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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.

The procedures used to develop this document and those intended for i irther ma
descrjbed in the ISO/IEC Directives, Part 1. In particular, the different approval criterian

intenance are

beded for the

differjent types of ISO documents should be noted. This document was drafted in aceordgnce with the

Attenltion is drawn to the possibility that some of the elements of this document'may be the subject of
patenft rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any pptent rights identified during the development of the document will be'in the Introdyction and/or

on the ISO list of patent declarations received (see www.iso.org/patents}:

Any tfade name used in this document is information given for the convenience of users
constjtute an endorsement.

and does not

For explanation of the voluntary nature of standards)the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about I1SO’s adhgrence to the

World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT)
.org/iso/foreword.html.

This |[document was prepared by Technical Committee ISO/TC 79, Light metals and
Subcqmmittee SC 2, Organic and anodic oxidation coatings on aluminium.

see WwWw.iso

their alloys,

This third edition cancels and replaces.the second edition (ISO 8251:2011), which has been technically

revis¢d. The main technical changes are as follows:

— preparation for test specimens-has been added;

— for expression of results,loss of mass has been added;

— spme expressions of tésults have been moved to Annex B;

— standard speciinen made of PMMA sheet has been added.

Any feedback gryquestions on this document should be directed to the user’s national standards body. A

comp]ete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The resistance of anodic oxidation coatings to abrasion is an important property. As it is dependent upon
the composition of the metal, the thickness of the coating and the conditions of anodizing and sealing,
it can give information about the quality of the coating, its potential resistance to erosion or wear and
its performance in service. For example, the effect of an abnormally high anodizing temperature, which
could cause potential deterioration in service by chalking of the surface layers, can be readily detected
by means of an abrasive wear resistance test.

The use of the term “abrasion resistance” is a convention of the industry. Strictly, the property should
be described_as “wear resistance”. There are different tvpes of wear including abrasive wear and
erosive wearp

vi © ISO 2018 - All rights reserved
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Anodizing of aluminium and its alloys — Measurement of
abrasion resistance of anodic oxidation coatings

1 S

cope

This document specifies the following tests:

a) a

o)

b) a
W
c) fd
f2
The y
descr

2 N

The f
const|
undaf

ISO 6
[SO7

brasive-wheel-wear test, determining the abrasion resistance of anodic oxidatiom.g
brasive wheel on flat specimens of aluminium and its alloys;

prasive jet test, determining the comparative abrasion resistance of anodic-oxidat
ith jet of abrasive particles on anodic oxidation coatings of aluminium and'its alloys;

1lling sand abrasion test, determining the abrasion resistance of anodic oxidation g
1lling sand on thin anodic oxidation coatings of aluminium and its.alloys.

se of abrasive-wheel-wear test and abrasive jet test for coatings produced by hard
jbed in ISO 10074.

ormative references

bllowing documents are referred to in the textin such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referénced document (including any amendmg

B44-1, Coated abrasives — Grain size analysis — Part 1: Grain size distribution test

b83, Anodizing of aluminium and jts-alloys — Terms and definitions

oatings with

ion coatings

oatings with

anodizing is

their content
applies. For
ents) applies.

n — Part 1:

ISO 7823-1, Plastics — Poly(methyl methacrylate) sheets — Types, dimensions and charqcteristics —
Part {: Cast sheets

ISO 8486-1, Bonded abrasives — Determination and designation of grain size distributiq

Macrqgrits F4 to F220

3 Terms and'definitions

For th
ISO a1

e purposes of this document, the terms and definitions given in ISO 7583 and the fol

1d-lEC' maintain terminological databases for use in standardization at the following

owing apply.

addresses:

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

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

3.1

standard specimen
specimen produced in accordance with specified conditions

Note 1 to entry: The conditions are specified in Annex A.
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4 Characteristics of abrasion tests

4.1 General

In the scope of this document, there are three kinds of abrasion tests: abrasive-wheel-wear test (4.2),

abrasive jet t

est (4.3) and falling sand abrasion test (4.4).

4.2 Abrasive-wheel-wear test

Determination of the abrasion resistance by movement of a test specimen relative to an abrasive paper

under a spec

fied pressure. The wear resistance or the wear index of the lavers of oxide near the s

rface,

or of the whd
the test desc
NOTE 1 Ab

This testis a
its alloy sped

This test doe
test which wi

NOTEZ2 Mi

le oxidation coating thickness, or of any selected intermediate zone may be determnii]
Fibed.

rasive-wheel-wear test determines the resistance to abrasive wear.

bplicable to all anodic oxidation coatings of thickness more than 5 pum on-flat alumini
imens.

s not apply to concave or convex specimens; these may be examined using the abras
ill give an average value for the abrasive resistance of the coating.

himum test specimen dimensions of 50 mm x 50 mm are normally used.

4.3 AbrasIve jet test

Determinati
a test specim

NOTE1 Ab

This test is 4
alloys. Itis p
the abrasive

n of the comparative abrasion resistance by the impact of abrasive particles project

Fasive jet test determines the comparative resistance to erosive wear.

pplicable to all anodic oxidation coatings of thickness more than 5 um on aluminium
rimarily intended for surfaces which are not flat. If suitable flat test surfaces are ava
Lwheel-wear test is the prefetred test. Production components may be tested w

3
en. The mean specific abrasion resistance of-ahodic oxidation coatings can be deter

ed by

lm or

ve jet

onto
ined.

or its
lable,
thout

cutting if thg apparatus chamber can acGommodate these.

NOTE 2  Thjs test is particularly suitable for small test specimens because the individual test area requjred is

only about 2 mm in diameter.

4.4 Falling sand abrasion test

Determinati¢n of the,abrasion resistance by the impact of freely falling abrasive particles onto gnodic

oxidation cojtings.

This test is spiitable to thin anodic oxidation coatings, generally less than 15 pm.

NOTE Falling sand abrasion test determines the resistance to erosive wear.

5 Abrasive-wheel-wear test

5.1 Principle

The anodic oxidation coatings on a test specimen are abraded, under defined conditions, by reciprocal
motion against a strip of silicon carbide paper attached to the outer circumference of a wheel. After each
double stroke, the wheel turns through a small angle to bring an unused portion of the abrasive strip
into contact with the test area. The decrease in coating thickness or mass obtained is used to calculate
the wear resistance, mass wear resistance, wear index or mass wear index. This result is compared
with that obtained using a standard specimen or reference specimen.

© ISO 2018 - All rights reserved
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The measuring method of coating thickness normally requires an eddy-current meter with a probe of
less than 12 mm diameter. If this is not available, the method of loss in mass should be used.

NOTE A complete presentation of the wear characteristics of the anodic oxidation coatings can be obtained
by progressively abrading the test area, until the substrate metal is revealed, and then constructing a graph to
show the relation between the coating thickness removed and the number of double strokes used. This is referred
to as a depth survey of the anodic oxidation coatings (see Annex C).

The testing environment should be at room temperature and the relative humidity should be under 65 %.

5.2 Apparatus

5.2.1| Abrasive-wheel-wear test apparatus

The apparatus consists of a clamping device or pressure plate for holding the test specimen level and
rigid,Jand a 50 mm diameter wheel to the outer circumference of which is attached a 12 mm wide strip
of silicon carbide paper. The force between the wheel and the test surface-shall be capable of being
variedl from zero to at least 4,9 N with an accuracy of # 0,05 N. The abrasive action is prdduced either
by th¢ fixed wheel sliding to and fro in a horizontal plane in parallel contact'with the test surface over a
30 mm length or, alternatively, by the test specimen sliding in a similar'way over the statipnary wheel.
Typicpl apparatus is illustrated in Figure D.1.

Afterleach double stroke, the wheel is advanced through a smalbangle to bring a fresh arealof the silicon
carbigle paper into contact with the specimen surface beforéumaking the next double stroke. The angle
of rotjation is such that, after 400 ds, the wheel will havettnade one complete revolution. At this stage,
the stirip of silicon carbide paper shall be renewed. The télative speed of movement shall be (40 + 2) ds
per njinute. The number of double strokes can be registered by means of a counter, and provision is
normplly made for the apparatus to switch off automatically after a preset number of dquble strokes
has bgen reached (400 ds maximum). The test specimen surface shall be kept free from loolse powder or
abrasjion detritus during the test.

5.2.2| Abrasive strip

The 3brasive strip consists of P820 silicon carbide paper (the specification of which shall be in
accorfance with ISO 6344-1) 12" inm wide. Its length, 158 mm, shall be such that it covers|the abrasive
whee| without overlapping, and it shall be bonded into position.

NOTE P320 paper is 454m grade (320 mesh).

5.2.3| Eddy-current meter

An eddy-current meter with a suitable diameter probe is described in ISO 2360.

5.2.4| _Balance

Use a laboratory balance with a readability of 0,1 mg.
5.3 Procedure

5.3.1 Standard specimen
Prepare the aluminium standard specimen specified in Annex A.

If agreed between the interested parties, a standard specimen made of poly(methyl methacrylate)
(PMMA) sheet in accordance with ISO 7823-1 may be used.

NOTE Aluminium standard specimen and PMMA standard specimen specified in Annex A have different

abrasion resistance, about five times difference. For the purpose of comparison of the loss of mass, PMMA
standard specimen is used by adjusting the number of double strokes.

© ISO 2018 - All rights reserved 3
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5.3.2 Test specimen

5.3.2.1 Sampling

The test specimen shall be taken from a significant surface of the product, and shall not be taken near
an edge of the part for possible distortion and/or non-uniformity.

Where it is impossible to test the product itself, a test specimen may be used. However, in this case, the
test specimen used shall be one which is representative of the product, and it shall be made from the
same material and prepared under the same conditions of finishing as those used for the preparation of
the product.

The aluminilllm alloy, the manufacturing conditions (kind and temper of the material), and thée 51|1rface
condition before treatment shall be the same as those of the product.

Pretreatmenlt, anodizing and sealing shall be performed in the same baths and under the|same
conditions ag the treatment of the product.

5.3.2.2 Si

e
The standa:]l size of the test specimen should be 50 mm x 50 mm.

5.3.2.3 Treatment before testing

The test spedimen shall be clean, free from dirt, stains and other foreign matters. Any deposits or $tains
shall be rem¢ved with a clean, soft cloth or similar material which is wetted by water or an appropriate
organic solvent such as ethanol. An organic solvent which can'corrode the test specimen or genefate a
protective film on the test specimen shall not be used.

5.3.3 Test|procedure

5.3.3.1 Thg¢ standard specimen and/or the(test specimen shall be tested by the following proc¢dure.
The abrasive|strips used for the test specimen shall be the same lot as the one for the standard spedimen.
A reference gpecimen may be used by agreement between the interested parties (see Annex B).

5.3.3.2 Selgct the test area of the'standard specimen and/or the test specimen to be abraded. Mdasure
the anodic okidation coating thickinesses of the standard specimen and/or the test specimen in efch of
at least threq positions alonghe test area by means of the eddy-current meter and calculate an average
thickness value (d1). For change in mass, weigh the mass (m1) of the standard specimen and/or tHe test
specimen to fhe nearest;0,1 mg by means of the balance.

the test specjmén.is not rigid, bond it firmly with an adhesive to a rigid metal sheet with a flat syrface
before carrying-out the test

5.3.3.3 Clamp theistandard specimen and/or the test specimen into the position on the appara{fus. If

5.3.3.4 Attach anew abrasive strip to the circumference of the abrasive wheel. Adjust the force between
the wheel and the test surface to 3,9 N+ 0,1 N.

5.3.3.5 Allow the apparatus to run for 400 ds or an adequate number of double strokes corresponding
to the coating thickness and the kind of aluminium alloys.

5.3.3.6 Remove the standard specimen and/or the test specimen from the apparatus, wipe carefully to
remove any debris. Determine the average thickness value (dz) or weigh the mass (m3). A 3 mm length at

4 © ISO 2018 - All rights reserved
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one extremity of the test area can be subject to extra wear because of the continual wheel rotation which
takes place at this point; this area should be ignored when taking the thickness measurements.

Freshly exposed anodic oxidation coatings can gain in mass by absorbing water vapour. The
determination shall be carried out as early as possible after the test is finished.

5.3.3.7 Carry out at least two further tests on the same standard specimen and/or the test specimen
with test areas that are not overlapped. Follow the procedure specified in 5.3.3.2 to 5.3.3.6.

Determine the average thickness and/or mass of at least three standard specimens and/or test
specimens, before abrasion (d; and/or m1) and after abrasion (dz and/or m3).

5.4 |Expression of results

5.4.1| General
The ekpression of results should be chosen from 5.4.2 to 5.4.5.

Other] expression of results may be chosen by agreement between the interested parties (§ee Annex B).

5.4.2] Wear resistance

The wear resistance, Ry, in double strokes per micrometre, cah be expressed using Formulla (1):

N
Ry =—— 1
" d,-d, W
wher¢
N is the number of double strokes;

dj is the average thickness, inmicrometres, before abrasion;

dp  isthe average thickness;in micrometres, after abrasion.

5.4.3| Mass wear resistance

The npass wear resistarice; Rmw, in double strokes per milligram, can be expressed using Formula (2):

N
Rhgyy = — 2 @
My,
wher¢
N is-the-numberof doublestrokes:

m1  is the average mass, in milligrams, before abrasion;

mp  is the average mass, in milligrams, after abrasion.

5.4.4 Wear index
The wear index, Iy, can be expressed using Formula (3):

I = dy —dyy
Wod, —d
1s 2s

(3
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where
d1t i
dot i
dis i
dos i

s the average thickness, in micrometres, of the test specimen before abrasion;
s the average thickness, in micrometres, of the test specimen after abrasion;
s the average thickness, in micrometres, of the standard specimen before abrasion;

s the average thickness, in micrometres, of the standard specimen after abrasion.

5.4.5 Mass wear index

The mass we

m
Inqw =—
m

where
mit i
moy¢ i
mis i
mag i
6 Abrasi}
6.1 Princi

Dry silicon c
conditions o}
is exposed, a
or the mass
standard spd

6.2 Appaj

6.2.1 Abrs

NOTE Th

ar index, Imw, can be expressed using Formula (4):

1t — Moy

1s —Mys

s the average mass, in milligrams, of the test specimen before abrasion;
s the average mass, in milligrams, of the test specimen after\abrasion;
s the average mass, in milligrams, of the standard spegimen before abrasion;

s the average mass, in milligrams, of the standard Specimen after abrasion.

ye jet test

ple

hrbide particles are projected in\astream of dry air or inert gas under carefully cont
ito a small area of the surface te be tested. The test is continued until the substrate
fter which the abrasion resistance of the coating is expressed from either the time
of silicon carbide used¢ The result is compared with that obtained using an alum
cimen or reference specimen.

atus

sive jet test apparatus

b abrasive jet test apparatus is shown in Figures E.1 and E.2.

(4)

rolled
metal
taken
nium

6.2.1.1 Ab

4 Ln 1 rcades gz o1l £ 4 1 ol 4.1 ool oas s ]
doIVT JTU MTULZLIT, LUIISISUILIG TSSTIUAITY U twU gl1dssS Ul ITITLAL TUDTS SUpPpPUTictU TIgid

'y and

coaxially. The outer tube is connected to a supply of clean, dry, compressed air or inert gas, which can
be delivered at a carefully regulated flow rate. Dry abrasive particles are supplied to the inner tube, at
the exit end of which they mix with the air stream to form an abrasive jet which is directed onto the test

specimen.

No restriction is placed upon the design of the abrasive jet nozzle, except that it shall give reproducible
results in successive tests, and that it shall allow consistent measurements to be made.

NOTE A number of satisfactory designs of the jet nozzle have been constructed but it has proved difficult in
practice to manufacture a series of jets which give identical results, or to make any that are not subject to drift
and variations. Designs that have proved satisfactory are shown in Annex E.

© ISO 2018 - All rights reserved
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6.2.1.2 Test specimen support, comprising an inclined platform on which the test specimen is firmly
and rigidly supported such that the angle between the plane of the test area and that of the jet axis is in
the range 45° to 55°. The jet is usually vertical.

NOTE E.2 describes an apparatus where the angle is 55°. The larger angle produces a less elliptical test area,
more rapid abrasion and a sharper end point.

6.2.1.3 Air or inert gas supply, fed to the outer tube from a compressor or gas cylinder and controlled
accurately by means of a regulating valve and a manometer situated near the apparatus. The air or inert
gas shall be dry, or have constant low humidity.

NOTEd—TFhe-inertgas—ecanbe-dried-bypassingit-threugh-tubes—centainingsiieagel—Compressed air passed
through a holding reservoir where condensed water vapour is collected will have a satisfa¢tpry and fairly
constdnt humidity.

NOTE[2  The pressure is typically 7,5 kPa * 0,5 kPa.

6.2.114 Hopper, for storage of the abrading medium and capable of supplying this at a Jteady rate of
20 g/min = 1 g/min to 30 g/min * 1 g/min.

6.2.2| Abrading medium

Silicoh carbide particles of a grade recommended by the manufacturer of the apparatus shpuld be used.
A suitjable grade of abrasive is 125 um mesh size: F100 in accordance with ISO 565 and 1SQ 8486-1.

The aprading medium shall be free from moisture and.§hall be dried before use and passed through a
coarsg sieve (for example, of 180 um or 300 um nomiinal aperture size) to ensure freedom from large
partigles or fibres which might interfere with the rate of abrasive flow.

The ‘jried medium may be re-used up to 50 times; after each use, the medium should be dried, passed
throuigh a coarse sieve and stored in a clean, tightly closed container.

NOTE Ambient humidity has little effect on the test result, but can have a very considerable effect if the
mediym is re-used without drying.

The t¢sting environment should be'at room temperature and the relative humidity should b¢ under 65 %.

6.2.3| Eddy-current meter

An eddy-current metet_with a suitable diameter probe is described in ISO 2360.

6.2.4| Balanece

Use allaboratory balance with an accuracy of 1 g.

6.3 "Procedure

6.3.1 Standard specimen

Prepare the aluminium standard specimen specified in Annex A.
6.3.2 Testspecimen

6.3.2.1 Sampling
See 5.3.2.1.
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6.3.2.2 Size

The standard size of the test specimen should be about 100 mm x 100 mm.

6.3.2.3 Treatment before testing

See 5.3.2.3.

6.3.3 Calibration of apparatus

6.3.3.1 Select and mark the areas of the standard specimen to be abraded. Accurately measu

re the

anodic oxida

6.3.3.2 Fix
the jet orificg

6.3.3.3 Fill

determined in terms of the mass of abrading medium used, weigh the hopper-and abrading medi

the nearest 1

6.3.3.4 Set|
maintained t

The air or g
standard sp
indicated by

6.3.3.5 Sta
ensure that t|

6.3.3.6 Kedg
of the abrad
stopping the
be determing
standard spe

6.3.3.7 Re
abrading me
(Ss) in either

6.3.3.8 Car
procedure sy

ed area and rapidly enlarges\to approximately 2 mm in diameter terminate the td

Fion coating thickness (d) in each test area by means of an eddy-current meter.

the standard specimen in position in the test apparatus with the selected test.area be
and at the correct angle to the jet axis.

the hopper with sufficient silicon carbide for the test. If the abrasion resistance is

g using the balance.

hroughout each test and any series of tests.

s pressure should be adjusted to give a rate of abrasion that is convenient for bof
pcimen being tested and for the test specimén: The preferred pressure, is nor
the instrument manufacturer but it may be vatied this for very soft, hard or thin coa

't the flow of abrading medium and simultaneously start a timer. Throughout the
he abrading medium flows freely.

p the standard specimen under observation; when a small black spot appears in the ¢

abrading medium flow and‘the timer simultaneously. It is recommended that the end
bd by using a circuit tester to measure the electrical resistance at the abraded area
cimen.

ord the time,«n-seconds, taken for the test. If required, weigh the hopper and re
dium, calculate-the mass in grams. The results give the abrasion of the standard spe
secondser'\grams.

ry Aut at least two further tests on other parts of the standard specimen. Follo
eeified in 6.3.3.1 to 6.3.3.7.

neath

being
um to

the air or gas pressure, to the specified (or selected) yalue, which shall be accufrately

h the
mally
tings.

b test,
entre
st by

point
n the

sidual
rimen

W the

6.3.4 Calibration of jet nozzle

6.3.4.1 General

Since individual jets can vary with use and one with another, it is necessary to correct each set of
measurements by means of calibration determinations using a standard specimen as in 6.3.3. This
enables the abrasive jet factor for the set of measurements to be calculated.

6.3.4.2 Change of jet nozzle or abrasive characteristics with time

For any series of test measurements, repeat the procedure specified in 6.3.3 once or twice daily in order
to allow a correction to be made for changes of jet nozzle or abrasive characteristics with time.
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6.3.4.3 Jetnozzle replacement

After jet nozzle replacement, repeat the procedure specified in 6.3.3 to allow correction for changes in
jet nozzle characteristics.

6.3.5 Determination

Carry out the procedure specified in 6.3.3 using the test specimen instead of the standard specimen.

6.3.6 Use of a reference specimen

Unde SUIIIC Lil CUIIISUAIICCES, rUI cxdmpie fUI COIILI Ui purposcs, iL ib COUIIIITIOIN Pl dLLiLE CO USE a reference
specinen for comparison and, if this is required, the procedure specified in 6.3.3 shall befgllowed using
the rdference specimen in place of the standard specimen.

6.4 |Expression of results

6.4.1| General

The ekpression of results should be chosen from 6.4.2 to 6.4.4.

6.4.2| Abrasive jet factor

The aprasive jet factor, K, can be expressed in micrometrésper second or micrometres per gram, using

Formpla (5):

d
K=-5x10 (5)

S

wher¢

di is the coating thickness, in micrometres, of the standard specimen in the area fested before
abrasion;

St is the abrasion, in seConds or grams, of the standard specimen.

Wher] the abrasive jet factor has been determined for a jet nozzle used under any spe¢cified set of
condifions, it is essential that measurements made with that jet nozzle should be multiplied by this factor.

6.4.3| Mean specific abrasion resistance

The means specific abrasion resistance, R, of the coating at any test point with reference to the value
obtaiped<n a standard specimen can be expressed using Formula (6):

JIZC
nNo t

R_T (6)

where

K isthe abrasive jet factor;

St is the abrasion, in seconds or grams, of the test specimen;

dy isthe coating thickness, in micrometres, of the test specimen in the area tested before abrasion.
The values quoted shall be the mean of not less than three determinations.

NOTE1 The mean specific abrasion resistance is a ratio with no dimensions.
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NOTE 2  Anodic oxidation coatings can be variable through their thickness and the measured value is an
average property for the whole coating thickness.

6.4.4 Relative mean specific abrasion resistance

If the abrasive jet apparatus is used for comparison with an agreed reference specimen, the relative
mean specific abrasion resistance, Rye], can be expressed as a percentage, using Formula (7):

S, d
Ry =—-Xx—Lx100 (7)
de S,
where
Sr is the abrasion, in seconds or grams, of the reference specimen;
dy is the coating thickness, in micrometres, of the reference specimen inthe area fested

before abrasion;
Stand d¢|] are as defined in 6.4.3.
The value qyoted shall be the mean of not less than three determinationsor both the test spe¢imen

and the referlence specimen.

7 Falling[sand abrasion test

7.1 Principle

Dry silicon carbide particles fall onto a small area of the'surface to be tested. The test is continued until
the substrat¢ metal is exposed, after which the abrasion resistance of the coating is calculated from the
time taken.

7.2 Apparatus

7.2.1 Falling sand abrasion test apparatus

The test appgiratus for this abrasion test comprises a hopper, a funnel, a shutter plate and a guide tube.
The components of the apparatus shall comply with the requirements in Table 1; an example of[a test
apparatus isfshown in Figure F/1.

Table 25~ Requirements for the falling sand abrasion test apparatus

Apparatus Requirements

Funnel The funnel shall be made of glass, have an angular aperture of 60°, an inside
diameteratthe hopperendof 70, a teg tengtirof SO, amimside diame-
ter of the leg of 5,0 mm * 0,4 mm, with a smooth finish on the inside lower part
of the funnel and inside the leg, and be capable of delivering abrasive particles
at the rate of 320 g/min + 10 g/min. The rate of delivery of abrasive particles
shall be controlled by moving up and down a control bar suspended at the
centre of the funnel.

Guiding tube The guiding tube shall measure 970 mm in length and 20 mm in inside diameter.
Test specimen-supporting The test specimen-supporting stage shall be capable of fixing a test specimen
stage at 45° £ 1° to the vertical, and of adjusting the distance between the lower end

of the guiding tube and the test specimen to 30 mm * 2 mm.
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Ohmmeter

The ohmmeter, which is used for checking the exposed substrate metal surface of the test specimen,
shall meet the following conditions:

a) scale of 5000 Q shall be accurately indicated;

b) tip of contact probe shall have a smooth, spherical surface.

7.2.3

Abrading medium

The grit designation of abrading mediums shall be silicon carbide of F80 in accordance wit

The aBrading medium shall not be reused more than 50 times.

7.3

7.3.1

See 5|

7.3.2
The s

7.3.3

See 5|

7.4
The t¢

7.5

Test specimen

Sampling
3.2.1.

Size
fandard size of the test specimen should be 100 mm x 10Q mm.

Treatment before testing

3.2.3.

Test environment

esting environment should be at roem;temperature and the relative humidity should b¢

Test conditions

The
Ther

7.6

7.6.1

The :[ngle of the test specimen te’the falling sand shall be 45° + 1°.

istance through which/the abrading mediums fall shall be 1 000 mm.

hte of delivery,of the abrading mediums shall be 320 g/min + 10 g/min.
Test procédure

General

h [SO 8486-1.

e under 65 %.

The testshall be carried out by either the procedure described in 7.6.Z or In /.6.3.

7.6.2

Electrical conductivity method

In this method, the end point shall be determined by measurement using an ohmmeter.

a) Putabrading mediums into the hopper and open the shutter to let them fall for about 1 min. Then
confirm the quantity of falling abrading mediums to be in the specified range (320 g/min + 10 g/
min). If they are not in this range, adjust the control bar up or down to correct the position.

b) Fix the test specimen on the test specimen-supporting stage, keeping the surface of the specimen
to be tested at an angle 45° to the vertical.

c) Fix the test specimen-supporting stage in the position where the surface of the test specimen is
30 mm from the lower edge of the guide tube.

© ISO 2018 - All rights reserved
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d)

f)
g)

7.6.3 Spotdiameter method

In this methg¢d, the end point shall be determined by visual observation.

a)

7.7 Expression of results

7.7.1 Electrical conductivity method

The test resylts shall be expressed either as the shortest time (tnmin), in seconds, needed for the abt
of the anodidoxidation coatings to expose the substrate metal or as the wear resistance, Ry, in ui
s/um, using Formula (8):

Open the shutter to let the abrading mediums fall until the substrate metal surface is exposed

(visible by a colour change) and determine the time (t), in seconds, during which the abr
mediums were falling.

Repeat the operation described in d) at several places on other areas of the test specimen for

ading

times

t £ 10 %. Select the subsequent test positions at 15 mm horizontally and 25 mm orthogonally to
the horizontal on the specimen surface. It is not permitted to stop the abrading mediums falling

during a test.

After stopping the sand falling, clean the surface of the test specimen with a soft, dry cloth.

Measure the electrical resistance between the substrate metal and the tested surface with the

ohmmetpr. Measurements shall be carried out three times at each test area using the tip_pf the

contact probe. It shall be deemed that the substrate metal has been exposed if at least o
value is below 5 000 Q.

ing mediums into the hopper and open the shutter to let themfall for about 1 min.

Fix the holder in the position where the surface of the test specimen is 30 mm from the lowe;
of the gulide tube.

Open th¢ shutter to let the abrading mediums, fall until the surface of substrate metal is ex
as an ar¢a about 2 mm in diameter (visible by a tolour change) and record the time (t), in sec
during which the abrading mediums fell.

Repeat the operation as described in.d).two or more times at other areas of the test specim
times t 410 %. Select the subsequerntiteést positions at 15 mm horizontally and 25 mm orthog
to the h¢rizontal on the specimen-surface. It is not allowed to stop the abrading medium f
during altest.

test

Then
10 g/

gle of

edge

bosed
onds,

en for
bnally
alling

asion
hits of

t

_ “min

Ruve =
WF ="

where

12

tmin  is the shortest time, in seconds, for the substrate metal to be exposed;

d is the coating thickness, in micrometres, before the wear resistance test.

(8)
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Spot diameter method

The test results shall be expressed as the shortest time (tnin), in seconds, needed for the abrasion to
expose the substrate metal as a small black spot about 2 mm in diameter.

8 Testreport

The t

est report shall include at least the following information:

a) areference to this document, i.e. ISO 8251:2018;

b) i

specimen;

c t

d) the number of test points and their location on the test surface;

e) ahy other observations concerning the conduct of the test or the nature of the test
test area;

f) ahy deviations from the procedure;

g) ahy unusual features observed;

h) the date of the test;

For the abrasive-wheel-wear test, the following additional information shall be included:

i) the force between the abrasive wheel and testsurface;

j) the abrading medium used;

k) the expression of results, as required; of wear resistance, mass wear resistance, wea

ear index or other expressions (see Annex B);

For the abrasive jet test, the following additional information shall be included:

1) the angle between the plarie of the test area and the jet axis;

m) the abrading mediunrand its particle size;

n) the air or gaspressure;

o) the value6fthe mean specific abrasion resistance or the relative mean specific abrasig

For the falling sand abrasion test, the following additional information shall be included:

t 1 i H aH | 34 3] 3
p 11T duUl aulus IIICTUIUIIT UsSsTU dliu ItS lJal LICIT 514C,

e apparatus used;

rhe reference

specimen or

" index, mass

n resistance;

q) the expression of results of wear resistance in the case of an electrical conductivity method or the
shortest abrasive time in the case of a spot diameter method.

© ISO

2018 - All rights reserved
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A.1 General

Annex A
(normative)

Preparation of the standard specimen

A standard specimen made of aluminium shall be used for change in thickness and mass (see A:2)|

Alternatively, if agreed between the interested parties, a standard specimen made of PMMA may be

used for chapge in mass (see A.3).

A.2 Alumjnium standard specimen

A.2.1 Aluminium specification

The aluminiy

follows:
Aluminium specification: Al199,5 Al min. 99/5 %
Temper: H14 or H24

Normal test $pecimen size: 140 mm x 70 mm

Thickness:

A.2.2 Pretreatment

Degreasing dnly (light caustic etchingj.electropolishing or chemical polishing is permissible).
A.2.3 Anogizing
Bath compodition:

Free sulfuridacid coneenitration: 180 g/l1+ 2 g/1

Aluminium doncefitration: 2g/1to 10 g/l

Rest:

m standard specimen shall be prepared from polished orbright-rolled aluminium sheet as

1,0 mm to 2,0 mm,

deionized water (inn-m{rhnngpd \/\mfpr)

Conditions of anodizing:

Temperature:

Current density:

20°C+0,5°C

1,5A/dm?2 + 0,1 A/dm?

Agitation: with large volumes of low pressure air from a blower, compressed air
and/or solution circulation

Anodizing time: 45 min

Anodic coating thickness: 20 um £ 2 pm

14 © ISO 2018 - All rights reserved
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The aluminium standard specimen shall be anodized vertically with the longer axis horizontal in the
bath, maintaining vigorous agitation over the anodic surface and smooth direct current with not more
than 5 % ripple. Not more than 20 standard specimens shall be anodized at one time and the volume of
the electrolyte shall be not less than 10 | per standard specimen.

NOTE 1

all the conditions.

NOTE 2  The standard specimens have inherent variations of + 10 %.

A.2.4 Sealing

Sealing shall be carried out for 60 min in boiling deionized water (ion-exchanged water)c

The standard specimens are most accurate and reproducible if anodized singly with careful control of

of ammonium acetate per litre, at pH 5,5 to 6,5.

A3

The PMMA standard specimen shall be made of Poly(methyl methacrylate) (PMMA) sheet i

with

PMMA standard specimen

SO 7823-1.

bntaining 1 g

h accordance

© ISO 2018 - All rights reserved
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Annex B
(informative)

Other expressions of results for the abrasive-wheel-wear test

B.1 Reference specimen

B.1.1 Gen¢

Due to the
these finishd
comparative

B.1.2 Initi

Carry out an
than 3 pm, a
specimen su
number of d¢

bral

relatively high abrasion resistance of integral colour anodized specimens; testi
s normally requires the use of a reference specimen produced by the same procesg
Lwear-test.

Al determination

initial determination in accordance with 5.3.3. If the thickness-oss in the test area
ljust the abrasion conditions either by increasing the force’between the wheel and tH
Fface, or by employing a coarser grade of silicon carbide‘paper. Alternatively, an incr
uble strokes may be used.

Unless a depth survey is being carried out (see Annex C), the.abrasion conditions should be adj

to give a coa
equivalent o
be made abo

B.1.3 Test

B.1.3.1 Gel

Comparison
this case, eit
comparative
reference sp

fing thickness loss of (5 + 3) um after 400 ds. If less of mass is to be determined, the
(5 £ 3) um coating thickness is required tode known. This necessitates an assumpt]
1t the coating density or, alternatively, this\can be estimated by means of ISO 2106.

procedure

neral

of the abrasion of the teSt)specimen can be made with that of a reference specim
her comparative loss_in-thickness or comparative loss in mass can be determined
wear rate and comparative mass wear rate are expressed as a percentage of that
pcimen.

B.1.3.2 Comparative 10ss of thickness

Determine t}
established i

Calculate the

h B.1:2;-using the procedure specified in 5.3.3.

comparative wear rate in accordance with B.1.4.1

ng of
s in a

s less
e test
eased

usted
mass
ion to

en. In
|. The
bf the

e loss imthickness of the test specimen and of the reference specimen under the condjitions

B.1.3.3 Comparative loss of mass

Determine the loss in mass of the test specimen and of the reference specimen under the conditions

established i

n B.1.2, using the procedure specified in 5.3.3.

Calculate the comparative mass wear rate in accordance with B.1.4.2.

16
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B.1.4 Expression of results

B.1.4.1 Comparative wear rate

The comparative wear rate, Rcw, can be expressed using Formula (B.1):

d,.—d
Rew =1r—erx100 (B.1)
1t — Y2t
where
dlir is the average thickness, in micrometres, of the reference specimen hefpre abrasion;
dpr is the average thickness, in micrometres, of the reference specimen after abrasion;

dji+ and dy¢ are as defined in 5.4.4.

B.1.4{2 Comparative mass wear rate

The cpmparative mass wear rate, Rcw, m, can be expressed using Foraiula (B.2):

Rew m = 205100 (B.2)
My =My
where
M1r is the average mass, in milligrams, of the reference specimen before aljrasion;
mMor is the average mass, in milligrams, of the reference specimen after abrasion;
mitand my;  are as defined in 5.4.5.

B.2 |Standard specimen
B.2.1 General
The sfandard specimen.and the test specimen may be tested and expressed by the following.

B.2.2 Test procedure

Deterpmine thé.average thickness or the average mass of the standard specimen and the test specimen
using|the procedure specified in 5.3.3.

B.2.3] "Expression of results

B.2.3.1 Wear resistance coefficient

The wear resistance coefficient, Cwg, can be expressed using Formula (B.3):

(B.3)
Rys dip—dy
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https://standardsiso.com/api/?name=e4423554af0e116b19df9e91d84037fa

ISO 8251:2018(E)

where
Rwt is the wear resistance, in double strokes per micrometre, of the test specimen;
Rws is the wear resistance, in double strokes per micrometre, of the standard specimen;
dis, d2s, are as defined in 5.4.4.
d1it and dy¢

B.2.3.2 Mass wear resistance coefficient

Th e Val o de 1 | - I 1 L4
€ IMassS wgar TesTstance;, CMWER, COCITICITIIT CalT DT CXPTressea usIg rormuld (D7),

Rmw,e  myg —my

CMwWR = . (B.4)
Mw,s M1y =Myt
where
Rmwt is the wear resistance, in double strokes per milligram, of th€test specimen;
Rmws is the wear resistance, in double strokes per milligram, of the standard specinen;
mis, M2g are as defined in 5.4.5.
m1t and Mot
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Annex C
(informative)

Depth survey of abrasion resistance

General

It can
thick
This §

on aly

C.2

C.2.1

A test
is rey

C.2.2

be necessary to establish the way in which abrasion or wear resistance changes
ness of anodic oxidation coatings and to determine this it is necessary to carry.gut a ¢
innex describes methods for determining the resistance to abrasion of anodicloxida
minium, progressively throughout the coating.

Abrasive-wheel-wear test

Principle

paled. The coating thickness is measured at the beginning and after each abrasion.

Apparatus

Use the apparatus specified in 5.2.

C.2.3

C.2.3

C.2.3
the te

Procedure
1 Determination

1.1 Measure the averagelcoating thickness of the test specimen as specified in 5
st specimen precisely in-the apparatus by means of positioning pins or stops attach

specimen-supporting stage,so-that successive abrasions can be carried out on a single test

C.2.3
accor

1.2 Carry out ‘the first abrasion as specified in 5.3.3.4 and 5.3.3.5, using only 20
ling to the anticipated hardness. Remove the test specimen and determine the ave

thickmess in the area as described in 5.3.3.6.

C.2.3

1. 3 Relocate the test specimen accurately in the apparatus and repeat the procedurg

in Cz

through the
lepth survey.
tion coatings

specimen is abraded on a single test area with a succession-of abrasions until the sulpstrate metal

3.3.2. Locate
bd to the test
hrea.

ds to 50 ds
rage coating

b as specified
]- Repeat the

the substrate metal is ]ust revealed

NOTE

NOTE

1  Atypical number of double strokes is: 50 - 100 - 200 - 400 - 800 and 1 200.

2

by successive tests of increasing duration on a series of adjacent test areas.

C.2.4 Expression of results

strokes until

Where accurate relocation of the test specimen is difficult or doubtful, the same result can be achieved

Calculate the change in resistance to wear through the coating thickness, and the appropriate wear
indices or wear resistance coefficients for any part of the coating using, if required, a graph of coating
thickness plotted against the number of double strokes used.

NOTE

The result of a depth survey can be related to that carried out on a standard specimen, if required.

© ISO 2018 - All rights reserved
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C.3 Abrasive jet test and falling sand abrasion test

C.3.1 Principle

A test specimen is abraded at a series of positions for increasing periods of time, the maximum time
being that taken to penetrate or reveal the coating completely (see 6.3.3.6 and 7.6). The mean specific
abrasion resistance or wear resistance is calculated at required depths through the coating.

C.3.2 Apparatus

Use the apparatus specified in 6.2 and 7.2.

C.3.3 Prodedure

C.3.3.1 Tegt specimen
Use a test spgcimen not less than 70 mm x 70 mm, prepared as follows.
a) Ifusing the falling sand abrasion test, clean the specimen.

b) Mark th¢ positions of between 6 and 12 test sites on the surface of the\test specimen so thaf they
are sepafated by intervals of 10 mm and 20 mm along and across the test specimen respectiviely.

c) Using an eddy-current meter fitted with a small probe of tip diameter less than 1 mm, measufe the
initial cdating thickness accurately at each test site, using theimethod specified in ISO 2360.

C.3.3.2 Determination using the abrasive jet test
C.3.3.2.1 Pfepare the apparatus in accordance with 6.3.3 and 6.3.4.

C.3.3.2.2 Ppsition the first test site of the test:specimen beneath the jet orifice at the correct angle and
abrade the tgst specimen until the coating is just penetrated completely.

Note the time (f) taken, in minutes, and-divide this by the number of remaining test sites (n-1) to dlerive
a unit value for abrasion time, t*, wheret* = t / (n-1).

C.3.3.2.3 sing the same conditions, abrade the second test site for t* min, the third test site for 2¢* min
and so on, until all of the test'sites have been abraded. Record the mass of silicon carbide used for each
test site.

C.3.3.2.4 Affter completing abrasion at a given test site, remove the test specimen, clean the test syirface
with a soft cloth,and, using the method specified in ISO 2360, carefully measure the minimum c@ating
thickness rethaining at that site. The eddy-current meter used for the measurement should be prqvided
with a probelaf-diameter le han 1 mm. Confirm the zero thickne ing for example a low-voltage
continuity probe.

C.3.3.2.5 Carry out a separate test on a standard specimen (see Annex A) to determine the abrasive jet
factor, K (see 6.4.2).

C.3.3.3 Determination using the falling sand abrasion test

C.3.3.3.1 Prepare the apparatus in accordance with 7.4, 7.5 and 7.6.2 a).

C.3.3.3.2 Position the first test site of the test specimen where the sand will fall on it in accordance
with 7.6.2 b) and 7.6.2 c), and abrade the test specimen until the coating is just penetrated completely.
This may be verified by using an ohmmeter when the contact resistance is below 5 000 £, or by visual
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observation when the exposed area of the substrate metal surface is about 2 mm in diameter (visible by a
colour change). Note the time (t) taken, in minutes, and divide this by the number of remaining test sites

(n-1)

to derive a unit value for abrasion time, t*, where t* =t / (n-1).

C.3.3.3.3 Using the same conditions, abrade the second test site for t* min, the third test site for 2t* min
and so on, until all of the test sites have been abraded. Record the mass of silicon carbide used for each
test site.

C.3.3.3.4 After completing abrasion at a given test site, remove the test specimen, clean the test surface
with a soft cloth and, using the method specified in ISO 2360, carefully measure the minimum coating

thickness remaining at that site The pddy-r‘nrrpn’r meter used for the measurement shonld

be provided

with 4

C.3.4

C3.4

a) t

b) the corresponding abrasion value using Formulae (C.1) and (C.2):

for the abrasive jet test

ts

for th

ts

wher

C.3.4
corre

specific abrasienfesistance of the coating over the depth of the coating.

The a

immediately below this value should be extrapolated from the point just above it, alth

obtai

© ISO

K| isthe abrasive jet factor;

o~
L

m is the mass, in grams, of silicon carbide powder delivered.

i probe of diameter less than 1 mm.

Expression of results

1 For each test site calculate

e thickness, in micrometres, of the coating removed, and

K or mK

g falling sand abrasion test

orm

is the abrasion time, jn\seconds;

2 Plot a graphwith the number of micrometres of coating removed as the absc
sponding abrasion values (see C.3.4.1) as the ordinate. The slope at any point on thg

brasiVe-jet test is not applicable to coating of less than 5 pm, in thickness. The portion

(C.1)

(€.2)

issa, and the
graph is the

of the graph
ough results

hod from thic vt Afrhn granh can ho coldnct +0 avnariantal Ay

TCO T ot o pot c Ottt gTopitT Cor ot oot trTto T pTrmcatar S ot
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Annex D
(informative)

Design of abrasive-wheel-wear test apparatus

D.1 No restriction is placed upon the design of the abrasion-wheel-wear test apparatus, provided that
it conforms with the general principles given in 5.2.

D.2

22

Figure

D.1 shows the basic design and layout of a suitable test apparatus.
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