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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Plastics — Determination of haze for transparent materials

1 Scope

This document specifies a method for the measurement of haze, an optical property resulting from
wide-angle scattering of light, in transparent and substantially colourless plastics. This method is
applicable to the measurement of haze values of less than 40 %.

NOTH
error

The haze of abraded or matted transparent plastics can be measured, but the valué)ob
eously lower than the true value due to light scattering within a narrow angle.

2 Normative references

The
cons
undg

1SO 4
1SO 2
1S0/
1SO 1

ISO 1
Part

CIE H

following documents are referred to in the text in such a way that some or all of t
Fitutes requirements of this document. For dated references, only’the edition cited
ted references, the latest edition of the referenced document (in¢luding any amendme

72, Plastics — Vocabulary

91, Plastics — Standard atmospheres for conditioning and testing

LIE 11664-1, Colorimetry — Part 1: CIE standard colerimetric observers
1664-2, Colorimetry — Part 2: CIE standard illuminants

|3468-1, Plastics — Determination of the total luminous transmittance of transparent
1: Single-beam instrument

UBLICATION No. 15, Colorimetry

Terms and definitions

he purposes of this decument, the terms and definitions given in ISO 472 and 1SO 1344
nd IEC maintainterminological databases for use in standardization at the following 2

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

EC Electropedia: available at https://www.electropedia.org/

ained can be

heir content
applies. For
hts) applies.

materials —

8-1 apply.

ddresses:

Principle

Haze is determined using an integrating sphere the efficiency of which is held constant by compensation.
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5 Apparatus

5.1 The apparatus shall consist of a stabilized light source, an associated optical system, an
integrating sphere with ports, and a photometer comprising a photodetector, signal processor and
display unit or recorder (see Figure 1).

Key

1 lamp

2 lens

3 baftle

4  photodetector
5 light traj

exit port
entrance port

6
7
8 ~\integrating sphere
9

compensation port
10 specimen holder

Figure 1 — Schematic arrangement of the apparatus

5.2 Thelight source and the photometer shall be used in conjunction with a filter to provide an ofitput

corresponding to the photopicZStandard luminous efficiency V(é) (as defined in ISO/CIE 1166
which is ideptical to the colourmatching function y (&) specified in ISO/CIE 11664-1 under CIE stan
illuminant Dgs as specified in ISO 11664-2. The output of the photodetector shall be proportior

the incident|flux, towithin 1 % of the incident flux, over the range used.

The spectral and photometric characteristics of the light source and photometer shall be kept con

during meagjurements.

4-1),
dard
al to

stant

5.3 The light source and its associated optical system shall produce a parallel light beam, no ray of
which makes an angle of more than 0,05 rad (3°) with the beam axis. This beam shall not be vignetted
at either port of the integrating sphere.

5.4 The design of the instrument shall be such that the reading is zero in the absence of the light

beam.

5.5 The integrating sphere used to collect the transmitted light may be of any diameter (but
preferably no less than 150 mm in order to be able to accommodate large specimens), as long as the

total port area does not exceed 3,0 % of the internal reflecting area of the sphere.

© IS0 2021 - All rights reserved
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5.6 The integrating sphere shall have an entrance port, an exit port, a compensation port and a
photodetector port (see Figure 1). The entrance and exit ports shall be centred on the same great circle
of the sphere, and there shall be an angle of (3,14 + 0,03) rad [(180 * 2)°] between the centres of the
ports. The exit port shall subtend an angle of (0,140 + 0,002) rad [(8 £ 0,1)°] at the centre of the entrance
port. The exit and compensation ports shall have the same size. The entrance and compensation ports
and the photodetector shall not lie on the same great circle of the sphere. The compensation port shall

be positioned at an angle of less than 1,57 rad (90°) from the entrance port.

NOTE

which depends on the area of the inner surface, the number of ports and the way they are covered.

The compensation port is used to compensate for changes in the efficiency of the integrating sphere,

5.7
appr
whid
It is
mair

NOTH
uncet

5.8
[(90
spec

Light
no sj

When the beam is unobstructed by a specimen, its cross-section at the exit,p
bximately circular, sharply defined and concentric with the exit port, leaving round i
h subtends an angle of (0,023 + 0,002) rad [(1,3 = 0,1)°] at the centre of the entramnee pq

mportant to verify whether the unobstructed-beam diameter and centering at the ¢
tained, especially if the source aperture and focus are changed.

The tolerance of +0,002 rad (+0,1°) stated for the angle subtended.by the annulus corre
tainty of 0,6 % in a haze reading. This is relevant to the assessment of\the precision of this te

The position of the photodetector on the integrating sphere'shall be at an angle of (1,5
+ 15)°] to the entrance port. The photodetector shall be fitted with baffles to prevent i
men falling directly on it.

traps shall be provided for the exit and compensation ports to absorb the beam comy
ecimen is present, or the instrument design shall‘obviate the need for light traps for

compensation ports.

5.9

the iJ
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Whe
the n
the i

5.10
with
the 1
desig

Itisi
hold{
spec

The tristimulus value Y7, measured,imaccordance with CIE Publication No.15, of th

terior of the integrating sphere, the'baffles and the white reference (a working referer
ded by the instrument manufactuser) shall be 90 % or more and shall not vary by mor
h direct measurement of the reflectance of the inner surface of the integrating sphery¢
heasurement may be made oia surface prepared from the same material in the same
ner surface.

The specimen holder/shall be designed to hold the specimen rigidly in a plane perp
n +2° to the light beam and as close as possible to the integrating sphere in order to en
ght passing thfqugh the specimen, including scattered light, is collected. The holder
ned so that flexible specimens such as film are kept flat.

ecommended that thin, flexible film be held round the edge in a double-ring clamp or
b by theans of double-sided adhesive tape. Double-sided adhesive tape can also be use
mens which will not fit in the double-ring clamp. The use of a vacuum pump and a vaci

brt shall be
an annulus
rt.
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6 Specimens

6.1 Cutspecimens from films, sheets or injection- or compression-moulded articles.

6.2 Specimens shall be free of dust, grease, adhesive from protective materials, scratches, blemishes
and other defects, including visibly discernible internal voids and foreign bodies.

6.3 Specimens shall be sufficiently large to cover either the entrance port or, if required, the
compensation port of the integrating sphere. A disc of 50 mm diameter or a square with a side of the
same length is suggested.

© IS0 2021 - All rights reserved
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6.4 Unless otherwise specified, prepare three specimens of each sample of a given material.

7 Conditioning

7.1 When conditioning is required, condition the specimens in accordance with ISO 291 at (23 + 2) °C
and (50 %= 10) % relative humidity for no less than 40 h prior to the test.

7.2 When conditioning is required, place the test apparatus in an atmosphere maintained at
(23 £ 2) °Cand (50 £ 10) % relative humidity.

8 Procellure

8.1 Allow|the apparatus sufficient time to reach thermal equilibrium before the me@surement

made.

8.2 Mount a specimen in the specimen holder.

8.3 Make the four measurements given in Table 1.

8.4 Measyre the thickness of the specimen in three places to an.ac¢curacy of 0,02 mm for sheet
1 um for films.

8.5 Carrylout the procedure on each of the three specimens$in turn.

Table 1 — Measurements

Entrance port Exit port Compensation port
T1 White reference Light trap?
Ty Specimen White reference Light trap
T3 Light trap White reference
Ty Specimen Light trap White reference
3 See note to Clauge.9:

9 Expression of results

Calculate the haze, in\percent, using Formula (1):

H = [(ty/fr) = (r3/74)]

where

H
71
12
13
Ty

NOTE

S are

b and

M

is the haze;

is the intensity of the incident light;

is the intensity of all the light transmitted by the specimen;
is the intensity of the light scattered by the instrument;

is the intensity of the light scattered by the instrument and the specimen.

Haze can also be calculated as the ratio of the diffuse transmittance 74 to the total lum

transmittance ..

4
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To obtain an accurate value of the total luminous transmittance, however, it is necessary, when
using a single-beam instrument as in this document, to place a specimen over the compensation port
when measuring t; (as specified in ISO 13468-1), in order to compensate for the change in efficiency.
Alternatively, an accurate value of the luminous transmittance can be obtained by using a calibrated
reference standard to correct the value measured. However, in practice it is sufficient to use the value
of T; obtained by placing a light trap over the compensation port instead of a specimen since this makes
little difference to the haze value obtained.

An accurate value of the diffuse transmittance 74 can be obtained from the equation 74 = [7, - 75(7,/
74)]/74, using the accurate value of 7; obtained above.

10

recision

An interlaboratory trial was conducted to determine the precision of the method. [Fhe haze of eight
les was measured by seven laboratories. The data were analysed in 1994 according td ISO 5725-1,
725-2 and ISO 5725-3.

samy
ISO §

The {

One

est results are given in Table 2.

putlier was detected using Grubb’s test and was excluded.

Table 2 — Interlaboratory trial'data

Valyes in percent

Testsample | Haze | N eration. | standard deviaton | | Outler
SR, Sp

PMMA 0,30 0,028 0,051 0
PMMA-HI (1) 0,40 0,027 0,078 0
PMMA-HI (2) 0,95 0,032 0,050 0

ABS |transparent (1) 2,88 0,17 0,30 0

ABS |transparent (2) 11,7 0,68 1,25 0
PMMA, matted 31,0 0,19 1,50 0

PE 38,2 0,68 1,14 1
PET/PE 41,8 1,52 2,02 0

a2 The within-laboratory)reproducibility is the precision when the test results are obtained with the sarpe method on
identiical material in the same laboratory, but the operator, the equipment and/or the time of measurement are different.

b The reproducibility is the precision when the test results are obtained with the same method on identica] test material
:jne\(}]lg i?gﬁnt lab@ratories with different operators using different equipment and expressed as a reproducibjlity standard
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