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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve t}tre1
patent(s). I$O takes no position concerning the evidence, validity or applicability of, any clai

rights in regpect thereof. As of the date of publication of this document, ISO had not received

patent(s)

ich may be required to implement this document. However, implementers are ca
this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ
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International Standard ISO 8057:2024(en)

Determination of galvanic corrosion rate for assembled forms
of carbon fibre reinforced plastics (CFRPs) and protection-
coated metal — Electrochemical tests in neutral sodium
chloride solution

1 Scop

1.1 This document specifies the electrochemical test for determining galvanic corrosionrate of CFRPs and
metal asserpblies with protection-coating, subjected to the corrosive environment of’electrolyfe diffusion
through thg coating. It specifies the apparatus, the test solutions, and the procedure to be used in conducting
the electroghemical tests for

a) the assgssment of the Fick's diffusion parameter for protective coating onmietallic materialg, and

b) the estjmation of the galvanic corrosion rates with the conversion, of ISO 21746 coating-free sample
data.

1.2 The f¢llowing are intended situations of implementing an eléctrochemical test based on thi$ document:

a) when ipterested parties estimate the galvanic corrosion rate of bonded joints relating engineering
metals with protection-coating and CFRPs of the potential drastically nobler than those of most metals,
utilizing the resources of ISO 17475;

b) when gxpanding CFRP-metal bonded jointsxapplications using coatings to the fields of corrosion-
sensitiye environments caused by electrolytés.

1.3 Itis npt the intent of this document to fulfil the need for:

— omitting relevant field tests for the)applications in corrosive environment;

— superiposing test data for@Specific applications for the range of relevant data;
— comparfative testing as a&nteans of ranking different protections with respect to corrosion rates;

— ignorinfg the field hazards such as erosion, abrasion, and ultraviolet irradiation.

2 Normaptive references

The followihg-documents are referred to in the text in such a way that some or all of their contentlconstitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

[SO 2808, Paints and varnishes — Determination of film thickness

ISO 17475, Corrosion of metals and alloys — Electrochemical test methods — Guidelines for conducting
potentiostatic and potentiodynamic polarization measurements

ISO 21746, Composites and metal assemblies — Galvanic corrosion tests of carbon fibre reinforced plastics
(CFRPs) related bonded or fastened structures in artificial atmospheres — Salt spray tests

© IS0 2024 - All rights reserved
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3 Terms and definitions
No terms and definitions are listed in this document.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

4 Symbols

a slopeof Q- plot

b errpr in Q-t plot owing to charge duration and other factors
C stafic capacity of capacitor

o satfirated oxygen density in water

c(x) ele¢trolyte density function

d coafing thickness

D Fick’s diffusion parameter

Doy oxyjgen diffusion constant in water

E. estjmation of galvanic corrosion rate for coated sample
Foe protection efficiency

i dif]lsion flux

Jaso  oxygen flux in air saturated static water

Jrc stefdy flux through thin protective coating

Jrco oxyjgen flux through protection coating

Jpro oxylgen flux of air saturated water for protection free sample

Jomax thelmaximum thrieugh coating flux of oxygen in the form of water solution

K.. galyanic corrosion rate of coating-free sample derived with ISO 21746

Q chargeatatime t

Qo ch:Lg%al—LLxmar-L)L@dupala:gd-ﬁm@poml—Lu—
S grid area of capacitor

t time

to flux onset time

t upper bound time of linear section in time-charge plot

% inter-grid potential of capacitor

Xq inter-grid distance of capacitor

© IS0 2024 - All rights reserved
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ational dimension in flux direction

diffusion layer thickness
permittivity of vacuum

relative permittivity

5 Principle

5.1 General

Protection [coating behaves as a capacitor in the form between conductive materials and

electrolyteg. Focusing on the capacitance, Fick's diffusion parameter is monitored by analysing]
charge due [to the distance shrinkage with electrolyte absorption from the surface of theprotec
in the plate{shaped sample. The effect of the protective coating is evaluated by converting the v4

salt spray f

x in the galvanic corrosion test.

5.2 Capacitor model

Static capac

C=¢,¢

where g =
The charge
Q=Cv

Formulae (]

Q=¢,¢

When the ipter-grid distance x,Shrinks to x;-Ax; through diffusion, the charge drift AQ is expr

ity, C, of a capacitor in Figure 1 is expressed as Formula (1):
S

X1
B,85418762 x 10712 is the permittivity of vacuun¥

Q, is expressed as follows when inter-grid potential, V, is loaded.

) and (2) lead to the following expression.

v
X1

conductive
the drift in
tive coating
lue into the

@)

(2)

(3)

essed using

(4)

Formula (3] as follows.
S
F ?
~ / 5T
L4 A
C— — )

Figure 1 — Schematic diagram of capacitor

A capacitor in Figure 1 is expressed as is shown in Figure 2 for a grid of conductive base material, a grid of

electrolyte,

and thin coating with the thickness, x4, to separate the grids.

© IS0 2024 - All rights reserved
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Key
1 water/eld

2 thin coating layer

3 conductiy

5.3 Fick’

A. Fick expr]
of heat con

diffusive flyx occurring in a unit of time throu

proportiong
second lawl|i
conservatid

For thick media, Fick’s second la

the thickng
approximat
diffusion of]

ctrolyte

e base

Figure 2 — Capacitor formation with t \%n coating layer

5 diffusion coefficient for thin coating laéé\

mathematical form using an analogy w
asion of electricity in a conductor derived b
edlum of small distance is expressed in Fic
rsely proportional to the distance of the me

essed the phenomenon of water diffusion i1
Huction derived by Fourier and the d1

1 to the difference of density an a@
is derived assuming the propo

n of mass for the unsteady state of diffusion. See Annex A.
been applied assuming the density distribution is re

i g’jof unsteady flux. However, Fick’s first law provides an|
edia in the form of linear density distribution along the thicl
rated in Figure 3.

ss during the diffu
ion for thin region
steady flux as ilh}}t

Q
3
N
R

ith the laws
y Ohm. The
Kk’s first law
Hium. Fick’s

nal coefficient constant - Fick’s diffusion constamt - and the

cular along
acceptable
kness at the

)
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Key
density
thicknessg

conductiy
thick coa
regular

N0 U A W N R X

linear

electrolyte
coating lqyer

e base material
ing media

thin coating media

Figure 3 —
&
O
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e
o)

O
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s diffusion model for a thick coating and the thin region
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Fick’s diffusion coefficient D is defined as follows in Fick’s first law.

j=_pdeixa) (5)

dx

where c(x,) is the electrolyte density function, and x, is the locational dimension in the flux direction.
Formula (5) is approximated for a thin protective coating of the thickness d—0 with steady flux through the
thickness Jp. as follows.

Jrc :—DM (6)

The flux Jp. is also approximated as follows atop of the coating in a short period of time At.

Ax,

~[(0)—c(d 7
]PC[()()]At (7)
Fick’s diffugion coefficient D is therefore approximated with the Formulae (6) and (7}:aé follows
Axy
D=—d —~ 8
A (8)

Formulae (4) and (8) lead to an expression as follows for the case x; = x£= d in Formulae (4) and(7).

<)
p=g?.p @ 9)

At
i.e.
%=(Ddz)“ (10)

Thereby Fidk’s diffusion coefficient D is givenwith a slope a= %2 on aAQ/Q - tplot, as D = a-d4.

5.4 Corrosion rate estimation

The galvanilc corrosion rate is diffusion-limited of the oxygen supply for the anodic metal. Therefdre, a known
corrosion rate of protection fre@’sample K. derived with ISO 21746 on the oxygen saturated salfwater mist

© IS0 2024 - All rights reserved
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is converted by multiplying a factor protection efficiency F, into an estimation for the corrosion rate E,
with coating case as follows.

r =Jpco _ Jomax

pe

The Jomay IS

JoMax =

Jero  Jaso

approximated for a coating thickness d as follows.

c
p-9
d

(11)

(12)

The oxygen flux in air saturated static water /55 is approximated for the diffusion layer thickness xp; as

follows.

Jaso =1

Therefore, 1

Therefore,

safer side v
NOTE T

Dissolved o
constant of
oxygen flux

6 Tests

The compo

with the applicational envirohments and the specification for the coatings or product being

used. When
otherwise 9
corrosive tq

Dissolve a s
than 20 pS
of the spray

o .CV
XpL

elationships are drawn with the Formulae (11) to (13) as follows:

X
 ZDL
DOX
e ><I(CI'
in estimation for the corrosion rate E_. with Formmla (15) provides accurate or larg

hlue for most of engineering applications.
he oxygen flux in air saturated static water J, 5.0 25 °C is given as follows.

xygen concentration in air saturated fi'esh water is 8 ppm, or 8/32=1/4 mol/m3. Tl
oxygen, D, is 2x10-2 m?/s. Diffusionayer thickness, xp;, is 5x10-4 m in static watef
is given as 2x10-2 [m?/s] x8/32[me}l/m3] x(5 x 10-4 [m])1 = 1 x 10-6 [mol-m-2-s1].
plutions

inds in test solutions;their density, and the temperature, shall be selected in the ¢

not specified, the details shall be mutually agreed upon between all interested paf
pecified or agreed, aqueous sodium chloride in ISO 21746 shall be selected as a ref
st solutionsa$-follows.

ufficientsass of sodium chloride in distilled or deionized water with a conductivitj

(13)

(14)

(15)

er value, or

he diffusion
. Therefore,

ombination
tested and
ties. Unless
resentative

’ not higher

cmat'25 °C = 2 °C to produce a concentration of 50 g/1 + 5 g/1. The sodium chloride co

centration

edrsolution collected shall be 50 g/1 + 5 g/1. The specific gravity range of 50 g/1 + 5 [g/1 solution

is from 1,0

J1o 1,Usoat Z5 “C.

The sodium chloride shall contain less than 0,001 % mass fraction of copper and less than 0,001 % mass
fraction of nickel, as determined by atomic absorption spectrophotometry or another analytical method of
similar sensitivity. It shall not contain more than 0,1 % of a mass fraction of sodium iodide, or more than
0,5 % of a mass fraction of total impurities calculated for dry salt.

NOTE

undesirable impurities in the salt and/or the water.

© IS0 2024 - All rights reserved
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7 Apparatus

7.1 Potentio/Galvanostat

The potentio/galvanostat should be capable of chronocoulometric measurement with automatically
controlling the electrode potential within +1 mV to a preset value. The sensitivity and accuracy of the charge
measurement unit for the chronocoulometric measurement should be sufficient to detect +1,0x10-8 mAh.
Unless otherwise specified, the potentio/galvanostat in ISO 17475 shall be applied.

NOTE +1,0x10-8 mAh is converted to +3,6x10-8 C.

7.2 Testcell

The test csjll should contain the working electrode, which is the specimen with protectiorn coating, a
reference electrode for measuring the electrode potential, and counter electrode, which is typicglly Pt mesh.
The detailefl construction of the test cell depends on the specimen specification. Figure 4 shows|an example
commonly @ised for plate type specimen.

d} Diaabaculb}cd fUl 11 b) ADDClllb}Cd fUl J UV
Key
1  counter electrode (Pt mesh)
2 reference electrode
3 protection coating side
4  working electrode (specimen)
5  fastening

Figure 4 — Schematic overview of chronocoulometric measurement cell

© IS0 2024 - All rights reserved

8


https://standardsiso.com/api/?name=95f7c1ed64a9794b6c312b9ed0ce2da6

ISO 8057:2024(en)

In chronocoulometric measurement, the working electrode is kept constant potential for monitoring the
relationship between charge and time.

8 Test specimen preparation

The type of test specimens, their number, the shape, and the dimensions, shall be selected in the combination
with the cell type and the specification for the material or product being tested. When not specified, the
details should be mutually agreed upon between all interested parties. Unless otherwise specified or
agreed, plate type specimen as described in ISO 21746 shall be selected to serve as working electrode in
combination with flat type cell, with a surface finish according to the applicational requirements. A typical
area of the working electrode is 100,0 + 0,4 mm? for a circular form as depicted in Figure 5. The coating
thickness, d, of the sample shall be measured as described in ISO 2808 for the average value of five points on
the circumference per90degreesamnd the cemntre:

/‘

Key
coating
metal
CFRP
measuretpent points for/coating thickness

Ul s W N

contact afea to testsolution

Figure 5 — Flat type test specimen

9 Test procedure

9.1 FicKk’s diffusion parameter — Setups

The specimen shall be set to test cell to form a working electrode in the coating side bounding to test solution.
Wiring shall be made as specified for the potentio/galvanostat in the chronocoulometric measurement
mode to record both current and charge under a constant potential less than the level of electrolysis. Unless
specified, the wiring shall be for the three-grid method, the constant potential setis 0,350 + 0,004 V, and the
recording interval of 30 s.

© IS0 2024 - All rights reserved
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9.2 Fick’s diffusion parameter — Calculation

Time domain is empirically defined between ¢, =0 and ¢; are defined for the current peak and the bottom,
and empirical time points t; and t;, where ¢, is the flux onset time and ¢; is the upper bound time of the linear
section in time-charge plot as depicted in Figure 6 a). A plot of normalized charge AQ/Q, from ¢, to t;, where
Q is a charge at a time ¢ and @, is defined at the linearly extrapolated point at ¢, in Figure 6 b), provides a
linear relationship AQ/Q, = a-t + b where b represents an error owing to charge duration and other factors.
The Fick’s diffusion parameter D is given using the slope a and the coating thickness d as D = a-d?.

Q
1
Q
2
3
7 4
Q|
5
ty=0 t; t

a) Schematic time-charge plot

Q/Q, Q/Qy=at+b

e )

to t, ot

b) Empirical domain of definition

Key
t time
Q chargg

Q/Q, normalized charge

charge duration
linear
in-plane diffusion

1
2
3
4 domain of definition
5 extrapolation

6

domain of definition

Figure 6 — Schematic procedure of chronocoulometry data analysis

© IS0 2024 - All rights reserved
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9.3 Corrosion rate estimation

The estimation of the galvanic corrosion rates for coated samples, E_,
ISO 21746 coating-free sample data K, as depicted in Formula (16).

E =FpeXKcr

where, a factor “protection efficiency” F, is given as follows.

D x
Fpe =—X ZDL
d Doy
NOTE At 25 °C, the diffusion constant of ox s. and the diffusion layer thickness

2
b m%} 5 5[5}
Foe =— X| = X107 | —
P d[m] 2 m
~2,5x10° 2
10 Test report

The test report shall contain information about the test procedure. This information may vary 4
the purpose of the test and the guidelines prescribed, but a general list of the details likely to be

as follows:

a) arefergnce to this document, i.e. ISO 8057:2024;

b) the solution composition, pH, prepared volume, teniperature, and any variations during the
c¢) description of the specimen material or product tested, dimensions, shape, surface treatm

area oflthe surface tested;

is given with the conversion of

(16)

(17)

, Xpp, 1s 510"

(18)

ccording to
required is

tests;

ent, and the

d) preparqtion of the test specimen, including any cleaning treatment applied, any protectipn given to
edges dr other special areas, and dry.treatment conditions prior to test;

e) numbef of test specimens subjected to the test representing each material or product;

f) duratign of the test and results of any intermediate inspections;

g) currentand charge ateach measurement time;

h) the potpntial shallibe quoted with respect to the standard hydrogen electrode;

i) any abrijormality or incident occurring during the entire test procedure.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Example of measurement for Fick’s diffusion parameter

A.1 Sample materials and test setup

PA6Y roll-processed sheets with an area of 150 mm x70 mm and a nominal thickness of 1,0 mm were

selected as
sheets werg
verified usi
The chrono
Coulomb-ge
prepared at

a representative material used tor the metal coating and show a mild water dift
vacuum dried for 2 weeks at less than 10 Pa before the experiments, and the w

hg a Karl-Fischer moisture analyser MKH-710M equipped with a moisture Vaﬁﬁzer
coulometry measurements were conducted using a VSP-3003) at a fixed potential of
ge-contained flat-type cells having a working electrode area of 100 mpy he elec
5 wt. % using high-purity water and NaCl. OQ)

lg)\\%

—

~—~—

isivity. The
rontent was
ADP-6112).
0,35 V with
trolyte was

1) PA6 is polyamide 6. This information is given for the convenience of users of this document and does not constitute
an endorsement by ISO of the product named. Equivalent products may be used if they can be shown to lead to the same

results.

2) MKH-710M and ADP-611 are the trade names of a product supplied by Kyoto Electronics Co. Ltd., Japan. This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO of the

product nam

ed. Equivalent products may be used if they can be shown to lead to the same results.

3) VSP-300 is the trade name of a product supplied by Bio-Logic Science Instruments, France. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.
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