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INTERNATIONAL STANDARD

150 7441-1884 {E)

Corrosion of metals and alloys — Determination of
bimetallic corrosion in outdoor exposure corrosion tests

1 Scope and field of application

This Intemational Standard specifies methods for the deter-
mination of bimetallic corrosion of metale aned alloys, and
miedals and alloyas with metallic and non-metallic nen-organic
coatings, in outdoor axposure corrosion tests.

NOTE — In tha text of this International Standard, the term "matal” is

wsed for both melats @nd sllcys, snd the term “'ooatad metal” for
mmetals and alloys with mptaliiz and nan-rmetallin non-eganle eoatings.

Tha methads are intended for the determinatlon of the amount
anrl type of corrosion effnct, arising in natursl atmospheres,
caused by contact with different rmatals dooated meatals), and
for the evalration of the effectiveness of bimetallic Sonogon
protection traatmants.

2 References

150 1468, Metalic coatings — Sectropfafed coeiimgs of riefel
PItE efvrniam.

180 2081, Matalic eoatings  Eloctropfsiod coatirgs of zinc on
iron or gteef 1

130 2082, Metelfic costings — Eleciropizter] coatings of cant
T e fran ar steol 2

150 4540, Matalfic costings — Costings cathodic to the sobs
Strafe — Raling of slectroplated tast spacimens sulyactad to

corrosion tesis.

IS0 4542, Metallic and other ron-organic coatings - - General
rufan for sfationsny oUtdoor EXO0FLTE CORGRIOI (ESLE.

IS0 6292, Metalic rmalerials — Torsile festing.

2 Genaral principlas

3.1 The test consists of simulanecus exposvre of test
specimens and reference specimens at atmospheric field
stations and subsoguont coamparative avaluation of their cor-
rasion resistance,

10 At prosent at the stago of draft. {Rovislan of 150 2081-1573.)
2 AT present at the stage of draft, (Revision of 150 20821873
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The teat spacimans arc assomblies in which one plate of metal
{eoated metall may act a5 tha anods 2nd two plates of g dif-
ferent metel {coated metal) as the cathode, thershy producing
an glactrochenical call in tha presence of an electrolyte, {Ses
figures 1 amd 2.0

fAeference specimens are anodic plates exposed with tha tost
apecinens.

Control specimens are anordic plates which are kept under con-
ditions which prevent corrogion during the test periadd.

The amount and type of corrosion effect is evalvated on tha
hasis of:

changes in surface appesronee;

depth and ares of corrcsicn effect;

changes i mechanical properties;

|0ss it mass;

other characteristics reaulting from bimetallic cor-
rosfon.

The effoctivonass of corraston protacticn treatmants may be
avaloa o by apyalving coalings te the anodic or cethodic plates
or to the test specimon assembly, with the axcaption that elec-
trodapositod coatings shall nat ke applied to the test specimen
asearmbly.

Coated specimans should ba tasterd  simulfanaausly  with
gpocirmons without protockive coafinga.

3.2 The test conditions {macroclimatic reginn, typy of @
mosphere and Somelilions [er the location snd exposure of
specimena at the atmospherc field staticns) should be chosen
according to the expected conditions of service of articles,
joints and parts in which the contacted metals [coated metals)
wall e wsed.

3.3  Aimosphere fleld stations shoud be suitaldly eouippe
arnd the equipment should comply with the reguirements of
relevant Intarnatichal Standards. [See, far caample, 150 4642}
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4 Specimens

4.1 The test spacimens shall b os shown in figure 1 or
figure 2.

Anoadic plates may be up to & mm thick and their length skould
be suitzbln for torgilo tosting in sooordancs with 150 G832,

Cathodir: plaras shadl have a thicknass of 1t § mm. In the case
of precicus metals, cathodic plates may comprise a fail zaver-
ing & plate of inert matedal, soch 85 4 plastic materdal  the con-
tact between tweo plates of rrotal should bo achisved ey
pressure. Tha thicknees should not be less than 1 mm.

[f it is not known which of the meatals (coated metals) con-
stituting the test snectmen is nobler, each motal (coatad metal)
should be tested in onz complete set of specimens as U
anada, and in tha athar, as tha Gathoda.

The masence of gaps ard crevicws bevessen anodie anc
cathodic plates should be minimized and such clearances
gshould not excaed 8,02 rmm. When assembling the test
apecimens, the maximum wvalue of the torgue applizd whilc
tightening tha balts should ba mara than 50 M. m.

4.2 Tha surfaces of spacimens shatl he frer from visible
defects, such as non-vniformity of rolling, scale, exfoliation,
cracks, pores, blistars, scrakches, dents.

If there are no surfacc defocts, soocimens shall ba tastsd with
the surface n the condition as delivered or after trestment, ds
recommended for the material [articles! concerned.

If defects are remnoved by mechanical means, the surface
rovghness [R,] of test specimaens, refororco specimens anc
control spacimens, inclading cut edgas, shall be within the
range 0,75 o 2.5 W,

4.3 The surface finish lincluding cut edgest of metallic plates
[coated metels) shall be in accordance with appropriata Intar-
national Standards, for axampls 150 1456, 150 2081, 1S0 2082,

If B metal is tested in contact with & codtod matal, damare Lo,
ot shsance of, tha coating is parmissibio only Gn the it adges
of anodic plates,

4.4 The gualuation of bimaralic corosion resistarce aceord-
ing to all critaria except Inss 0 omass shall ba carried out uging
spacimens &5 shoven in figure 1,

Tha evaluatian of himeatalliz corrogion resissanca according to
all oriteria except changes in mechanical properties shall be car-
ried nut using spacirnans as shown in tigure 2.

4.5 The material, dimensions, direction of cLtting, mathod of
surfaca trestrnent and other pararmeters of awcdic platas of test
Specimans, 1eheencd Spocimans drud cordrol specimens shall
be the sams.
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4.6 Specimens shall be identified by marking, Such rmerking
shall inciucle the characrensties and agroed designation of the
tested znodic and cathodic malal (coated metall, in accordanca
witt an invenlory of spadmens (sec annex A and sersl
nuiners gesigned to the metallic platas. The marking may be
rtacle with & stamp ar using incalibie paint or by drilling notchas
o the face o erch metwllic plata of the spacimen.

The designation of 8 matal (coated metal) shall be markod i
the top left hand coqnar and the saral number in the top rght-
hand cornoi of anadic and cathodic plates,

Aregs bearing merkings mada by azchanical means st bo
protected by watse- resistant varnishes. The markings showed be
lagible and durabile throughout the poriad of tasi.

4.7 ‘Washars and sleeves shell ba usad to insulate bolts fram
the retallic plates and to avnid pressing metallic plates
together during L fsariod of test, Cersmics or other fnsulating
materials which are not susceptible to creep or dagradations
aver axtended periods of tima are regcommended as washer
materials, Slaoves of polyethylene or palypropylere arc recam
menrierd,

Metallic bolts anc washarz shall be made of 18-8 or higher
chromiutm grades of stainlesy stawl.

4.8 The number of tagt specimends, reference specimons and
eontrol specimens removed for inspectian a* any one tima shall
e not less than Lhreo.

If rechanical tests are not required by the test programma, the
number of coatrol specimans may ba cdecreasarl to three per
et

% Praparation of spacimens for test

B.1 Test spocimens, refarencs gpecimens and control speci-
mens shall ba examined for confommity to the reguiro-
ments of clause 4 by visval sxemination and apgropriate
MEZEUTEMments,

5.2 Immedigstely before testing, the sorfacos of specimans
shall be deqgreased using organic solvenls, for example ethanal,
wihite spirit.

After degicasing, the specimang shall be handled only by the
cut ceges and when wearing cotten for rubber) gloves.

b3 Aftor dogrossing, tesl spacimens #nd reference speci-
mens, the corrosion ehaviour +f whiczh s o by evalusted Ly
Io=5 #n mass, shall be kept in desicoatars conteining 8 desicoant
(for exarple silica gel] for not less than 24 h. Thay shall than be
wirhed to the nearest 0,000 1 g.

B4  Conrod specimens shall be stored throoghout the test
perid under cond tions which pravent corrosion, for example
in dasicaias ar in polyethy ene bags containing a desicrant
[silica gell gt d relative humidity of less than B0 4.



Cortral spesimens mads from metals suscepfible 1o natursl
aqeing should be stored oniy for svaluation of ¢hanges in
mechanical progarties,

55 Inpreparing spacimens a thin layer of an organic coating,
plue, varnish or lzcquer, such as celulose auvtals dissolved in
acetone, is recornmended to pravant crevice ¢orrosion. 1hia
soating should be appliad to the depreascd surface of tha
anodle plate in such a way as to 3eal compltely the gap be-
twaen the anode and cathode plates without projecting bevond
the cathode plate, The dry costing thickners shou'd net excagd
10 wm. This coating should not rover the area adjacant to bokt
kotas, in order to allow contact betwseen the metalllc plates
when they are assembled.

Transition resistance betwseen cathadic and anodic palalos
ehould be kept congtant throughout the period of test.

6 Procedurs

6.1 Tes=t specimens and reterence specimens shall be ex-
posed to the outdoor atmosphore either in shutter sheds or
under cover, They shall be expored at an angle of 459, hut
angtes of 30" and 507 are alse permissible. The marked Faces
ghall be uppermost, facing south In the northom hemisphare
and north in tha southern hemigphere. The long axis of the
cathodic plates of the test specimens shall be perpendicuiar to
the basa of the rack.

Rafarance specimens shall be exposert in tha same way as the
anudic plates of the test spucirnans.

B.2 Test speclmens and reference specimans shall  be
fastemed to frames, recks, ate., by mesns of appropriate
isoletors, for cxample rade of porcelain,

The bolts vsed to clamp the test spadimens ray also be used to
fasten the specimeans to the rack.

8.3 The duration of testing shall not mormally be less than
twa yaars, If technically justified, shorter duratlons of testing
may he adopted. During testing, tost specimens shall ba
remaoved for ingpection on no fewar than three occasions.

Tha paripdicity of removal and inspection of specimers shall b
determined by the test prograrnme.

6.4 Specimens which bawe baon removed shall be asamined,
disassemblad and trested to remove corrosion products, The
avaluation of tast rasults shall be carried out n dceordance with
the chosen criterfe.

7 iEvaluation of test resuls

.1 Gensral

Tha eveluation of Bimetallic corrosion resistance shall be carred
out aceording to ome or morz of the chosap crtaria, by
examination of tha metal {coated metalt of the ancdic plate of
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the tast specimen in the zanae of bimetallic corrosion. The zone
ol bimatallic corresion is the total area of the anadic plate, of
width 10 mm, adjacent to the zone of the direcl contact with
tha cathodic plates,

Evaluationy al bimelallic corresion resigtancs Ly changa in sur-
face appesrance and by tho armount and type of corrosion ef-
fact zhall be carried oul separataly for the marked (face] and
unmarkad dravarsa) sides of the specimens.

Thie kazult of the test shall ba taken as the sverage valuee of the
corrosion ncregse index (indicas! detarminad for three or more
spocinens,

7.2 Evalustion based on change in surface
appearance

7.21 Spocimens chosen for inspection, sither during or on
complation of the tost, zhall be sxamined visually ire daylight ar
in artificial diffused light, Optical instruments may be wsed if
this fs spacified in the test programme,

7.2.2 The following changns in surtece appearance shall be
racordod for qualitative evsligtions:

— tarnishing of the surface;

the calour of corroston products;

the distribution of corrosion sffoct over the sorface
tunifarm, aon-uniform, locel, et b;

.- the areas affected by corrasion {points, spots, ete.].

7.2.3 For quantitative evaluations of the corroded area in the
zone of bimetallic corrosion or in the case of pikting, the
armaunil ol corrosiaon effect per unit suiface arsa shall ha datar-
mined aftar the removal of corrnsion products.,

Tha armount of corrosion effect shall ke caloulatad using a grid,
diwidodd Tntn squarcs of side B mm, placed on thy anodis plalas
In the zone of himatallic corrosion.

The number of local corrosion centres or the corrodad surface
area of rafaranco specimens shall be deferminsd cwar The sama
surfase araa and at the same |ocations ea for the fast
ecirmans.

7.24 Bimstallic corrosion resistancs s detarmined by the
carrosion increase index, thet ks, the ratio of the smount of cor-
rosion effect per unit surface area in the zone of bimeatallic cor-
rosioa of the test specinens to the amount of careosion affect
on the refarance spocinens, or the ratio of the eorroded sor-
face area in the zane of himetallin roreasion too the corroded
surface areg of the refarence specimen. The test rezults shall b
recardad on a form as shown in annex B.

7.3 Ewvaluation by measuring the depth of
corrosion effect

7.3.1 T'he corrosion depth in the zone of bimetallic currosian
zhall bo dotermined on each test specimen and reference
gpacimear using profilometers, indicators, depth gauges or by
metallographic examfnatlon of mlcrosectlons. The numbar of
microsecticns shall not be less than 2.
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7.3.2 Measurements rhall ba carried oot after the removal of
corrgsion groducts,

7.3.3 Themsan of the maximums of the corrosion depth shall
be determinad from its five lorgest valuoz.

7.3.4 Bimetallic corrosion rosislance is determined by the
Ccorrasion incraagse index, that is, the ratio of the mean of the
maximums of the corrogian depth in Tha Fone of bimeatallic cor
roEion on the anodic ptate of the test apecimen ta the maan of
the maxirnums of the corrosion drpth on the reference spach-
MANS.

The test results shall be recordad on aform as shown inannox C.

7.4 Evaluatian bhased on the type of corrosion
effact

The type of corrosten effect shall ba detorminad by metallo-
graphin exarination of microsections of anoedie plates of the
teat specimens and of refarcnce specimcns.

Snecific typas of corrosion effects (intergranular, pitting, ex-
foliation, etc.) shalf bea mecrdad: substrate, filiform ond other
types of corrcsion effects shall e sGorded Too coalod
specimens. The typo of corrosion effect shall be recorded on
the form as showen noannes O

7.6 Evaluation based on change in mechenicai
proparties

7.5.1 Bimatallic corrosion resistance may be evaliated from
the change in meachanical proporties by determining the
ultimate tensile strangth, yiald strangth and slongation of tost
specimens, reference specimens dnd conirml SpeTmens.

7.5.2 The determingation of machanical propertias is carricd
out on ftat tonsile specimens (zee figure 1) according to ap-
prapriata Intermaticnal Standards, for example |50 G2,

7.6.3 The relative change in ultimate tensile strength of a test
spaciman, expressad as a porcentage, is given by the formula
i

me |Il1l'Irnr1 w100
K q

whers

Ry, I8 the ultimate tensile strength, in megapascals, of 2
control specimear;

R, 15 the ultmate torsile strength, in megaoascals, of
tha anndic plabe of the test specimen.

154 The relative change in uMimate tensile sirangth af a
reference specimen, EXpressed 85 8 percentage, is given by the
farpeula
R - R
[ M, 10

1 MH

Copyrighi by the Mtcrnational Deganization For Standardization
Sal Jan 04 Hk05-29 2000

where

R.c 18 theultimate tansile strongrh, in megapaseals, of a

control specimean;

iy is the wilimate tensile sfrength, in megapascals, of

m,r

Lhe rafarence specimen.

MOTE — Changes in vield strength () and aiennglion Ldb are
ualoulated sirmilarly.

185 Bimotallic corrosion resistance is deternned by the cor-
rosian increasd index, that is, the difference betwecn the
relative changes in mechanical properties of tost spesimeans and
referenca specimens. The test masullz shall be recorded on A
fonm @z sheoewn in annpx 0.

7.6 Ewaluatian hased on [oss in mass

F.6.1 For evaluations based on foss in mass, tha tRat spaci-
mans and roferance specimens /hall ba sxamined, and dust,
dirl anned cosrrpsinn producits shell e removed.,

Anodic plates with evidence of aorrosion efect under the
zithodic plates extending for a distance of more than 3 mim
fruom the contact edge shall not be examinod.

It is nagessary o0 remave ghre or varnish used to provent crovioo

corosion of specimens, before removal of corrosicn prodircts.

T.6.2 After rermoval of the corrosion products, the metalic
plates (coated metals) shall bo washed, dried, dagroasacd,
azored for 24 21 in a dogizeator, aned than waigha,

163 The rale of sorrosinn of test specimens, expressed in
(rams per sgquare mette per year, s given by the formula

wihare

Auryis the loss in mass, i grame, of the anodic plawe of
the test spacimen;

&y s the total surfece ures, in aquare metres, of the anodic
plata;

%5 I8 the surface area, in squarc matins, maskad by tha
cathacic pata on ong sida only

i is the test duration, in y2ars.
7.6.4 Therawe of corrosion of referencs specimens, expresssd
FM Orarms per SQUars ITotre [per yoar, is givan vy the formula

Arig

Hq M



where

A, B the loss in mass, in gams, of the reference
EpECimEn ;

8¢ is the total surface area, in square metres, of the
reference specirmen;

i is the fast durafian, in yaas.

7.5.5 Bimetallic corrasion resistance is deserminad by the car-
rosion incressse ey, that is, the difference hatwagn 1he rate
of corrosion of the tesl specimans and thet of the referencs
ArIacimens.

The tast rasults shall ba recorded on aform ag showr in annax E,

8 Teszt report

The test raport shall include the following informatian:

! a] the purpcse of the tout;

Copyrighi by the Mtcrnational Deganization For Standardization
Sal Jan 04 Hk05-30 2000

IS0 74411984 [E)

b] the designation and doscription of the motsis {costed
metals) tested |chemical compositlon, mathod of reartrmnnt
{thermal, chemical and mechanical), type of coating,
thicknass] (sce annex A);

¢l the number of spadimens;

d! the identification nf the atmospheric field station, its
location, and cheracteristivs o the almasphare

8] tho method of fagiening specirmens during tho test;

f1  the duratich of tha test and the peniodicty of rernowval cf
cpecimens;

gl the test rasults with the test criteria, including bath
descriptive and numetical data, prosented in accardance
with anncwxes B, C, D snd E, and, if possible, witd
phatagraphs of the specimens;

hl any cthar daia required to fulfil the purpose of the test.
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Dirmngrores in millimotros

Figure 1 -

Sal Jan 04 10930 2003
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1 Anaodic plate G Waghar, thickness 1 mm, diametsr "G mm
2  Cathopdic plame T Insuinting washar, thicknesa 1 19 3 mm, diametar 18 w0 20 mm
3 Nicrogections 8 Inzuialing zlocws
4 Tenzile test epetimen O [t
5 Bol8rm = 40 mm

Exzample of test spacimen usaed for evaluatfans bascd on criterio othar than loss in mass
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Dimensions ir millimetres

lew

/ A
g T/ |
‘_i :///f//”//f//’//’; { 3
t " \\\gz ' ‘/\}//!//\f; g ll/]/;:| >1%". =

110

/]

500

65

!

Anodic plate

Cathodic plate

Helt B mm = 40 mm

Washer, thickness 1 mn, diameter 16 mm

Insulating wushasr, thickouss 1 10 3 mm, diametor 16 to 20 mm
Inatilating SAaeve
Mut

Micragactions

£ by —
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Figure 2 — Example of test spacimen for evaluatlons based on criteria uthar than change in mechanical properties
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Annex A

Inventory of specimens

Anodle
Daaigration L L
of metallicplatee | _ 10
Cathodl|g
Arnpdlc
Serial numbar Cathodic
of matallic plates — -—
Gontrel
Aeferonee spocimen
Characteristlcs of metallic ~ Anaodic
plates [type of matal, TR
thermal treatmantl Cathodlc
Anodlic
Dimgnslon )
aof metaflic platas, mr
Cathodic
Anodlc
Surface o
condition
Gathadle
Anodic
Type of coating, __ ) B
thicknoss, mm .
Cathadie
Type of spociman
coating in assembly
Test site
Dete of etart af taat
and angle of expoaureg of specimen
Date of removal
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Annex B

Form for recording test resuflts for evaluations
based on change in surface appearance

1SQ 7441-1984 |E}

Date of examinatlon

Ntarking on anodic plate

Indices of
pppadrdnco of
andic pletes

Tarnfshing

Catrur aned othar charactaristies of comrosion rroducls

Gistributon of corroaien sffucl (unifoim, non-uniferm, cobitinuous, ecal)

Kaxirmum aize of corresion affact, M

Amving of cerodion effect per square cenlimesne, iy

Carrndad area in Ue 2ane of himataihc cormosicn, 5, 7

Marking on referance specimens

Irdlzes of appearance
of reference
AFIHF G 1S

! Tamishing

Cokrur and okher characte-istics of comrcgion products

Liglribution F porraskar effect (unFarm, oon unilan, continuous, lecal)

Maimum &lee of eamoaion sffecl, mm

Amount ol canaainon effrct per squara centimetra, 8.,

Carrudled areq, 5, %

Corroskan innradse
index

Ratic of aimount of corrosion offecls, £

Ratis of oorvedad areans, & /3,
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evaluations based on the depth of corrosion effect

Anrax

Forrna Tor recording test results for

Marking

Anadin plate of tRst specionen

Rulnrancy specimean

Corrogion depth

Farp

Mevorso

In the zona of
Lirnzlallic. cor s

UIn rafArence
Epasimon

Corrosion
Mo se

NEOx

In tha zone at

O refarencg
SPRecimen

CenrgrEnn
inzreasn
il

birmetalliz cor-osion

Mean waluo af

five docposl, e, i

Muan walue of
The denpast, f .. rmom

By iy

Mleun wilugy of
frve dovpest, &y, mm

MMean velua of
fiwe ceepest, &

L

bt a

Type of corrosion

10

In thu zunz of
Lirnetarhs sunosion
Do referor e
SR
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Annex D

Form for recording test results for evaluations
hased on changes in mechanical properties
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Contral snecimen

Anadic plate of test spaciman

Marking
RAcfercnce specimen
oo MPa
Machanical -
propertias of B oz MPa
contral Rpecimens - -
A, ¥
£ MPa
Mechanlesl properties -
of anodic plates of £, oz MPA
tant spacimens _ -
Ay, F
£, MFa
Mechanizal propartlas -
of refaranca L MPa
specinens ) -
4, %
H‘"m’ T
Relative change of mechantlcal —
prapertias of anodic plates g o W
of tast Apecirnens F . -
K, %
L4 R i
Ralztive change of mechanical —_ = -
propertias of refaratca Ky %
BpaEcimans PR R
L
I‘RI:I - KRII'I
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