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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

Hard anodizing is an electrolytic treatment which results in the formation of a hard and usually thick
coating of alumina used primarily for engineering purposes.

Hard anodizing can be applied to cast or wrought aluminium and aluminium alloys; however,
alloys containing more than 5 % copper and/or 8 % silicon and die casting alloys require special
anodizing procedures. To obtain optimum microhardness, wear resistance or low surface roughness
characteristics, low contents of alloy are selected.

Unle ing, forming
and perforating operations. The best results are achieved on machined surfaces. Sharp edges are
machined to a radius of at least 10 times the intended thickness to avoid “burning” and/or $palling.

Hard anodizing will usually result in a dimensional increase on each surface equalto about 50 % of the
coating thickness. The dimensions of the component prior to anodizing will allow*for this, if necessary.

The thickness is generally within the range of 25 pm to 150 pm. Low-thickness (up tp 25 pm) is
sometimes used in a variety of applications, such as splines and threads. Normal thickness (50 um
to 8( pm) is used for wear or insulation requirements. High thickness: (150 um) is used fpr repairing
purposes, but thick coatings tend to be softer in outer regions. Veryp hard coatings reduce the fatigue
strength. This phenomenon can be minimized by applying shot peéning before hard anodizing (see H.6),
by rdducing thickness and/or by sealing. Hard anodizing tend$ to increase surface roughness. This can
be lifnited with low alloy contents and/or mechanical finishing.

Hard anodic oxidation coatings are mainly used to obtain the following:

— Tfesistance to wear through abrasion or erosion;

— ¢lectrical insulation;

— thermal insulation;

— Dbuild-up (to repair parts out of télerance on machining or worn parts);

— Tfesistance to corrosion (whéen\sealed).

© IS0 2021 - All rights reserved v
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INTERNATIONAL STANDARD ISO 10074:2021(E)

Anodizing of aluminium and its alloys — Specification for
hard anodic oxidation coatings on aluminium and its alloys

1 Scope

This document specifies requirements for hard anodic oxidation coatings on aluminium and its alloys,
inclugimng testetiods:

It also specifies the information to be supplied by the customer to the anodizer (see Afmex A).

It is not applicable to coatings produced by processes such as those referred toas<plasmal electrolytic
oxidation, micro-arc oxidation, plasma-chemical anodic oxidation, anodic spask deposition or spark
anodizing.

2 Normative references

The following documents are referred to in the text in such a-way that some or all of their content
consfitutes requirements of this document. For dated refer€nees, only the edition cited |applies. For
unddted references, the latest edition of the referenced doctument (including any amendmenpts) applies.

ISO 1463, Metallic and oxide coatings — Measurement ofieoating thickness — Microscopical method

[SO 4106, Anodizing of aluminium and its alloys — Détermination of mass per unit area (surfage density) of
anodjic oxidation coatings — Gravimetric method

ISO 2360, Non-conductive coatings on non-magnetic electrically conductive base metals — Measurement
of cofiting thickness — Amplitude-sensitive-eddy-current method

ISO 2376, Anodizing of aluminium aneits alloys — Determination of breakdown voltage and withstand
voltage

ISO 4516, Metallic and other jngrganic coatings — Vickers and Knoop microhardness tests
ISO §344-1, Coated abrasives — Grain size analysis — Part 1: Grain size distribution test
ISO 1583, Anodizingofaluminium and its alloys — Terms and definitions

ISO §251, Anodizing of aluminium and its alloys — Measurement of abrasion resistance of anoflic oxidation
coatings

ISO 9227, Corrosion tests in artificial atmospheres — Salt spray tests

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 7583 and the following apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31
lot
articles of the same nominal composition and temper which are processed together

© IS0 2021 - All rights reserved 1
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lot acceptance test
test on a production lot (3.1) to determine its conformity to specified requirements

4 Material classification

The properties and characteristics of hard anodic oxidation coatings are significantly affected by both
the alloy and the method of production.

Consequently, for the purposes of this document, materials are classified into five alloy groupings as

follows.

— Class 1:

Class 2

Class 2
series.

Class 3

Class 3

Information|

5 Appearance

The signifig
uniform. Th|

lot acceptan(ce test.

Crazing or

6 Thickness

Thickness n
(jigging) m3
Measureme

[SO 2360 orj
microscopid

Measureme
test.

all wrought alloys except those in Class 2.
a): alloys of the 2 000 series and any other alloys that contain more than 5 %feopper.

(b): alloys of the 5 000 series containing 2 % or more magnesium and alleys of the 7

a): casting alloys with less than 2 % copper and/or 8 % silicon.
[b): other casting alloys.

to be supplied by the customer to the anodizer shall be ity accordance with Annex A.

ant surface shall be completely anodized. The visual appearance shall be substan
ere shall be no spalling, blistering or powdefy (burnt) areas. Visual examination shal

hicrocracks shall not normally be a reason for rejection.

heasurements shall be imade on the significant surfaces, but not within 5 mm of co
rks, nor in the immediate neighbourhood of a sharp edge.

ht shall be madeyusing either the non-destructive eddy current method describg
the destructive/microscopical method described in ISO 1463. In the case of a dispute
al method (1SO 1463) shall be used.

ht of thickness or, where relevant, final dimensions shall be dealt with in a lot accepf

000

tially
be a

ntact

bd in
p, the

ance

7 Surface density

The surface density (coating mass per unit area), when measured in accordance with ISO 2106 on
unsealed anodic oxidation coatings with a nominal thickness of 50 um * 5 pm, shall have the minimum
values given in Table 1.

If the coatin

g thickness is not 50 um, the surface density shall be corrected proportionately.

WARNING — A method specified in ISO 2106 requires the use of a reagent containing
chromium(VI). Chromium(VI) is toxic and its solutions are hazardous to the environment and
severely hazardous to waters.

© ISO 2021 - All rights reserved
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Table 1 — Minimum surface density
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Material class Minimum acceptable value
Class 1 1100 mg/dm?
Class 2 (a) (b) 950 mg/dm?
Class 3 (a) 950 mg/dm?
Class 3 (b) By agreement

8 Resistance to wear/abrasion

8.1

The j
Due
accol

NOTH
and/

Whe
resis
desc

The
test

The

8.2

The
or lg
meth
19,6
thicKk

The {
Anng
thel
area

The 1
spec

h the abrasive wheel wear test method is not appropriate fespecially on some curvg
tance to wear/abrasion shall be tested in accordance with B2, using the abrasive jet

abrasive wheel wear test method assesses the resistance to abrasive wear. The
method assesses the resistance to erosive weag-~(erosion). Thus, the results are not]
comparable.

Taber abrasion test method in accordance with B.3 may only be used when specified.

N + 0,5 N and grade P240 silicon carbide paper (as described in ISO 6344-1). The log

hcceptance valués-shall be in accordance with Table 2. The standard specimen, in acco

General

esistance to wear/abrasion shall be measured on unsealed anodic oxidation i€oatings
o good correlation achieved with other properties, resistance to wear/ahrasion shall
dance with B.1, using the abrasive wheel wear test method described in{ISO 8251.

Resistance to abrasion can be measured on sealed anodic oxidation.ceatings but hydroth
r dyeing can reduce the resistance to abrasion/wear by over 50 %.

ibed in ISO 8251. This test gives an average for the total'coating thickness.

Abrasive wheel wear test method

ss in coating mass. When_determined in accordance with B.1, using the abrasive
od described in ISO 82514 the final value shall be an average of at least three tests us

ness or in coating mass shall exclude any loss due to the pretest abrasion.

x C, shall be tested each day, under the same conditions as those used for the test speg
ss in coatingthickness is used, each thickness value shall be the average of 10 reading

ime between hard anodizing and abrasion testing shall be at least 24 h. During this per

(see NOTE).
be tested in

prmal sealing

d surfaces),

test method

abrasive jet

necessarily

resistance to wear/abrasion shall-be determined by the measurement of loss in coatipg thickness

wheel test
ing a load of
s in coating

rdance with

imen. When
s in the test

iod, the test

mens shall be stored in the test environment.
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Table 2 — Acceptance values for abrasive wheel wear test

Alloy Pretest abrasion Abrasion test Relative mean specific abrasion resistance
number of double| number of double acceptance value
strokes strokes % compared to standard specimen (in accordance
d ds with Annex C)
s

Class 1 100 800 280 %
Class 2 (a) 100 400 230 %
Class 2 (b) 100 800 =55 %
Class 3 (a)? 100 400 255 % ]

or by agreement (see NOTE)

Class 3 (b)3 100 400 220 %

NOTE  The felative mean specific abrasion resistance (RMSAR) is given by the formula.

M¢an wear resistance of test specimen
RMSAR = x 100
Mear| wear resistance of standard specimen

where the wear resistance is the number of double strokes, which is necessary to remove 1 pm (or 1 mg) of coatings.

The wear resjstance, R, is calculated using the following formula for thickness measurement et similarly for mas$ loss
measurementj:

N
R, =—1—
dl "dZ
where
N is the numper of double strokes excluding the pretest abrasion double strokes;
d, isthe averfage thickness in micrometres or the average mass in milligrafis after the pretest abrasion;
d, isthe averfage thickness in micrometres or the average mass in milligrams after the abrasion test.

a  (Castings pre not always suitable for abrasion/wear testing because of the surface condition and/or the structyre of
the anodic oxfidation coating. In the unusual event of Class 3 alloys requiring to be tested, the abrasion/wear resisfance
acceptance vallue shall be agreed upon between the anodizer'and the customer and can require special reference specifens.

8.3 Abrasive jet test method

The resistaice to wear/abrasion shall be.determined by either the mass of silicon carbide or the|time
required to penetrate the coating. When determined in accordance with B.2, using the abrasive jef test
method des¢ribed in ISO 8251, the final value shall be an average of at least three tests.

The acceptance values shall be in’accordance with Table 3.

The time befween hard anodizing and abrasion testing shall be at least 24 h. During this period, th¢ test
specimens shall be stored in the test environment.

4 © IS0 2021 - All rights reserved
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Table 3 — Acceptance values for the abrasive jet test

thick

(
the a

a

accef]

Alloy Relative mean specific abrasion resistance acceptance value
% compared to standard specimen (see Annex C)
Class 1 280 %
Class 2 (a) 230 %
Class 2 (b) 255 %
Class 3 (a)? 255 %
or by agreement (see NOTE)
Class 3 (b)2 220 %
NOTE——TheTerative mean Specific abrasion resistance ( RMSARJ 1S gIVen by The formuta.
Mean wear resistance of test specimen
RMSAR = %100
Mean wear resistance of standard specimen
wherje the wear resistance is the duration, in seconds, or mass of abrasive, in grams, necessary,to,femove 1[um of coating

ness.

astings are not always suitable for abrasion/wear testing because of the surface condition and/or th
Inodic oxidation coating. In the unusual event of Class 3 alloys requiring to be tested, the abrasion/w
tance value shall be agreed upon between the anodizer and the customer and cariréquire special referen

b structure of
bar resistance
ce specimens.

8.4
Whe

accej

Taber abrasion test method

h determined in accordance with B.3, the final value shall’be an average of at least thr
ptance values shall be in accordance with Table 4.

Table 4 — Acceptance values.for the Taber abrasion test

be tests. The

Acceptance value

Alloy
(maximum loss in mass) mg

Class 1 15

Class 2 (a) 35

Class 2 (b) 25

a

Class 3

a

acce

the 4|

nodic oxidation coating. In the unusual event of Class 3 alloys requiring to be tested, the abrasion/w
!

astings are not always suitable for abrasion/wear testing because of the surface condition and/or th

tance value shall be agreedjupon between the anodizer and the customer and can require special referen

b structure of
bar resistance
ce specimens.

9 Vickers microhardness
The Vickers microhardness of the hard anodic oxidation coating, when measured in accofrdance with
ISO 4516 om-a coating with a thickness of 25 um to 50 pm, shall have the minimum valjies given in
Tablg 5.
The testtoadshouldbe 649 N-andfor-thimanodicoxidation coatingsor anodicoxidatior coatings of
some alloys, the test load should be agreed upon between the anodizer and the customer.
Table 5 — Acceptance values for the Vickers microhardness test
Alloy Microhardness, HV 0,05
Class 1 400
Class 2 (a) 250
Class 2 (b) 300
Class 3 (a) 250
Class 3 (b) By agreement
NOTE Coatings thicker than 50 pm can have lower microhardness values, especially in the outer regions.
© IS0 2021 - All rights reserved 5
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10 Resistance to corrosion
This test is only applicable to sealed oxidation coatings.

If a corrosion test is required (see Annex A), the anodic oxidation coating shall be tested for 336 h in
accordance with ISO 9227 [neutral salt spray (NSS) test].

A test specimen with a normal anodic oxidation coating thickness of 50 um shall not show, after 336 h
of exposure to neutral salt spray, any corrosion pits except those within 1,5 mm of jigging marks or
corners.

NOTE Failure of this test can indicate flaws or discontinuities in the anodic oxidation coating and not a
sealing deficiency.

6 © IS0 2021 - All rights reserved
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Annex A
(normative)

Information to be supplied by the customer to the anodizer

The following information shall be supplied, when appropriate, by the customer to the anodizer:

a)
b)
‘)
d)
€)
f)
g)

h)
i)
j)
k)
D)

Teference to this document, i.e. 150 1007%;
]naterial designated (alloy and temper);

the extent of significant surface(s);

the thickness of the anodic oxidation coating required;

the preferred position and dimensions of the contact (jigging) marks;
final dimensional tolerances;

dny special characteristic required, such as corrosion resistance, electrical insulati
from surface scratches, lot hardness requirements or roughness before and after treat

gampling procedure, if required (see Annex D);

gny requirements for process qualification aird approval (in accordance with Annex F)

gny special packaging and/or delivery requirement (see Annex G);

gny requirements for measurement of breakdown'voltage (in accordance with Annex H);

gny special pre-treatment or post-treatment (especially sealing) required (see Annex H).

bn, freedom
ment;

Nt

© IS0 2021 - All rights reserved
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Abrasion te{
with surfac
because of t
measureme
starting poi

The increas
(19,6 N 0,1

For some aplplications, comparative abrasive/wear testing using an agreed reference specimen m

preferred.

NOTE If
and/or betwd

B.2 Abra

The abrasiv
The jet noz7
very rapid 3
conditions 4

B.3 Tabe)

:2021(E)
Annex B
(normative)

Abrasion test

sive wheel wear test

ting using the abrasive wheel wear test described in ISO 8251 has shown good correl
e density, and as such, it is the preferred test method. However, higher loads are.reqy
he higher abrasion resistance. The increased surface roughness of these coatings can ¢
ht difficulties, so the top 2 pm or 3 um shall be abraded to produce a mere reprody
ht by a pretest abrasion of 100 double strokes.

ed abrasion resistance of hard anodic oxidation coatings requires.the use of a higher
N) and coarser silicon carbide paper (P240 in accordance with IS0-6344-1).

loss in coating mass is used, it is important that there be 10 delay between weighing and te
en testing and reweighing.

sive jet test

b jet test method is particularly suitablefor components of complex or asymmetrical s
le recommended by ISO 8251 uses high-air velocities and low air flowrates. This resu
brasion and the possibility of normially measuring the time to penetrate the coating
re shown in Table B.1.

Table B.1 —Test conditions of abrasive jet test

Parameter Test conditions
Air pressure (kPa) 15
Mesh size of abrading medium (pm) 125
Flowrate ofidbrading medium (g/min) 25+1

I abrasion test

htion
hired
ause
cible

load

hy be

sting,

hape.
Its in
Test

B.3.1 Pre

Clean the gr

43 £i3la 3 - Ja 1
dl dtUiUll UT UIT gl lllulllg WIICTTIS

inding wheels after each test, for 50 cycles using S11 paper.

Every four cycles, reface the grinding wheels with a diamond grinding machine, taking care to remove

as little mat

erial as possible.

The limiting duration for use is one year after delivery.

B.3.2 Preparation of the test specimens

Allow at least 24 h to elapse between hard anodizing and abrasion testing. During this period, store the
test specimens in the test environment.

© ISO 2021 - All rights reserved
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B.3.3 Procedure

Place the test specimen on the wheel stand, which has been set to rotate at 60 r/min * 2 r/min or 72 r/
min * 2 r/min.

NOTE The speed of rotation is the same irrespective of power supply frequency. If the speed of rotation is
different, the test result can be different.

Set both CS 17 grinding wheels and load each of them with 1 000 g.

Place the dust extractor nozzle within 0,8 mm to 1,5 mm of the test specimen.

Star{the extractor.

Set the cycle selector on 1 000 cycles.

Star{ the test.

Wheh the apparatus stops, remove the test specimen from the wheel stand.
Weigh the test specimen to the nearest 0,1 mg (mass m).
Placg the test specimen on the wheel stand again.

Set the CS 17 grinding wheels.

Adjupt the dust extractor nozzle.

Star{ the extractor.

Set the cycle selector on 10 000 cycles.

Record the temperature and humidity.

Starf the test.

Wheh the apparatus stops, remove the’test specimen from the wheel stand.

Recofrd the temperature and humidity at the end of the test.

Rewgigh the test specimen-tothe nearest 0,1 mg (mass m,).
B.3.4 Expression®©fresults

The loss in mass, Am, in milligrams, is given by Formula (B.1):
m = (mgsvm,) (B.1)

where

m, is the mass of the test specimen after 1 000 cycles, in milligrams;

m; is the mass of the test specimen after 10 000 cycles, in milligrams.

B.4 Testreport

The test report shall include at least the following information:

a) areference to this document,i.e. ISO 10074;

b) identification of the test specimen and, if appropriate, the standard specimen and the reference

specimen;

© IS0 2021 - All rights reserved 9
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c) thetest

:2021(E)

method used;

d) the result of the test;

e) temperature and humidity recording before and after each test;

f) anydev

iations from the procedure;

g) any unusual features observed including the conduct of the test or the nature of the test specimen
or test area;

h) the date of the test;

and for the 4
i) the forg
j) the abrs
and for the §
k) theang
1) the abrd

m) the air ¢

\brasive wheel wear test:

e between the abrasive wheel and the surface of the specimen;
ding medium used;

ibrasive jet test:

e between the plane of the test area and the jet axis;

ding medium and its particle size;

I gas pressure.

10
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Annex C
(normative)

Preparation of standard specimen

The standard anodized specimen for abrasion test purposes shall be prepared from polished or bright-
rolled aluminium sheet as follows:

Aluminium specification: Al 99,5
Thickness: atleast 2 mm
NOTHE 1 The recommended size of test specimen is 140 mm x 70 mm or 100 mm x(100 mm.

The following processing conditions shall be carefully observed:

Pretreatment: degreasing only (light causticetching or acid pickling is permis-
sible)
Anodizing: bath composition

Free sulfuric acid concentration: 180 g/1+ 2 g/1
Aluminium concentration: 1g/lto5g/l
Rest: deionized water

Condjitions of anodizing:

Temperature: 0°C+0,5°C
[urrent density: 3,5A/dm?2 + 0,35 A/dm?
§trong agitation: with a large volume of low pressure air or solution cifculation
Anodizing time: 40 min
Anodic coatifig-thickness: 50 um £ 5 pm

The [coating shall be unsealed and dried with cold air. The standard specimen shall lpe anodized
ically swith the longitudinal axis positioned horizontally in the bath while maintaining vigorous
tien‘over the anode surface and smooth direct current with no more than 5 % ripple. Not more
olyte shall be

not less than 10 1 per test spec1men
NOTE 2  Astandard specimen is tested at least once each day of testing.

NOTE 3  The standard specimens are most accurate and reproducible if anodized singly with careful control of
all the conditions.

NOTE4  The thicknesses of the anodic oxidation coatings of standard specimens have inherent variations
of £10 %.

© IS0 2021 - All rights reserved 11
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Annex D
(informative)

Sampling procedures

When a customer wishes to be ensured that the quality of a lot or lots of anodized articles conforms
to the quality specified, it is recommended that sampling be carried out in accordance with one of the

sampling pl

Thus, when
a sampling

average per

12

ins given in [SO 2859-1, using the guidance given in ISO 28590.

a complete order, anodized in the same plant, is delivered in a series of three ox'morg lots,
plan shall be chosen on the basis of an acceptable quality limit (AQL) which nepresents the
Centage of nonconforming parts which the customer is prepared to tolerate,
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ISO 10074:2021(E)
Annex E
(normative)

Breakdown voltage

If required by the customer, the breakdown voltage of the anodic oxidation coating shall be determined
using the method described in ISO 2376. The minimum acceptable value of breakdown voltage shall be
agreed upon between the customer and the anodizer.
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ISO 10074:2021(E)

Annex F
(normative)

Process qualification and approval

When a process qualification is required, sample parts and/or panels shall be prepared for approval
by the customer before production commences. Qualification items shall be processed according

to an identified process schedule and the items shall be tested for compliance with the qualifichtion
requirements. No deviation from the process schedule shall be permitted without prior approval af the

customer.

14
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