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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 — Polycarbonate sheets — Types, dimensions and
characteristics

1 Scope

This document specifies the requirements for solid, flat extruded sheets of polycarbonate (PC) for

gene
carb

opaque. The sheets can also be those that have a special weather-protective layer on
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Normative references

at—apptications—tt—appties—specificatty to—sheetsTmade—of poty{p;p=isopropytid
bnate). The sheets can be coloured or colourless, and they can be transparent; trd

ces.

document applies only to thicknesses equal to or greater than 1,5 mm.

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 documerit (including any amendme

5-1, Plastics — Determination of temperature of defléction under load — Part 1: General

/5-2:2013, Plastics — Determination of temperature of deflection under load — Parf
bbonite

179-1:2010, Plastics — Determination of Charpy impact properties — Part 1: Non-i
ct test

91, Plastics — Standard atmospheres for conditioning and testing
06:2013, Plastics — Thermoplastic materials — Determination of Vicat softening tempe

b27-2, Plastics — Determination of tensile properties — Part 2: Test conditions for m
sion plastics

77-1, Plastics —Methods of exposure to solar radiation — Part 1: General guidance

77-2, Plasti€s’== Methods of exposure to solar radiation — Part 2: Direct weathering d
d window-glass

B77-35Plastics — Methods of exposure to solar radiation — Part 3: Intensified weat
bntrated solar radiation

ne-diphenyl
inslucent or
bne or both

heir content
applies. For
hts) applies.

test method

t 2: Plastics

hstrumented

rature (VST)

oulding and

nd exposure

hering using

[SO 2818, Plastics — Preparation of test specimens by machining

[SO 4892-1, Plastics — Methods of exposure to laboratory light sources — Part 1: General guidance

ISO 4892-2, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-arc lamps

IS0 8256:2004, Plastics — Determination of tensile-impact strength

ISO 13468-1, Plastics — Determination of the total luminous transmittance of transparent materials —
Part 1: Single-beam instrument

3 Terms and definitions

No terms and definitions are listed in this document.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

4 Composition

4.1 Thefo
Thermag

(see ISQ

4.2 The sheet may contain colorants, additives, processing aids and stabilizers (e.g. U¥-absorber

to a total m4

4.3 Sheet;d

a UV-absorber content higher than that of the substrate. The composition of\the protective layer
polycarbondte and UV-absorber, or PMMA and UV-absorber, or other materials) and the applic
techniques |(e.g. co-extrusion, coating, lamination, flow-coating, dipping) are not specified by
document.

5 Requirements

5.1 Masking

The surfaceof the sheet as delivered shall be protected by plastic film or paper or a combination of
5.2 Appearance

Requiremerlts concerning defects and_dptical quality shall be agreed upon between the inter§
parties.

5.3 Colour

The coloran
otherwise
interested p

5.4 Dimensions

llowing type of PC is preferred for PC sheet extrusion:

Ty O*

21305-1 for explanation of designation system for PC)

ss content of 5 %.

of the type specified in Clause 5 may have a protective layer (on ope-or both surfaces)

t(s) shall be hemoégeneously and uniformly distributed throughout the material, u
pecified. Forkcritical requirements, the degree of homogeneity shall be specified b
arties.

5) up

with

(e.g
htion
this

both.

bsted

nless
7 the

5.4.1 Con

ditions of measurement

Measurements should preferably be made under the standard conditions 23 °C + 2 °C. For measurements
made under ambient conditions, allowance shall be made for dimensional changes due to the differences
in temperature at the place of measurement from the preferred temperature.

5.4.2 Length and width

The length and width of the sheets shall be agreed upon between the interested parties. The tolerances
on length and width shall be as specified in Table 1.
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Table 1 — Tolerances on length and width

IS0 11963:2019(E)

5.4.3
The

3,5 x
of ex

5.4.4
The {

5.5

Thickness

Shrinkage

Length or width Tolerance
mm
Up to 1000 3 mm
From 1001 to 2 000 +g mm
From 2 001 to 3 000 +?) mm
3 001 and over +8'3 %

Deviation of shape from rectangular

olerance on the thickness, d, of the sheets shall be as specified in Table 2.

Table 2 — Tolerances on thickness

Thickness, d Tolerance
mm %
1,5<d<5 +10
5<d +5

The maximum shrinkage (see 6.5:3) shall be as specified in Table 3.

5.6

Basic properties

Table 3 — Maximum shrinkage

Thickness, d

Maximum shrinkage

mm %
1,5<d<5 10
5<d 5

lifference Al between the lengths of the two diagonals of the rectangular sheet shall be less than
1073 x b (where b is the width, in millimetres, of the sheet, measured perpendicular to the direction
trusion), but need not be less than 2 mm.

The basic mechanical, thermal and optical properties of transparent, colourless sheets shall be
as specified in Table 5. For other grades, the required properties shall be agreed upon between the

inter

ested parties.

5.7 Weathering behaviour

Any requirements on natural- or artificial-weathering behaviour shall be agreed upon between the
interested parties, as required.
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5.8 Other properties

Other properties of transparent, colourless sheets, needed for specific applications, shall be agreed
upon between the interested parties. Examples of, and test methods for, such properties are presented

in Table 4.

Table 4 — Typical values of other properties of transparent, colourless sheets

Properties Unit Test method Typical value
Density g/cm3  |ISO 1183-1 1,2
CoeffIClent flincarthormal nvpancinn K-1 1SS0 113592 65 x 10-6

1SO 489:1999,

Refractive ifjdex, n]2)0 o method A &
Haze (3 mm} % ISO 14782 1
Surface resigtivity Q IEC 60093 1015
Water absorption (pre-conditioning: 50 °C/24 h; m 1SO 62:2008, 16
immersion tjme in water: 24 h) & method 1

Refractive il

For other grj

6 Testm
6.1 Gene

6.1.1 San

The samplin
in ISO 2859

for sampling.

6.1.2 Con[ditioning and testing of specimens

Conditionin
humidity, in|
of deflectior

6.1.3 Pre

Specimens
[SO 2818. W

ndex n]2)0 is define by ISO 489.

ades, the required properties shall be agreed upon betweén the interested parties.

ethods
ral

Ipling

g procedure shall be agreed upon bétween the interested parties. The procedures desc
1 and ISO 28590 are widely accepted and frequently used. Hence these are recomme

b
p

b (48 h) and testing-of specimens shall be carried out at 23 °C + 2 °C and (50 * 10) % rel
accordance with-1SO 291, except for the Vicat softening temperature and the temper
under load f(see’6.5.1 and 6.5.2).

paration-of specimens

hall.be prepared, wherever applicable, in accordance with the procedures describ

ribed
nded

ative
hture

bd in
hired

hén it is necessary to machine the sheet to reduce its thickness to the dimension reqt

for a particular test method, one original surface shall be left intact.

With PC sheets coated on one side, the coated side shall remain unmachined. With PC sheets coated on
both sides, two groups of specimens shall be prepared. One group shall retain one of the original coated
sides and the other group, the other original coated side. The two groups shall be tested separately.

6.2 Colour

Colour differences between a reference material (standard) and the specimens shall be determined
using a differential colorimetric instrument, as agreed between the parties concerned: e.g. CIELAB data
(CIE 15) may be used.
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6.3 Dimensions
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6.3.1 The length and width of the sheets shall be measured to the nearest 1 mm.

Table 5 — Requirements on basic properties

Properties Unit Test method Typ_e of | Required Subclause
specimen value
Mechanical properties
Tensile stress at yield g MPa |ISO 527-2/1A/50 1A >R85 6.4.1
¥ ISU527-2/1B/50 1B
e . MPa |ISO527-2/1A/1 1A
Modilus of elasticity in tension, E; 1S0 527-2/1B/1 1B 22200 6.4.1
' . . % ISO 527-2/1A/50 1A
Nomjinal tensile strain at break, &5 1S0 527-2/1B/50 1B 260 6.4.1
Charnpy impact strength (notched, notch| kJ/m?2 [ISO 179-1/1eA 1 56 6.4.2
radigis 0,25 mm; thickness = 4 mm) - I
Tensfile impact strength (double-notched;| kJ/m2 |ISO 8256:2004, 1 150 6.4.2
thickness < 4 mm) method A - T
Thermal properties
: . °C [SO 306:2013, —
Vicat softening temperature method B50 =145 6.5.1
Temperature of deflection underload (thick- °C ISO 75-2:2013, —
2130 6.5.2
ness|> 3 mm) method“A
Optical properties
Light transmittance, 7, (380 nm to 780 nm) — 180 13468-1 6.6
Thickness, t 1,5mm<t<4mm >85
4mm<t<6mm - 282
6mm<t<12mm >80
12mm<st 275
6.3.1 The thickness of the shegets shall be measured to the nearest 0,05 mm, excluding the masking
film pr paper, and without dagiaging the surface. Measurements shall be made at points rfot less than

1001

6.4

6.4.1
or 11
the n

mm from the sheet edge.

Mechanicalproperties

Tensileproperties shall be determined in accordance with ISO 527-2, using specir

. The test’speed for tensile stress at yield and nominal strain at break shall be 50 mm
nodulys of elasticity in tension, 1 mm/min.

nen type 1A
min and for

6.4.2 When the sheet thickness is greater than or equal to 4 mm, the Charpy notched impact strength
shall be determined in accordance with ISO 179-1:2010, method 1eA (edgewise), using a notched bar

(80 mm x 10 mm x d mm, V-notch, radius 0,25 mm), where d is equal to the sheet thickness.

If the thickness is less than 4 mm, the tensile impact strength shall be determined using a double
V-notch (notch radius 1 mm) in accordance with ISO 8256:2004 (specimen type 1, method A).

The notched impact strength shall be measured with specimens taken parallel and perpendicular to
the extrusion direction.

These two different tests are required because, when determining the notched impact strength to
[SO 179-1 (Charpy), extruded PC shows a tough/brittle transition in the range between approximately
2,5 mm and 3,5 mm thickness, which gives rise to large deviations in measurements made in this range.

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=1d3ee00cc662822bcd1025c61753c1c5

ISO 11963

:2019(E)

6.5 Thermal properties

6.5.1 The Vicat softening temperature shall be determined in accordance with ISO 306:2013,

method B50

, indenting the original surface. The rate of heating shall be 50 °C/h.

Prior to the test, the specimens shall be conditioned at 120 °C £ 2 °C for 3 h and allowed to cool to room
temperature in a desiccator.

6.5.2 The temperature of deflection under load shall be determined in accordance with ISO 75-1 and
ISO 75-2:2004, method A. Prior to the test, the specimens shall be conditioned at 120 °C + 2 °C for 3 h

and allowed

If the sheet {

6.5.3 The
with the me

6.6 Optic
The light trd

sphere on specimens of original thickness.

6.7 Weat

6.7.1 Nat

Natural-wesd
ISO 877-3.

6.7.2 Arti

Artificial wd
with a filter
standard te
18 min/102

The evaluat]
agreed upof

NOTE1  Bg
weathering d

NOTE2 A
exposure, is §

ta cooltoroom tamnaraturain 2 daciceqatar
to-C00TtoT oo He I p et S aeSTeeatots
hickness is less than 3 mm, this requirement shall not apply.

change in dimensions at elevated temperature (shrinkage) shall be determined,in accord
thod described in Annex A.

al properties

nsmittance 7, shall be determined in accordance with ISO 13468-1 by using an integr

hering behaviour

iral weathering

thering performance, when needed, shall be ‘determined using ISO 877-1, ISO 877-2

ficial-weathering tests

athering, when required, shall-becarried out in accordance with ISO 4892-1 and ISO 44
ed xenon lamp with a speetral intensity distribution recommended by CIE 85, at a b
mperature of 65 °C = 3.°C,)at (50 £ 10) % relative humidity and with a wet/dry cy
min.

ion test method and pass/fail criteria to be determined by artificial weathering shg
between the intérested parties.

cause of thelspecial photochemical degradation mechanism of PC, the result of accelg
epends véry much on the light source, especially in the UV range.

Fiven by the specified procedure.

ance

pating

and

92-2
lack-
rle of

1l be

rated

very 'good correlation between natural and accelerated weathering, even over a long time of

7 Reacti

on to fire

Testing of reaction to fire, when needed, shall be agreed upon between the interested parties.

8 Usein

contact with food

If PC sheets are intended for use in food-contact applications, the special requirements shall be agreed
upon between the interested parties in every case.
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9 Retest and rejection

If any failure occurs, the material may be retested by agreement between the interested parties.

© IS0 2019 - All rights reserved 7
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Annex A
(normative)

Determination of change in dimensions at elevated temperature
(shrinkage)

A.1 Cut two specimens 150 mm square (one side parallel to the extrusion direction) from the sample
sheet in argas approximately equally spaced across the width of the sample. Mark the directipn of
extrusion o1 each sample and, with a pair of compasses, mark a circle measuring 100 mm * I'mm agross.
Dry the spe¢imens at 90 °C for 24 h and allow them to cool to room temperature in a desiceator at L8 °C
to 28 °C (in gases of dispute, 23 °C + 2 °C). Measure the diameter of the circle, parallel and-perpendicular
to the extrusion direction, to the nearest 0,05 mm.

A.2  Place the specimens horizontally on a plane plate, and put them on a shelfi¥man oven at a contrjolled
temperaturg of 190 °C * 2 °C. To avoid sticking of the specimens, use a plate ¢oated with an anti-stigking
layer, such as polytetrafluoroethylene. The heating period, which depends, on the thickness of the gheet,
shall be as specified in Table A.1.

Table A.1 — Heating period

Thickness, d Time

mm min
1,5<d<5 60
5<d 75

During the heating period, any water contained-in the sheet may produce bubbles (a few are allowed)
and the sample may foam. If this is the case/the test shall be repeated with an additional (pre-drying)
stage, using|the following conditions:

Pre-drying temperature: 90.9C;

Pre-drying time in hours: 2 x d2, where d is the thickness of the specimens in millimetrep.

A.3 Allow(the specimens to"cool to room temperature in a desiccator at 18 °C to 28 °C (in cades of
dispute, 23 IC * 2 °C) anddmeasure the diameter of the circle, parallel and perpendicular to the extrusion
direction, to[the nearestf0,05 mm.

A.4 Calculptefthe change in diameter (shrinkage) S for each specimen as a percentage of the ipitial

value, using|Fefmula (A.1):

Iy -1
S= 01 X100 (A1)
0

where
Il isthe diameter after drying;
I isthe diameter after heating.

Calculate the average percentage change for the two specimens parallel and perpendicular to the
extrusion direction.
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