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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL TESTING -

Part 2-60: Tests — Test Ke: Flowing mixed gas corrosion test

FUREVVURD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization/Compriging
pll national electrotechnical committees (IEC National Committees). The object of IEC is to. pronmpote
nternational co-operation on all questions concerning standardization in the electrical and electronic fields| To
his end and in addition to other activities, IEC publishes International Standards, Technical Specificatipns,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as ‘|EC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC NationallCommittee interegted
n the subject dealt with may participate in this preparatory work. International, governmental and rnon-
jovernmental organizations liaising with the IEC also participate in this preparation.] [EC collaborates clogely
ith the International Organization for Standardization (ISO) in accordance wjth/conditions determined by
pgreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as(nearly as possible, an internatipnal
consensus of opinion on the relevant subjects since each technical conimittee has representation from all
nterested IEC National Committees.

EC Publications have the form of recommendations for internationalise and are accepted by IEC Natipnal
Committees in that sense. While all reasonable efforts are madeXto ensure that the technical content of [[EC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for [any
misinterpretation by any end user.

n order to promote international uniformity, IEC National ‘Committees undertake to apply IEC Publicat{ons
ransparently to the maximum extent possible in their national and regional publications. Any diverggnce
between any IEC Publication and the correspondingmational or regional publication shall be clearly indicated in
he latter.

EC itself does not provide any attestation ofsConformity. Independent certification bodies provide conformity
Bssessment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible for [any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its\directors, employees, servants or agents including individual experts [and
members of its technical commitiees and IEC National Committees for any personal injury, property damagg or
bther damage of any nature ‘whatsoever, whether direct or indirect, or for costs (including legal fees) fand
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other [[EC
Publications.

Attention is drawn to-tRe' Normative references cited in this publication. Use of the referenced publications is
ndispensable for the.correct application of this publication.

Attention is drawn 1o the possibility that some of the elements of this IEC Publication may be the subjeqt of
patent rights..[EC shall not be held responsible for identifying any or all such patent rights.

s redline version of the official IEC Standard allows the user to identify the changes
de to’ the previous edition. A vertical bar appears in the margin wherever a change
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International Standard IEC 60068-2-60 has been prepared by IEC technical committee 104:
Environmental conditions, classification and methods of test.

This third edition cancels and replaces the second edition, published in 1995, and constitutes
a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

The text of this standard is based on the following documents:

Ful
vof]

Thi

Al
tes]

updated normative references list;

addition of information of the working volume;
revision of the test procedure;

revision of the figures in Annex B.

FDIS Report on voting
104/655/FDIS 104/656/RVD.

| information on the voting for the approval of this standard can be found in the report
ng indicated in the above table.

s publication has been drafted in accordance with*the ISO/IEC Directives, Part 2.

ting, can be found on the IEC website.

th
re

Th{ committee has decided that the.contents of this publication will remain unchanged u
I

stability date indicated on the l1EC web site under "http://webstore.iec.ch" in the d
ted to the specific publicationi At this date, the publication will be

reconfirmed,

withdrawn,

replaced by a reyvised edition, or

amended.

on

st of all parts in the IEC 60068 series, published under the general title Environmental

ntil
Ata

IMI
tha

PORTANT — The “colour inside” logo on the cover page of this publication indica
t it contains colours which are considered to be useful for the correct understand

tes
ng

of

ts.contents. Users should therefore print this publication using a colour printer.
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en

ENVIRONMENTAL TESTING -

Part 2-60: Tests — Test Ke: Flowing mixed gas corrosion test

larly

contacts and connections, considered separately, integrated into a subassembly | or

asgembled as a complete equipment.

It provides test methods giving information, on a comparative basis, to aid-the selection of

re

2

Th

masllerials, choice of production processes and component design, with regard to corrosfion

istance. A guide to the selection of methods and test duration is provided in Annex C.

Normative references

e following documents, in whole or in part, are normatively, referenced in this document and

arg indispensable for its application. For dated references,"only the edition cited applies. For

un

amendments) applies.

dated references, the Ilatest edition of the reféerenced document (including any

IEG 60512-2-1, Connectors for electrohic equipment — Tests and measurements — Part 2-1:
Eldctrical continuity and contact resistance tests — Test 2a: Contact resistance — Millivolt Idvel

redistance method

IEG 60512-3-1, Connectogs™Nor electronic equipment — Tests and measurements — Part 3-1:

Inswlation tests — Test 3a: tisulation resistance

ISQ 431:4984, Copper refinery shapes

3

Th

mepas for measuring gas concentration.

Test apparatus

p test)apparatus consists of a climatic system, test enclosure, gas delivery system and

Details of design and construction are optional but shall be such that the conditions specified
for each method are fulfilled throughout the working volume and shall comply with the

fol

lowing requirements:

water droplets or aerosols shall not be injected into the test enclosure;
air and water used shall be sufficiently clean in order not to affect performance of the test;

the test atmosphere shall flow through the enclosure in such a manner as to ensure
uniform test conditions within the working volume;

the sampling point for gas analysis shall be in the working volume of the test enclosure;
the exhaust gases shall be treated in accordance with the relevant regulatory stipulations;
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the wet bulb pod shall be placed in the test chamber in such a manner not to exceed
0,1 % of the cross-section of the test chamber.

Because of the strong synergistic effect and the so called “memory effect” (i.e., it is difficult to
fully remove the chlorine compounds from the chamber, tubes, etc.), it is recommended that
enclosures and tubing used for tests that incorporate chlorine only be used for chlorine tests.

The working volume is the volume within which the individual corrosion (weight mass increase
of copper coupons expressed in mg/( dm2 x day) according to Annex A) at each location
differs by a maximum of 15 % from the average corrosion of all coupons within the working

vol

Thi

Prg

Four methods are defined. The different parameters for each-method are summarized in
pwing Table 1. A guidance for the use of each methods\given in Clause C.3.

foll

TS

Severities

the test duration.

the test method, chosen from Table 1,

ferred durations, in days, are 4, 7, 10, 14 and 21.

Table 1 — Test conditions

b test severity shall be given in the relevant specification. It is defined by

the

Parameters Method 1 Method\2 Method 3 Method 4
H,$ (1072 vol/vol) 100 £+ 20 10+ 5 100 £ 20 105
N, (1072 vol/vol) 2} 200 £ 50 200 £ 50 200 £ 20
ClJ (10-° vol/vol) 3 10+5 20+5 10+5
sd, (107° vol/vol) 4 500 + 100 200 + 20
Temperature (°C) @ 25 +1 30+ 1 30+ 1 25+ 1
RH (%) @ 7543 70+ 3 75+3 75+3
Volume changes
pef-hour 3—10 3—10 3—10 3—10
Wdightincrease
of fopper coupons
mghdm2oday)
Rale of ventilations 3to 10 31to 10 31to 10 3 to 10
pef hour
Mgss{increase of 1,0 to 2,0 0,3t0 1,3 1,2 to 2,2 1,2t0 2,4
copper‘coupons
mg/(dm2 x day)
according to Annex A
BH, S ug/m3 =071 mm3-/m3
2)-NO, =1 ug/m?=0,53-mm3/m? (10-9-volfvol) = UNIT {ng/m3}
3Gyt pglm>=0,34-mm3/{m3
4)-S0O,: 1 pgm3-=0,38 mm3-/m3

a

NOTE Since the nature of the corrosive attack is different for test Methods 1 to 4, neither their numbering nor
the corresponding-weight mass increase of copper coupons reflect their severity.

Different temperature and humidity values (e.g. 40 °C and 80 %RH) may be used based upon mutual
agreement between the interested parties. The mass increase may be different from the given values.



https://iecnorm.com/api/?name=ca8533a38445a8d74ea00260f02088ea

IEC 60068-2-60:2015 RLV © IEC 2015 -7-

5

Preconditioning

The relevant specification may require preconditioning of specimens, for example cleaning or

me

6

Init

chanical operation.

Initial measurements

ial measurements shall be carried out as required by the relevant specification.

Ge

7.1

Sa

7.2

Th{
for
or

Th
te
tol

herally, these measurements are:

contact resistance measurements for electromechanical product components” (s
IEC 60512-2, test 2a IEC 60512-2-1);

insulation resistance measurements (see tEC-60512-2,-test3a IEC 60512-3y4).
Testing

General
mples exposed in the tests shall be

the specimens being evaluated,
corrosion monitor materials.

Test specimens
e relevant product specification shall define .the conditions of the specimens during the t

example mated or unmated for connectors; contacts open or closed for switches, opera
blectrically loaded.

e duration of the operation or loading of heat-dissipating specimens, shall be such that

ee

st,
ed

the

perature and the relative humidity in the working volume remain within the specified

rances.

Th¢ conditions of the spec¢imens and the test chamber shall be such that condensation on

sp4g

Th
arg
ex(

Th
thel

cimens shall not occur. when they are introduced into the test chamber.

e total volume 0fythe test specimens should not exceed 10 % of the volume of the work
a of the test'shamber. If the total volume of the test specimens exceed 10 %, the amo
eeding 1@ %" shall be included in the test report.

b total;surface area of the test specimens should not exceed 10 % of the surface areg
working area of the test chamber. If the total surface of the test specimens exceed 10

th

the

ng
Lint

of
%,

e

A minimum space between specimens might be 10 mm so as not to disturb the uniform air

flow.

7.3

Corrosivity monitoring materials

Copper coupons shall be exposed with the test specimens in order to verify the conformance
of the test-specimen condition.
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A minimum of five test coupons of copper, prepared in accordance with Annex A, shall be
exposed with the test specimens for the same duration. Their mass increase-in—weight during
the test, measured by a balance with-apprepriate-sensitivity a resolution of 0,01 mg, shall be
taken as a measure of the corrosion and as a monitor of the reproducibility and repeatability
of the test.

Other vehicles, for example, gold-plated coupons or other specimens (see B.6.3) can be used
in addition to the copper coupons.

7.4

On

Te

WH
me
the

— Testing procedure
e of the following test procedures shall be used:

5t procedure 1

en the test atmosphere does not contain chlorine (Method 1) or when)the method
asuring chlorine concentration does not suffer interference from the other gases presen
test atmosphere, the following procedure shall be-adepted used:

after the specified temperature is stabilized, start the flow of -humid air, allow to stabi
and adjust temperature and humidity not to accumulate the éondensation on the inner
of the test chamber and the test specimen;

start the flow of the gases into the humid air stream and\allow to stabilize;

measure and adjust gas concentrations. Allow to‘-stabilize. When it is necessary
measure chlorine concentration, total chlorine (net only chlorine gas, Cl,) present in
test atmosphere is taken as a measure of chlérine gas concentration. The chlorine adg
to the test atmosphere shall still only be in the.form of chlorine gas, Cl,;

introduce the test specimens and the corrosion monitoring materials as prescribed in 7}
The copper coupons shall be exposed with the test specimens for the-full-testperiod firg

for
[ in

ize
all

to
the
ed

3.
t4

days during a test duration. The copper coupons might be exposed another 4 days dur
a test duration, if necessary. It shal be included in the test report. The test specimens

They shall not come in contact with one another nor shield one another from the
electrically loaded or opérated) as stated in the relevant specification. The test dura
shall be measured from-this point;

allow the test conditions to stabilize, which may require considerable time. Measure §
adjustments, any overshooting of gas concentration shall be avoided. Maximum allow

duration of'this period of stabilization and adjustments, to prescribed values, is 24 h;

during_the*course of testing, temperature, humidity and gas concentrations shall be k
withinzthe prescribed limits. The chamber is allowed to be opened during the test.

The number of openings shall be limited.

ing
nd

the corrosion monitoring materials shall be distributed uniformly in the working volume.

st

atmosphere. The test specimens shall be in the condition (for example, mated/unmatgd,

ion

nd

adjust, if necessary, temperature, humidity and gas concentrations. During thg¢se

ed

ept

No opening Is allowed for a test duration shorter than 4 days.
One opening is allowed for a test duration of between 4 and 10 days.
One opening per week is allowed for a test duration exceeding 10 days.

The duration of these openings shall be limited to the time necessary to remove and

introduce specimens and/or copper coupons;

at the end of the test period, remove the specimens and the corrosion monitor
materials.

ing
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Test procedure 2

When chlorine is present in the test atmosphere (Methods 2 to 4) and when the method for
measuring chlorine suffers interference from other gases in the test atmosphere, the following
procedure shall be used:

8

after the specified temperature is stabilized, start the flow of humid air, allow to stabilize
and adjust temperature and humidity so as not to accumulate the condensation on the
inner wall of the test chamber and the test specimen;

start the flow of chlorine inta the humid air stream and allow to stabilize;

measure and adjust the chlorine concentration. Allow to stabilize;

introduce the test specimens and the corrosion monitor materials as prescribed,in/-2. The
copper coupons shall be exposed with the test specimens for the—full-test pegtiod firgt 4
days during a test duration. The copper coupons might be exposed anothetr\4) days during
a test duration, if necessary. It shall be included in the test report. The test specimens and
the corrosion monitoring materials shall be distributed uniformly in the~working voluie.
They shall not come in contact with one another nor shield one another from the fest
atmosphere. The test specimens shall be in the condition (for example, mated/unmatgd,
electrically loaded or operated) as stated in the relevant specification;

allow temperature, humidity and chlorine concentration to(stabilize, which may require
considerable time due to initially high reaction or adsorptignyrates of chlorine with surfages.
If necessary, measure and adjust the chlorine concentration. During this adjustment, xny
overshooting of gas concentration shall be avoided. The chlorine concentration shall
remain stable for 2 h minimum. The maximum allowed duration of this period of chlornine
stabilization and adjustments, to prescribed valu€s, is 24 h;

start the flow of the remaining gases and allow to stabilize. Measure and adjust} if
necessary, temperature, humidity and gas$,* concentrations, excluding chlorine. Durjing
these adjustments, any overshooting of gas concentration shall be avoided. The maximum
allowed duration of this period of stabilization and adjustments, to prescribed values| is
24 h. The test duration is measured\from the moment when all gases are present in the
test atmosphere;

during the course of testing, temperature, humidity and gas concentrations shall be kept
within the prescribed limits,, Chlorine concentration, however, cannot be controlled durfing
the test. The way to ensUre that values remain within the set limits is to carry out fhe
chlorine measurement—prescribed after finishing the test (see below). The chambel is
allowed to be opened during the test.

The number of openings shall be limited.

No opening is ‘allowed for a test duration shorter than 4 days.

One opening’is allowed for a test duration of between 4 and 10 days.
One opening per week is allowed for a test duration exceeding 10 days.

The._duration of these openings shall be limited to the time necessary to remove and
inttoduce specimens and/or copper coupons; T

at the end of the test period, stop the flow of gases except chlorine which shall remain
running. Allow sufficient time to empty the chamber of the other gases, to an extent
sufficient to avoid interference with chlorine analyses;

measure the chlorine concentration which-will-have-te shall be within the limits prescribed
in order for the test to be valid;

remove the test specimens and the corrosion monitoring materials.

Recovery

After removal of the specimens from the test chamber, they shall be stored in accordance with
the relevant specification prior to final measurements.
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Final measurements

The final measurements shall be carried out as required by the relevant specification which
may also require a visual examination of the specimens after the test.

The relevant specification shall provide the criteria upon which the acceptance or rejection of

the

specimen is to be based.

If the necessary measurements cannot be made within the specified time, the period of

sto

age under recovery canditions may he extended to a maximum of one week Such

ext

10

WH
far
the
this

ension shall be mentioned in the test report.

information is always required.

Method*

Test duration®

Preconditioning of the specimens

Initial measurements®

Conditions of the specimens during the test*
Operation and loading during testing

Recovery and duration*

Final measurements* and possiblervisual examination
Criteria of acceptance or rejection”

Information to be given'in the test report

brmation to be givenin the test report is as follows:

test method;

test duration,

preconditioning;

method and results of initial measurement;
conditions and duration of test;

Information to be given in the relevant specification

en this test is included in a relevant specification, the following details shall.be given, in
as they are applicable. The relevant specification shall supply information as requireg
clauses listed below, paying particular attention to the items marked ‘with an asterisk (*)

Clause
34
34
45
56
687
687
78
89
89

operation and loading during test;
recovery and duration;

method and results of final measurement;

individual-weight mass increase of copper coupon in mg/(dm?2 x day);

any deviation from the standard.

an

SO
in
as
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A.

be

Annex A
(normative)

Corrosion monitoring copper coupons

1 General

Copper coupons are exposed with the test speC|men in order to verlfy the conformance of the

aken as a measure of this conformity.

Nature and dimension

The coupons shall be made from half hard OFHC copper (Cu-OF according to;1SO 431) shg

maljximum thickness of 0,5 mm, and have a total surface area of 0,1 dm? td;2 dm?2 each. T

all |

et,
he

surnface of the coupon is an essentially faultless surface (free from pores, marks, scratches

an

d any light colouration) and a matt finish (arithmetically mean-‘deviation of the pro

Ra|= 0,15 um + 0,1 um).

A

.3 Cleaning procedure

Before the start of the test, the copper coupons shall be cleaned, as described bel

welghed by a balance with-apprepriate—sensitivity @\resolution of 0,01 mg and stored fog
maiximum of 120 h in a desiccator with non-corrosive“dehydrating agent.

The cleaning procedure of the copper coupons'shall be as follows:

All

anode or platinium anode;

rinse with tap water;

rinse with demineralized water;

activate by dipping in 10"% H,SO,, for 20 s to 30 s;

rinse with tap water;

rinse with demineralized water;

rinse with alcohol: denatured ethyl alcohol or isopropyl alcohol;
dry with warm air (about 50 °C).

solutiens”shall be prepared with demineralized water, of at least the same quality as ug

file

ra |

cathodic degrease in 1 N NaOH, for,15 s to 30 s, at 5 V to 10 V, using a stainless sfeel

ed

n tre climatic system.
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Annex B
(informative)

Description of test apparatus

B.1 General

The test apparatus consists of a climatic system, a test enclosure, a gas delivery system and
gas.analysing systems. An example of test apparatus is shown in Figure B 1. B2 and B3

Pum
Alr : rump
I Oil trapffilter /Chemical fliter

E 1, Chemical filter

Flow control

chamber Working volume

»

Oll trapffilter
Humidity Chemical filter

source M -

Air

1EC 1017198
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11

v

9
< 8
A y
4557
> <4“———6

Y

I

L

{ >
Key

1 Gas source 7 Conditioning chamber
2 Flow controller 8 Test chamber

3 Air supply 9 Working volume

4 Gas analysing_8ystem 10 Chemical filter

5 Gas mjxifig chamber 11 Pump

6 Humidity source

Figure B.1 — Example of test apparatus

IEC
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Flow meter

Gas source .
Mixing
chamber

Working volume

)
\ —T Pump /J I \AAAQWAY'/

7

as
nalyzing
stem

Qil trap/filter
Chemical filter

Humidity |-
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ssurized air through a water bath held at a temperature above the dew poiht~0f fhe
idified air needed. When calculating the temperature any additional adding ,6f dry aiff to

test atmosphere should be taken into account. The relative humidity of theCair in the
losure should be periodically checked and the temperature of the water | bath adjus
ordingly.

ssurized air should be cleaned from oil and pollutants. One or several oil traps, oil filt
chemical filters, such as a combination of dry active carbon and~a’molecular sieve, sho
used and regenerated at regular intervals. Alternatively, synthetic air can be used. W3
uld be distilled or deionized.

st
fed

ers
uld
ter

in

by

affects the pressure difference. The flow rate of the air out of the enclosure is adjusted to
obfain the specified number of volume changes’ per hour. The lower pressure within the fest
en¢losure, as compared with the ambient,-may however cause difficulties when using-sejme
ceftain instruments for gas analysis.
In ficure B 2 humidified sir is numeed - into the outer chamber and nassed - throuah - the inhar
HHgurebsAdHaiHeaaHispumpeaihitotneoutercnRamberanapassSectrodgn—teHhped
chamhar vig o ole in the walk.{This wav a3 hiadhar nraccsura within the inner chamber las
chghoer—va—ahoe—Hh—the—Watk SHHSWaY—a—Hgherpressure—whiihR—tReHhher—chamoer1as
compared-to-the-ambient—cansbe obtainedthus making-gas-sampling-easierandreducing-the
pafreatotheambient—Ccanve-obtahreathusmakiig-gas-SsampHhg-easterancreaucingfne
rislt-of influence from the outer atmosphere. The inner chamber is however still at a loyer
pradssure-than the outer chamber In fiaure B 2 mixina-the aases wit umidified air-is shoWwn
prgssurethahnthe-otterchamber—hHgure b-bdhRghe-gases—-whinhdaHe g a1 SRoWwh-
TFhis—wavlarger-amounts-of air can—-be-usedthus—allowinaglower-gas—concentrations—when
y—aFrger—amouRts—or—aH—can—pobe—useatdsahowiRgrower—gas—cohcentatons—wWhHehn
In rdar to fulfilnthe reauirements on umidity _ctahility 9 tamnaratura ctahilitvy hottar than
+Hh Faer—to—+hHithe—regireme ts—oh—uHGY—StabHtys—a—temperatdre—Sstadhity—oetter—tah
+015 °C is ndeded lnorderto-achievethe reguired-temperature-stabilitvy—a-waterorairiacket
=5 g gtHred—temperatbire—stabhity;a—-Water-oratjacKet
ardund-the\test enclosure-may-be-necessa An-airjacke ysed-infigures B-4-and B hile
air-jacket—water jacket—or—ele 2 heated a an—be—used—in—an—egquipmen
B.3 Test enclosure

The constituents of the test atmosphere are chemically active and hence liable to adsorb,
absorb or react with the materials of construction of the test enclosure and of tubes. Materials
recommended for test enclosures are glass, polymethylmetacrylate (PMMA), polytetrafluoro-
ethylene (PTFE), polyvinylidenfluorid (PVDF) and an austenitic stainless steel of the 18 % Cr,
10 % Ni type with added Mo, Ti, Nb or other resistant materials, in order to increase the
resistance to chlorine compounds, essential for this application. Higher amounts of the gases
than specified are often-te-be added, especially regarding chlorine, in order to obtain specified
concentrations in the working volume. When using some types of stainless steel, corrosion of
the enclosure will occur. A “running burn-in” period, during which gas adsorption rates will be
unusually high, might be necessary for new chambers.
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The minimum volume of the test enclosure is recommended to be 0,1 m3.

The test enclosure may be of any shape. A cylindrical shape generally produces a more
uniform air flow and a larger working volume relative to the volume of the enclosure as
compared to a cubical shape.

It is recommended that the test enclosure enables the samples to be exposed only
incidentally to sunlight or other light sources.

nts

The¢ test atmosphere is preferably injected through opening(s) in the-bottom of the champer
and exhausted through opening(s) in the opposite wall (top of the chamber). Baffles in fronf of
thel opening(s) can be used in order to improve uniformity of the airflow.

Tubes for the exhaust can be heated in order to avoid condensation and corrosion.

Fofced movement of the air is allowed, in order to’ improve uniformity, provided the
requirements in Table 1 are met. Forced movement-0f the air can be achieved by the usq of
fa% or by moving the test objects slowly throudh ‘the atmosphere by using a carousel| In
general, fans produce turbulent air movement which tends to increase the rate of corrosipn.
Tolavoid that, the air velocity to the test spécimmen shall be as low as possible. Uniform]air
velpcity when using carousels is only prodaced at a constant diameter. When using fang or
carnousels, power dissipation from this equipment should be taken into account. Fans ¢an
noimally be placed far from the test-@bjects so that heat dissipation does not affect test

penformance. For carousels, the mator is normally positioned outside the chamber to avpid
heat dissipation within the test enelosure. The effect of fans or a carousel can be investigated
prigpr to use (see Clause B.7).

B.4 Gas delivery system

The¢ gas supply system, tubing, valves etc., should not adsorb or absorb gases to an extent
aff¢cting the performance of the test. PTFE is a generally used material in tubings. Valves,
etcl, are generally manufactured from acid proof steel, preferably coated with PTFE on fhe
surnffaces inredntact with the gas.-Especially Chlorine, in particular, attacks acid proof stee] in
the| presence’ of humidity.

Gapesvused can be supplied by permeation tubes with purified air, synthetic air or nitrogen|as
carrier gas. An alternative method is to use gas cylinders, preferably with diluted gas (usually
in nitrogen).

Gases used should be clean enough not to affect performance of the test. The recommended
purity level for active gases other than the specified gas is a maximum concentration of 0,1 %
of the active gas concentration; gas such as nitrogen monoxide in nitrogen dioxide is allowed
at higher concentrations to a maximum of 10 % of the specified gas.

For regulating gas flow dosing pumps, orifices or mass flow meters can be used. Mass flow
meters are recommended for regulating the diluted corrosive gases.
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Before introducing the corrosive gases in the test enclosure, it is recommended to use a
mixing chamber. The concentration of the individual corrosive gases, when mixing with other
corrosive gases, should avoid unwanted reactions between the gases.

B.5 Analysing system

B.5.1 Temperature and humidity

For measuring temperature and humidity, methods unaffected by corrosive gases-included
presen idi ixi i iluted

enyironment in the test enclosure is recommended to be limited.

B.§.2 Gases

In lorder to avoid condensation in sampling tubes, these tubes can be heated. Relafive
humidity in the tubes should be 80 % maximum, preferably lower;

Possible effects of the pressure difference between thet€st enclosure and outside of fthe
chamber on the function of the gas analysing instrumentsishould be checked thoroughly. Most
insfruments require gas samples of ambient pressuré. When having a negative pressurg in
thel test enclosure, some instruments may have difficulties-sueking evacuating the air ou{ of
the| enclosure, thus giving too low readings. A positive pressure is more easily managed| in
thig case measures in order to reduce pressure te*ambient can easily be taken.

Examples of instrument types which canXbe used for sulphur dioxide are UV-fluorescenice,
conductometry and colorimetry.

Fof hydrogen sulphide, UV-fluorescence, gas chromatography with flame photometric
defection, adsorption on gold film-sensor (interference by NO,), conductometry or colorimegtry
maly be used.

For nitrogen dioxide, chemiluminiscence or colorimetry may be used.

Chlorine gas (Cl4) ,can be measured using electrochemical methods or colorimetry. Bpth
metthods are affected by the other corrosive gases used in the test atmosphere. The chlorjine
analysis can<ccordingly only be conducted when the other gases are absent.

After mixing all gases, total chlorine may be analysed using ionic chromatography. Chlorjine
content Using this method is taken as a measure of Cl, concentration.

Instruments used should be calibrated according to the manufacturer’s instructions.
Additionally, all instruments should be periodically calibrated using gas calibration sources.
When using UV-fluorescence type instruments, air should be used as carrier gas in the gas
calibration source since different readings are obtained when using nitrogen as compared to
when using air.

It is also important to note that many instruments (for example, UV-fluorescence for SO,
analysis) are affected by relative humidity. The same relative humidity in the carrier gas, from
the calibration unit, as in the sampling tube may be difficult to achieve. In this case, readings
using pure air from the chamber, using the same temperature, humidity, flow and the same
heating of tubes as when taking gas samples, are taken and compared with readings for pure
carrier gas from the calibration unit. When analysing the corrosive gas from the chamber, the
reading is adjusted accordingly.
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B.6 Other corrosion monitoring methods

B.6.1 Weight Mass increase

For the-weight mass increase of copper, a balance with a-sensivity resolution of 0,01 mg
should be used.

cal

Imrhediately before weighing the corrosion monitoring coupons, the balance should
brated.
monitoring of corrosion by determining mass gain of copper or silyer,“a quad
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naflure, chemical composition, layer structure and thickness of the corrosion products.
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malterials is recommended in order’to determine the dominating corrosion mechanism.

Do
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method described in Annex A, the method should be calibrated by comparfing with m
measurements for copper coupons cleaned according to the standardCand weighed o
mal analytical balance.

.2 Surface analysis of monitoring coupons

the four methods described by this standard, gives additional information regarding

bropriate methods such as coulometric reduction) cyclic voltametry, X-ray microanaly

be

rtz

robalance can be used. Since the copper-coated quartz crystals cannot be)cleaned usfing

ASS
N a

estigation of the corrosion layers produced on the surface of the coupons exposed in @ny

the

sis

EM EDS, WDS or microprobe), Auger electron<spectroscopy (AES), secondary ion m
ctrometry (SIMS), electron spectroscopy .for chemical analysis (ESCA), are availd
rumental techniques for these studies.

.3 Visual examination

b use of gold-plated coupons_"or other specimens as additional corrosion monitor

minant mechanism found,"in Methods 1, 2 and 4 is pore corrosion and creep corrosior
case of Method 3.

[ Calibration of the chamber

e working\volume of a new chamber, as well as after changes in geometry or air fl
uld bedetermined using copper coupons. Copper coupons (cleaned according to Annex
positioned at different locations within the chamber, with a minimum of three coupons
hilocation.

ss
ble

ing

DW,

A)
at

Maximum loading of the chamber may also be estimated using copper coupons. At maximum
loading, the corrosion should be within the tolerances given in Table 1. It should be noted that
organic materials may absorb just as much or even more corrosive gas as metallic materials.
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Annex C
(informative)

Guide to the selection of methods and test duration

C.1 Introduction Introductory remarks

Corrosion of electrotechmcal products during storage or operat|on |n |ndoor locations is

affe

cha
of
Co

maly affect the rate and mechanism of corrosion.

All

pollutants dominate in different field environments:

Thi
en
the

C.2 Function of corrosive gases used in the tests

Hy

copper.

nge of temperature and humidity. Additionally, gaseous pollutants seriously affect the
corrosion as well as the—relative occurrence of different corrosion mechanis
htaminants on the surface such as dust, oil and compounds liberated from plastic materials

gases used in the test atmospheres have natural sources; however, different gasegus

sulphur dioxide and nitrogen oxides from combustion of fossih fuels and in traffic
environments;

hydrogen sulphide in the vicinity of petrochemical and ste€l industry, decaying orggnic
matter, stagnant water and animal shelters;

hydrogen sulphide and chlorine compounds in the vicinity“of pulp and paper industry.

e test methods in this standard are not designéd to correspond to a specific type| of
ironment. The test methods have been chosen-te/produce corrosion products observed in
field for materials normally used in electrotechnical products.

jrogen sulphide has a strong carrosive influence on many metals, especially silver gnd

Method 1, there is a synergistic effect of sulphur dioxide and hydrogen sulphide. Tlhis

implies that an enclosure (and tubing used with hydrogen sulphide cannot be used for a ppre

sul

hag a corrosive effection nickel, as well as on steel and zinc.

itrogen oxide_is\used, mainly as an oxidant in test Methods 2 to 4.

bhur dioxide corrosion test. In Method 4, sulphur dioxide is added because sulphur dioxjde

orine is.seldom observed as a major pollutant in the field. In test Methods 2 to 4, i is

tly used as an oxidant and partly as a chIorine compound. The chloride formed when

partloular hydrogen sulph|de Because of the strong synergistic effect and the so called
“memory effect” (i.e., it is difficult to fully remove the chlorine compounds from the chamber,
tubes, etc.), it is recommended that enclosures and tubing—ence used for tests that

inc
tes

orporate chlorine-eannet only be used for-a-test-not-specifying-thepresence—of chlorine

ts.

C.3 Use of the different test methods

Although copper is considered to be a good monitoring material, its—weight—gain mass

inc

rease in the test method is not, in general, related to the corrosion of other metallic

samples.
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Test Method 1 can be used as a pore corrosion test on gold coatings. A test duration of
10 days is appropriate for openly exposed gold coated surfaces.

Test Method 1 can also be used for testing of contacts with gold-plated surfaces, contacts to
be used in mild environments (for example telecommunication centres in “clean”
surroundings). In this case, a duration of 10 to 21 days is appropriate.

Test Methods 2 and 4 are appropriate for electrotechnical products to be used in moderately
corrosive environments. Such environments may be found in telecommunication centres, most
office environments and some industrial instrument rooms. In these environments, the
pregdominant corrosion mechanism on gold coatings Is pore corrosion.

Test Method 3 is appropriate for more corrosive environments. Such environments{may|be
found in instrument rooms in industry and some industrial locations. In these environments,
gold coatings are prone to pore corrosion and creep of corrosion of products.

For test Methods 2 to 4, test durations of four to seven days are useful forisual assessm£nt
of ¢oating systems. The appearance is influenced by the materials used,|Four to 10 days test
duration is appropriate for short-life products and 7 to 21 days f0p products with higher
retJuirements for reliability and life.
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Int¢rnational’Standard IEC 60068-2-60 has been prepared by IEC technical committee 1
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL TESTING -

Part 2-60: Tests — Test Ke: Flowing mixed gas corrosion test

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization/Compri
pll national electrotechnical committees (IEC National Committees). The object of IEC is to. pron
nternational co-operation on all questions concerning standardization in the electrical and elecironic fields
his end and in addition to other activities, IEC publishes International Standards, Technical Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC NationallCommittee intere
n the subject dealt with may participate in this preparatory work. International, goyernmental and 1
povernmental organizations liaising with the IEC also participate in this preparation.) [EC collaborates clo
ith the International Organization for Standardization (ISO) in accordance wijth/conditions determined
pgreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as (nearly as possible, an internati
consensus of opinion on the relevant subjects since each technical conimittee has representation fromnj
nterested IEC National Committees.

EC Publications have the form of recommendations for internationalitse and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are made*to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any divergdg
between any IEC Publication and the corresponding¢national or regional publication shall be clearly indicate]
he latter.

EC itself does not provide any attestation ofsconformity. Independent certification bodies provide confor
pssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its\directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag
pther damage of any nature ‘whatsoever, whether direct or indirect, or for costs (including legal fees)
Expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

ndispensable for the.correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subjeq
patent rights,.JEC 'shall not be held responsible for identifying any or all such patent rights.

irommental conditions, classification and methods of test.
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Attention is drawn to-tRe' Normative references cited in this publication. Use of the referenced publicationfs is

t of

04:

third—editiom cancefsand Teptaces the second edition, pubtished 1995, and Tomnstit

a technical revision.

es

This edition includes the following significant technical changes with respect to the previous
edition:

updated IEC format;

updated normative references list;

addition of information of the working volume;
revision of the test procedure;

revision of the figures in Annex B.
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The text of this standard is based on the following documents:

FDIS Report on voting
104/655/FDIS 104/656/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60068 series, published under the general title EnvironmeJ7ta/
testing, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
thel stability date indicated on the IEC web site under "http://webstore.iec.ch" in the dpta
related to the specific publication. At this date, the publication will be
e |reconfirmed,

e |withdrawn,

e |[replaced by a revised edition, or

e |amended.
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Part 2-60: Tests — Test Ke: Flowing mixed gas corrosion test

|
tacts and connections, considered separately, integrated into a subassembly
embled as a complete equipment.

rovides test methods giving information, on a comparative basis, to aid-the selection

Normative references

e following documents, in whole or in part, are normatively, referenced in this document @
indispensable for its application. For dated references, only the edition cited applies.

arly

or

of

mzllerials, choice of production processes and component design, with regard to corrosfion
resistance. A guide to the selection of methods and test duration is provided in Annex C.

nd
For

undlated references, the Ilatest edition of the reféerenced document (including &@ny

am

IEQ
Ele
res

IE(
Ins
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Th
me

De
for
foll

endments) applies.

60512-2-1, Connectors for electronic equipment — Tests and measurements — Part 2
ctrical continuity and contact resistance tests'— Test 2a: Contact resistance — Millivolt I
istance method

60512-3-1, Connectors for electrohic equipment — Tests and measurements — Part 3
ulation tests — Test 3a: Insulation\resistance

D 431, Copper refinery shapes

Test apparatus

b test apparatus) consists of a climatic system, test enclosure, gas delivery system 4
ans for measuring gas concentration.

-1:
vel

nd

pwing requirements:

ails of design and construction are optional but shall be such that the conditions specified
each)'method are fulfilled throughout the working volume and shall comply with the

water droplets or aerosols shall not be injected into the test enclosure;
air and water used shall be sufficiently clean in order not to affect performance of the te

st;

the test atmosphere shall flow through the enclosure in such a manner as to ensure

uniform test conditions within the working volume;
the sampling point for gas analysis shall be in the working volume of the test enclosure;

the exhaust gases shall be treated in accordance with the relevant regulatory stipulations;

the wet bulb pod shall be placed in the test chamber in such a manner not to exceed

0,1 % of the cross-section of the test chamber.
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Because of the strong synergistic effect and the so called “memory effect” (i.e., it is difficult to
fully remove the chlorine compounds from the chamber, tubes, etc.), it is recommended that
enclosures and tubing used for tests that incorporate chlorine only be used for chlorine tests.

The working volume is the volume within which the individual corrosion (mass increase of
copper coupons expressed in mg/( dm2 x day) according to Annex A) at each location differs
by a maximum of 15 % from the average corrosion of all coupons within the working volume.

4 Severities
The test severity shall be given in the relevant specification. It is defined by
— |the test method, chosen from Table 1,
— |the test duration.
Prgferred durations, in days, are 4, 7, 10, 14 and 21.
Folir methods are defined. The different parameters for each method!are summarized in the
following Table 1. A guidance for the use of each method is given in~Clause C.3.
Table 1 — Test conditions

Parameters Method 1 Method 2 Method 3 Method 4
H,B (1072 vol/vol) 100 + 20 10+5 100 + 20 10+5
NQ, (102 vol/vol) 200 + 50 200 + 50 200 + 20
Cl4 (107° vol/vol) 10 +5 20+5 10+5
sd, (107° vol/vol) 500 + 100 200 + 20
Temperature (°C) @ 25+ 1 30+ 1 30+ 1 25+ 1
RH (%)? 75+ 3 70+ 3 75+ 3 75+ 3
Rate of ventilations 3to 10 3to 10 3to 10 3 to 10
pef hour
M4gss increase of 1,0.t0(2,0 0,3t0 1,3 1,210 2,2 1,2t0 2,4
copper coupons
mg/(dm2 x day)
acgording to Annex A

a

NG
thg

TE Since the nature of the corrosive attack is different for test Methods 1 to 4, neither their numbering
corresponding.mass increase of copper coupons reflect their severity.

Different(temperature and humidity values (e.g. 40 °C and 80 %RH) may be used based upon mut
agreement’between the interested parties. The mass increase may be different from the given values.

hor

Lial

5 Preconditioning

The relevant specification may require preconditioning of specimens, for example cleaning or

mechanical operation.

6

Initial measurements

Initial measurements shall be carried out as required by the relevant specification.

Generally, these measurements are:
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— contact resistance measurements for electromechanical product components (see
IEC 60512-2-1);

— insulation resistance measurements (see IEC 60512-3-1).

7 Testing

71 General

Samples exposed in the tests shall be

— [the specimens being evaluated,

— |corrosion monitor materials.
7.7 Test specimens
The relevant product specification shall define the conditions of the specimens during the tg¢st,

forlexample mated or unmated for connectors; contacts open or closed foriswitches, operated
or electrically loaded.

The duration of the operation or loading of heat-dissipating specimens, shall be such that the
temperature and the relative humidity in the working volumeremain within the specified
tolgrances.

The conditions of the specimens and the test chamber shall be such that condensation on fhe
specimens shall not occur when they are introduced into the test chamber.

The total volume of the test specimens should not*exceed 10 % of the volume of the workiing
arda of the test chamber. If the total volume of the test specimens exceed 10 %, the amopnt
exg¢eeding 10 % shall be included in the testgreport.

The total surface area of the test specimens should not exceed 10 % of the surface areg of
thel working area of the test chamber:f the total surface of the test specimens exceed 10|%,
thgl amount exceeding 10 % shall be included in the test report.

A minimum space between\specimens might be 10 mm so as not to disturb the uniform|air
flow.

7.3 Corrosivity monitoring materials

Copper couponsishall be exposed with the test specimens in order to verify the conformance
of {he test condition.

inimum of five test coupons of copper, prepared in accordance with Annex A, shall
oSed with the test specimens for the same duration. Their mass increase during the t¢
mea edbyv—abalanrce—with eso ien—of0-0 g A b€ efn a—measyre—o

corrosion and as a monitor of the reproducibility and repeatability of the test.

Other vehicles, for example, gold-plated coupons or other specimens (see B.6.3) can be used
in addition to the copper coupons.

7.4 Testing procedure

One of the following test procedures shall be used:
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Test procedure 1

When the test atmosphere does not contain chlorine (Method 1) or when the method for

me

asuring chlorine concentration does not suffer interference from the other gases present in

the test atmosphere, the following procedure shall be used:

after the specified temperature is stabilized, start the flow of humid air, allow to stabilize
and adjust temperature and humidity not to accumulate the condensation on the inner wall
of the test chamber and the test specimen;

Te

WH

start the flow of the gases into the humid air stream and allow to stabilize:

measure and adjust gas concentrations. Allow to stabilize. When it is necessary| to
measure chlorine concentration, total chlorine (not only chlorine gas, Cl,) presentvn the
test atmosphere is taken as a measure of chlorine gas concentration. The chlerine adged
to the test atmosphere shall still only be in the form of chlorine gas, Cl,;

introduce the test specimens and the corrosion monitoring materials as_ prescribed in 7.3.
The copper coupons shall be exposed with the test specimens for the first'4 days during a
test duration. The copper coupons might be exposed another 4)days during a fest
duration, if necessary. It shall be included in the test report. The(test specimens and the
corrosion monitoring materials shall be distributed uniformly in-theé working volume. They
shall not come in contact with one another nor shield-'ohe another from the fest
atmosphere. The test specimens shall be in the conditiop (fer example, mated/unmated,
electrically loaded or operated) as stated in the relevant“specification. The test durafion
shall be measured from this point;

allow the test conditions to stabilize, which may require considerable time. Measure and
adjust, if necessary, temperature, humidity <and gas concentrations. During thgse
adjustments, any overshooting of gas concentration shall be avoided. Maximum allowed
duration of this period of stabilization and adjustments, to prescribed values, is 24 h;

during the course of testing, temperature, humidity and gas concentrations shall be kept
within the prescribed limits. The chambéer’is allowed to be opened during the test.

The number of openings shall be limited.

No opening is allowed for a test-duration shorter than 4 days.

One opening is allowed for_a test duration of between 4 and 10 days.
One opening per week is:allowed for a test duration exceeding 10 days.

The duration of these“0Openings shall be limited to the time necessary to remove and
introduce specimens.and/or copper coupons;

at the end of-the test period, remove the specimens and the corrosion monitorfing
materials.

5t procedtire 2

ery ghlorine is present in the test atmosphere (Methods 2 to 4) and when the method|for

me

astring chlorine suffers interference from other gases in the test atmosphere, the followjing

procedure shall be used:

after the specified temperature is stabilized, start the flow of humid air, allow to stabilize
and adjust temperature and humidity so as not to accumulate the condensation on the
inner wall of the test chamber and the test specimen;

start the flow of chlorine into the humid air stream and allow to stabilize;
measure and adjust the chlorine concentration. Allow to stabilize;

introduce the test specimens and the corrosion monitor materials as prescribed in 7.2. The
copper coupons shall be exposed with the test specimens for the first 4 days during a test
duration. The copper coupons might be exposed another 4 days during a test duration, if
necessary. It shall be included in the test report. The test specimens and the corrosion
monitoring materials shall be distributed uniformly in the working volume. They shall not
come in contact with one another nor shield one another from the test atmosphere. The
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Aft
the

9

Th

test specimens shall be in the condition (for example, mated/unmated, electrically loaded
or operated) as stated in the relevant specification;

allow temperature, humidity and chlorine concentration to stabilize, which may require
considerable time due to initially high reaction or adsorption rates of chlorine with surfaces.
If necessary, measure and adjust the chlorine concentration. During this adjustment, any
overshooting of gas concentration shall be avoided. The chlorine concentration shall
remain stable for 2 h minimum. The maximum allowed duration of this period of chlorine
stabilization and adjustments, to prescribed values, is 24 h;

start the flow of the remaining gases and allow to stabilize. Measure and adjust, if
necessary, temperature, humidity and gas concentrations, excluding chlorine. During

these adjustments, any overshooting of gas concentration shall be avoided. The maximjum
allowed duration of this period of stabilization and adjustments, to prescribed values| is
24 h. The test duration is measured from the moment when all gases are present in the
test atmosphere;

during the course of testing, temperature, humidity and gas concentrations shall be kept
within the prescribed limits. Chlorine concentration, however, cannot be controlled during
the test. The way to ensure that values remain within the set limits }is to carry out the
chlorine measurement after finishing the test (see below). The chamber is allowed to|be
opened during the test.

The number of openings shall be limited.

No opening is allowed for a test duration shorter than 4 days.

One opening is allowed for a test duration of between 4\and 10 days.
One opening per week is allowed for a test duration exceeding 10 days.

The duration of these openings shall be limitéd)to the time necessary to remove and
introduce specimens and/or copper coupons;

at the end of the test period, stop the flaw)of gases except chlorine which shall remiain
running. Allow sufficient time to empty>the chamber of the other gases, to an extent
sufficient to avoid interference with chlorine analyses;

measure the chlorine concentration-which shall be within the limits prescribed in order|for
the test to be valid;

remove the test specimens angd’the corrosion monitoring materials.

Recovery

th

er removal of the,specimens from the test chamber, they shall be stored in accordance v
relevant specification prior to final measurements.

Final méasurements

maly ‘also require a visual examination of the specimens after the test.

e final measurements shall be carried out as required by the relevant specification which

The relevant specification shall provide the criteria upon which the acceptance or rejection of

the

specimen is to be based.

If the necessary measurements cannot be made within the specified time, the period of

sto

rage under recovery conditions may be extended to a maximum of one week. Such an

extension shall be mentioned in the test report.

10

Information to be given in the relevant specification

When this test is included in a relevant specification, the following details shall be given, in so

far

as they are applicable. The relevant specification shall supply information as required in
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the clauses listed below, paying particular attention to the items marked with an asterisk (*) as
this information is always required.

Clause
a) Method* 4
b) Test duration® 4
c) Preconditioning of the specimens 5
d) Initial measurements® 6
e) —Conditions of the specimens during the test* 4
f) | Operation and loading during testing 7
g) | Recovery and duration* 8
h) | Final measurements® and possible visual examination 9
i) | Criteria of acceptance or rejection™ 9

11| Information to be given in the test report

Infprmation to be given in the test report is as follows:

— [test method;

— [test duration;

— |preconditioning;

— |method and results of initial measurement;

— |conditions and duration of test;

— |operation and loading during test;

— |recovery and duration;

— |method and results of final measurement;

— |individual mass increase of copper coupon in mg/(dm?2 x day);
— |any deviation from the standard.
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A1

Annex A
(normative)

Corrosion monitoring copper coupons

General

Copper coupons are exposed with the test specimen in order to verify the conformance of the

tes

A.3 Cleaning procedure

as
easure of this conformity.

Nature and dimension

coupons shall be made from half hard OFHC copper (Cu-OF according te.1SO 431) sheet,
imum thickness of 0,5 mm, and have a total surface area of 0,1 dm?2 t60;2 dm? each. The
ace of the coupon is an essentially faultless surface (free from pores, marks, scratcoil}es

any light colouration) and a matt finish (arithmetically mean-'deviation of the profile
= 0,15 um £ 0,1 um).

Before the start of the test, the copper coupons shal be cleaned, as described belpw,
wel|ghed by a balance with a resolution of 0,01 mg and stored for a maximum of 120 h ip a

des

The cleaning procedure of the copper coupons*shall be as follows:

A

iccator with non-corrosive dehydrating agent.

cathodic degrease in 1 N NaOH, for,15 s to 30 s, at 5 V to 10 V, using a stainless steel
anode or platinium anode;

rinse with tap water;

rinse with demineralized water;

activate by dipping in 10"% H,SOy,, for 20 s to 30 s;

rinse with tap water;

rinse with demineralized water;

rinse with alcohol: denatured ethyl alcohol or isopropyl alcohol;
dry with warm air (about 50 °C).

I|solutions”shall be prepared with demineralized water, of at least the same quality as used
in 1he climatic system.
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Annex B
(informative)

Description of test apparatus

B.1 General

The test apparatus consists of a climatic system, a test enclosure, a gas delivery system and
gas analysing systems. An example of test apparatus is shown in Figure B.1

11
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IEC
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Key

1 Gas source 7 Conditioning chamber
2—Hew-controter 8—Festehambet

3 Air supply 9 Working volume

4 Gas analysing system 10 Chemical filter

5 Gas mixing chamber 11 Pump

6 Humidity source

Figure B.1 — Example of test apparatus

B.2 Climatic system

The climatic system supplies humidified air to the test enclosure. A common way is to bubble
pressurized air through a water bath held at a temperature above the dew point of the
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humidified air needed. When calculating the temperature any additional adding of dry air to
the test atmosphere should be taken into account. The relative humidity of the air in the test
enclosure should be periodically checked and the temperature of the water bath adjusted
accordingly.

Pressurized air should be cleaned from oil and pollutants. One or several oil traps, oil filters
and chemical filters, such as a combination of dry active carbon and a molecular sieve, should
be used and regenerated at regular intervals. Alternatively, synthetic air can be used. Water
should be distilled or deionized.

Thé humidified air can be infroduced into the test enclosure by the method shown] in
Figure B.1. In this case, the air from the test enclosure is exhausted by suction ther¢by
prdducing a lower pressure in the test enclosure than in the outer chamber. This humidified
air|from the outer chamber is sucked into the test enclosure through a hole, the size of which
affects the pressure difference. The flow rate of the air out of the enclosure ds ‘adjusted to
obfain the specified number of volume changes per hour. The lower pressure |within the fest
enc¢losure, as compared with the ambient, may however cause difficulties swhen using certain
insfruments for gas analysis.

Test enclosure

constituents of the test atmosphere are chemically aetive and hence liable to adsqrb,
absgorb or react with the materials of construction of the test €nclosure and of tubes. Materi{als
regommended for test enclosures are glass, polymethylmetacrylate (PMMA), polytetrafludro-
lene (PTFE), polyvinylidenfluorid (PVDF) and an @ustenitic stainless steel of the 18 % [Cr,
% Ni type with added Mo, Ti, Nb or other resistant materials, in order to increase fthe
resistance to chlorine compounds, essential for this application. Higher amounts of the gases
n specified are often added, especially regarding chlorine, in order to obtain specified
concentrations in the working volume. When-using some types of stainless steel, corrosion of
thegl enclosure will occur. A “burn-in” period, during which gas adsorption rates will |be
unuisually high, might be necessary for new chambers.

Thé minimum volume of the test enclosure is recommended to be 0,1 m3.

The test enclosure may be.'of any shape. A cylindrical shape generally produces a mpre
uniform air flow and a larger working volume relative to the volume of the enclosure|as
compared to a cubical shape.

It |s recommendedthat the test enclosure enables the samples to be exposed dnly
incjdentally to stmlight or other light sources.

The design.of the chamber should allow easy and thorough cleaning of walls and other parts
within the. enclosure. Walls may be heated, to specified temperature or slightly higher) in

order_to"avoid condensation; normally an air jacket (may be an outer chamber) or a w3ter
jac etlis used

The enclosure should be fitted with suitable gas-tight seals to enable electrical measurements
and all electrical and mechanical operations to be performed during the test.

The test atmosphere is preferably injected through opening(s) in the bottom of the chamber
and exhausted through opening(s) in the opposite wall (top of the chamber). Baffles in front of
the opening(s) can be used in order to improve uniformity of the air flow.

Tubes for the exhaust can be heated in order to avoid condensation and corrosion.

Forced movement of the air is allowed, in order to improve uniformity, provided the
requirements in Table 1 are met. Forced movement of the air can be achieved by the use of
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fans or by moving the test objects slowly through the atmosphere by using a carousel. In
general, fans produce turbulent air movement which tends to increase the rate of corrosion.
To avoid that, the air velocity to the test specimen shall be as low as possible. Uniform air
velocity when using carousels is only produced at a constant diameter. When using fans or
carousels, power dissipation from this equipment should be taken into account. Fans can
normally be placed far from the test objects so that heat dissipation does not affect test
performance. For carousels, the motor is normally positioned outside the chamber to avoid
heat dissipation within the test enclosure. The effect of fans or a carousel can be investigated
prior to use (see Clause B.7).

B. Gas delivery system

The¢ gas supply system, tubing, valves etc., should not adsorb or absorb gases te_an extent
affecting the performance of the test. PTFE is a generally used material in tubings. Valves,
etcl, are generally manufactured from acid proof steel, preferably coated withnPTFE on fthe
sunfaces in contact with the gas. Chlorine, in particular, attacks acid proof steel in the
pregsence of humidity.

Gapes used can be supplied by permeation tubes with purified air, syathetic air or nitrogen| as
caffrier gas. An alternative method is to use gas cylinders, preferably with diluted gas (usuglly
in mitrogen).

Gages used should be clean enough not to affect performance of the test. The recommended
putlity level for active gases other than the specified gascis-a maximum concentration of 0,1 %
of the active gas concentration; gas such as nitrogenimonoxide in nitrogen dioxide is alloWed
at higher concentrations to a maximum of 10 % of the/specified gas.

For regulating gas flow dosing pumps, orifices.or mass flow meters can be used. Mass flow
melters are recommended for regulating the diluted corrosive gases.

Before introducing the corrosive gases'in the test enclosure, it is recommended to us¢ a
mixing chamber. The concentration_of the individual corrosive gases, when mixing with other
cofrosive gases, should avoid unwanted reactions between the gases.

B.» Analysing system

B.§.1 Temperature-and humidity

For measuring temperature and humidity, methods unaffected by corrosive gases present ¢an
be lJused. Humidity and temperature may be controlled before mixing with diluted corrosive gas.
In fest apparatus, according to Figure B.1, this would be in the outer chamber. In this case,
thel settings™ are adjusted according to the mixing with the diluted corrosive gases. The
correlation between the true humidity and temperature in the test enclosure and the
tenpperature and humidity normally measured outside should be checked periodically
(normally twice per year). This exposure of insiruments to the corrosive environment in the
test enclosure is recommended to be limited.

B.5.2 Gases

In order to avoid condensation in sampling tubes, these tubes can be heated. Relative
humidity in the tubes should be 80 % maximum, preferably lower.

Possible effects of the pressure difference between the test enclosure and outside of the
chamber on the function of the gas analysing instruments should be checked thoroughly. Most
instruments require gas samples of ambient pressure. When having a negative pressure in
the test enclosure, some instruments may have difficulties evacuating the air out of the
enclosure, thus giving too low readings. A positive pressure is more easily managed, in this
case measures in order to reduce pressure to ambient can easily be taken.
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Examples of instrument types which can be used for sulphur dioxide are UV-fluorescence,
conductometry and colorimetry.

For hydrogen sulphide, UV-fluorescence, gas chromatography with flame photometric
detection, adsorption on gold film sensor (interference by NO,), conductometry or colorimetry
may be used.

For nitrogen dioxide, chemiluminiscence or colorimetry may be used.

oth
ine

analysis can accordingly only be conducted when the other gases are absent.

After mixing all gases, total chlorine may be analysed using ionic chromatography. Chlonine
content using this method is taken as a measure of Cl, concentration.

Insfruments used should be calibrated according to the manufacturer’s instructions.
Additionally, all instruments should be periodically calibrated using gas‘calibration sources.
WHen using UV-fluorescence type instruments, air should be used (@s”carrier gas in the gas
caljbration source since different readings are obtained when using’nitrogen as compared to
when using air.

It is also important to note that many instruments (for.exdample, UV-fluorescence for §O,
analysis) are affected by relative humidity. The same relative humidity in the carrier gas, frlom
the| calibration unit, as in the sampling tube may be_difficult to achieve. In this case, readirrgs
usipg pure air from the chamber, using the same~temperature, humidity, flow and the same
heating of tubes as when taking gas samples, are taken and compared with readings for plre
carrier gas from the calibration unit. When analysing the corrosive gas from the chamber, the
regding is adjusted accordingly.

B. Other corrosion monitoring,;methods

B.§.1 Mass increase

For the mass increase of cepper, a balance with a resolution of 0,01 mg should be used.

Immediately before weighing the corrosion monitoring coupons, the balance should |be
caljbrated.

For monitoring~*of corrosion by determining mass gain of copper or silver, a quartz
mig¢robalance‘can be used. Since the copper-coated quartz crystals cannot be cleaned usfing
thel methed described in Annex A, the method should be calibrated by comparing with mass
gain measurements for copper coupons cleaned according to the standard and weighed oh a
nofmal-analytical balance.

B.6.2 Surface analysis of monitoring coupons

Investigation of the corrosion layers produced on the surface of the coupons exposed in any
of the four methods described by this standard, gives additional information regarding the
nature, chemical composition, layer structure and thickness of the corrosion products.

Appropriate methods such as coulometric reduction, cyclic voltametry, X-ray microanalysis
(SEM EDS, WDS or microprobe), Auger electron spectroscopy (AES), secondary ion mass
spectrometry (SIMS), electron spectroscopy for chemical analysis (ESCA), are available
instrumental techniques for these studies.
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B.6.3 Visual examination

The use of gold-plated coupons or other specimens as additional corrosion monitoring
materials is recommended in order to determine the dominating corrosion mechanism.

Dominant mechanism found in Methods 1, 2 and 4 is pore corrosion and creep corrosion in
the case of Method 3.

B.7 Calibration of the chamber

The working volume of a new chamber, as well as after changes in geometry or airflpw,
shguld be determined using copper coupons. Copper coupons (cleaned according to Annex A)
arg positioned at different locations within the chamber, with a minimum of three coupong at
eac¢h location.

MaEimum loading of the chamber may also be estimated using copper coupons. At maximum
loading, the corrosion should be within the tolerances given in Table 1. Ityshould be noted that
ordanic materials may absorb just as much or even more corrosive gas, as’metallic materialp.
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Annex C
(informative)

Guide to the selection of methods and test duration

C.1 Introductory remarks

Corrosion of electrotechnical products during storage or operation in indoor locations is
affected by climatic factors such as temperature, relative humidity, air velocity and rate of
change of temperature and humidity. Additionally, gaseous pollutants seriously affect the\rate
of porrosion as well as the occurrence of different corrosion mechanisms. Contaminants|on
thel surface such as dust, oil and compounds liberated from plastic materials may affect the
rate and mechanism of corrosion.

All|gases used in the test atmospheres have natural sources; however, different gasegus
pollutants dominate in different field environments:

— |sulphur dioxide and nitrogen oxides from combustion of fossil fuels and in traffic
environments;

— |hydrogen sulphide in the vicinity of petrochemical and stee€l industry, decaying organic
matter, stagnant water and animal shelters;

— |hydrogen sulphide and chlorine compounds in the vicinity’of pulp and paper industry.
The test methods in this standard are not designéd to correspond to a specific type| of

enyironment. The test methods have been chosen-te/produce corrosion products observeq in
the field for materials normally used in electrotechnical products.

C.2 Function of corrosive gases used in the tests

Hydrogen sulphide has a strong cdrrosive influence on many metals, especially silver and
copper.

In Method 1, there is a synergistic effect of sulphur dioxide and hydrogen sulphide. This
implies that an enclosure (and tubing used with hydrogen sulphide cannot be used for a pure
sulphur dioxide corrosipon test. In Method 4, sulphur dioxide is added because sulphur dioxide
hag a corrosive effection nickel, as well as on steel and zinc.

N

—

rogen oxide_is.used, mainly as an oxidant in test Methods 2 to 4.

Chlorine is.seldom observed as a major pollutant in the field. In test Methods 2 to 4, if is
paftly used as an oxidant and partly as a chlorine compound. The chloride formed when
retluced has the ability to penetrate protective oxide layers on metallic surfaces. Having This
dualeffect_ chlorine shows a ernng Qynprgicfir‘ effect when combined with_in Innrfir‘llar,
hydrogen sulphide. Because of the strong synergistic effect and the so called “memory effect”
(i.e., it is difficult to fully remove the chlorine compounds from the chamber, tubes, etc.), it is
recommended that enclosures and tubing used for tests that incorporate chlorine only be used
for chlorine tests.

C.3 Use of the different test methods

Although copper is considered to be a good monitoring material, its mass increase in the test
method is not, in general, related to the corrosion of other metallic samples.

Test Method 1 can be used as a pore corrosion test on gold coatings. A test duration of
10 days is appropriate for openly exposed gold coated surfaces.
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Test Method 1 can also be used for testing of contacts with gold-plated surfaces, contacts to
be wused in mild environments (for example telecommunication centres in “clean”
surroundings). In this case, a duration of 10 to 21 days is appropriate.

Test Methods 2 and 4 are appropriate for electrotechnical products to be used in moderately
corrosive environments. Such environments may be found in telecommunication centres, most
office environments and some industrial instrument rooms. In these environments, the
predominant corrosion mechanism on gold coatings is pore corrosion.

Test Method 3 is appropriate for more corrosive environments. Such environments may be
found n instrument rooms in industry and some industrial Tocations. Tn these environmeits,
gold coatings are prone to pore corrosion and creep of corrosion of products.

For test Methods 2 to 4, test durations of four to seven days are useful for visual,adssessment
of ¢oating systems. The appearance is influenced by the materials used. Four-{0)10 days fest
dunation is appropriate for short-life products and 7 to 21 days for products with higher
requirements for reliability and life.
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Partie 2: Essais — Essai Ke: Essai de corrosion
dans un flux de mélange de gaz

9)

AVANT-PROPOS

| a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de\ normalisg
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'l[EG)."L’IEC a {
bbjet de favoriser la coopération internationale pour toutes les questions de normalisation'dans les doma
He I'électricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des_ Normes internation
Hes Spécifications techniques, des Rapports techniques, des Spécifications accessibles{au public (PAS) et
(Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée & dés comités d'études,
ravaux desquels tout Comité national intéressé par le sujet traité peut partiCiper. Les organisat
nternationales, gouvernementales et non gouvernementales, en liaison avec I'lEC; participent également
ravaux. L'IEC collabore étroitement avec I'Organisation Internationale de.\Normalisation (ISO), selon

Conditions fixées par accord entre les deux organisations.

| es décisions ou accords officiels de I'lEC concernant les questions téchniques représentent, dans la mes
Hu possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de |
ntéressés sont représentés dans chaque comité d’études.

comme telles par les Comités nationaux de I'lEC. Tous les~&fforts raisonnables sont entrepris afin que |
5'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsablg
‘éventuelle mauvaise utilisation ou interprétation qui en, est faite par un quelconque utilisateur final.

PDans le but d'encourager l'uniformité internationale¢les Comités nationaux de I'lEC s'engagent, dans tout
mesure possible, a appliquer de fagon transparente, les Publications de I'lEC dans leurs publications nation

régionales correspondantes doivent étre indiquees en termes clairs dans ces derniéres.

| 'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
fournissent des services d'évaluation de\sconformité et, dans certains secteurs, acceédent aux marques

ndépendants.
Tous les utilisateurs doivent s'asSurer qu'ils sont en possession de la derniére édition de cette publication.

ucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatai
y compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de Il
pour tout préjudice cause\en cas de dommages corporels et matériels, ou de tout autre dommage de quel
hature que ce soit, (directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et
Hépenses découlant*de la publication ou de I'utilisation de cette Publication de I'IEC ou de toute a
Publication de I"EC7 ou au crédit qui lui est accordé.

| 'attention eSt_attirée sur les références normatives citées dans cette publication. L'utilisation de publicat
Féférencées\est obligatoire pour une application correcte de la présente publication.
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| es Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agréées
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et régionales. Toutes divergences entre toutes\Publications de I'|EC et toutes publications nationales| ou
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| 'attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent f

He brevets et de ne pas avoir signalé leur existence.

hire

‘objet_de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels dr|oits

La Norme internationale IEC 60068-2-60 a été établie par le comité d'études 104 de I'lEC:
Conditions, classification et essais d’environnement.

Cette troisieme édition annule et remplace la deuxiéme édition publiée en 1995. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

mise a jour du format de I'lEC;
mise a jour de la liste de références normatives;
ajout d’informations concernant le volume de travail;
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— révision de la procédure d’essai;
— révision des figures dans ’Annexe B.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
104/655/FDIS 104/656/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abgutia I'approoation de cetie norme.

Ceite publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Ung liste de toutes les parties de la série IEC 60068, publiées sous le titre-genéral Esdais
d'environnement, peut étre consultée sur le site web de I'lEC.

Le|comité a décidé que le contenu de cette publication ne sera pas madifié avant la date|de
stapilité indiquée sur le site web de I'lEC sous "http://webstore.iecieh"” dans les donnges
relatives a la publication recherchée. A cette date, la publication sera

* |reconduite,

* |supprimée,

* |remplacée par une édition révisée, ou
* |amendée.
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ESSAIS D'ENVIRONNEMENT -

Partie 2: Essais — Essai Ke: Essai de corrosion
dans un flux de mélange de gaz

Domaine d’application

La|présente partie de I'|EC 60068-2 établit l'influence corrosive de I'environnement sur J!es

composants de produits électrotechniques, des équipements et des matétiels,

en

fonictionnement ou stockés a l'intérieur de batiments, en particulier sur des contacts et ¢les

connexions, pris individuellement, intégrés dans un sous-ensemble ou faisant ‘partie d

€q

Ce

majtériaux, de choisir des procédés de fabrication et de concevoir des‘¢omposants en fonc

de

d'epsai figure en Annexe C.

2

Les documents suivants sont cités en référence de~maniére normative, en intégralité ou
paftie, dans le présent document et sont indispensables pour son application. Pour

réf

defniére édition du document de référence s’applique (y compris les éventuels amendemer

IEQ 60512-2-1, Connecteurs pour équipements électroniques — Essais et mesures
Paftie 2-1: Essais de continuité électriquie et de résistance de contact — Essai 2a: Résista
de |contact — Méthode du niveau des\millivolts

IEG 60512-3-1, Connecteurs~pour équipements électroniques — Essais et mesures

Pa

ISQ 431, Formes brutes d’affinage du cuivre

3

L'a
de

ipement complet.

la résistance a la corrosion. Un guide pour la sélection des~méthodes et des dur

Références normatives

brences datées, seule I'édition citée s’applique. Pour les références non datées,

rtie 3-1: Essais d’isolement— Essai 3a: Résistance d’isolement

Appareil d’essai

ppareil*d‘essai est constitué par un systéme climatique, une chambre d'essai, un systé]
production de gaz et des moyens pour mesurer la concentration gazeuse.

te norme présente des méthodes d'essais comparatifs permettant |de sélectionner {es
|

‘'un

ion
es

en

les
la

ts).

1ce

me

Les détails de conception et de construction sont Tibres, mais doivent étre tels que les
conditions spécifiées pour chaque méthode soient remplies dans la totalité du volume de
travail et doivent respecter les exigences suivantes:

aucune gouttelette d'eau ou d'aérosol ne doit étre injectée dans la chambre d'essai;

on doit utiliser de l'air et de I'eau suffisamment propres pour ne pas affecter la qualité des

résultats d’essai;

la circulation de I'atmosphére d'essai a travers la chambre doit permettre d'obtenir des

conditions d'essai uniformes dans le volume de travail;

le point de prélévement pour les analyses de gaz doit étre situé dans le volume de travail

de la chambre d'essai;

le traitement des gaz rejetés doit étre conforme aux régles en vigueur;
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— JI'ensemble a bulbe humide doit étre placé dans la chambre d’essai de fagon a ne pas
dépasser 0,1 % de la section transversale de la chambre d’essai.

En raison de I'importance de I'effet de synergie et de ce que I'on appelle I'*effet de mémoire”
(a savoir qu'il est tres difficile d’éliminer complétement les composés chlorés de la chambre,
des tubes, etc.), il est recommandé que des enceintes et des tubes utilisés pour des essais
comprenant du chlore soient uniquement utilisés pour les essais au chlore.

Le volume de travail est le volume dans lequel la corrosivité individuelle (augmentation de la
masse des coupons de cuivre en mg/(dm? x jour) conformément a I'Annexe A), differe en

4 | Sévérités
La|sévérité de l'essai doit étre précisée dans la spécification particuliere concernée. Elle |est
déflinie par:

— |la méthode d'essai, choisie dans le Tableau 1,
— |la durée de I'essai.

Les durées préférentielles, en jours, sont égales a 4, 7, 10, 14 et(21.

Quptre méthodes sont définies. Les divers parameétrescde”chaque méthode sont résumés
dans le Tableau 1 ci-dessous. On trouvera a I'Article C.3(un guide pour chaque méthode.

Tableau 1 — Conditions d’essais

Parameétres Méthode 1 Méthode 2 Méthode 3 Méthode 4
H,B (10-9 vol/vol) 100 + 20 10+ 5 100 + 20 10+5
NQ, (10-9 vol/vol) 200 + 50 200 + 50 200 + 20
Cl4 (10-2 vol/vol) 10+5 20+ 5 105
Sd, (10-9 vol/vol) 500 + 100 200 + 20
Temperature (°C) @ 25 £ 30 +1 30 +1 25 +1
HR (%)? 75+ 3 70+3 75+3 75+3
Tayix de ventilation 3a10 3a10 3a10 3 a10
Aupgmentation de 1,0a 2,0 0,3a1,3 1,2a2,2 1,2a24
mgsse des
échantillons de cuivre
mg(dm? x jour)
selpn 'Annexe A

NQTE, {_ Comme la nature de la corrosion est différente selon les Méthodes d'essai 1 a 4, ni leur numérqg ni
I'afigméentation de masse des échantillons de cuivre ne reflétent leur degré de sévérité.

a8 D’autres valeurs de température et d’humidité, telles que 40 °C et 80 %HR, peuvent étre utilisées sur la base
d’'un accord mutuel entre les parties concernées. L'augmentation de masse peut étre différente des valeurs
indiquées.

5 Préconditionnement

La spécification particuliéere peut exiger un préconditionnement des spécimens, par exemple
un nettoyage ou une manceuvre mécanique.
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Mesures initiales

Les mesures initiales doivent étre effectuées conformément a la spécification particuliére.

Ces mesures concernent en général:

71

la mesure de la résistance de contact pour les composants électromécaniques (voir

I''EC 60512-2-1);
la mesure de la résistance d'isolement (voir I'lEC 60512-3-1).

Essais

Généralités

Les échantillons soumis aux essais doivent étre:

les spécimens en cours d'évaluation;
les matériaux de contrdle de la corrosivité.

7.2 Spécimens d’essai

La

spécification particuliére du produit doit définir I'état des\spécimens pendant I'essai,

exg¢mple connecteurs accouplés ou désaccouplés; contatts ouverts ou fermés pour
commutateurs, en fonctionnement ou sous tension.

La

durée de fonctionnement ou d'alimentation électrique des spécimens qui dissipent dg

chaleur doit étre telle que la température et I'humidité relative du volume de travail demeur
dans les limites de tolérance spécifiées.

L'e

fat des spécimens et les conditions dans la chambre d'essai ne doivent pas provoquer

condensation sur les spécimens lors deleur introduction dans la chambre d'essai.

Il gonvient que le volume total des)spécimens d’essai ne dépasse pas 10 % du volume dsd
sunface de travail de la chambre d’essai. Si le volume total des spécimens d’essai dépa

10

Il c

%, la quantité excédant 10:-% doit figurer dans le rapport d’essai.

ponvient que la surface totale des spécimens d’essai ne dépasse pas 10 % de la surface

la zone de travail déla chambre d’essai. Si la surface totale des spécimens d’essai dépa

10

L'e
flu

%, la quantité excedant 10 % doit figurer dans le rapport d’essai.

d’air_oniforme.

space minimal entre les spécimens peut étre de 10 mm de maniére a ne pas perturbef

bar
les

la
ent

de

S €

de
Ese

7.3 Matériaux de contrdle de la corrosivité

Des coupons de cuivre doivent étre exposés en méme temps que les spécimens d’essai afin

de

vérifier la conformité de la condition d’essai.

Cing coupons d’essai de cuivre au minimum, préparés conformément aux indications de
I'Annexe A, doivent étre exposés en méme temps que les spécimens d'essais, et ce pour la
méme durée. Leur augmentation de masse durant I'’essai, mesurée a l'aide d'une balance
avec une résolution de 0,01 mg, doit étre prise comme mesure de la corrosivité et comme
moyen de contrdle de la reproductibilité et de la répétabilité de I'essai.

En plus de ces coupons de cuivre, on peut également utiliser d’autres supports, par exemple
des coupons recouverts d’or ou d’autres échantillons (voir B.6.3).
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Procédures d’essai

doit utiliser I'une des procédures d'essai décrites ci-dessous:

Procédure d’essai 1

Lorsque l'atmosphére d'essai ne comporte pas de chlore (Méthode 1) ou lorsque la méthode

de

mesure du taux de chlore n'interfére pas avec les autres gaz présents dans I'atmosphére

d’essai, on doit procéder de la fagon suivante:

aprés stabilisation de la température spécifiée commencer I'admission du flux d’air

humide, laisser stabiliser puis régler la température et I'humidité afin déyjter
’accumulation de condensation sur la paroi intérieure de la chambre d’essai et sul le
spécimen d’essai;

commencer I'admission du flux gazeux dans le courant d'air humide et laisser stabiliser

mesurer et régler les concentrations de gaz. Laisser stabiliser. Lorsqu’il estinécessaire|de
mesurer la concentration en chlore, le chlore total (pas seulement le Chlore gazeux, (l,)
présent dans I'atmosphére d’essai est pris comme mesure de la concentration en chlpre
gazeux. Le chlore ajouté a I'atmosphére d'essai doit toujours étre~<uniquement du chlpre
gazeux, Cly;

introduire les spécimens d'essai et les matériaux de contféle de la corrosivité comme
stipulé au 7.3. Les coupons de cuivre doivent étre exposeés en méme temps que [les
spécimens d'essai, pendant les 4 premiers jours d'une’durée d’essai. Les coupons|en
cuivre peuvent étre exposés 4 jours supplémentaires pendant la durée d’essai,| si
nécessaire. Cela doit figurer dans le rapport d’essai. Les spécimens d'essai et |les
matériaux de contrbéle de la corrosivité doivent £tre répartis uniformément a l'intérieur|du
volume de travail. lIs ne doivent pas venir en<contact les uns avec les autres et aucun|ne
doit faire écran aux autres dans l'atmosphére d'essai. Les spécimens d'essai doivent|se
trouver dans I'état indiqué par la spécification particuliére (par exemple enfiché/désenfighé,
sous tension ou en fonctionnement). La'durée de I'essai doit étre mesurée a partir de|ce
moment;

laisser les conditions d'essai se Stabiliser, ce qui peut prendre beaucoup de temps,| Si
nécessaire, mesurer et régler lattempérature, I'humidité et les concentrations gazeuskes.
Eviter tout dépassement excessif de la concentration en gaz au cours de ces réglages.|La
durée maximale de cette période de stabilisation du chlore et de réglages, aux valeurs
prescrites, est de 24 h;

au cours des essais; la température, I'hnumidité et les concentrations gazeuses doivent
rester dans les limites fixées. L’ouverture de la chambre est autorisée au cours de I'esshi.

Le nombre d'oUvertures doit étre limité.
Aucune ouverture n’est autorisée pour une durée d'essai inférieure a 4 jours.
Une ouyerture est autorisée pour une durée d'essai entre 4 jours et 10 jours.

Une-quverture par semaine est autorisée pour une durée d'essai supérieure a 10 jours.

Laldurée d'ouverture doit étre limitée au temps nécessaire pour enlever ou introduire <Fes

specimens et/ou des coupons de culvre,

a la fin de la période d'essai, retirer les spécimens et les matériaux de contréle de la
corrosivite.

Procédure d’essai 2

Lorsque I'atmospheére d'essai comporte du chlore (Méthodes 2 a 4) et lorsque la méthode de
mesure du chlore interfére avec les autres gaz dans I'atmosphére d’essai, on doit procéder de
la fagon suivante:

aprés stabilisation de la température spécifiée, commencer I'admission du flux d’air
humide, laisser stabiliser puis régler la température et I'humidité afin d’éviter
’accumulation de condensation sur la paroi intérieure de la chambre d’essai et sur le
spécimen d’essai;
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commencer a admettre le flux de chlore dans le courant d'air humide et laisser stabiliser;

mesurer et régler la concentration en chlore. Laisser stabiliser;

introduire les spécimens d'essai et les matériaux de contrble de la corrosivité, com
stipulé au 7.2. Les coupons de cuivre doivent étre exposés en méme temps que
spécimens d'essai, pendant les 4 premiers jours d’'une durée d’essai. Les coupons
cuivre peuvent étre exposés 4 jours supplémentaires pendant la durée d’essai,
nécessaire. Cela doit figurer dans le rapport d’essai. Les spécimens d'essai et
matériaux de contréle de la corrosivité doivent étre répartis uniformément a l'intérieur
volume de travail. lls ne doivent pas venir en contact les uns avec les autres et aucun
doit faire écran aux autres dans l'atmosphére d'essai. Les spécimens d'essai doivent

me
les
en
si
les
du
ne
se

trouver dans I'état indiqué par la spécification particuliére (par exemple enfiché/désenfi
sous tension ou en fonctionnement);

laisser s'équilibrer la température, I'humidité et la concentration en chlores.Cela p|
prendre beaucoup de temps du fait de la réaction ou des taux d'adsorption du“chlore a
les surfaces, qui peuvent étre élevés au départ. Si nécessaire, mesurer’et réglern
concentration en chlore. Au cours de ces réglages, tout dépassement -excessif de
concentration en gaz doit étre évité. La concentration en chlore doit rester stable pend
au moins 2 h. La durée maximale de cette période de stabilisation du chlore et
réglages, aux valeurs prescrites, est de 24 h;

commencer a admettre le flux des gaz restants et laisserystabiliser. Si nécessa
mesurer et régler la température, I'hnumidité et les concentrations en gaz, a I'exclusion

he,

eut
ec
la
la
ant
de

re,
du

chlore. Au cours de ces réglages, tout dépassement excessif de la concentration en gaz

doit étre évité. La durée maximale de cette période\de stabilisation du chlore et
réglages, aux valeurs prescrites, est de 24 h. La durée des essais est mesurée a partir|
moment ou tous les gaz sont présents dans I'atmosphere d'essai;

au cours des essais, la température, I'humidité et les concentrations gazeuses doiv|
rester dans les limites fixées. Cependant, Jla concentration en chlore ne peut pas §
contrblée au cours de I’essai. Le moyen de s'assurer que les valeurs ne dépassent pas
limites fixées est de mesurer le taux (e chlore a la fin de I'essai (voir ci-dessol
L’ouverture de la chambre est autorisée au cours de I’essai.

Le nombre d'ouvertures doit étre.limité.

Aucune ouverture n’est autorisée pour une durée d'essai inférieure a 4 jours.

Une ouverture est autorisée.pour une durée d'essai entre 4 jours et 10 jours.

Une ouverture par semaine est autorisée pour une durée d'essai supérieure a 10 jours.

La durée de ces (ouvertures doit étre limitée au temps nécessaire pour enlever
introduire des spétimens et/ou des coupons de cuivre;

a la fin de ld_période d'essai, arréter I'admission des gaz, excepté le chlore qui ¢
continuer a_étre introduit. Attendre suffisamment pour évacuer de la chambre les aut
gaz, jusqu'a atteindre des teneurs suffisamment faibles pour ne pas interférer avec
analyses_du chlore;

mesurer le taux de chlore, qui doit étre dans les limites fixées pour que les esg
puissent étre validés;

de
du

ent
tre
les

s).

ou
oit
res

les

ais

retirer les spécimens d'essai et les matériaux de contrble de la corrosivité.

Reprise

Apres avoir retiré les spécimens de la chambre d'essai, on doit les entreposer dans les
conditions définies par la spécification particuliére, avant de procéder aux mesures finales.

9

Mesures finales

Les mesures finales doivent étre effectuées conformément a la spécification particuliére qui
peut aussi exiger une inspection visuelle des spécimens aprés I'essai.
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