogén-oxides — Chemilum

92, Stationary source emissions — Determination of concentration and mass flow rate of
as-carrying ducts — Manual gravimetric method.

993, Ambient air — Determination of the mass conceftration of ozone — Chemiluminescenc
996, Metallic coatings — Porosity tests — Humid'sulfur (flowers of sulfur) test.

nternational Electrotechnical Vocabulary.

and definitions

poses of this part of 1S©4524, the terms and definitions relating to electrical contacts

nts and materials

4.1 Water f

4.2 Carrier [gas,\, such as nitrogen. It shall not introduce reactive constituents into the test atmosph

amount of

r humidity generation, equivalent to grade 1 or better of ISO 3696.

ore‘than 5 % of any specified corrosive test atmosphere constituent.

nercurate

Hioxide —

jnescence

barticulate

e method.

given in

ere to an

4.3 Clean filtered air,

as required for make-up to support the necessary exchange rate, in accord

6.6.7.1 b), as specified in 5.3.2.

4.4 Corrosive gases , chemically pure grade or equivalent.

4.5 Corrosivity monitor materials (CMMSs),

comprised of the coupons that are exposed to the test at

ance with

mosphere

for mass gain (annex A), coulometric reduction in accordance with annex C, or resistance monitoring in accordance
with annex E.
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5 Apparatus

5.1 General

Apparatus required to conduct MFG tests is divided into four major categories: corrosion test chamber, gas supply
system, chamber monitoring system and chamber operating system.

5.2 Corrosion test chamber

5.2.1 The chamber shall consist of an enclosure made of non-reactive, low-absorbing, non-metallic materials
contained within a cabinet or oven capable of maintaining the temperature to a maximum tolerance of + 1° C with a

preferred folerance held to + 0,1° C within the usable chamber working space in accordance with 6.3 with a means
of introducing an exhaust gas from the chamber. The chamber isolates the reactive gases from [the external
environment. Chamber materials that are not low-absorbing can affect test conditions by abserbing or emitting
reactive dases, leading to control and reproducibility problems. The chamber construction shall be quch that the
leak rate is less than 3 % of the volume exchange rate.
5.2.2 The chamber shall have provision for maintaining uniformity of the average gasyflow velocity within + 20 % of
the speciffed value or of the chamber average when the chamber is empty. For chambers with a dimenjsion of more
than 0,1 m, measurement points shall be in accordance with A.3.2. For chambefts,with all dimensions| of less than
0,5 m, a minimum of five points shall be measured at locations in the plane of sample exposure (perpendicular to
the expected flow direction) that are equidistant from each other and the walls of the chamber. After allffive or more
data values are recorded, all the measurements shall be repeated-a. second time. When the [two sets of
measurements have been recorded a third complete set shall be recorded. The arithmetic average |of the 15 or
more megsurements shall be the chamber average, see 6.5 and 6.6.8. If a hot wire anemometer is usef for velocity
measurements these shall be made in accordance with ISO 9096;.with the exception that sample sitgs shall be in
accordang¢e with annex A.
5.2.3 A gample access port is desirable. This should be designed such that control coupons can bg removed or
replaced Without interrupting the flow of gases. Corrosign test chamber corrosion rates have been shown to be a
function gf the presence or absence of light (see [4}*and [5]). Provision shall be made for controlling the test
illuminatign in accordance with a test specification.
5.2.4 Expmples of test chamber systems areshown in Figures 1, 2 and 3.
They shall not be considered as exclusive examples.
1
2-——|- ooooooodloooooooooc 00 C
7 7 7 ] 1
| |
3 | |
Ky I I
1 Working volume L ——
2 Exhaust N
3 Baffles with 1 mm holes on 1 cm centres L 1 e
4 Inlet
5 Pollutant 1 5—
6 Pollutant 2 6 —
7 Pollutant 3 1
8 Other pollutants 8 —
9 Moist air 9 —
10 Dry air 10 ——

Figure 1 — Schematic flow through mixed flowing gas (MFG) test system
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Figure 2 — Schematic vertical recirculating mixedflowing gas (MFG) test system
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Figure 3 — Schematic horizontal recirculating mixed flowing gas (MFG) test system
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5.3 Gas supply system

5.3.1 Description and requirements

The gas supply system consists of five main parts:
— asource of clean, dry, filtered air;

— a humidity source;

—  corrosive gas cmlrr‘p(c);

— gas delivery system;
— corrogive gas concentration monitoring system(s).

Total sup
number

ly capacity shall be such as to meet requirements for control of gas concéntrations. T

ne minimum

f volume changes is determined by the requirement that the concentration of corrosie gases be

maintained within + 15 % between gas inlet and outlet. This is verified by measarement of the gas cgncentrations
near the |gas inlet upstream of the usable chamber working volume and¢comparing with gas cgncentrations
measured downstream of the usable chamber working volume just prior, to_the chamber exhaust. These values

shall be
concentr

ithin + 15 % (see 6.3). Alternative methods of demonstrating-compliance with the maximym allowable
ion gradient are acceptable. Normally a conditioned chambep equilibrates within several hours of sample

loading afd start of corrosive gas supply. Times longer than 2 h shall be reported in the test report; gee clause 7.

A guide tg estimating supply requirements is provided in annex B!

5.3.2 Clgan, dry, filtered air source

Gases other than oxygen and nitrogen that are present:in the dry air source shall be less than or equal to those
defined by OHSA Class D limits. In addition, gase€S other than nitrogen, oxygen, carbon dioxide, moble gases,

methane, |nitrous oxide and hydrogen shall be less.than 0,005 (cm3/m3) by volume total and shall be hi
particulat¢ arrestant (HEPA) filtered.

5.3.3 Humidity source

The humifdity source shall use distilled or deionized water, of ISO 3696 grade 1 or better, and shall

extraneoys material. The humidity source shall be maintained equivalent to ISO 3696 grade 2 or be
exception|that electrical resistivity shall be maintained equivalent to ISO 3696 grade 3. The time-averg
humidity ghall be within £.1:% relative humidity of the specified value with absolute variations no greate
relative hgmidity from the'specified value.

Table 1 — Instrumental methods for gaseous components

gh efficiency

ntroduce no
ter, with the
ged value of
r than £+ 3 %

Gas Suitable instrumental method Suitable procedure
H,S Photometric or luminescence Commercial equipment is available
SO, Photometric or luminescence ISO 4221, ISO 6767, ISO 6349, ISO 7934.
Commercial equipment is available
NO, Chemiluminescence ISO 7996. Commercial equipment is available
Cl, Electrochemical ISO 10313
NOTE The instrument manufacturer’s instructions for delivering samples to the instrument should be followed.

© 1SO 2000 — All rights reserved
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5.3.4 Corrosive gas sources

Corrosive (test) gases, such as nitrogen dioxide, hydrogen sulfide, chlorine, sulfur dioxide etc. shall be of
chemically pure grade or better. Such gases are frequently supplied in a carrier gas such as nitrogen which shall be
of pre-purified grade or better.

5.3.5 Gas delivery system

The gas delivery system is comprised of three main parts: gas supply lines, gas control valves and flow controllers,
and a mixing chamber. The test delivery system shall be capable of delivering gases at the required concentrations
and rates within the test chamber.

a) All matgrials used for the gas transport system shall not interact with the gases to the extent that chamber gas
concentrations are affected.

b) Gases, make-up air and water vapour shall be thoroughly mixed before gas delivery to the’samples pnder test
in the chamber. Care shall be taken to ensure absence of aerosol formation in the mixing chambef whereby
gases dre consumed in the formation of particulates that can interfere with gas coneentration contrgl and can
introdude corrosion processes that are not representative of gaseous corfosion mechanismg. Aerosol
formatign can be detected by the presence of a visible film or deposit on the interior surface of the gas system
where the gases are mixed.

c) Any fogping of the tubing walls or mixing chamber walls can be taken<to, be an indication of a loss of corrosive
gases ffom the atmosphere. Final mixing of the specified gases shall occur inside a separate area of, or as
close ag possible to, the test chamber so as to ensure thermal equilibration with the test chamber.

d) There shall be a means for measuring the flow at the inlet of\the chamber and also at the exhaust of negative
pressurg chambers to ensure the absence of uncalibrated,gas streams.

5.3.6 Corr¢sive gas concentration monitoring system

Standard measurement systems for very low leveltgas concentrations are listed in Table 1, which prpvides for
gases in common use in present mixed flowing-gas systems, for testing electrical contact performance.

a) Each ingtrument shall be characterized\for interference with the gases specified, both individually and mixed.

b) Depending on the exact equipmentiset used, it may not be possible to measure accurately the conceptration of
some g@ses, such as chlorine( in combination with any of the other gases.

c) The arfalytical instruments shall be maintained and calibrated electronically in accordance| with the
manufagturers’ recommendations. Standard gas sources shall be calibrated in accordance| with the
manufagturers’ specifications. Analysers shall be calibrated to standard gas sources in accordancg with the
manufagturers’ recommendations. They shall be calibrated before and after each test and whenever the
indicated concentration changes exceed the permitted variation in the test specification.

NOTE Ifthe"chlorine monitor is not being used during the test, it need not be calibrated during the test.

d) Control of the humidity within the test chamber itself is part of the chamber monitoring system which is
described in 5.4.

5.4 Chamber monitoring system

5.4.1 General

Chamber monitoring systems shall be used to ensure test reproducibility from one test run to the next. Monitoring
instruments shall be calibrated periodically because the corrosive effects of mixed gas environments can affect
instrument sensitivity and accuracy. The chamber monitoring system shall address four test parameters:
temperature, humidity, gas concentrations and corrosivity.

6 © IS0 2000 — All rights reserved
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5.4.2 Temperature monitoring

The temperature should be monitored using a simple thermocouple or other temperature measurement device
capable of the required resolution of 0,2 °C and accuracy of + 0,5 °C within the temperature range required by the
test specification. For test temperatures above 40 °C, see 6.6.5.

5.4.3 Humidity monitoring

Humidity shall be determined by an apparatus with a resolution of 0,5 % relative humidity and an accuracy of + 1 %
relative humidity. 1ISO 4677-1 and 4677-2 describe a dew point method that meets this requirement. For test
temperatyres above 40 °C, see 6.6.5.

5.4.4 Caqrrosive gas monitoring

The chantber corrosive gas concentration shall be monitored by provision of sampling lines frem the test chamber
to the gak concentration analysers. These sampling lines shall be maintained above)the chambegr dew point
temperatyre. The interior of the gas concentration analysers shall also be maintained above the chamber dew point
temperatyre. For test temperatures above 40 °C, see 6.6.5.

5.4.5 Chamber corrosivity monitoring

Chamber [corrosivity can be monitored using a number of complementary\techniques, none of which grovides both
a comprehensive analysis of the corrosion process and an instantaneous indication of the corrosign rate. Four
acceptable techniques are as follows: metal coupon corrosion mass, gain, corrosion film analysis byl coulometric
reduction] corrosion film analysis by electron or X-ray beam analysis, and electrical resistance megsurement of
corroding|metal conductors. The first three provide information.subsequent to the test whereas the last|can be used
in situ in the test chamber to provide information during the test itself. See annexes A, C, D and E for ja discussion
of these methods. The party requesting the test should specifiy the chamber corrosivity monitoring methods to be
used.

5.5 Chamber operating system
The chamber operating system comprises-equipment and software necessary for adequate contrpl of all the
variables fof the test. This will include data‘logging and alert procedures for operation outside of desjred bounds.

Some form of computer control is generally used to assure satisfactory operation during unattended periods, or
data tracking for failure analysis in case the test is disrupted.

6 Prodgedure

6.1 Methods

This procedureteevers two methods, method A on low exchange rate chambers and method B on high exchange
rate chambers: Method B tests on h|gh exchange rate systems typically have gas exchange rates of §0 changes/h
(I/min) or : : 5-exchanges/h
and 15 exchanges/h These methods are necessary because sample Ioadmg affects chamber gas concentration.
The following procedures are comprised of requirements and other comments provided as a general guide to
achieving reproducible results with MFG testing. These procedures are compatible with most test facilities;
however, differences in apparatus, test conditions or local safety requirements may necessitate alternative

procedures. Any deviations shall be reported in the test report [see 7 j)].

6.2 Stages

The procedure is comprised of the following major activities: test chamber calibration, sample preparation, test
chamber set-up, test chamber start-up, test chamber operations during test chamber shut-down, and reporting
requirements. In the remainder of this clause, method A and method B are identified only where the procedure
elements are not common to both methods.

© I1SO 2000 — All rights reserved 7
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6.3 Test chamber calibration

The spatial uniformity of the corrosivity of test chambers larger than 0,5m on a side shall be measured in
accordance with annex A, which describes the required placement scheme for calibration samples that are used to
determine corrosion rate uniformity over the entire chamber volume. For chambers smaller than 0,5 m on a side or
chambers of unusual geometry, use sufficient samples for corrosivity characterization in order to delineate clearly
the usable chamber working volume as defined by this paragraph. This profiling shall be done when the chamber is
initially built and after any structural change to the chamber that may affect the flow of test gas over the samples.
Annex A describes procedures using mass gain. Alternative means to characterize corrosion rates such as
coulometric reduction (see annex C), or in accordance with 5.4.5, are also acceptable. A minimum of three
corrosivity monitors of a given type shall be used, if possible, in each chamber location. The average corrosivity for
that location[shattbewithim 15 % of the average for the entire chamber. When a singte momnitor has to bej used at a
location, du¢ to chamber size limitations or monitor geometry, the average corrosivity for that location shall be
based upon three consecutive calibration runs. These requirements define the usable chamber waorkihg space.

NOTE Prpfiling does not remove the necessity to provide and evaluate CMMs for each test run of the test chambr.

6.4 Samgle preparation

6.4.1 Two types of sample are used for these tests, CMMs and the test samples\bging evaluated. Prepare CMMs
in accordange with their respective standards.

6.4.2 Prepare the test samples in accordance with any agreement betweé€nyvendor and user of the samples being
tested. Such preparation shall be consistent with normal preparations{expected when test samples |would be
exposed to pormal application environments in their intended applications except when evaluation of pfeparation
methods is the object of the test.

6.5 Test ghamber set-up
6.5.1 Placdtest samples and CMMs in the chamber in.a'manner that is representative of the way the tegt samples
would be uskd in the application environment, if known? Ensure that this is done in a consistent manner| such that
the test results will be reproducible over time.
6.5.2 In general, the samples shall be suspended or held with their long dimension parallel to the flow of air and a
minimum of| 5 cm away from any surface\to avoid boundary layer effects. No test samples or CMMs$ shall be

shielded froin the source of the pollutant gases by any control coupon, test fixture, test samples, test ragk or other
obstruction placed upstream.

6.6 Test ghamber start-up

6.6.1 Test|conditions

Test conditigns such-as those given in 7 g) shall be specified by the party requesting the test.

6.6.2 Avoidlance of condensation

Establish an apparatus specific start-up and shut-down procedure to avoid visible water condensation on the test
samples and CMMs at time of insertion into the chamber. Such condensation on the parts invalidates the test.

6.6.3 Chamber preparation

6.6.3.1 When contaminants such as condensed gases (for example, free sulfur or organic material from test
samples) or corrosion particulate deposits are present or suspected, clean the inside of the chamber to reduce the
concentration of adsorbed gases by wiping the interior walls with a clean, lint-free cloth before installing samples at
the start of any test. Residual contamination can affect the accuracy of subsequent chlorine measurements.

8 © IS0 2000 — All rights reserved
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6.6.3.2 An indication of the need for a wipe down would be an abnormally long time [in excess of 20 chamber gas
exchanges for low-sulfur (for example, < 0,020 cm3/m3 H,S) tests or in excess of 200 chamber gas exchanges for
high-sulfur tests] to reach 10 % or 0,001 ppm corrosive gas concentration levels after chamber shut-down.

6.6.3.3 For method B, after cleaning the chamber, establish the specified temperature and humidity conditions

and allow these to stabilize within the specified tolerances. Next set the chlorine concentration at the le

vel specified

at the maximum chlorine supply rate available; allow to stabilize over one or more days as the chlorine equilibrates
to specified tolerances, add the remaining gases required by the test specification and bring them to their specified
level at the maximum exchange rate available. Allow them to equilibrate over a period of 1 d and reconfirm that

non-chlorine gases are within specification.

6.6.4 Chamber loading

6.6.4.1 Method A

Place the| test samples and control materials in the chamber when the samples, materials ‘and chs
ambient t¢mperature and relative humidity in order to avoid visible condensation.

Alternativ
humidity.

ply, samples at chamber temperature can be placed directly into a heated chamber at or bel
See 6.6.7.1 d) 2) for related information regarding chlorine.

6.6.4.2 Method B

Test samples and CMMs shall be at chamber temperature prior to loading as they are to be loaded int
at test humidity and gas concentrations.

6.6.4.3 Methods Aand B

For tests that require in situ measurements on the test samples, install necessary electrical access ¢
time and ake initial measurements, as required by the\test specification.

6.6.5 Chamber heating

6.6.5.1 [General

The practjcal upper limit to the test temperature for this procedure is determined by the initial tempe
analysers| including any auxiliary heating, such that condensation of the sampled gas stream will not
instrument. In order to avoid condensation in the analytical instruments and sampling lines, the relativ
the sampled gas mixture in the~analytical instruments and sampling lines shall not exceed 80 % relat
This is ggnerally accomplished by heating the sampling lines and instruments as required. Manufac|
analysers| should be consulted to determine maximum temperatures at which analysers can be
Modificatipns of this.ptocedure such as limiting chamber humidity to a wet-bulb temperature le
instrument internal temperature during corrosive gas supply settings and subsequent elevation of
specified yalues may be required for high temperature (for example 70 °C), high humidity corrosive gag

6.6.5.2 ethod A

mber are at

ow specified

D a chamber

hbling at this

rature of the
occur in the
b humidity of
ve humidity.
turers of the
maintained.
ss than the
humidity to
tests.

Heat the chamber to the specified test temperature, if required. A holding time of at least 1 h is recommended to
ensure temperature equilibration of the test samples. A longer time may be necessary for massive assemblies.

6.6.5.3 Method B

See 6.6.3.3.

6.6.6 Chamber humidification
6.6.6.1 Method A

Increase the chamber humidity to the specified test relative humidity, if required.
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6.6.6.2 Method B

See 6.6.3.3.
6.6.7 Gas level setting

6.6.7.1 Method A

a) Confirm that temperature and humidity are at equilibrium at specified test conditions.

b) Introduce—all_corrosive gases—{o the level cr\nr‘ifinr{ and _measure gas concentrations [enn .3.6 and
6.6.7.1 d) 2)] in the test chamber in accordance with 5.4.4; adjust the gas supply rates and volume jexchange
rate unti] the down-stream gas concentrations are within + 15 % or 0,003 cm3/m3, whichever dsilarger, of the
upstream concentrations and at the gas concentrations specified. Allow to stabilize and repeat measurement
after 1 h to 2 h to confirm gas supply and volume exchange rate setting. Circulating fans’ shall be running
during this gas supply setting in recirculating-type chambers.

c) Inability fo achieve 15 % (0,003 ppm) gas concentration tolerance between upstream and down-stream values
may indicate insufficient exchange rate or excessive loading of test samples.

d) Exceptigns in the case of chlorine are as follows.

1) When conducting multiple gas tests with chlorine as one of the/gcorrosive gases, chlorine shall e the first
gag whose supply setting is established. This is because of interferences from other gases whigh are due
to present limitations of the chlorine gas monitoring equipment in common use.

2) Depending on the absolute accuracy of the supply system, it may be desirable to set the initial chlorine
level in an empty chamber that is at specified temperature and humidity conditions in order to ehsure that
test samples will not be inadvertently exposed:te excessive chlorine levels. After sample glacement,
endure conformity with 6.6.7.1 b).

3) When chlorine is used, the initial chloring(level is set at the end of the day and the final setting is made in
the|morning to allow additional stabilization time for chlorine level setting unless it is shown tp stabilize
mofe rapidly.

e) Once gds levels are set initially, any_change in the gas supply system requires confirmation of confgrmity with
the requdirements of 6.6.7.1 b)_and’ may necessitate resetting of the gas controls; any such actiong shall be
reported| in accordance with clause 7.

f) For assembly level testing,-for example, a disk drive assembly or large wiring harness, gas levels shquld be set
upstream of the test{gbjéect at the maximum exchange capacity of the system, with the assemblyf in place.
Record the downsstr€am gas concentrations and report them in the test report as a deviation; seq clause 7.
When tgsting attassembly level, the requirement that the gas concentration in the exhaust stream is within
15 % (of 0,003-¢m3/m3, whichever is larger) of the inlet stream may not be applicable since it is posgsible that
under operating conditions exhaust streams from the assembly may be depleted of pollutants due to @bsorption
within the—a itse i e he-te 3 j hel expected

6.6.7.2 Method B

Under method B, the gas levels have been previously set. However it remains necessary to confirm gas
concentrations after chamber loading with test samples. This is only possible for gases other than chlorine; such
gas levels shall be measured upstream and down-stream of the test samples in accordance with 5.3.1 for
conformance to its requirements. Verify the chlorine level by means of an integrating sampler such as an
environmental monitoring device (EMD) (see [4]) installed down-stream of the samples after chamber loading and
removed for evaluation of the test chlorine levels at time of removal of test samples from the chamber. For
interrupted tests, turn off the EMD sampler while test samples are outside the test chamber. Report the results of
the EMD analysis as a deviation if they indicate that chlorine levels were not as specified in the test specification.
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6.6.8 Air velocity confirmation

For tests specifying air velocity, after test samples are placed in the chamber, and gas and exchange rates are set,
measure the velocity of the corrosive gas air stream impinging on the test samples between 5cm and 8 cm
upstream of the test samples for compliance with the air velocity specified and the allowable tolerance of + 20 %.

6.6.9 Corrosivity setting

Where corrosivity is required to be monitored by means of one or more in situ continuous monitors such as a quartz
crystal microbalance (QCM) or a resistance monitor (RM) [e.g. a corrosion indicating device (CID)], maintain the
corrosivity within the bounds specified by the test specification. Deviations from the expected corrosivity require
immediat¢ attention to the controlling parameters such as temperature, humidity and gas concentratjon to rectify
the deviatjon. Report the inability to attain the specified corrosivity at the specified test sample loading ith all other
parametefs in the specified range as a test deviation in accordance with clause 7.

6.6.10 Tdgst duration

The test duration can be specified in two different ways. The test may be specified.to last a set period|of time, or it
may be specified to last until a required total corrosion, as measured by an in sity-carrosivity monitor, ig achieved.

6.7 Tept chamber operation

6.7.1 General
Monitor the test chamber for temperature, humidity and pollutant gas concentrations to demonstrate chamber
stability wjth respect to short-term fluctuations and long-term drifts. Place CMMs in the test chamber adjacent to the
test samgles. This will provide a measure of chamber corrosivity after the test is completed. For a plane array of
test sampjes place a minimum of five CMMs, one at each>corner and one at the centre of the array of test samples,

Corrosivity monitors such as resistance monitors or quartz crystal microbalances are recommended tp provide an
integrated continuous assessment of chamber status.

6.7.2 Tgst tolerances
Maintain the following tolerances on test'parameters unless otherwise specified by the party requesting the test.
a) Maintpin the temperature to within + 1 °C with a preferred tolerance of + 0,5 °C.

b) Mainthin the humidity at~an/average value within =1 °C relative humidity with an absolute variation less than
3 % relative humidity,

c) Maintpin the gas €oncentrations within + 15 % or + 0,003 cm3/m3, whichever is larger.

d) If spetifiedsmaintain the corrosivity within 15 % of the specified value.

e) Maintainthe test duration within + 2 % or + 2 h, whichever is longer

6.7.3 Psychrometric monitoring

6.7.3.1 The temperature and humidity shall be monitored by continuous or periodic means. The maximum period
between measurements shall be 30 min.

6.7.3.2 Air velocity need not be monitored during the test unless significant changes in sample placement occur
during the test. In recirculating-type chambers there shall be some means of verifying that the fans are operating
properly in order to ensure that air velocity remains within the tolerance band specified or the range for which
chamber calibration was obtained.
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6.7.4 On-line control

In addition to monitoring, some type of on-line control is recommended. This allows dynamic adjustments to be

made in the

6.7.5 Test

gas concentrations, to increase the probability of a valid test.

continuity

6.7.5.1 Test exposure

The test exposure should be run contmuously with as few |nterrupt|ons as pOSSIble unless otherW|se specified.

may vary

outside the ljmits defined in 6.7.2, shall not be conS|dered deviations provided the total durat|on of alldnterruptions
is less than % % of the total test time.

6.7.5.2 Tept integrity

The test shdll not be disrupted by the addition of new samples for a different test during‘the operation qf the test.
New samplgs introduce fresh absorbing surfaces that can significantly alter the gas-~concentrations at |which the
original samples were being tested; such a disruption would lead to problems reproducing the test resdits and is
unacceptablp.

6.8 Test ¢

hamber shut-down

6.8.1 Electrical power down

6.8.1.1 Dis

6.8.1.2 For
chamber. Ad
the chambe

continue electrical power to any devices under test.afidto in situ corrosivity monitors.

method B, keep chamber test conditions constant at all times, with or without test samp
cordingly, remove test samples, corrosivity monitor materials and the integrating chlorine mg
at this time to an oven at chamber temperature to allow the items removed from the test to

test conducfed at room temperature, where room-temperature is above the dew point of the chambe

content, tes
entrain quan
At this point,

materials can be removed to ambient conditions. For test samples, such as assemblies
tities of corrosive gas, remove the-test samples to a fume hood to allow for degassing to a
method B is complete except for the test report as required by clause 7.

6.8.2 Corrgpsive gas shut-down, method A

6.8.2.1 Dis
the absence)
t0 6.6.7.1 b)

6.8.2.2 If h
concentratio|
reduce the (

continue the corrosive’/gas supply, except for chlorine, if used. Allow the chlorine level to eq
of the other gases./Measure the chlorine level and residual levels of other gases to ensure
and report if itiisvoutside the test specification. Then, discontinue the chlorine supply.

les in the
nitor from
dry. For a
I humidity

that can
safe level.

lilibrate in
conformity

gh levels\of H,S or SO,, or both, are used, it may not be possible to measure accurate
h because the sulfur species emitted from the test samples can interfere in a negative
x1dant caused S|gnal in some chlorlne monltors (e.q., MAST oxidant momtor) If such inte

y the Cl,
anner to
erence is

suspected, t ) hljorine flow
settings and shut off aII corrosive gas supply. Empty the test chamber of test samples and CMMs Reseal the test
chamber and restart the chlorine flow at the prior setting. Measure the chlorine level and record for inclusion in the
report as detailed in clause 7. Discontinue the chlorine flow.

6.8.3 Humidity control, method A

Discontinue humidity generation while maintaining the chamber temperature if it is necessary to reduce chamber
temperature. When the relative humidity has stabilized at a low level, the chamber temperature can be reduced in
convenient increments while ensuring freedom from condensation until the chamber can be safely opened and the
test samples and CMMs removed from the chamber.
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7 Testreport

The test report shall contain the following information:

a)
b)

c)
d)

e)

f)

)

h)

)
K)

refere

nce to this part of ISO 4524, i.e. ISO 4524-2;

the nature of the substrate and of any intermediate underlayer(s);

the nature of the coating;

the date of the test and the name of the test engineer;

a degcription of the test samples: the number of test samples, the condition in which the samples
the ekposure intervals and data summary;

a des

intervals, data from the CMMs, the procedures used for preparation and analysis,.the equilibr

stabil

details of the test conditions: levels and relevant tolerances of gas concentrations, the temperg
humiglity, the air velocity and direction, the illumination conditions, the gxchange rate, the test @
details of test methods A and B;

the chamber dimensions;

the ugable chamber working space in accordance with 6.3;

devigtions from the conditions specified in this part of ISO 4524;

a recprd of all interruptions (reasons and duration):

-2:2000(E)

were tested,

cription of each type of CMM: the number of CMMs, a description of CMM_placement, the exposure

ze gases at + 15 % (or 0,003 cm3/m3) and details of inlet to exhaust if longepthan 2 h;

© 1SO 2000 — All rights reserved
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Annex A
(normative)

Mass gain coupons

A.1 Reagents and materials

A.1.1 Readent purity . Reagent grade chemicals, or other grades of sufficiently high purity to permit.uge without
lessening the accuracy of determination, shall be used in all tests.

A.1.2 Acetg@ne , reagent grade.

A.2 Appatatus

A.2.1 Racks or fixtures , suitable for holding copper coupons in the test chamber. Make these fixtures from a
material that] is not attacked by the corrosion test. The fixtures shall be designedto:

a) hold the|coupons in a vertical orientation;

b) hold the|coupons so that they do not show any perceptible motion when observed with the unaided ¢ye during
the test;

c) cover less than 5 % of the entire coupon surface area;
d) touch the coupon only with electrically insulating parts;
e) allow free circulation of ambient air on both-sides of the coupon.
In general, gesign all parts of the fixture in order to permit maximum circulation of the ambient air around the
coupon surfaces. The size and positioning of the holding fixtures depend on the chamber size. Requirgments on
the number Jand spacing of coupons(ar€ listed in A.3; the holding fixtures shall be designed to conform to these

requirements.

A.2.2 Balance , with a capacity of at least 2 g and a resolution of 5 ng. Maintain the ambient air in the|vicinity of
the balance gt between 20-%.and 50 % relative humidity.

A.2.3 Fumg cupboard),'to conduct the chemical cleaning procedure of the coupons.

A.3 Procgdure

A.3.1 The number of copper coupon specimens to be prepared shall be determined in accordance with A.3.2 to
A.3.4.

A.3.2 For chambers with cubic working volumes, use the length of an edge to determine the number and
placement of coupons in accordance with the following rules. For chambers with an edge dimension of 0,9 m or
less, construct a reference grid with three equally spaced lines in each direction with the outer lines 0,1 m from the
chamber wall and the third line centred between the outer lines. Place a coupon at each intersection of grid lines
(27 coupons required). For chambers with an edge dimension of 0,9 m to 1,5 m construct a reference grid with four
equally spaced lines in each direction. The outer lines are placed 0,1 m from the chamber wall. Place a coupon at
each intersection of grid lines (64 coupons required). For chambers with a maximum edge dimension greater than
1,5 m but less than 2 m, construct a reference grid with five equally spaced lines in each direction. The outer lines
are placed 0,1 m from the chamber wall. Place a coupon at each intersection of grid lines (125 coupons required).
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A.3.3 For rectangular chambers with non-cubic working volumes, the guidelines for each dimension of the
chamber along the x, y and z axes of the chamber shall follow the appropriate guidelines applied to cubic
chambers. Thus, if the x and z axes are 1,4 m and the y axis is 0,8 m, four grid lines would be used for the x and z
axes and three grid lines would be used for the y axis when determining the grid for coupon location.

A.3.4 For chambers with working volumes of shapes other than those covered in the preceding sections, devise a
logical placement pattern with a coupon density roughly equal to that specified for rectangular chambers.

A.3.5 Select an appropriate duration of exposure for the copper coupons. Base this selection primarily upon the
time required for the test conditions to produce a statistically significant mass change. Additional exposure time
may be added in order to comply with other applicable requirements, specifications, agreements, etc., or for

convenienceof thetestoperator, or both—Generatty, thetest timesthatt e omeormore whote days with a tolerance

of £1 h.

A.3.6 Pr
UNS C10
but not sq
0,1 mm a
average 3
12,5 mm
the edges
shall be re

A.3.7 Mg
marking

A38 D

bpare the test coupons from wrought, annealed, oxygen-free copper (> 99,9596 ‘pure
P00) sheet. Select a thickness of sheet sufficiently stiff to resist bending duringthandling duy
thick that the edges become a significant portion of the surface area. In general, thicknes
hd 0,6 mm are recommended. Obtain material with a surface roughness less than 0,15 un
nd use the material with the as-rolled surface finish. Make the coupons Squares or rectanglé
- 0,5 mm wide. One or two holes 2,5 mm or less in diameter may be‘“added to aid in moun
of the coupons at x 10 magnification for the presence of burrs or slivers. If such features arg
bmoved as they may corrode at a much higher rate than the coupon‘surface.

rk all coupons with a code giving each coupon a unique{identity. Make the characters
bout 2 mm high by engraving or stamping without ink.

Liring the cleaning procedure and at all times after cleaning, handle the coupons only with clg

copper alloy
ring the test
ses between
N centre line
s preferably
ting. Inspect
e found, they

in the code

an tweezers

grasping the region around the identification marking. Place,.each copper coupon in a separate clean, dry glass vial

of appropfiate size such that only the edges and corners ©of the coupons touch the glass surfaces.

A.3.9 Clean all coupons in accordance with the.procedure given in A.3.10 to A.3.22. Where a lijguid bath is
required, ffill an appropriate vessel to a depth equal to or greater than 25 mm plus the largest dimgnsion of the
coupon sample to be cleaned. Unless otherwise-directed, change the fluid in all baths after 50 coupons have been
processed. Unless otherwise directed, use all.baths at room temperature.

PRECAUTIONS — Conduct all operations involving acids and solvents in a fume cupboard. Dispose [of all

acids and|solvents in a safe, legally acceptable manner.

NOTE The goal of A.3.10 t0(A=3717 is to produce a coupon surface reasonably free of oils, greases, particulate debris and
similar contaminants. Alternative, test methods that achieve the same result are acceptable. Such alternative testjmethods may
be necessary or desirable depgnding upon local conditions or facilities.

A.3.10 Hrepare twe.haths of boiling acetone.

A.3.11 Huspena-the coupon vertically in boiling acetone in the first vessel for 30 s to 60 s.

A.3.12 Removethe couponfromthe-acetone-andlaythe coupononacleansurace.

A.3.13 Dip a clean, adhesive-free cotton swab into the same vessel of acetone, scrub all areas of the coupon

surface with a swab.

A.3.14 Turn the coupon over, rewet the swab, and repeat the scrub treatment on the other surface.

A.3.15

A.3.16

A.3.17

© 1SO 2000

Suspend the coupon vertically in the second vessel of boiling acetone for 30 s to 60 s.
Slowly withdraw the coupon from the liquid, allowing the liquid to drip from one corner.

Suspend the coupon vertically for a minimum of 1 min (1 h maximum) in ambient air.

— All rights reserved
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A.3.18 Transfer the coupon to a solution of 1 part concentrated hydrochloric acid and 3 parts deionized water;

suspend the

coupon vertically for 120 s + 5 s in this solution.

A.3.19 Without allowing the surface to dry, immediately suspend the coupon vertically in deionized water for
15 s + 5 s then immediately repeat in a second vessel of fresh deionized water.

A.3.20 Without allowing the surface to dry, transfer the coupon immediately to a bath of methanol; suspend the
coupon vertically for 30 s to 60 s with agitation in the bath.

A.3.21 Remove the coupon from the methanol; immediately blow dry with pre-purified nitrogen or with clean dry

air.

A.3.22 Plac
proceeding i

A.3.23 Allo
containing th

elapsed fronp the time that the cleaning procedure is completed until the weighing beginsi

Weigh each
reproducibili
exposed sur
all coupons

A3.24
coupons are

A.3.25 Afte
fixture, placi
wait at least
A.3.26 We

A.3.27 Cal

Imnjediately install all coupons on holding fixtures in the corresion test chamber. Record the tim

e the coupon immediately in its glass vial, leave the vial uncapped for 10 min, then cap the
Immediately to the next step.

w all copper coupons to equilibrate in the vicinity of the balance for at least 30 minvby placin

e coupons near the balance and removing the cap from each vial. Also, wait until at least 6

coupon individually, replacing each in its vial after weighing. Reweigh two of the coupons to
y. If the second mass reading does not differ from the first reading by more than 0,1 1]
face area, proceed to the next step. If readings differ by more than the preceding requiremen
hnd repeat as required until stable masses are obtained.

placed in the chamber in the corrosion test.

r the appropriate test time for the test method has elapsed, remove the coupons from t
30 min to allow the coupons to come to equilibrium with ambient temperature and humidity.

gh all coupons; reweigh each coupon as-required until a stable reading is obtained from each

tulate the difference in mass before-and after exposure to the corrosion test.

ial unless

y the vials
0 min has

check the
g/mm2 of
t, reweigh

e that the

e holding

hg each in an uncapped vial. Place the vials.containing the coupons in the vicinity of the balance and

coupon.

16
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A.4 Report

Report the results in the data report format shown in Figure A.1.

ISO 4524-2:2000(E)

1. Date test started
2. Date test ended
3. Duration of exposure, i.e., hours or days in the test chamber
4. Tegtoperator(s)
5. Designation of test chamber in which coupons were exposed
6. Dimensions of test coupons (normal dimensions may be reported provided that the actual dimjensions do

not|differ by more that 2 % from normal)
7. Test conditions, e.g., gas concentrations, temperature, relative humidity, air flow rates in the chamber
8. Deyiations from the procedure specified in this part of ISO 4524 (if nong; this shall be stated)
9. Map or similar documentation that relates the identification numper.of each sample to the position of that

sample in the test chamber

Test results
Identffication Exposed area of Initial mass Final mass Mass change
number|of sample sample 2
2 Recold total area‘ofall exposed coupon surfaces.
Figure A.1 — Sample data report form
© I1SO 2000 — All rights reserved 17
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Annex B
(informative)

Estimating required corrosive gas exchange rate

B.1 The required rate of corrosive gas exchange can be estimated from the total gas consumption required to
obtain the expected corrosion rate for the test berng performed In a typrcal MFG test the initial corrosion rate can
be as high = s 0 onservative
assumption of one atom of corrosive gas per atom of copper |mpI|es that such a frlm th|cknes= requires
2 x 1016 chigrine atoms/(h-cm?2) of exposed copper surface, if the entire film is comprised of CuCl. Thus the amount
of chlorine dupplied to the test chamber is 2 x 1017 atoms/(h-cm?) if no more than 10 % loss of concentfation can
be accepted|downstream of the exposed copper surface in accordance with the requirements_of this pragtice. If the
chlorine is bging supplied at a concentration of 0,01 ppm in carrier gas, then 0,83 m3 of such ‘Supply is refuired per
hour per sqpare centimetre of exposed copper surface. For 100 cm?2 of exposed coppet) the gas supply rate is
83 m3/h.

B.2 If half|of the film is oxide and half is basic copper chloride [Cu,(OH);ClI] as'is more likely, then the chlorine
consumption rate is reduced by a factor of 4,7 m3/h to 17,7 m3/h per 100 cm2 of-exposed copper.
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Annex C
(normative)

Coulometric reduction

C.1 Reagents

The only
pre-purifig
specified

eagents required for routine procedures are ACS reagent grade potassium chloride (for-the
d grade nitrogen or other inert gas, and a source of distilled or deionized water (grade 2
n ISO 3696).

electrolyte),
or better as

C.2 Apparatus

C.2.1 Electrolytic reduction cell and ancillary equipment

C.2.1.1 Reduction cell , preferably of glass, with a total internal volume of at least 600 ml. The gell shall be
enclosed,| but should have a sufficent number of entry ports or tubes’/to accommodate the requifed ancillary
equipment (see Figures C.1 and C.2 for examples of a typical cell system).

C212R

been obtg@ined with this type of electrode. It can be obtained commercially or made from silver

(see C.7)

These el¢ctrodes shall be checked periodically by testing them against a standard reference elg

saturated

bference electrode , preferably silver/silver chloride since much of the data in the technical lit]

calomel electrode) using a potentiometér-or pH meter. The potential exhibited when mea

silver/silver chloride electrodes in potassium chlgride solution at 0,1 mol/l against a saturated calon]

should be

C.2.1.31In
a fine tip

c214cC

four and they shall be positioned symmetrically around the sample. The area of the counter electrodg

should be

C.215W
(inserted

hook is to
heavily gq

le.g. 0,5 mm inner diameterior less).

0,05V £ 0,01V (see reference [6]):

ert-gas purging tube , the end ef which that is in the electrolyte being fitted with fritted glass

bunter electrodes , of\pure platinum foil or wire. The number of counter electrodes may vary
equal to or greaterthan the sample area.

ire hook orielip , for holding the sample. The upper part of the hook or clip shall be attach
nto a glass’or plastic tube) for ultimate connection to the negative output of the power supp

erature have
strip or wire

ectrode (e.g.
suring these
el reference

or drawn to

from two to
s preferably

ed to a wire
y. If the wire

be immersed in the solution, it shall be made of the same metal as the sample. If a clip is usq

d, it shall be

Id_plated (3 um or more in thickness) and attached to a platinum wire hook for electrical contTct.

C.2.2 Electronic equipment

NOTE

Three basic functional modules (see C.2.2.1 to C.2.2.3) are used to produce the constant cathodic current and to
measure the resulting voltages as a function of time (for routine tarnish film analysis).

C.2.2.1 Constant current power supply , such as a potentiostat/galvanostat, capable of supplying a constant
direct current, and adjustable from 0,02 mA to 2 mA with a precision of +1 %. However, for certain limited
applications (for example, very large area samples), currents greater than 20 mA might conceivably be required.

C.2.2.2 strip chart or digital recorder, or both . For a strip chart recorder, two pens are preferred, one pen for
voltage and the other for a voltage-time derivative curve. The chart recorder shall have a variable speed capability
from 10 mm/h to 100 mm/min and full scale voltage ranges from 0,5V to 2 V. A resolution of the order of 0,5 % (i.e.
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10 mV with 2 V full scale), though not essential, is helpful in data evaluation, and is easily obtained with any
250 mm chart recorder. A digital recording system, capable of data storage and graphic representation can be used
instead of, or in conjuction with, the strip chart recorder system. Both systems shall have an input impedance of at
least 10 Q, preferably higher.

C.2.2.3 Differential circuit, or commercial differential voltage output apparatus . If a digital recording system is
used in conjunction with, or to replace, an analog recording system, the following method can be used to create a
differential curve. After the reduction is recorded completely, each data point, except for the first and last, shall be
analysed. For a given point, X, determine the slope to the previous point Xp, and the subsequent point, Xg. Knowing
the time interval, t, between each reading, the required slopes are as follows:

S, =X XIS = (% - )Tt

An approximration of the slope at X is then found by taking the average of the slopes Sp and § as follows:

S=(S, - )2

Each value ¢f Sis recorded with the concurrent value of X for later analysis. Slopes atthe first and last data points
can be assymed to be zero. A method for enhancing these digitally produced differential curves can bg¢ found in
c.8.

C.3 Procgdures

C.3.1 Cell preparation

C.3.1.1 Asgemble the reduction cell in accordance with either Figure C.1 or C.2, making sure that all cgmponents
are chemicglly clean. For each sample size or geometry{’determine in advance the level of the ligdid that is
required to ¢over the specified sample surface. Mark this level on the outside of the cell. A minimum polume of
300 ml of sojution is recommended for each analysis.

C.3.1.2 Attach the tubing system for the inert gas'(assembled in advance) to the regulator of the gas tank.

C.3.1.3 Defaerate potassium chloride selution (KCI) at 0,1 mol/l prepared in advance, with the gas (tp displace
dissolved oxygen) using either procedure A in accordance with C.3.1.4 or procedure B in accordance with C.3.1.5.

NOTE Il any oxygen gas (O,)\.is present in the working electrolyte, it will tend to interfere with the ¢oulometric
determinations, since O, is easily\Feduced in the same voltage range as many oxide layers and tarnishing cgmponents.
Dissolved oxygen is eliminated-by_de-aerating the electrolyte solution prior to use and by running the reduction in afclosed cell
under an iner{ atmosphere.

C.3.1.4 Foi procedure) A, boil the solution in the storage reservoir of Figure C.1 for 30 min while inert gas is
bubbled thrgugh the system. Cool the electrolyte solution to room temperature while maintaining the| inert gas
purge. After [coeling, keep the solution in a covered glass container and continually purge slowly with inerf gas prior
to use. Unuged electrolyte solution can be stored in the glass container (with inert gas purging) for up tq 7 d, after
which it shall be discarded.

C.3.1.5 For procedure B, transfer the electrolyte solution to the reduction cell so that the solution level is slightly
above the specified mark. Close the cell and bubble the inert gas through the purging tube (the end of which is at
the bottom of the solution) for 50 min or more (see Figure C.2).

NOTE Shorter purge times can be used, but their adequacy should be verified by measuring the oxygen reduction current
on a non-filmed sample.

C.3.1.6 Calculate the current to be applied, and pre-set the controls on the electronic equipment accordingly. This

current is the absolute current that shall be applied to produce the desired current density on the particular sample
used.
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Rdduction cell (covered during reduction) 10 L
Anjode (four in total)
Cdthode (coupon) —
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Nifrogen blanket

Nifrogen from gas cylinder

Elgctrolyte storage (Pyrex) 8 9 ——
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Nifrogen purge

10 Hlectrolyte “in”
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Figure C.1 — Schematic of reduction cell with storagereservoir for procedure A (see C.3.1.4)
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Three-way stopcock
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Constant current source
Voltage read-out recorder
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Figure C.2 — Schematic of reduction cell for Procedure B (see C.3.1.5)
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C.3.1.7 For the most common types of mixed flowing gas control coupon (that is, 24 h to 96 h exposure in
moderate to severe environments) a current density of 50 uA/cm?2 (0,05 mA/cm?2) of immersed metal is required.
The same current density is also commonly used to analyse tarnish films from other types of environmental test.
For very thick films, the current density might be increased (up to a maximum of 0,25 mA/cm?2) so that the reduction
can proceed at a reasonable rate of not more than 4 h to 6 h for the total reduction time of any one sample. Since
the observed reduction potentials will become more negative with increasing current density, exercise care when
comparing samples reduced at different current densities. List all deviations from the preferred current density of

0,05 mA/cm?Z in the test report.

C.3.2 Coupon preparation (prior to exposure to the test atmosphere)

C.3.2.1 The
preferably a

per flat side.

dimensions

C.3.2.2 San
comparisons

C.3.2.3 Pre

reference [ or annex A. If no standard procedure is available for the metahused, describe the cle

preparation

C.3.2.4 Do not apply masking lacquers (or similar non-metallic coatings) to the coupons, unless it has
hat the masking finishes will have no contaminating effects on the tarnish films or electrolyle solution

determined
under the cg

C.3.3 Reduiction procedures (following exposure to thg:test atmosphere)

C331llIfa

jeweller’s fil¢) in order to remove the insulating tarnish film from the hole wall and ensure good electrig

between the

C.3.3.2 For

avoid contaminating the sample, and insert into the empty cell. Introduce inert gas through the lower

empty cell t
recording sy
vessel to the

C.3.3.3 For
solution to t
mark by ope

metallic coupons shall normally be prepared from sheets or strips of at least 99,9 % ¢
least 10 mm wide and 0,1 mm thick. Preferred areas range from 300 mm?2 to 1 000mm?

Preferred thicknesses,
Ghall not exceed 32 mm in width and 77 mm in length.

ples of the same shape and thickness shall be used for all tests for\which sample-
are made.

pare and clean the metallic coupons in accordance with standard“\procedures, such as

brocedure in detail in the test report (see clause 7).

nditions of the reduction procedure.

hook is used to suspend the sample coupon, ream the hole in the latter with a round file (
coupon and the wire hook.

the set-up shown in Figure C.d, suspend the sample from the hook or clip, using clean tw
b purge the air for a minimum of 2 min after which divert the gas to the upper part of the
stem is then engaged-and turned on. Introduce the de-aerated electrolyte solution into the
pre-set mark.

the cell designshown in Figure C.2, first divert the inert gas so that it passes over the @

ne cell. Attach’the sample to the hook or gold-plated clip then lower the solution level to tl
ning the bottom stopcock. The recording system is then engaged and turned on.

C.3.3.4 App

recorder chd

y the pre-calculated current between the sample and the counter-electrodes, and mark the ti
rt; i used. Allow the reduct|on to proceed unt|l the hydrogen reduction step is establish

in accordance with annex A, are 0,1 mm to 0,6 mm. Howevef

urity, and
maximum
, coupon

to-sample

those in
aning and

first been

such as a
al contact

eezers to
art of the
cell. The
reduction

e-aerated
he pre-set

me on the
ed before

turning off the ntly rising
constant voltage step, wh|ch is often accompanled by the evolutlon of masses of small bubbles from the sample.
Once this hydrogen step is reached no higher potential reduction process can occur.

C.3.3.5 At the completion of each coulometric run, remove the sample and drain and clean the cell in preparation
for the next run.
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C.4 Data evaluation

C.4.1 Constant current coulometry

The results of the constant current coulometry procedure can be expressed as the elapsed time in seconds,
required to complete the reduction of a particular film component at its observed voltage step (see C.4.3 for
method) as well as total time needed to complete the reduction of all reducible components of the film. The elapsed
time values can also be multiplied by the total applied current to give the number of coulombs of electrical charge
required to complete the reduction processes at the various respective voltages as follows:

Q

=1t

where

-  —

If the chepnical identity of the reducible component is known (see reference [2]), calculations can be 1

the mass

Methods ¢f calculation are given in C.9.

C.4.2 Vd

Record a
C.5). The
the reduci

C.4.3 Re

C.4.3.1 ¥
reduction
differentig
beginning
C.5).

NOTE
C.5.

is the charge, in millicoulombs;
is the current, in milliamperes;

is the time, in seconds.

of that substance and its thickness (assuming that it is present as_ a‘homogenous layer

Itage determination

ion time for the segment of the total curve.

pduction time determinations

| voltage indicator, which shows wheresthe reduction potentials are changing most rapidly,

See references [2] to [5] and [7}yto [13] for proposed chemical identities for the films shown in Figureq

Potential ¢\

I
IR
N
T TTT T T ITTT

?

Key

1 Derivative of potential

0.6
-0,k
-0.2

nade of both

in the film).

reduction potential or potential range, in volts, for each voltage step of arrest (see Figures €.3, C.4 and
portion of the curve corresponding to this potential or petential range shall encompass at I¢ast 75 % of

For simple films, the substance having thedowest (least negative) reduction potential will reduce first, the
going to completion before the substance having the next greater potential begins to feduce. The

ndicates the

and the end of a reduction, and(is)thus used to determine reduction times (see Figures €.3, C.4 and

C.3,C4 and

(=3

1000 2 000 3 000 4 000 50

2 Reduction potential

NOTE  No chlorine is present in the test environment.

00
Time, s

Figure C.3 — Typical reduction behaviour of films on copper from 72 h exposure to humid sulfur vapour
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NOTE THe vertical lines correspond to major peaks in the differential curve (not shown) and delineate the main r¢producible
film types from this environment.
Figure C.4|— Typical reduction curve for copper from 48:t-exposure to high sulfide (100 ppb H »g) mixed
flowing gas (with 20 ppb Cl , and 200 ppb NO »)
>
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Figure C.5 — Ideal reduction behaviour of oxide and sulfide films on copper
(from reference [2])
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