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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 proced ) e are
described in the ISO/IEC Dlrectlves Part 1.In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

Hrawn to the possibility that some of the elements of this document may,Be the subject of
4. ISO shall not be held responsible for identifying any or all such patent rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions [related to conformity assessment, as well as information about ISO’s adherence fo the
World Trade|Organization (WTO) principles in the Technical\Bdrriers to Trade (TBT) see the follpwing
URL: www.ido.org/iso/foreword.html

This documgnt was prepared by Technical CommitteeISO/TC 61, Plastics, Subcommittee SC 6, Ageing,
chemical and|environmental resistance.

This fourth ddition cancels and replaces the thitd edition (ISO 4582:2007), which has been techilically
revised. Themain changes compared to the prévious edition are as follows:

— due to the withdrawal of all parts of SO 7724, the colour measurement procedure has been reyised.

iv © ISO 2017 - All rights reserved
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Introduction

A number of different exposure techniques can be used to provide information on the effects of
environmental stresses such as simulated solar radiation, heat and water on plastics [see ISO 877 (all
parts) and ISO 4892 (all parts)]. Each exposure test has its own particular application and relevance.
When determining changes in a particular property or attribute of a material subjected to different
exposures, the same evaluation methods should be used after all exposures to ensure meaningful
results.

Results for plastlcs subjected to _exposure tests are strongly dependent on the type of exposure
esult obtained
for orje property may not be the same as that for a dlfferent property of | the same mater11 even if the
samelexposure test is used. This document is not intended to establish a fixed procedure fqr conducting
the exposure test, but is intended to provide a set of specific procedures used to‘expregs the results
for cange in a characteristic property of the material after it has been exposed. It is up to the user
to defermine which exposure conditions are most relevant to the specific material and the service
condifions being used.

Test methods should be selected to determine changes in appearancé.and properties of|{the exposed
material with its proposed application in mind. The exposure (test used should be¢ devised to
discriminate among materials based on such changes. This docufaent suggests typical prpperties that
can bg used to determine changes in plastics which have beensubjected to exposure tests

NOTE Because of large differences in the spectral distribution of the radiation sources uged, there can
be large differences in results for the same plastics exposed,in the various devices described in|ISO 4892 (all
parts)l Therefore, comparisons between plastics are intendedto be made only based on results from exposures
in the|same type of device and under the same conditions, For optimum comparisons, plastics are ¢xpected to be
expospgd at the same time in the same device.

© IS0 2017 - All rights reserved v


https://standardsiso.com/api/?name=fe3a6d3b2b95ae7d4464dcbfa8ca549d



https://standardsiso.com/api/?name=fe3a6d3b2b95ae7d4464dcbfa8ca549d

INTERNATIONAL STANDARD

ISO 4582:2017(E)

Pla

stics — Determination of changes in colour and

variations in properties after exposure to glass-filtered
solar radiation, natural weathering or laboratory
radiation sources

1

This
and v
solar
proce
expoy
speci

2 N

The f
const
undat

[SO1
ISO1
ISO1
[SO 2
[SO 2

Scope

Hocument specifies methods to determine changes in colour and other appearanc
ariations in mechanical or other properties, of plastics that have been exposed to
radiation, to natural weathering or to simulated solar radiation from adaboratory
dure used to analyse data depends on whether the test used to charactérize the mg3
ed is destructive or non-destructive. The exposures are conducted under conditions
ic exposure standards.

ormative references

bllowing documents are referred to in the text in su¢h a way that some or all of
tutes requirements of this document. For dated réferences, only the edition cited
ed references, the latest edition of the referenced. document (including any amendmg

D5-A01, Textiles — Tests for colour fastness — Part A01: General principles of testing
D5-A02, Textiles — Tests for colour fastness=— Part A02: Grey scale for assessing change

5-A03, Textiles — Tests for colour fastness — Part A03: Grey scale for assessing stainin
D1, Plastics — Standard atmosphereés for conditioning and testing

b02, Statistical interpretation-of test results — Estimation of the mean — Confidence in

ISO 10640, Plastics — Methadology for assessing polymer photoageing by FTIR and UV/visible

ISO1
ISO1
[SO1
[SO1

| 664-1, Colorimetry=- Part 1: CIE standard colorimetric observers
|664-2, Colorimetry — Part 2: CIE standard illuminants
1664 -3, €olorimetry — Part 3: CIE tristimulus values

| 664 -4, Colorimetry — Part 4: CIE 1976 L*a*b* Colour space
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

ISO Online browsing platform: available at http://www.iso.org/obp
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3.1
control

material which is of similar composition and construction to the test material, used for comparison and

exposed at the same time as the test material

3.2

file specimen

portion of the material to be tested which is stored under conditions in which it is stable, and is us
comparison between the exposed and the original state

3.3
test specimen

ed for

specific portjon of the material upon which the testing is to be performed

34
replicate specimens

identical piefes of the test material being evaluated which are all exposed, conditiohéd and tes
the same tinje

4 Determination of changes in colour or other appearance attributes

4.1 Genernal

When a polymeric material is exposed to UV radiation and othersmoderate environmental stressg
change in mgst physical properties is attributable to chemicalzageing, and the extent of the che
changes can|be related to the duration of the exposure undernatural outdoor weathering or art
weathering gxposure.

Chemical changes control the degradation of mechanical properties and contribute to changes in the
appearance ¢f polymer materials during photoageing. These chemical changes are analysed prir
by IR spectrfoscopy, with additional analyses_.using UV/visible spectroscopy during the photoz
of polymers.|The analysis at this earliest stdage of degradation allows the identification of the c
oxidation prdducts, allows the stoichiometry of reactions to be checked and, in some cases, indicates
points in the|polymer material (e.g. a weakness in the specific structure of the polymer, such as a d
bond, an ethe¢r group or a urethane group, unstable colorant, lack of UV stabilizers, or migration o
molecular-mass components of formuldations to the surface and their accumulation there).

The relevange of artificial ageing can be determined by comparing the chemical changes that
in the acceldrated test to those that occur in natural weathering. It should be pointed out th
some cases, pxidation products can be partially eliminated by hydrolysis, or erosion caused by
under humid climates-(e/g. southern Florida) or by wind under very dry climates (e.g. Arizona). K
analysis is r¢commended to determine the rate of degradation under different conditions of age
order to rank différent formulations or to determine the range of acceleration possible for an art
ageing test ompared to a glven natural outdoor Weatherlng exposure (without distortion

ted at
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developing 1mprovements in polymers and polymerlc products

Methodologies to measure chemical changes in plastics after exposure to glass-filtered solar radi
natural weathering or laboratory radiation sources are expressed in ISO 10640.

4.2 Changes in colour

4.2.1 Principles

ol for

ation,

Changes in colour of plastics test specimens exposed in accordance with the specific exposure standard

(see Introduction) are determined by one of the following methods:

a) aninstrumental method;
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b) visual assessment using a scale.
4.2.2 Apparatus

4.2.2.1
requirements:

CIE 1964 standard colorimetric observer (10° observer), as specified in [SO 11664-1;

CIE standard illuminant D65 (recommended) or A (for metamerism index), as
[SO 11664-2;

Instruments for measuring colour or changes in colour, conforming to the following

specified in

CIE tristimulus values or CIE 1976 L*a*b* Colour space, as specified in ISO 11664-3 and

For light-transmitting specimens, instruments shall conform to the requirements|of CI}
No. 15.

4.2.2)2 Grey scale for assessing change in colour, in accordance withdSO 105-A02 or
In thip scale, grade 1 corresponds to the strongest contrast, and grade.5-to zero contrast
with identical colour).

NOTE
colout]
the di

The dark grey scale of ISO 105-A02 is well suited to assessing\the extent of fading of re
s or deep shades. The use of the near-white grey scale of ISO 105*A03 can be found preferabl
bcolouration, e.g. yellowing, of white or near-white specimens.

4.2.3| Testspecimens

Specimens of test and control materials shallsconform to the requirements of the
Interpational Standard dealing with the specifi¢'exposure method used. Whenever possi
matet

otherwise specified, at least three replicaté-specimens of each material being exposed sha

4.2.4] Procedure

4.2.4]1 General

The s
upon
speci

pecific procedure used/for assessment of colour changes and any surface cleaning sh

ied in the appropriate International Standard.

hlly, colour'changes are determined at a series of exposure stages in order to evalua
" change.caused by exposure. In some cases, colour change is determined after a pred

Typic
colou
speci
possible’after specimens are removed from exposure in order to minimize the effect of dg

[SO 11664-4.

£ Publication

SO 105-A03.
two samples

atively strong
e for assessing

appropriate
ble, a control

ial of known weathering properties.Shall be included in the exposure experiment. Unless

1 be used.

all be agreed

by all interested-parties and shall be included in the test report. Determine coloufr changes as

te the rate of
etermined or

ied exposure increment. Measurement or visual assessment of colour should be magle as soon as

rk reactions,

althoughiin some casesitis preferahle ta condition the specimens fore g 24 h after remaval fr

om exposure

as appearance properties assessed just after removal from exposure may vary, depending whether the
specimen was removed at the end of a wet exposure period or at the end of a dry exposure period.

NOTE

Because of variability in exposure results, comparison of colour changes of different materials is best

done when the materials are simultaneously exposed in a single exposure device or at the same exterior location.

4.2.4.2 Instrumental assessment

Measure colour on all specimens before exposure and after each exposure stage. If required, measure

colour on file specimens of each material when measuring colour on exposed specimens.

© IS0 2017 - All rights reserved
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For opaque specimens, both colour and gloss may change due to ageing. When measuring the colour
and determining the colour change of opaque specimens with instruments use one of the following
measuring conditions:

No. 15 (often used for smooth specimens);

No. 15 (often used for rough or matt specimens).

NOTE 1

values measured excluding the specular reflexion change too.

to get colour values independent of surface changes, use di:8° or 8°:di, according to CIE Publication

to get best correlation to visual perception, use de:8° 8°:de, or 45°:0°, according to CIE Publication

If the gloss changes, the diffuse part of the surface reflexion will change and consequently the colour

NOTE2 Ift
colour values
NOTE3  IS(

measured including the specular reflexion will generally not be influenced.

18314-1 applies to paint films but gives useful hints on the measuring procedure,

For light-tramsmitting specimens, follow the procedures described in CIE Publication’No. 15.

NOTE4 AS
4.2.4.3 Vis
Follow the pi

Use a grey sq
of the expos
grade on the

TM E1347 also describes colour measurement of light-transmitting materials.

ual assessment

ocedure described in ISO 105-A01 when determining eolour change by visual assess
ale meeting the requirements of ISO 105-A02 or ISO105-A03. Compare the contrast
bd specimen and file specimens using the grey seale. The rating of colour change

unexposed file specimen of the same material.

NOTE  Cu
ISO/TC 38/SC

If the contrg
intermediatg
between the
the grey scal

Report the n
colour chang
hue, saturati

a) for hue ch

Frent information about suppliers of grey™scales can be obtained from the secretaj
1.

st observed lies between two ratings on the grey scale, it can be characterized
rating. For example, a 3-4 rating’signifies that, at the given exposure stage, the co
exposed test specimen and_the unexposed file specimen is greater than that of ratin
e, but less than that of rating'3.

hture of the colour change in terms of the rating on the grey scale. In addition, the ty
e shall also be deterimined and reported. Use the following terms to describe chan
pn, lightness or ¢embinations of these changes:

inges: more blue or less blue
more green or less green

more red or less red

he gloss changes without a visually perceptible change in colour, for example after weatherillvg, the

ment.
rating
is the

grey scale which shows the same contrast as bé€tween the exposed test specimen and an

iat of

by an
htrast
b 4 on

pe of
bes in

b) for saturation changes:

c) for change

more yellow or less yellow
less intense

more intense

s in lightness:

lighter

darker

A typical report of colour change by visual assessment would be as follows: “more yellow, less intense,

lighter, SO 1

05-A02/1SO 105-A03 grey scale 2-3".
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4.3 Changes in other appearance properties

In addition to colour change, other appearance properties of plastics may change as a result of exposure.
Determine changes in these appearance properties in accordance with the relevant International
Standards. If the method used to assess the property change is not described in an International
Standard, include a description of the method used when reporting results. Examples of tests used to
determine change in typical appearance properties are shown in Table 1.

Table 1 — Methods used to measure change in typical appearance properties

Property assessed ISO standard Quantitative data
Gloss|retention [SO 28132 yes
Light|transmission ISO 13468-1 yes
Haze ISO 14782 yes
ChalKing 1SO 4628-62 scalgb
Mass yes
Dimepsions yes
Cracling or crazing scalgb
Delamination scalgb
Warpjing scalgb
Growfth of microorganisms scalgb
Migrdtion of components to surface scalep
a Methods for paints applicable to plastics.

b See 6.2.2 for recommended descriptive scale.

5 Determination of changes in mechanical or other properties

5.1 |Principles

Surfafe properties of a plastic caitbe much more sensitive to changes caused by weathering than bulk
propdgrties. Measurement of/stirface properties, or material properties greatly affectefl by surface
propdrties, may be more informative in evaluating rigid plastics. The mechanical or oth¢r properties
measpired using destructive’'tests are determined on several sets of specimens:

a)

h specimens selected as representative of the material prior to exposure (initial property
terminatiofiy;

o O

b) op test specimens exposed for a chosen period in accordance with an appropriate [nternational
Standard-for the specific exposure used;

c) (ifrequired) on file specimens stored in the dark for the same period for which the cqrresponding
test specimens have been exposed.

It is very important that all tests be conducted using exactly the same test procedure and the same
specimen-conditioning environment.

Examples of mechanical-property tests which may be used to assess the effect of exposure are shown in
Table 2. Such tests yield quantitative data but are destructive so that, if it is required to follow changes
through the course of the exposure, an adequate number of replicate test pieces are needed for each
exposure increment.

If a property is measured with a non-destructive test, it is recommended that the property be measured
on each test specimen prior to exposure and after each exposure increment. Typical properties
measured using non-destructive tests include mass, dimensions, surface gloss, transmittance and haze.

© IS0 2017 - All rights reserved 5
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Table 2 — Typical mechanical-property tests used to assess the effect of exposure on plastics

Property assessed ISO standard

Tensile properties, particularly extension at break ISO 527
Flexural properties ISO 178
Impact strength

Charpy impact strength ISO 179 (all parts)

[zod impact strength ISO 180

Non-instrumented puncture test [SO 6603-1

Instrumented puncture test IS0 6603-2

Tensile impact test ISO 8256
Vicat softening temperature ISO 306

ISO 75-1 and ISO 752
IS0 6721-1,1SO 6721-3 and ISO 6721-5

Temperature|of deflection under load

Dynamic medhanical thermal analysis

Chemical chapges (for example using infrared spectroscopy)

5.2 Apparatus

1s shall conform to the appropriate International Standatd for the determination pf the

hg measured.

The apparat
property bei

5.3 Test specimens

For measur¢ment of the property of interest, test specimens shall conform to the appropriate

Internationa
use at least
are performé

Standard dealing with the property measurement method. Unless otherwise spe
three replicate specimens of each material being evaluated when non-destructive
bd. Use at least five replicates of each material being evaluated when destructive tes

rified,
tests
s are

performed.

NOTE Fo
which the spsg
conducted wh
cut from a lar

properties measured with destructive tests, exposed specimens can be in the form of a sheeft from
cimens for the particular test.are cut. However, there can be differences in results between tests
ere individual test specimefis)are directly exposed, and tests where individual test specimens are
ber piece that has been subjected to the exposure.

ns shall be conditioned after machining (see ISO 2818). In addition, it may also be necg
on the sheets prior'to machining to facilitate specimen preparation.

Test specime
to precondit

ssary

5.4 Procedure

5.4.1 Detdrmination of initial properties

UHIESS other arica cnacifind 10 tho valagant Tntarmnatinnal Qo dade o dition +ho +act cnnclaang rior
WiSe-Specieate-Ferevantriteriatehd—otaRaaras,conatton+tnetestspecHnens p

to the determination of initial properties in the standard atmosphere 23/50, class 1 and the appropriate
conditioning period specified in ISO 291, or as agreed between the interested parties.

Determine the property or properties to be evaluated in accordance with the relevant International
Standards, or as agreed between the interested parties (see 5.1).

5.4.2 Storage of file specimens

Store file specimens in the dark, unless otherwise specified in the standard atmospheres 23/50, class 1
according to I1SO 291.

If increased moisture sensitivity is expected, storing at low relative humidity could be more useful, to
avoid ageing processes during storage. Such conditions shall be agreed upon all parties.

© ISO 2017 - All rights reserved
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The storage conditions used for reference specimens shall be agreed upon by all interested parties and
shall be stated in the test report.

5.4.3 Determination of properties after exposure

Condition the exposed test specimens and the file specimens (see 5.1) in the standard atmosphere 23/50,
class 1 or under conditions agreed upon by all interested parties. Any difference in the conditioning
procedures used for initial property determination and for exposed specimens shall be included in the
test report.

Using the same measurement method, determme the same property (or propertles) on both exposed

d_£31 A | | £l 1 C A4
and 1 Cblull U, T1IC Dl_}CLllllCllD dd vvdo uCLCl IIIIrrICcu UIT LIIT lllll,lal LCDL DPCLIIIICIID LDCC J. 1. _LJ

NOTE[1 If hygroscopic properties change during ageing (e.g. due to surface accumulation of migrated
additiyes), water content of the specimens after conditioning can be changed. For followitdg measlrrements, this
water|absorption effect can interfere with the ageing effect to be investigated (e.g. tensile strength of polyamide
materfal).
NOTE|2  With some tests, the results depend upon which side of the test specimen is exposed. In|pending tests,

for example, different results are obtained according to whether the exposed sufrface or the unexpqsed surface of
the tegt specimen is placed under tension.

6 Expression of results
6.1 |Changes in colour

6.1.1| Instrumental measurements

Using the instrumentally measured colour,coordinates, determine the colour differ¢nce of each
replidate specimen in accordance with ISO, 11664-4, in L*a*b* colour space. Calculate the[mean colour
difference and the standard deviation of the mean.

NOTE Yellowing as a typical ageing effect can be directly expressed as Ab* value. Changes ih AL lightness
can offen be related to formation ofaierocracks.

6.1.2| Visual assessment

Determine the change.in eolour as described in 4.2.4.3.
6.2 |Changes inother appearance properties

6.2.1| Instriimental measurements

Instrymental methods used to characterize appearance properties such as gloss or trangparency are
typically non-destructive. When non-destructive tests are used, the property is measured on all test
specimens before exposure and after each exposure increment.

If change in appearance property is measured by a non-destructive instrumental method, determine
the mean and standard deviation for the property change in accordance with the procedures given in
ISO 2602. For properties measured using non-destructive tests, the formulae for determining the mean
and the standard deviation for the property change are given in A.1. If required, calculate the 95 %
confidence interval for the property change as well.

In some cases, it may be useful to determine the percent retention of an appearance property after
exposure. When percent property retention is determined using a non-destructive test, calculate
the mean and standard deviation using the formulae given in A.2 after each exposure period where
properties are measured.

© IS0 2017 - All rights reserved 7
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6.2.2 Visual assessment of change in appearance attributes

Changes in appearance and surface properties which have been estimated qualitatively shall be
expressed on a scale agreed between the interested parties. The following is recommended:

— none;
— barely perceptible;
— slight;

— moderate;

— substantjial.

When visuall assessments of appearance attributes are made, it is recommended that aComparative
reference gujde be used, such as photographic standards which illustrate the subjectivescale.

NOTE Thjs scale is arbitrary and is best used when one individual assesses several test specimens|at the
same time. Because of differences between individuals conducting visual assessments, great care is necesgary in
interpreting results from different observations.

6.2.3 ChaIges in mechanical and other properties

Determine the mechanical or other properties of each test specimernin accordance with the relevant
International Standards. Determination of mechanical properties often involves destructive tegts on
individual specimens. When destructive tests are used, compage ‘the results obtained for the exposed
specimens with those obtained for the same property meastired on file specimens. This comparison
can be madefin three ways:

a) Measurgments of the property of interest made on\all replicates from the exposed specimens are
compargd with measurements of the property mxade on a set of specimens tested prior to exposure
or with neasurements made on file specimens-made at the same time as the test specimens.

Comparison of data is made using analysis of variance. Unless otherwise specified, the diffdrence
in the means of the property measured ‘on exposed and initial or file specimens shall be different
at the 93 % confidence level beforéany change can be considered statistically significant. Uge the
procedufe for analysis of variancegiven in ISO 2602.

b) The medn and standard déviation for retention of the measured property are determined [using
data frojn measurements-nade on each replicate of the exposed specimens compared to the|mean
value of the propertyineasured in the initial measurement or on file specimens. When a prdperty
is measyred with a-destructive test, use the equations given in A.3 to determine the meap and

is measured W1th a destructive test use the equatlons given in A.4 to determme the mean and
standard deviation for the change in the measured property.

For some properties, for example change in surface gloss, mass or dimensions, results can also
be expressed in the form of change in property measured with non-destructive tests. When non-
destructive tests are used, use the equations given in A.1 to determine the mean and standard deviation
for the property change or the equations in A.2 to determine the mean and standard deviation for the
percent property retention.

It may also be useful to plot change in property against time or radiant exposure, but in many cases there
can be a considerable spread of results within each set of test specimens and, unless this is taken into
account, misleading conclusions can be drawn from a plot of arithmetic means. For some applications,
calculation of the time or radiant exposure needed to produce a defined level of the measured property

8 © IS0 2017 - All rights reserved
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is required. When this type of data is to be reported, the mean and tolerance interval for the exposure
time or radiant exposure shall be determined using the procedure described in A.5.

7 Precision

The precision of the results reported in accordance with this standard depends on the precision of the
specific test methods used to measure the properties evaluated and the variability of the exposure
test. Therefore, no specific precision statement is possible. The procedures specified in this standard
attempt to give the user an indication of the precision of the results obtained by requiring reporting
both the mean and standard deviation for all test results.

8 Testreport

The t¢st report shall include the following:

a) a|reference to this document;

b) all details necessary for identification of the product tested;

o)

c)

complete description of the exposure test used, including the fellowing:

1) for exposure to laboratory radiation sources:

the type of exposure device used,
the radiation source and filters used,

a complete description of the exposure cycle (temperature, period of radiati
dark exposure and moisture exposiire, etc.),

the length of the exposure stage,

a reference to the relevaut International Standard;

2) for exposure to natural weathering or glass- filtered solar radiation:

the exposure lodation,

the dates oflexposure,

the total exposure duration,

if required, the radiant exposure of exposure and the passband in which it wa

a description of the conditions in which the specimens were mounted on the e

pn exposure,

s measured,

(posure rack,

areference to the relevant International Standard;

d) acomplete description of the methods used to measure reported properties, with reference to the
relevant International Standard where appropriate;

e) the conditioning procedures used (where appropriate, by reference to the relevant International
Standard);

f) if applicable, the procedure used for cleaning the test specimens (see the Note);

g) the colour change, from instrumental or visual assessment, at each exposure stage;

h) the mean and standard deviation for results determined in accordance with 5.4 and/or Clause 6.

NOTE Cleaning the surface of exposed specimens can affect appearance. More information about the
possible effects of cleaning specimens prior to testing can be found in Annex B.
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Annex A
(normative)

Statistical formulae based on ISO 2602 for determination of mean
and standard deviation and procedure for determination of time
to 50 % loss of property

A.1 Calcullation of mean and standard deviation for property changes measured
using nonidestructive tests

Calculate thg change c; for each replicate specimen using Formula (A.1):

Ci =X0,i T Xt,i (A1)

where

Xo,; isthe initial property value;
xt; 1isthe value of the property at exposure time t.

Determine the mean property change using Formula (A.2):

n

D¢
c==1 | (A.2)
n

where n is the number of replicates.

Calculate thg standard deviation S ofithe mean property change using Formula (A.3):

(A.3)

A.2 Calculation of mean and standard deviation for percent property retention
measured'usi i

Calculate the percent property retention R; for each replicate specimen using Formula (A.4):

X

R; =—2-x100 (A4)
Xo,i

where

X0, isthe initial property value;

xt; isthe value of the property at exposure time t.
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Calculate the mean percent property retention R using Formula (A.5):

n

2R,

i=1

R= (A.5)
n
where n is the number of replicates.
Calculate the standard deviation 3 for the percent property retention using Formula (A.6):
1 —\ 2
> (ri-R)
R n-1 '

A.3 |Calculation of mean and standard deviation for percentproperty retention
for properties measured using destructive tests

Calcujate the mean of the measured property from the initial detérmination or from meagurements on
the file specimens, using Formula (A.7) or Formula (A.8):

Wher] using initial property measurements

n
IV
_i=1

Xp = (A7)
n
wher¢
xp,i is the initial property value;
n| isthe number of replicates.
Wher] using measurements made on file specimens
n
Z Xt
- i=1
X| = (A.8)
n
where

xt; is the value of the property for each file specimen;

n is the number of replicate file specimens.
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Determine the percent retention Re ; for each of the exposed specimens using either Formula (A.9)

Xe,i
Re,l- =—-%100 (A9)
X0
or Formula (A.10)
Xe,i
Re,l- =—-%x100 (A.10)
Xf

depending whether retention is expressed as a percentage of the initial value obtained for the

specimens e
the propert

Determine t

n
i=1

Re

where n is the number of replicate exposed specimens.

NOTE Th
destructive te

Use Formula

poOsSed or as a percentage o
for each exposed specimen.

€ value measured on I1le specimens, where Xe j 1S

e mean percentage property retention Re using Formula (A.11):

R el

1

ay

mean percent property retention can be obtained, fftem measurements made using
sts (see A.2) or destructive tests (this clause).

for percent property retention:
S

(A.12) to determine the standard deviation Sﬁ

lue of

A11)

non-

VL - 2
D (Res Re)
s =\[Ft A12)
Re n-1 '
A.4 Calculation of mean and standard deviation for the change in property
measured|by destructive tests,when the change is relative to the mean of the
initial valuyes of the property or to the mean of the values obtained on file
specimens
Determine the mean injtial-value of the property or the mean value from file specimens as desdribed
inA.3.
Use Formula| (A.13)-or Formula (A.14) to determine the change in property ce ; of each of the exposed
specimens:
Ce,i=Xei~ X (A13)
Cei=Xei~ Xg (A.14)

where

12
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Xe,i is the value of the property for each exposed specimen;

X is the mean of the initial values of the property;
0

x is the mean of the values obtained on file specimens.
f

Determine the mean change Ee,,- in the property using Formula (A.15):

o =izt
b, 1 n
where n is the number of exposed specimens.

Deter

o =t
el n-1

A.5 |Calculation of exposure time or radiant exposure to e.g. 50 % loss i}

Use the following procedure to determine the mean exposure time or the mean ra

necesjsary to produce the defined property change)plus the corresponding tolerance inter

a) Prepare at least five separate sets of spécimens for exposure. Each specimen set sh:
lgast three replicate specimens of the'material being exposed.

b) Expose all the specimen sets at the' same time in a single exposure device. Remove s
sequentially so that the last set removed has been exposed sufficiently to produce
5D % loss in the property ofinterest. Remove specimens at the end of an appropriate
tte exposure and store specimens in the dark at 20 °C to 25 °C and 50 % relative humi
property has been measured.

c) After each specimen set has been removed from the exposure device, determine tl
standard deviation for the property of interest.

d) When all exposures have been completed, plot all data points, the mean, mean -2
deviationtand mean +2 x standard deviation for the property of interest as a functior

mine the standard deviation of the mean change in the property using Eermula (A.14

- 2
e}

Y

n

(A.15)
):

(A.16)
N property

liant energy
val:

1] contain at

becimen sets
more than a
Hry period in
dity until the

he mean and

x standard
of exposure

radiant exposure ne

P x standard
eded for the

property of interest to fall to the defined value. Figure A.1 shows a typical plot and illustrates how
the tolerance interval for the exposure time or radiant exposure necessary to produce a 50 % loss

in the property is determined.

Report the mean and the upper and lower limits of the tolerance interval for the exposure time or
radiant exposure to produce the defined change in the property.

NOTE

This procedure is used for the data for a single experiment in a single laboratory. Wh

en the results

from additional exposures in different laboratories are taken into consideration, the range of possible exposure
times will be larger.
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