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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 refractive index

1 Scope

This document specifies two test methods for determining the refractive index of plastics, namely:

— Method A: a refractometric method for measuring the refractive index of moulded parts, cast or

(S

truded sheet or film by means ofa refractometer It is applicable not only to isotraopic transparent,

tr

— M

thle refractive index of powdered or granulated transparent materials by theans of

M
NOTE
compo
with te

2 N

The fdq
consti
undatg

ISO 29

3 T

No ter]

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

— IS
— IE

4 A

4.1

hnslucent, coloured or opaque materials but also to anisotropic materials.
bthod B: an immersion method (making use of the Becke line phenomenony for
bnochromatic light, in general, is used to avoid dispersion effects.

The refractive index is a fundamental property which can beCused for checki
bition, for the identification of materials and for the design of optical parts. The change in 1
mperature can give an indication of transition points of materials,

prmative references

llowing documents are referred to in the text in-such a way that some or all of
futes requirements of this document. For dated.references, only the edition cite
ed references, the latest edition of the referenced document (including any amendm

1, Plastics — Standard atmospheres for conditioning and testing
erms and definitions

Ims and definitions are listed«n this document.

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

C Electropedia:-available at https://www.electropedia.org/

pparatas and materials

Method A

determining
h microscope.

hg purity and
pfractive index

their content
1 applies. For
ents) applies.

addresses:

4.1.1 Abbe refractometer, or any other refractometer that can be shown to give the same results,
accurate to 0,001 and capable of measuring the refractive index in the range from 1,300 to 1,700. A

tempe

4.1.2

4.1.3

rature-controlling device (4.1.4) shall be provided for the specimens and prisms.
White or sodium lamp, used as a source of light.

Contacting liquid.

WARNING — The contacting liquid may present an environmental hazard during handling,
storage and disposal. It is the responsibility of the user of this document to verify its toxicity and
establish national and regional regulations for safe handling and disposal.
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The contacting liquid shall have a refractive index higher than that of the material to be examined and
shall not soften, attack or dissolve the plastic material. The liquids listed in Table 1 may be used for the
respective plastic materials, but other liquids meeting these requirements may also be used.

Table 1 — Contacting liquids

Plastic material Contacting liquid

Cellulose derivatives Aniseed oil or 1-bromonaphthalene

Fluorine-containing polymers 1-Bromonaphthalene

Urea-formaldehyde Aniseed oil or 1-bromonaphthalene

Phenol-formaldehyde 1-Bromenaphthalene

Polyethylenes 1-Bromonaphthalene

Polyamides 1-Bromonaphthalene

Unsaturated polyester 1-Bromonaphthalene

Polyisobutylene Saturated aqueous solution of zinc chloride madeslightly acid

Poly(methyl njethacrylate) Saturated aqueous solution of zinc chloride;made slightly 4cid or
1-bromonaphthalene

Polystyrene Saturated potassium mercury(II) iodide-solution

Styrene-acrylgnitrile copolymers 1-Bromonaphthalene

Vinyl resins (yinyl chloride copolymer or|1-Bromonaphthalene

plasticized PV[C)

Poly(vinyl chlgride) 1-Bromonaphthalene

Poly(ethylene terephthalate) Methylene iodide

Polycarbonatg Methylene iodide

Diethylene glydol bis(allyl carbonate) (CR 39) | Methyl salicylate, aniseed oil or 1-bromonaphthalene

Polyarylate Saturated agueous solution of zinc chloride made slightly acid{ meth-
ylene iodidé or 1-bromonaphthalene

Polyetherethefketone Methylene iodide

Polypropyleng I-Bromonaphthalene

4.1.4 Temperature control system; capable of maintaining the temperature of the main prism, sub-
prism and sp¢cimen at (23 + 0,5)°€+

4.2 Method B

4.2.1 Micrgscope, having a magnifying power of at least 200x, an objective giving approxiately
20x of primafy madgnification and a substage condenser fitted with a centering illuminating-aperture
diaphragm ce1pable of being stopped down to give a very narrow axial beam.

4.2.2 Monochromaticlight, usually the sodium D line, having a wavelength of 589 nm, is used as the
light source for the microscope.

4.2.3 Immersion liquids, with different refractive indices.

WARNING — The contacting liquid may present an environmental hazard during handling,
storage and disposal. It is the responsibility of the user of this document to verify its toxicity and
establish national and regional regulations for safe handling and disposal.

The immersion liquids listed in Table 2 with known refractive indices can be used separately and also
as mixtures when different increments of accuracy are needed. The immersion liquids shall not soften,
attack, dissolve or swell the surface of the particles.

2 © IS0 2022 - All rights reserved
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Table 2 — Immersion liquids

Immersion liquid Refractive index at 23 °C
n

n-Butyl carbonate 1,410
Tri-n-butyl citrate 1,444
n-Butyl phthalate 1,491
1-Bromonaphthalene 1,657
Diiodomethane (methylene iodide) 1,747
Aqueops-selution-of potassivm-mercury{d}iodide 1419tg1733a
Silicone oils 1,37 to 1,562
a  Usgful range for the purpose of the test.

5 Pi

5.1

Cut, fr

prisms

The fo

— thlickness: 3 mm to 5 mm.

For m
face) s

attachkd to the specimen.

Satisfa
the lig

Ensur
polish
edge.

The fo

For a

5.2

— t:['ckness: the‘actual film thickness, but not less than 2 pm.

reparation of test specimens

Method A

pm the sample, specimens of such a size as to fit on the face of the fixed half of the 1

P

lowing dimensions are recommended for sheet spe¢imens:

iximum accuracy, the surface of the test specimen in contact with the prism (the
hall be optically flat and well-polished. Elimiinate any burs formed by cutting or any d

ctory contact between the specimen and the prism is indicated when the dividing
ht and dark halves of the eyepiece’field appears sharp and straight.

bd. The two polished strfaces shall intersect along a sharp line without a bevelle

lowing dimensions are recommended for film specimens:

isotropic material, see 7.1.3.

efractometer

measurement
ontamination

line between

e that the edge of the speCimmen (perpendicular to the first) is also optically flat and fairly well-

d or rounded

Method B

The test sample consists of particles of the material to be examined, for example powder, granules
or chips. The particles shall have dimensions sufficiently small and be so distributed as to permit
simultaneous observation of approximately equal areas of the sample and the surrounding area in the
field of view.

Ensure that the thickness of the test sample is significantly lower than the working distance of the
microscope objective.

5.3 Required number of specimens or measurements

For sheets or films, five specimens are required. In the case of powders, pellets and granules, a quantity
of sample sufficient to make five measurements is required.
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6 Conditioning

6.1 Condition the specimens in accordance with ISO 291 at (23 * 2) °C and at (50 * 5) % relative
humidity for not less than 88 h prior to the test if no other period of conditioning is stated in the relevant

material spec

ification.

6.2 Set up the test apparatus in an atmosphere maintained at (23 * 2) °C and (50 + 5) % relative

humidity.

7 Procedure

7.1 Metho

7.1.1 Gene

If an Abbe re
modify the pq

Carry out the

7.1.2 Tran

Place a small
specimen (th
polished edgs
handle of the

Adjust the co

adjust the adjusting handle by means of the vernier until the dividing line between the light an

portions of th|
in Figure 2.

Read the refr

The dispersi
together with
instrument.

d A

ral

fractometer (4.1.1) is used, carry out the following procedure. Forather refracton
ocedure in accordance with the manufacturer’s recommendations,if necessary.

determination at (23 + 0,5) °C.

sparent sheet

drop of the contacting liquid (4.1.3) on the well-palished surface of the transparen
b measurement face) and place it in firm contact with the surface of the prism w

refractometer until half of the eyepiece fieldds dark.

mpensator (Amici prisms) drum until alFcolours have been removed from the field

e field coincides exactly with thepoint of intersection of the eyepiece cross-hairs as

hctive index of the material from the instrument scale.

the value of the refractive index, to read the dispersion from a chart supplied w

neters,

F sheet
th the

e of the specimen towards the light source as shown in Figure 1. Adjust the adjusting

. Then
d dark
shown

n, if required, can beyfound by noting the compensator drum reading and usinyg this,

th the
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\ /
~
2 \ ;
9
Key
1  compensator drum 6  source ghlight
2 adjusting handle 7  opal-coloured reflective plate
3 eygpiece 8  sub-prism
4  sppcimen 9 xAmain prism
5 coptacting liquid

Figure 1 — Method for measuring refractive index of transparent sheef

\

5
T
1,48 1149
Key
1 boundary line 4  dark half of eyepiece field
2 cross-hair lines 5 scale for refractive index

3 light half of eyepiece field

Figure 2 — Refractometer field of vision
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7.1.3 Film

Place a drop of the contacting liquid (4.1.3) on the main prism followed by a film specimen. Place
another drop of contacting liquid on the top of the film and then place the glass plate on the specimen as
shown in Figure 3. The refractive index of the glass plate shall be greater than that of the film specimen.

Use the sodium lamp illuminator for the measurements of anistropic film such as oriented ones so as to
obtain a beam of steady incident light and to avoid any dispersion effects. As shown in Figure 1, open
the sub-prism and place the opal-coloured reflective plate against it to reflect the light of the sodium
lamp onto the edge of the glass plate.

NOTE

It is difficult to measure the refractive index of film specimens because films are very thin and this

resultsinali
glass plate can

Key

1 glass platg
2 contacting
3 main prisy

7.1.4 Anisgtropic material

In the case
the refractive

(see Figure 4
perpendicula

By attaching

ttedarmouTnt of Tctdent gt passIing througit the edge of the SPeCIeN. 10 COMpPENSate {0
be placed on top of the specimen.

2 1

4
5

film specimen

liquid light

Figure 3 — Method for measuring refractive index of film

index may be found_when measurements are made in different parts of the spd
). In such cases, différent specimens are prepared with their polished edges par4
I to the machine\direction.

| polarizingfilter to the eyepiece of the Abbe refractometer, the measurement of speg

with multiply
positioning

direction) andl of the polarizing-filter direction (rotating the filter 90° between two positions) as
in Figure 5, the refractive index can he measured in any particular direction

(}

e refractive indices can be made. By using different combinations of the spe
rection (illuminated surface facing the machine direction or at 90° from the m

this, a

pf anisotropic materialssuch as injection or extrusion mouldings, different values of

cimen
llel or

imens
Cimen-
nchine
shown
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X atJright angle to the machine direction

Y machine direction

7Z  thjckness

Figure 4 — Film with multiple refractive indices

MeasIrement
dir¢ction

Thickness

(Z axis)

Atright angle to ma-
chine direction

(X axis)

Thickness

(Z axis)

Machine direction

(Iv axis)

Positioning
of sppcimen

with multiple
refraE-live in-

dices (machine
dir¢ction
indicpted by
ariows)

Light

y

Light

L4

Light

N

Light

y

Polgrizing
dirgction
(indigated by
arfows)

|

Figure 5 —<Combination of specimen-positioning direction and polarizing-filter|direction

7.1.5 | @Franslucent, coloured and opaque material

For translucent, coloured and opaque materials, the reflection mode of the Abbe refractometer shall
be used. In this mode, the light enters the prism through an upper window and reflects at the interface

between the prism and the specimen as shown in Figure 6.

NOTE In cases of translucent, coloured or opaque material, it is difficult to measure the refractive index by
the transmission method because of a lack of reflected light. In such cases, it is possible to measure refractive
indices by the reflection mode. When the reflection mode is used, the bright field and the dark field are inverted,
and their contrast becomes poor.
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1 O L 5
N =
2 “\ &
/o

Key
1 compensator drum 5  contacting liquid
2 adjusting handle 6  window for lightihg
3  eyepiece 7  light
4  specimen 8  main prism
Figure § — Method for measuring refractive index of translucent, coloured and opaqy
materials
7.2 Method B
Carry out thelfollowing determination at (23 +0,5) °C.

Place a small

hmount of an immersion liquid (4.2.3) on a slide. The immersion liquid shall be of a

refractive index (see Table 2) which is.close to that of the material under test.

If the refracti
liquid with a

Place some p
Align the con

Place the san
increasing th
line, seen as

e index of the material to be examined is unknown, it is recommended that an imm
refractive index.efiabout 1,56 be used.

hrticles of the material to be examined into the liquid on the slide and add a cov
lenser and)stop it down to give a narrow beam of axial illumination.

plecpreparation on the microscope stage and focus on the particles. Slightly defo
b (Sgparation between the microscope objective and the sample preparation. The

KNOwn

ersion

1 slip.

cus by
Becke

J brightiratoaroumnd or withi the particte;, witt move towards the ediumnT ravi

higher refractive index as shown in Figure 7.

g the

Repeat the test with preparations in other immersion liquids with a known refractive index and particles
of the material to be examined until a match is found, or until the index of the test sample is found to
be between two known indices in the series of liquid standards. The Becke line phenomenon does not
appear when the microscope objective is raised or lowered if the refractive index of the material to be
examined is equal to the refractive index of the immersion liquid used for the determination test.

Any bubbles which appear during the preparation are useful for checking the focus when the match of
the sample and the immersion liquid is close.

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=260151b157720fff7a23ea00b92e2cc1

ISO 489:2022(E)

cke line
the lens-barrel of the microscope to defocus slightly

here the immersion liquid has a higher refractive index than that of the sample, theBecke line
vards the immersion liquid.

the opposite case, the Becke line is seen moving towards the particle.

Figure 7 — Becke line and its movement

recision

ecision data is shown in Annex A.

pst report
st report shall include the following information:
reference to this document (including its year of publication), i.e. [SO 489:2022;

details necessary for the complete identification of the material under test;

Key
be
1if

a W
to

b In

8 Pi

The py

9 T

The te

a) a

b) al

c t

d) t

e) t

f) t

g) t

h) t

method used (A or B);

type of light sounCe;and the wavelength used;

is seen moving

position in theyotiginal sample from which the specimen was cut (for method A only);

dispersion;if measured (for method A only);

type,of immersion liquid used (for method B only);

pefractive index to the nearest significant figure warranted by the pre

ision of the

measurements (to more than three significant figures if the refractive index is expressed using
method A);

i) any deviation, by agreement or otherwise, from the method specified;

j) th

©IS0 2
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Annex A
(informative)

Precision data

A.1 An international trial involving eight laboratories was conducted in 1996 to determine the

precision of the two methods. Measurements were made on eleven samples for method A a

nd six

samples for nfethod B, among which three samples were of the same materials. The results are phown
in Table A.1. No outliers were detected by Grubb’s test.
The anisotropic specimens were carefully selected and their orientation direction was:identifled for
the series of heasurements performed using method A.
Reproducibility means closeness of agreement between individual results obtained with thgq same
method on identical test material but under different conditions (differént’ operators, different
apparatus, different laboratories and/or at different times).
Repeatability] means closeness of agreement between successive results obtained with the same
method on identical test material, under the same conditions (same ‘operator, same apparatus} same
laboratory and at short intervals of time).
NOTE 1 In ethod A, PMMA cast sheet and fully shrunk and anmnealed PMMA cast sheet, which wquld be
expected to have little orientation and optical stress, give a reproducibility standard deviation of le§s than
0,000 4. Others range from 0,000 7 to 0,008 depending on .the scattering of the data due to local diff¢rences
within the sanjples. In the case of the fully shrunk and annedled PMMA cast sheet, the reproducibility stpndard
deviation is sljghtly smaller than that calculated from.the data from the within-laboratory tests. A possible
interpretation|is that the values of reproducibility werejinverted for this particular material because sp cpn only
be greater than or equal to SR, - Nonetheless, the preeision of this method is very high for this material 4nd the
difference between sp and sp ~is only 0,000 1 which corresponds to the detection limit of the method.
NOTE 2  In general, method B for granules'gives worse reproducibility than method A. This is clearly shpwn by
the data generjited for sheet and granulatedSamples from the same material: for PMMA (2, 15) and PS (6,[17).
Table A.1 — Interlaboratory trial data
. Within-laboratory re- R
No. | Method Plastl_c ma- Average refractive index | producibility standard Reproduc1b1_l Ity sjand-
terial deviation ard deviatio
33 SRy SR
1| a |PMMAcast 1,491 1 0,000 36 0,000 41
SIITCTL
PMMA
2 | a |shrunkand 1,491 4 0,000 58 0,000 46
annealed
cast sheet
PC extrud-
3| a |cdsheet 1,5839 0,000 40 0,000 82
(machine
direction)
PC extrud-
4| a |cdsheet 1,583 7 0,000 65 0,000 67
(transversal
direction)
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