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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bedies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch 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, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 8251 was prepared by Technical Committee ISO/TC 79, 
L igh t metals and their alo ys. 

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to any other International Standard implies its 
latest edition, unless otherwise stated. 

0 International Organkation for Standardkation, 1987 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO8251 : 1987 (E) 

Anodized aluminium and aluminium alloys - 
Measurement of wear resistance and wear index 
of anodic Oxide coatings with an abrasive wheel wear 
test apparatus 

0 Introduction 

Wear resistance tan be closely related to the quality of the 
coating and its Performance in Service, since it is dependent on 
the composition of the metal, the thickness of the coating, and 
the conditions of anodizing and sealing. For example, the effect 
of an abnormally high anodizing temperature (potential 
deterioration in Service with chalking of the sutface layers) tan 
be readily detected by means of an abrasive wear resistance 
test. 

In Order to make valid assessments of coatings, it is necessary 
to use a Standard method of test. Accordingly, the method 
specified herein has been selected for standardization. 

1 Scope 

This International Standard specifies a method of test for deter- 
mining the wear resistance and the wear index of anodic oxida- 
tion coatings on flat specimens of aluminium and its alloys by 
means of an abrasive wheel wear test apparatus. The wear 
resistance or the wear index of the layers of Oxide near the sur- 
face, of the whole Oxidation coating thickness, or of any 
selected intermediate zone may be determined thereby. 

This method is not applicable to concave or convex specimens; 
these tan be examined using the abrasive jet test method 
described in ISO 8252, which gives an average value for the 
abrasion resistance of the coating. 

2 Field of application 

The method is applicable to all anodic Oxidation coatings of 
thickness not less than 5 Pm on flat aluminium specimens. 

NOTE - Minimum test specimen dimensions of 50 mm x 50 mm are 
normally required (see clause 6 and 7.1). 

3 References 

ISO 2106, Anodizing of aluminiuni and its alloys - Determina- 
tion of mass per unit area fsurface densityl of anodic Oxide 
cos tings - Gra vimetric method. 

ISO 2128, Anodizing of aluminium and its alle ys - Determina- 
tion of thickness of anodic Oxide coatings - Non-destructive 
measuremen t b y Split-beam microscope. 

ISO 2360, Non-conductive coatings on non-magnetic basis 
me tals - Measurement of coating thickness - Eddy current 
method. 

ISO 8252, Anodizing of aluminium and its alle ys - Measure- 
men t of mean specific abrasion resistance of anodic Oxidation 
coatings with an abrasive jet test apparatus. 

4 Definitions 

For the purposes of this International Standard, the following 
definitions apply. 

4.1 Standard test specimen: A test specimen produced 
according to the conditions given in the annex. 

4.2 agreed reference specimen: A reference test 
specimen produced under conditions agreed between the pur- 
chaser and the anodizer. 

4.3 test specimen: The specimen on which the test is to be 
carried out. 

4.4 double stroke (ds): One complete reciprocal movement 
made by the abrasive wheel. 

5 Principle 

The anodic Oxidation coating on a test specimen is abraded 
under defined conditions by reciprocal motion against a Strip of 
Silicon carbide Paper attached to the outer circumference of a 
wheel. After each complete reciprocal movement [double 
stroke (ds)], this 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 so obtained is 
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ISO 8251 : 1987(E) 

used to calculate the wear index or wear resistance. This result 
is compared with that obtained using a specially prepared stan- 
dard anodized specimen (see the annex) or some other agreed 
reference specimen. 

NOTE - A complete representation of the wear characteristics of the 
anodic Oxidation coating tan 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 coating (sec 7.4). 

6 Apparatus 

61 . Abrasive wheel wear test apparatus. 

This apparatus consists of a clamping device or pressure plate 
for holding the test specimen (7.12) level and rigid, and a 
50 mm diameter wheel to the outer circumference of which is 
attached a 12 mm wide Strip of Silicon carbide Paper (6.2). The 
forte between the wheel and the test surface shall be capable 
of being varied from Zero to at least 4,9 N”, with an accuracy of 
+ 0,05 N. The abrasive action is produced either by the 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 stationary 
wheel. 

After each double stroke, the wheel is advanced through a 
small angle to bring a fresh area of the Silicon carbide Paper into 
contact with the surface before making the next double stroke. 
The angle of rotation is such that after 400 double strokes the 
wheel will have made one complete revolution. At this Stage 
the Strip of Silicon carbide Paper shall be renewed. The relative 
Speed of movement will be 40 & 2 double strokes per minute. 
The number of double strokes may be registered by means of a 
counter and Provision is normally made for the apparatus to 
switch off automatically after a preset number of double 
strokes has been reached (400 ds maximum). The test surface 
shall be kept free from loose powder or abrasion detritus during 
the test. 

NOTE - This method normally requires an eddy current coating 
thickness meter with a probe of less than 12 mm diameter. If this is not 
available, then the method of loss in mass should be used. 

62 . Abrasive Strip. 

The abrasive Strip consists of 45 Fm (320 mesh) grade Silicon 
carbide Paper 12 mm wide. Its length shall be such that it 
covers the abrasive wheel without overlapping, and it shall be 
either bonded or mechanically clamped into Position. 

63 . Eddy current meter, with suitable diameter probe. 

7 Procedure 

7.1 Testing 
sulfuric acid 

7.1.1 

f coatings produced by n 
nodizing 

Prepare the Standard 
scribed n the annex. 

Standard test specimen 

7.1.2 Test specimen 

test specimen using the method de- 

al 

Take the item to be tested and, where necessary and if poss- 
ible, tut a suitably sized test specimen without damaging the 
test area. 

NOTE - - Test dimensions of 50 mm x 50 mm are u 
(but see also 7. 1.4). 

sually required 

7.1.3 Calibration of apparatus 

7.1.3.1 Select and mark the area of the Standard test 
specimen (7.1.1) to be abraded. Accurately measure the anodic 
Oxidation coating thickness in each of at least three positions 
along the test area by means of the eddy current meter (6.3) in 
accordance with the method specified in ISO 2360 and 
calculate the average value dI. 

7.1.3.2 Clamp the Standard test 
apparatus (6.1). 

specimen into Position on the 

7.1.3.3 Attach a new Strip of Silicon carbide Paper (6.2) to the 
circumference of the abrasion wheel. Adjust the abrasive 
wheel, according to the manufacturer’s instructions, so that it 
gives uniform abrasion across the width of the test area. Adjust 
the forte between the wheel and the test surface to 3,92 N. 

7.1.3.4 Allow the apparatus to run for 400 double strokes 
(ds). Keep the abrasive action uniform by adjusting and main- 
taining the alignment of the abrasive wheel in accordance with 
the manufacturer’s instructions. Continuously remove any 
abrasion detritus by suction, blowing or frequent wiping with a 
fine brush. 

7.1.3.5 Remove the Standard test specimen from the 
apparatus, wipe carefully to remove any loose Oxide and 
determine the average coating thickness in the test area Wz) 
according to 7.1.3.1. 

NOTE - A 3 mm length at one extremity of the test area may be sub- 
ject 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. 

7.1.3.6 Carry out at least two further determinations on the 
Standard test specimen in test areas that do not overlap, using 
the procedure specified in 7.1.3.1 to 7.1.3.5. 

7.1.3.7 Calculate the wear ra te for the Standard test 
(sec 8.3) from the ave rage of the d eterminations. 

specimen 

* 4,9 N = 500 gf 
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ISO8251 :1987 (EI 

7.1.4 Determination 

Take the test specimen (7.1.2) and carry out the procedure 
specified in 7.1.3 using abrasive Strips from the same batch as 
was used for the calibration. If the test specimen is too thin, 
bond it firmly with an adhesive to a rigid metal sheet with a flat 
surface before carrying out the determination. The minimum 
test specimen size for a Single determination is 50 mm x 20 mm. 

7.2 Testing of coating S produced by integral 
col0 ur anodizing or by h ard anodiz ing 

7.2.1 Carry out the initial determination in accordance with 
7.1.4. If the thickness loss in the test area is less than 3 Pm, 
adjust the abrasion conditions either by increasing the forte 
between the wheel and the test sut-face, or by employing a 
coarser grade of Silicon carbide Paper. Alternatively, an 
increased number of double strokes may be used. 

NOTE - Unless a depth Survey is being carried out (see 7.4), the abra- 
sion conditions should be adjusted to give a coating thickness loss of 
5 -1: 3 Pm after 400 double strokes. 

If loss of mass is being used, then the mass equivalent of 
5 + 3 Fm coating thickness needs to be known. This requires 
an assumption about the coating density or else it should be 
estimated by means of ISO 2106. 

7.2.2 

7.3 

Calculate the comparative wear rate as specified in 8.5. 

Comparative wear testing 

7.3.1 Introduction 

Comparison of abrasion of the test specimen (7.1.2) is made, as 
agreed between purchaser and anodizer, with that of an agreed 
reference specimen (see 4.2) or with the Standard specimen. In 
these cases, either comparative loss in thickness or comparative 
loss in mass may be used. The comparative wear rate is 
expressed as a percentage of that of the agreed reference 
specimen. 

Carry out at least two further determina 
specimen i n test areas that do not overlap. 

NOTE - Freshly exposed Oxide may gain in mass by absorbing water 
vapour. Multiple tests on a Single Panel may therefore be subject to 
errors dependent on variations in atmospheric humidity. 

7.3.3.3 Repeat the procedure specified in 7.3.3.1 and 7.3.3.2 
on the agreed reference specimen. Calculate the comparative 
wear rate as specified in 8.4. 

7.4 Depth Survey of wear resistance 

7.4.1 Introduction 

In some cases, it may be required to establish the way in which 
the wear resistance changes through the thickness of the 
anodic Oxidation coating. In these cases, it will be necessary to 
carry out a depth Survey of wear resistance. 

7.4.2 Determination 

7.4.2.1 Take the test specimen and measure the average 
coating thickness as specified in 7.1.3.1. Precisely locate the 
test specimen in the apparatus by means of positioning pins or 
Stops attached to the specimen table so that successive abra- 
sions tan be carried out on a Single test area. 

7.4.2.2 Carry out the first abrasion as specified in 7.1.3.3 and 
7.1.3.4 but use only 20 to 50 ds (according to the expected 
hardness). Remove the test specimen and determine the 
average coating thickness in the area as specified in 7.1.3.5. 

NOTES 

7.3.2 Comparative loss of thickness 

7.4.2.3 Accurately relocate the test specimen in the 
apparatus and repeat the procedure specified in 7.4.2.2 for a 
further appropriate number (see note 1) of double strokes. 
Repeat the Operation of abrasion and thickness determination 
using an appropriate number of double strokes until the basis 
metal is just revealed. 

Determine the loss in thickness on the test specimen and on the 
agreed reference specimen using the procedure specified in 
7.1.4. 

Calculate the comparative wear rate as described in 8.3. 

7.3.3 Comparative loss of mass 

7.3.3.1 Select and mark the area of the test specimen to be 
abraded. Weigh the test specimen to the nearest 0,000 1 g 
(m,). Carry out the procedure specified in 7.1.3.2 to 7.1.3.4. 

tions on the test 

1 A typical of abrasion intervals sequence is : 50 - 100 - 200 - 
400 - 800 and 1 200 double strokes. 

2 Where accurate relocation of the test specimen is difficult or doubt- 
ful, the same objective tan be achieved by successive tests of increas- 
ing duration on a series of adjacent test areas. Such a test takes longer 
to perform. 

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

The result of a depth Survey 
dard specimen, if required. 

tan be related to that on a stan- 
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8 Expression of results 8.3 Wear index 

The wear index, WI, is given by the equation: 
8.1 Wear resistance 

W 
#/I = -2 

Ws 
The wear resistance, WR, 
micrometre, is given by the 

as double expressed 
equation : 

dlt - d2t = 
dis - d2s 

400 
WR = p 

dJ - d2 

wt is the wear rate of the test specimen; 
d, is the average thickness, in micrometres, before abra- 
sion (see 7.1.3.1) ; 

w, = d-lt - d2t 

4 
Pm/100 ds 

d2 is the average thickness, in micrometres, after 400 ds 
abrasion (see 7.1.3.5). Ws is the wear rate of the Standard test specimen; 

Ws = dis - d2s 

4 
~m/lOO ds 8.2 Wear resistance coefficient 

The wear 
equation 

resistance coeff icient, WRC, is given by the 
The wear index of a 
equal to 1. 

Standard specimen is defined as 

WR, 
WRC = - 

WR, 

NOTES 

1 Wear index is a ratio and is dimensionless. 

2 The wear index is an indication of the relative rate of wear and is the 
reciprocal of the wear resistance coefficient. Values greater than 1 in- 
dicate a greater degree of wear than that on the Standard test 
specimen. Values less than 1 indicate a lower degree of wear than that 
on the Standard test specimen. 

dis - d2s = 

dlt - d2t 

WR, is the wea r resistance, 
micro metre, of the test specimen 

in double strokes Per 8.4 Mass wear index 

The mass wear index, MWI, is given by the equation 
WR, is the wear resistance, in double 
micrometre, of the Standard test specimen; 

strokes Per 

MWt 
MWI = - 

MWS dis is the average thickness, in micrometres, of the stan- 
dard test specimen before abrasion (sec 7.1.3. 1); 

mit - m2t = 
mls - m2s d2s is the average thickness, in micrometres, of the stan- 

dard test specimen after 400 ds abrasion (sec 7.1.3.5) ; 

d,, is the average thickness, in micrometres, of the test 
specimen before abrasion (sec 7.1.3.11; MWt is the mass wear rate of the test specimen; 

MWS is the mass wear rate of the Standard test specimen; 
d2t is the average thickness, in micrometres, of the test 
specimen after 400 ds abrasion (sec 7.1.3.5). mit is the average mass, in milligrams, of the test 

specimen before abrasion (sec 7.3.3.1); 
The wear resistance coefficien 
defined as being equal to 1. 

t of a Standard test specimen 

rnzt is the average mass, in milligrams, of the test 
specimen after 400 ds abrasion (see 7.3.3.2); 

mls is the average mass, in milligrams, 
specimen before abrasion (sec 7.3.3.1); 

Standard 
1 Wear resistance coefficient is the reci 
measure of resistance to abrasive wear. 

of wear index and is a 

2 The wear resistance coefficient is a measure of resistance to 
abrasive wear. Values greater than 1 indicate a lower degree of wear 
than that on the Standard test specimen. Values less than 1 indicate a 
greater degree of wear than that on the Standard test specimen. 

m2s is the average mass, in milligrams, of the Standard test 
specimen after 400 ds abrasion (sec 7.3.3.2). 

The mass wear index of a Standard test specimen is 1. 

4 
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NOTES 

1 Mass wear index is a ratio and is dimensionless. 

2 The mass wear index is an indication of the relative rate of wear. 
Values greater than 1 indicate a greater degree of wear than that on the 
Standard test specimen. Values less than 1 indicate a lower degree of 
wear than that on the Standard test specimen. 

8.5 Comparative wear rate 

W 
CWR = --? x 100 

Wt 

Wa 

Wt 

is the wear rate of the agreed reference specimen; 

w, = dla - d2a 

4 
~m/lOO ds 

is the wear rate of the test specimen; 

w, = dlt - d2t 

4 
~m/lOO ds 

dlt and d2t are as defined in 8.2. 

8.6 Comparative mass wear rate 

The comparative mass wear rate, CWR,, expressed as a 
percentage, is given by the equation 

CWR, = 
MWa 
- x 100 
MWt 

mla - m2a = x 100 

’ the agreed MWa is the comparative mass wear rate of 
reference specimen ; 

Mwa = mla - m2a 

4 
mg/100 ds 

MW, is the comparative mass wear rate 
specimen ; 

of tf 

MW, = m’t - m2t mg/I()O ds 
4 

mla is the average mass, in milligrams, of the 
reference specimen before abrasion (sec 7.3.3. 1); 

ie test 

agreed 

9 Test report 

The test report shall include the following particulars : 

a) 
the 

b) 

Cl 

d) 
the 

e) 

identification of the test specimen and, if appropriate, 
agreed reference specimen; 

a reference to this International Standard; 

a reference to the particular apparatus used; 

the forte between the wheel and the test surface and 
abrasive medium used; 

the number of test Points and their location on the test 
sufface; 

f) the calculated value, as required, of wear resistance, 
wear resistance coefficient, wear index, mass wear index, 
comparative wear rate or comparative mass wear rate; 

g) any other Observation concerning the conduct 
test or the nature of the test piece or the test area. m1t - m2t 
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Annex 

Preparation of Standard test specimen 
(This annex forms an integral part of the Standard.) 

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

Aluminium specification : Al 99,5 (1050A) 
Al min. 99,5 % (mlm) 

Temper : H 14 
Nominal test specimen size : 14Omm x 70mm 
Thickness : 1,0 to 1,6 mm 

carefully observing the following processing conditions : 

Pretreatment : degreasing only (light caustic etching, elec- 
tropolishing or Chemical polishing is permissible) 

Anodizing : 

Conditions of anodizing : 

Temperature : 20 k 0,25 OC 
Current density : 1,5 + 0,l A/dm2 
Agitation : with compressed air 
Anodizing time : 45 min 
Anodic coating thickness : 20 * 2 Pm 

Sealing : 60 min in boiling deionised water containing 1 g of 
ammonium acetate per litre, at pH 5,5 to 6,5 

The Standard test specimen shall be anodized vertically with the 
longer axis horizontal in the bath, maintaining vigorous agita- 
tion over the anode surface, and smooth direct current with not 
more than 5 % ripple. Not more than 20 Standard test 
specimens shall be anodized at one time, and the volume of the 
electrolyte shall be not less than 10 litres per test specimen. 

Bath composition : 
NOTES 

Free sulfuric acid concentration : 180 I!I 2 g/l 
Aluminium concentration : 5 to 10 g/l 

Rest : water 

1 The Standard test specimens are most accurate and reproducible if 
anodized singly with careful control of all the conditions. 

2 Standard test specimens at the present time have inherent varia- 
tions of L- 10 %. 

U DC 669.716.9 : 620.178.162.44 

Descriptors : aluminium, aluminium alloys, Oxidation, anodizing, tests, wear tests. 

Price based on 6 pages 
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