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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Bimetallic corrosion occurs when a metal in electrical contact with a more noble metal corrodes at a
higher rate than it would in the same environment but without this contact.

Bimetallic corrosion in the atmosphere, in contrast to that in electrolytes, is characterized by a large
potential drop between the anode and the cathode. Therefore, bimetallic corrosion is usually limited to
a distance within about 0,5 cm from the point of contact[l].

The determination of bimetallic corrosion in atmospheric exposure tests can be made with several
methods, each with its own advantages. Three standardized tests are compared and described in this

Interhational Standard:
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bctangular plates;
ashers;
ire on bolt.

fandard starts with an overview and comparison of the three methods, with the pury
lection of an appropriate test method. Test procedures for theagctangular plate anc
cluded in this standard since no independent standard describes these methods whi
Fo use the wire on bolt test need to consult ASTM G116 forya.complete description of {

fandard describes how to derive the bimetallic effect,which is a relative measure of ]
sion of a metal compared to the corrosion of the sanie metal but without the bimet
balvanic effect does not necessarily mean that:the bimetallic corrosion rate is hig
ble complementary information is the classifieation of the corrosivity of the test site
p23[2].
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Corrosion of metals and alloys — Determination of
bimetallic corrosion in atmospheric exposure corrosion
tests
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[nternational Standard specifies and compares methods for the determination
sion of metals and coated metals in atmospheric exposure corrosion tests.

In the text of this International Standard, the term “metal” is used for both metals and
coated metal” for metals and alloys with metallic and non-metallic inorganic coatings.

al atmospheres, caused by contact with different metals.

ormative references

bllowing documents, in whole or in part, are normatively referenced in this docur

nces, the latest edition of the referenced documenp(including any amendments) app

156, Metallic and other inorganic coatings — Electrodeposited coatings of nickel, nickel pl
r plus nickel and of copper plus nickel plus chtomium

hents on iron or steel

99, Anodizing of aluminium and‘its alloys — General specifications for anodic oxidatio
hium

B92-1, Metallic materials—="Tensile testing — Part 1: Method of test at room temperatu
D44, Corrosion of metads and alloys — Basic terms and definitions

107, Corrosion.gfimetals and alloys — Removal of corrosion products from corrosion tes
b65, Metals\and alloys — Atmospheric corrosion testing — General requirements
b510,. Stainless steels — Chemical composition

G116, Standard Practice for Conducting Wire-on-Bolt Test for Atmospheric Galvanic Co

bf bimetallic

hlloys, and the

ct, arising in

nent and are
For undated
ies.

s chromium,

081, Metallic and other inorganic coatings — Electroplated coatings of zinc with sypplementary

n coatings on

'e

£ specimens

rrosion

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 8044 and the following apply.

31

test specimens
specimens that are exposed for evaluation of bimetallic corrosion caused by contact with different
materials
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3.2

reference specimens
specimens prepared, exposed and evaluated in the same configuration and design as the test specimens
but not subject to bimetallic corrosion, for example by being in contact with an inert non-conductive
material or the same material, instead of the different material

3.3

standard specimens

specimens used to determine the corrosivity of the test environment in absence of bimetallic corrosion

3.4

imens

control spe
specimens p
the test envi

4 Overviepw and comparison of methods

repared and evaluated in the same way as test specimens but, instead of being expeged in
‘onment, stored under controlled conditions which prevent corrosion

The determipation of bimetallic corrosion in atmospheric exposure tests can be) made with s¢veral

methods. Three of these methods are compared and described in this International Standard:

— rectangylar plates;

washers

wire on polt.

Anoverviewfand comparison of methods are shown in Table 1xEach configuration has its own advantages

and the sele

'tion of method shall be based on the needs.of the test programme. The main advantage

with rectangular plate test is the possibility of evaluating the mechanical properties. The washer test

is the only method where it is not necessary to know-in advance which material is the anode. The
e is the main advantage of the wire on bolt test.

exposure tin

Table 1 + Comparison of rectangular plates, washers and wire on bolt for conducting te
assessing bimetallic corrosion in the atmosphere

short

Effeqt Rectangularplates Washers Wire on bolt
Sensitivity
(exposure tinge) >Jdyear >1year > 90 days?
Material limitation None None Wire anode

Anode/cathogle

Necéssary to know in advance
which material is the anode

Not necessary to know in
advance which material is
the anode

Necessary to know in
advance which materfial is
the anode

Evaluation mpthed(s)

Mass loss

Mass loss

Mass loss

Mechanical properties

Mechanical

Can be difficult to maintain
electrical contact between pan-
els throughout the exposure
test.

Can be difficult to main-
tain electrical contact
between panels through-
out the exposure test.

Can be difficult to main-
tain enough wire tension
without causing wire
fracture

Crevice corrosion

Crevice corrosion can be a
problem

Crevice corrosion can be a
problem

Lower risk that crevice
corrosion will be a prob-
lem

a  Ashorter duration of exposure is permissible under certain conditions, see Clause 6.
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5 Preparation of specimens
5.1 Types of specimens

5.1.1 General

When determining the risk of bimetallic corrosion, depending on the particular test, the specimens
will not only suffer from increased corrosion due to bimetallic effects. For example, in the wire on bolt
test the wire tension may influence the outcome of the test depending on the particular application.
Therefore, several types of specimens (test specimens, reference specimens, standard specimens and

contr
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0l cpprimpnc) as definedin Clause 2 are needed r‘]pppnding onthe purpaose of the test

Comparison of effects of test and reference specimens gives the relative risk of bimet
ference specimens are generally not suitable for evaluation of the absolute corrosion-atta
isk of bimetallic corrosion due to the particular design of the specimens. For evaluation d
standard specimens are more suitable. Flat or irregularly shaped specimensycanh be used
8565, depending on the intended use of the tested material. For example, Hanging wires ¢
hrd specimens for the wire on bolt test but flat panels can also be used if theyjare easily obta
y resembles the shape of the intended use.

ol specimens shall be used if evaluation of mechanical propertiesis part of the test p

s otherwise stated, the material, dimensions, direction/of\cutting, method of surfa
ther parameters of anodic plates of test specimens, réference specimens and contr
be the same.

Rectangular plates

st specimens shall be as shown in Figure 1ot Figure 2.

1  TheconfigurationshowninFigure 1 cannotbeusedforevaluationbased onmassloss. The
in Figure 2 cannot be used for evaluation based on mechanical properties.

c plates shall have a thickness of T'mm to 6 mm and their length shall be suitable for t
ordance with ISO 6892-1.

5t of a foil covering a(plate of inert material, such as plastic material. In this case, the
ial assembly shalkh@ave a thickness of 1 mm to 6 mm.

complete set of specimens as the anode, and in the other, as the cathode.

urfaces-of specimens shall be free from visible defects, such as non-uniformity of i
ation,Cracks, pores, blisters, scratches and dents. If there are no visual surface defect
Fliesnaked eye, specimens shall be tested with the surface in the condition as deliv

programme.

hllic corrosion
k when there
f the absolute

as described
an be used as
ned and more

rogramme.

ce treatment
bl specimens

configuration

ensile testing

dic plates shall have thickness of 1 mm to 6 mm. In the case of precious metals, cathodlic plates can

foil and inert

not known which of the metals constituting the test specimen is nobler, each metal shall be tested

olling, scale,
5, as detected
ered or after

treatr

nent, as recommended Ior the articles concerned. IT defeCts are removed by mecha

nical means,

the surface roughness of specimens, including cut edges, shall at least be better than 2,5 pm, a surface
roughness of 0,4 pm to 0,5 pm is recommended.

The surface conditions, including cut edges, of coated metallic plates shall be in accordance with ISO 1456,
ISO 2081 or ISO 7599 or other appropriate international, national or regional standards depending on
the specific coatings in question.

If a metal is tested in contact with a coated metal, damage to, or absence of, the coating is permissible
only on the cut edges of anodic plates.

Washers and sleeves shall be used to insulate bolts from the metallic plates. The contact between
two plates of metal shall be achieved by pressure. Ceramics or other insulating materials which are
not susceptible to creep or degradations over extended periods of time are recommended as washer
materials. Sleeves of polyethylene or polypropylene are recommended.

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=2572771181e8f97601c089504173eef5

ISO 7441:2015(E)

The bolts shall be tightened firmly until good electrical contact is achieved between the plates.
Insufficient torque will cause too high a resistance between the washers, and too much torque will crack
the bushing. The torque applied while tightening the bolts shall be the same for all specimens, a value of
about (1,0 £ 0,1) N m-1 being typical. Otherwise, a good rule of thumb is to tighten until all components
are in contact and then tighten an additional one quarter turn. After assembly, the electrical insulation
(>10 kQ) of the bolt from the washers and the electrical contact (<1 ) between the plates shall be
verified with a resistance meter.

These electrical resistance checks should be repeated if assemblies are dry in connection with site
visits. If the resistance increases or if there are other indications of relaxation, the bolts should be re-
tightened without disturbing the assemblies. The reason for loss of contact could be that solid corrosion

Qry- oot 1ld +tha xalo

IALAAID ax
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products acc
of the non-m

Metallic bolt
chromium gi

Specimens s
appropriate

Immediately|
degreased uj

After degrea
rubber glove

After degrea
determined I
not less than

In preparing
acetate disso
to the degre
anode and c3
not exceed 1
between the

1marlata lbhat +h machorc iy ching +1h Anaotbhar waacon o ha
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etallic components caused by long term stress leading to creep.

T

5 and washers shall be made of stainless steel of grade 1.4301/X5CrNi18-10/304 or |
ades, see ISO 15510.

hall be examined for conformity to the requirements above by visual inspectio
measurements.

before testing, the surfaces of the specimens and other parts-of the assemblies sh
ing organic solvents, for example ethanol, white spirit.

sing, the specimens shall be handled only by the cut edges and when wearing cott
5.

sing, test specimens and reference specimens, the’corrosion behaviour of which is
by mass loss, shall be kept in desiccators containing a desiccant (for example silica g
24 hours.

specimens a thin layer of an organic_coating, glue, varnish or lacquer, such as cel
lved in acetone, is recommended to prevent crevice corrosion. This coating shall be aj
hsed surface of the anodic plate insuch a way as to seal completely the gap betweg
thode plates without projecting.beyond the cathode plate. The dry coating thickness
D pm. This coating shall not eover the area adjacent to bolt holes, in order to allow ¢
metallic plates when they-are assembled.

igher

n and

all be

on or

to be
1) for

ulose
bplied
n the
shall
ntact
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Dimensions in millimetres

410>
1 5 A-A
7 |
©
- 1 (1T 6
|
i \
1 Q AN N ]
2 8
T

s
> | ,
[
|
|
25
75 ]
150 - 240
Key
1 ahodic plate 6  washer, thickness 1 mm, diameter 16 mm
2 cpthodic plate 7  insulating washer, thickness 1 mm to 3 mm, diamdgter 18 to
20 mm
3 njicrosections 8 insulating sleeve
t¢nsile test spe€imeén 9 nut

5 bplt 8 mm x40 mm

Fignrél '— Example of test specimen used for evaluations based on criteria other than mass
loss
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Dimensions in millimetres

| 1 2 | 3
o | | 4
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|
h |
le 59 |
| | g
I
| e
| ! . I
4 RN
I
8 trle K)o T
AT J | A
vl oo
I
| 1] |
| [ |
I
' a
2 8
Key
1 anodic plate 5 insulating washer, thickness 1 to 3 mm, diameter 18 to 20 mm
2 cathodic plate 6  insulating sleeve
3  bolt 8 mm x 40 mm 7 nut
4 washer, thickness 1 mm, diameter 8  microsections

16 mm

Figure 2 — Example of test specimen for evaluation based on criteria other than mechanical
properties
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The components specifications used to construct the specimen assemblies for this test is shown in
Table 2 and Figure 3. Washer dimensions are critical to maintaining the 1:1 area ratio fixed by the
geometry. Thickness shall be adjusted by surface grinding, if required.

Table 2 — Dimensions of components for the washer assembly

Thickness/length | Inside diameter | Outside diameter
Component Designation
mm mm mm

Bolt 40 — — M6S M5 x 40 A4
Washer — 4,9 15,9 —
Polyr+er bushing 11,1 5,2 79 —
Polerler washer (small) 3,2 8,3 19,0 —
Metal A washers (small) 1,6 8,3 25,4 —
Metal B washers (small) 1,6 8,3 30,0 —
Metal A washers (large) 1,6 8,3 33;5 —
Metal B washers (large) 1,6 8,3 36,6 —
Polynper washer (large) 3,2 8,3 35,6 —
Washpr — 49 15,9 —
Lock vashers — 49 — —
Nut — — — M6M M5 A4

1 \‘r 6

2 1

3 7
Key
1 leL O de‘llel
2 polymer washer 7  metal A washer
3 metal B washer 8  polymer bushing
4  polymer washer 9  washer
5 lock washer 10 angle support

Figure 3 — Schematic completed washer assembly

The bolts, end washers, lock washers and nuts can be made of any material provided that the material
will not degrade in the atmosphere for the duration of the exposure.

© ISO 2015 - All rights reserved
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Washers shall not be made by punching directly to the final dimensions, as this introduces a deformed
area near the edge. Washers can be made by first punching out discs a minimum of 3 mm diameter
oversize and machining to final dimensions, then drilling holes in the disk centres.

The surfaces of specimens shall be free from visible defects, such as non-uniformity of rolling, scale,
exfoliation, cracks, pores, blisters, scratches and dents. If there are no visual surface defects, as detected
with the naked eye specimens shall be tested with the surface in the condition as delivered or after
treatment, as recommended for the articles concerned. If defects are removed by mechanical means,
the surface roughness of specimens, including cut edges, shall at least be better than 2,5 pm, a surface

roughness of 0,4 pm to 0,5 pm is recommended.

Additional

rashers of the anode material shall be prepared to enable the construction of reference

assemblies,
conditions td

All parts she
shall only be

If the relatignship between the anode and the cathode of the materials is not known at the st

the test, the
weighed.

The bolts sha
torque will
bushing. The
about (1,0 =
are in contad
(>10 kQ) of t
with a resist

These electri
If the resista
without dist

NOTE2 Th
pushing them
stress leading

5.1.3 Wire¢
ASTM G116 {
NOTE 1 Thi

test is approp
this Internati

where all four washers are made of the anode material and exposed under_ide
the test assemblies. The reference assemblies are used to assess non-galvanic effect

Il be thoroughly cleaned and degreased before assembly. After degreasing, the wd
handled by the edges while wearing clean, cotton or rubber gloves.

inner washers shall be weighed before assembly, otherwise, only.the anode plate sh

1l be tightened firmly until good electrical contact is achieVed between plates. Insuft
cause too high a resistance between the washers, and«too much torque will crag

D,1) N m-1 being typical. Otherwise, a good rule of thumb is to tighten until all compqg
t and then tighten an additional one quarter turmAfter assembly, the electrical insu
ne bolt from the washers and the electrical contact (<1 (1) between plates shall be v¢
hnce meter.

cal resistance checks should be repeated.if assemblies are dry in connection with site

irbing the assemblies.
e reason for loss of contact could be that solid corrosion products accumulate between the w.

apart. Another reason could-be the relaxation of the non-metallic components caused by lon
to creep.

 on bolt
hall be consulted for performing the wire on bolt test.
e purpose-ofithis subclause is to give enough information for making a decision if the wire d

Fiate forthe test programme. If the wire on bolt method is selected, however, the text provi
nal Standard is not sufficient in all details.

The wire on

ntical
S.

shers

art of
all be

icient
k the

torque applied while tightening the bolts shall be thé:same for all specimens, a value of

nents
lation
rified

visits.

hce increases or if there are other indieations of relaxation, the bolts should be re-tighttened

hshers
b term

n bolt
ded in

bolt test consist of wrapping a wire of the anode material around the threads of a b

olt or

threaded rod of the cathode material, exposing the assembly to atmosphere, and determining mass loss
of the anode wire after exposure. Reference specimens of the anode wire on a threaded, non-conductive,
non-porous rod are used to separate general and crevice corrosion effects from bimetallic corrosion
effects. A schematic view of the components used to construct the specimen assemblies for this test is
shown in Figure 4.
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e

ire 4 — Schematic completed wire on bolt assemblies taken from ASTM G116 [}
with permission from the American Society for Testing and Materials (ASTM)

hode wires
astic rod
thode rod

hajor disadvantage of this test is that the anode material shall be available in wire
dic material in the form of a threadéd rod.

2 The process used to make the wire and rod can affect their corrosion potential and the
e galvanically the same as thesmaterial of interest, for example fasteners in sheet roofing.

ngth of the wire is typically 1 m and nominally with a diameter of 0,875 mm. The rods
epared identically to the test specimens.

tension of the wire is critical it is necessary to use a special rig (see ASTM G116) in o
ire tightly around the rod to keep the tension constant while it is being wound.

Number and marking of specimens

For a

eproduced

form and the

wire may not

shall be M12,

m long. Other dimehsions can be used but reference specimens shall be of identical dimensions

rder to wrap

| three methods, the number of test specimens removed for analysis at one time sh

11 not be less

than three. Similarly, the number of reference specimens removed for analysis at one time shall not be
less than three.

Specimens (plates, washers or wires subject to evaluation) shall not be marked directly, since there is
no appropriate place to do so. However completed assemblies shall be marked by metal tags or other
markings. The markings shall be legible and durable throughout the period of the test.

6 Exposure of specimens

Unless otherwise stated, procedures for exposures described in ISO 8565 shall be followed.

Test s

pecimens and reference specimens shall be exposed in an identical way.
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For the plate test, test and reference specimens shall be exposed at an angle of 45° from horizontal
(30° are permissible) skyward-facing, or in other orientations required by the test programme. For the
washer and wire on bolt tests, test and reference specimens shall be exposed horizontally on racks.

NOTE1 This orientation minimizes the possibility of circumferential flow of water around the washers that
could result in a greater accumulation of corrosion products at the lowest point of the assembly. This orientation
also prevents drainage from the high point resulting in a non-uniform time of wetness around the circumference
of the assembly.

For the plate test, the duration of the test shall not normally be less than two years. The recommended
exposure period for the washer testis atleast one year. For the wire on bolt specimens the recommended
exposure period is at least 90 days. If technically justified, shorter durations of testing may be adopted.

NOTE 2  Onfe such reason for the wire on bolt test is if the corrosion at the particular site is so high that'the wire
will not last fqr 90 days.

7 Evaluation of specimens

7.1 Genenal

Test specimgns and reference specimens shall be evaluated in an identical way.

The evaluatipn of bimetallic corrosion resistance shall be carried out with the mass loss method| (7.2).
For the platd test, other evaluations methods can in addition be used (7.3). Results shall be expressed
according to|7.4.

7.2 Evaluation based on mass loss

Removal of cprrosion products shall be done as described in ISO 8407. It is necessary to remove glue or
varnish used to prevent crevice corrosion of speciméns, before removal of corrosion products.

The mass loss is calculated as the difference-between the initial mass before exposure and the final
mass after exposure and after removal of corrosion products. The initial mass and the final masg shall
be weighed Hy the same procedure. The balance shall have a precision better than the typical sprgad of
mass loss of Individual (triplicate) specimens: at least = 0,0001 g.

For the wire pn bolt test the mass lossis normalized to unit length of the wire (see ASTM G116) whiile for
the plate and washer test the massloss is normalized to unit area.

7.3 Other|evaluatiommethods applicable for rectangular plates

7.3.1 Evalpation.based on visual examination

The evaluatipn-shall be carried out in the zone of bimetallic corrosion; i.e. the total area of the gnodic
p]ate’ of width-30-mm, ndjnr‘nnf tothe zone of direct contactwith the cathodic p]nfnc

Specimens chosen for inspection shall be examined visually in daylight or in artificial diffused light.
Optical instruments can be used. The following changes in surface appearance shall be recorded for
qualitative evaluations:

— tarnishing of the surface;

— the colour of corrosion products;

— the distribution of corrosion effect over the surface (uniform, non-uniform, local, etc.);
— the areas affected by corrosion (points, spots, etc.).

For quantitative evaluations, the amount of the corrosion effect per surface area, for example the number
of pits, shall be determined after the removal of corrosion products according to ISO 8407. The amount
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of the corrosion effect shall be calculated using a grid, divided into squares of side 5 mm, placed on the
anodic plates in the zone of bimetallic corrosion.

The corrosion depth in the zone of bimetallic corrosion shall be determined on each test specimen and
reference specimen using profilometers, indicators, depth gauges or by metallographic examination of
microsections. The number of microsections shall not be less than 2. Measurements shall be carried out
after the removal of corrosion products. The mean of the maximums of the corrosion depths shall be
determined from its five largest values.

The type of corrosion effect shall be determined by metallographic examination of microsections of
anodic plates. Specific types of corrosion effects (intergranular, pitting, exfoliation, etc.) shall be
recorded

7.3.2| Evaluation based on mechanical properties

For e
speci

yaluation of the increased risk of bimetallic corrosion based on mechanical properties, control

mens are needed in addition to reference specimens.

NOTE Bimetallic corrosion resistance can be evaluated from the change_in mechanical
determnining the ultimate tensile strength, yield strength or elongation of specimens.

properties by

The d
accor

etermination of mechanical properties is carried out on flat tensile specimens (g
ling to appropriate International Standards, for example ISO 6892-1.

ee Figure 1)

7.4 |Calculation of bimetallic effect

1 an identical
he bimetallic
hllic effect. A
it could also

Results from the plate test, the washer test and the wire on bolt test shall be expressed i
way by calculating the bimetallic effect. The bimetallic effect is a relative measure of t
corropion of a metal compared to the corrosion:gf’the same metal but without the bimet
high bimetallic effect does not necessarily mean that the bimetallic corrosion rate is high
mean|that the corrosion rate without the bimetallic effect is very low.

The b
from
some
possi

The t
value

The h
referg
matel
resulf

The b

imetallic effect cannot be used imritself in a risk analysis but should be complemented
standard specimens. The expression of results as a relative number (bimetallic effe
flexibility in the exposure €onditions and design of test specimens that would othe
ble as long as reference specimens are prepared and exposed identically.

bst specimen value, @s)well as the reference specimen value, shall be calculated as
of individually determined values for three or more specimens.

imetallic effect.can only be calculated if the relation between the test specimen v
nce specimen value is as expected considering the initial assumption of anode
ials. In the case of reversed results the result of the test shall not be reported but ing
s of thereversed assembly.

with results
ct) allows for
rwise not be

the average

alue and the
and cathode
tead the test

imetallic effect (f) is a number between 0 and 1 but can also be reported as a perc

bntage value.

The calculation of § can only be made after two initial checks, representing the extreme cases of =0
and f=1.

First, itshall be determined if the difference between the test specimen value and the reference specimen
value is significant. The confidence level shall be selected based on the needs on the test programme
and a common value is 95 %. The standard deviations used in the statistical test shall not necessarily be
calculated only from the test/reference values of the specimens used in the test (at least three each) but
all available information should be taken into account. If the difference is not significant, the bimetallic
effect shall be reported as =0 or 0 %.

Second, ifthe difference between the test specimen value and the reference specimen value is significant,
it shall be determined if the reference specimen value is significantly different from zero, using the same
confidence level. If the reference specimen value is not significantly different from zero, the bimetallic
effect shall be reported as =1 or 100 %. For evaluation based on mechanical properties it shall instead
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