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Foreword

SO (the International Organization for Standardization) Js
federation of national standards bodies (ISO member bodies)
preparing International Standards is normally carried-out

a worldwide
The work of
through ISO

technical committees. Each member body interested.in a subject for which
a technical committee has been established has the.right to bg represented
on that committee. International organizations, ‘governmental and non-
governmental, in liaison with ISO, also take part in thg¢ work. ISO

collaborates closely with the International )Electrotechnical
(IEC) on all matters of electrotechnical standardization.

Commission

Draft International Standards adgpted by the technical committees are
circulated to the member bodies for voting. Publication as an| International
Standard requires approval by«at least 75 % of the member bpdies casting

a vote.

International StandardISO 12114 was prepared by Technic

hl Committee

ISO/TC 61, Plastics, Subcommittee SC 13, Composites and feinforcement

fibres.
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Introduction

The descrif
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moulding cq
assessed.

One import3
i.e. their abi
This reactiv
Standard gi
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tempe

r
producxon;

the sec
physic

tion of the cure characteristics of thermosetting moulding
is rather complex. Various parameters and properties like
mperature, pressure and shrinkage are of interest to the end
of these parameters influence each other. For this reason,
methods are necessary for quality control and to determine the

arying the proportion of any particular component in the

The characteristics determined are selected to enable different
mpounds and prepregs to be compared and their shelf life

nt characteristic of thermosetting compounds is their reactivity,
ity to polymerize under the influence of a catalyst and/or heat.
ty can be evaluated by various methods. This International
es two such methods:

t of which is a simple procedure which is limited to the
hation of reactivity and shelf life by measuring the variation of
ture as a function of time under the conditionsZusually used in

bnd method is more sophisticated and-gives information on the
| behaviour of the compound qnder simulated moulding

conditigns.

The description of the curing behaviour©fya thermosetting compound is not
possible by|a single value. It is dependent on several parameters, like
pressure, temperature and shrinkage, which influence each other. This
interdependence must also be.described. Such a description can be given
by mathematical functions orlexpressed in terms of a set of curves for the
various pargmeters, as in“this International Standard. The curves for a
particular cpmpound are’ all shown in the same figure to enable the
interdependence of the)parameters concerned to be seen at a glance.
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Fibre-reinforced plastics — Thermosetting moulding compounds

and p

1 Scope

This Inter

repregs — Determination of cure characteristics

reinforced|thermosetting moulding compounds and prepregs.

The charafteristics measured are

— the hgat generated by the exothermic reaction;

— the thermal expansion of the compound accompanying the rise.in*temperature;

— the shjrinkage due to the curing reaction.

The meth

The majorffield of application is compounds based on unsaturated polyester resins.

Method |
This meth

bd examines only the reactive behaviQur of the matrix and its state of stabilization (one facto

shelf life of the moulding compound).

Method Il
additional

describes a test method which needs more sophisticated equipment, takes more time

conditions]. It produces a plate whigh can be used for further testing to determine properties of the mou

2 Normative references

The folloying staridards contain provisions which, through reference in this text, constitute prov

Internation

revision,
possibility

hnd“parties to agreements based on this International Standard are encouraged to in
ofZapplying the most recent editions of the standards indicated below. Members of IEC and

hational Standard specifies two methods for the determination of the. cure characteristics of fibre-

pds specified are applicable to all compounds(€omprising thermosetting matrices reinforced with fibres.

describes a test method to determine the reactivity of a thermosetting compound by a simple procedure.

affecting the

but provides

detailed information about the physical behaviour of the compound under simulated practjcal moulding

ded article.

sions of this

al Standard. At the time of publication, the editions indicated were valid. All standards dre subject to

vestigate the
ISO maintain

registers of currently valid International Standards.

ISO 472:1

988, Plastics — Vocabulary.

ISO 8605:1989, Textile glass reinforced plastics — Sheet moulding compound (SMC) — Basis for a specification.

I1SO 8606:1990, Plastics — Prepregs — Bulk moulding compound (BMC) and dough moulding compound (DMC) —
Basis for a specification.
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3 Definitions

©1SO

For the purposes of this International Standard, the definitions given in ISO 472, ISO 8605 and ISO 8606 apply, plus
the following definitions:

3.1 reactivity: The reactivity of a thermosetting material is taken, by convention, as the maximum gradient, in
degrees Celsius per second, of a plot of the temperature of the thermosetting material as a function of time during

curing.

3.2 curing behaviour: The behaviour of a thermosetting material when moulded under commonly used moulding
conditions, as described by the following set of parameters:

— cure timp;

— thermal pxpansion;

— shrinkage due to the curing reaction;

— net shrinkage (reaction shrinkage less thermal expansion).

The values df these parameters will depend on the actual moulding conditions uséd.

3.3 elementary unit: The smallest normally commercially available entity of a given product. The
(form, dimenmsions, mass, etc.) of the elementary unit will normally ‘be defined in the product sp

Elementary

NOTE — F(
techniques e\
properties var

4 Apparse
4.1 Metha

4.1.1 Cylin
control syste

4.1.2 Devige for applying.a minimum force of 15 daN to the punch (see figure 2).
4.1.3 Insulated thermocouple, diameter 1 mm, located at the centre of the bottom of the mould and r
into the mopld cavity.”The thermocouple shall be insulated from the heated steel block by insulat

a thickness

J

nits may be supplied in the form of rolls or packages, for.instance.

olve. without necessarily causing any modification in\the properties of the product or the way in
y within the elementary unit.

tus

dl

m, and with a heated steel'punch which fits inside the cylindrical mould (see figure 1).

f >.2umm.

description
ecification.

r a given product, the dimensions, mass or volume of the elementary unit may change, as manufacturing

which these

drical metal mould, with™ an' inside diameter of 20 mm, equipped with a heater and a t¢mperature

sing 5 mm
on having

4.1.4 Suitable recording system, for plotting a curve of temperature versus time.

4.1.5 Device for preparing moulding-compound test specimens (see figure 3).

4.1.6 Syringe, for measuring out paste specimens.

4.1.7 Balance, accurate to the nearest 0,1 g.

4.1.8 Brass bristle brush, to clean the mould.
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4.2 Method Il
4.2.1 Suitable press, capable of applying a moulding pressure of 100 bar + 3 %.

4.2.2 Shear edge mould, mounted in the press, with a cavity of surface area not less than 200 cm?, heatable
to 200 °C with an accuracy of 1% (see figure 4). The mould shall be equipped with a pressure sensor and

temperature sensor, mounted in the centre of the mould. For pressure measurements, piezoelectric sensors are
normally used.

The temperature sensor shall be insulated from the mould to measure changes in temperature at the surface of the
moulding compound with an accuracy of £1 %.

Both sendors shall be flush with the surface of the mould cavity. A displacement sensor shall be fitted to the mould
to measure mould lid travel of about 20 mm with a resolution of 0,01 mm.

NOTE —| For practical reasons, it is recommended that the sensors be mounted at a maximum {listance apart
of 30 mm gnd equidistant from the axis of symmetry.

4.2.3 Refpording equipment, connected to the sensors in the mould, to plot the variation with time of
— presgure (from 0 to 150 bar);
— displgcement (from 0 to 20 mm);

— temperature (from 0 to 200 °C).

4.2.4 Calipers, for measuring the thickness of the moulded testspecimen.

5 Sampling

For a shegt moulding compound, take a laboratory sample over the full width of the roll. Reduce the yidth by 5 cm
on each sjde to avoid edge effects.

For a bulk moulding compound, take._aNaboratory sample from the centre of an elementary unit.[When taking
the laborgtory sample, do not remove ‘any protective sheet, and place the sample, immediately after|taking it, in a
suitable bpg to avoid loss of volatilé_ matter or absorption of moisture.
The laborptory sample shall be”of a size sufficient to enable the required number of test specimens tp be prepared
(see 7.1).

6 Conditioningand test atmospheres

6.1 Conitioning

Condition the laboratory sample for a time sufficient to establish temperature equilibrium. The temperature of the
laboratory sample immediately before the test specimens are taken shall not be less than 18 °C.

6.2 Test atmosphere

The atmosphere for testing shall be the same as that used for conditioning.
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7 Test specimens

7.1 General

For both methods, take three specimens from the conditioned laboratory sample.

©1S0O

NOTE — The product specification or the person ordering the analyses may require that the determination be performed on

additional spe

cimens or at specific places in the elementary unit or laboratory sample.

7.2 Method |

For each test specimen, take 6 cm3+ 0,5 cm3 of moulding material, giving a test specimen height in the range

1,75cmto 2

and resins. H
moulding cor

7.2.1 Sheet

Stamp the re

Cut all the p

pieces togett

or other moulding compounds, it is easier to weigh out a given mass, calculated from théide
npound.

moulding compound specimens

er to form test specimens.

7.2.2 Bulk moulding compound specimens

Shape the m

7.2.3 Paste

Take 6 cm3 1

7.3 Metha

The thicknes
moulding it i
complete lay
a bulk mould

It will therefq

pulding compound using the device described in 4.1.5.

specimens

- 0,5 cm3 of the paste or resin with the syringe(#.1.6).

dlil

s of the moulded test specimen 'should preferably be the same as the thickness of the
5 intended to represent. However; the thickness of the moulded specimen depends on the
ers of the same size of a sheet'moulding compound used and their individual thickness or,
ing compound, the density of'the compound under test.

same thickngss as the production moulding.

7.3.1 Sheef

Stack the re
width of the
a maximum

7.3.2 Bulkm

Spread the re

moulding‘compound specimens

uired.number of complete layers together. For rectangular moulds, the specimen shall co|
motild: The minimum length of the specimen shall be mould length minus 10 mm (or min

10 cm. This quantity can be obtained by direct measurement of a given volume in the casg

quired number of pieces of moulding compound with a blanking die punchrof diameter 19 m
eces from the same sheet at intervals of about 10 cm. Remove the protective sheets ang

of pastes
hsity of the

m+ 1 mm.
stack the

production
number of
n the case

re not always be passible with a sheet moulding compound to produce a moulded specimén with the

ver the full
s 10 % to

pf-20 mm).

oulding compound specimens

quired mass of material as evenly as possible in the mould cavity.
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If test conditions are specified in the material specification, these conditions shall be used whenever possible.

8.1 Met

Switch on

hod |

the heating and recording systems.

Allow the apparatus to warm up until the thermocouple indicator shows a stable temperature (this will normally take
about 2 h).

During this time, leave the punch inside the mould cavity. For normal testing, the temperature of the inside wall of

the moul

they shall

Prepare g
load it to
material. i
shall be in

shall ha 140 °C + 2 °C _In certaincircumstances howevaer aothar tamneraturas mav bha r
HaH—Be—1-4 ey —HA—-GeHaH—GHeUHMSah —ROWeVe—othertemperattresHRay-be

be agreed between the interested parties and shall be stated in the test report.

test specimen in accordance with clause 7 and immediately place it in the mould, ‘close t
15 daN, or more if necessary. (In most cases, a force of 15 daN is sufficient to \compact
f the material is not sufficiently compacted, however, as evidenced by areas of porosity or vq
creased. The force used shall be stated in the test report.)

Stop the fecording system when the temperature curve has reached the maximtmpoint and the ten

started to
Open the

Clean the
2 °C befo

decrease.
mould and remove the moulded test specimen.

mould cavity and the punch, close the mould and wait until the temperature is not varying
e moulding the next specimen.

8.2 Method Il

Choose 4
Adjust the

Prepare g

hd record the test conditions.
controls on the apparatus accordingly:

test specimen in accordance with'clause 7.

Start the fecording system and placethe test specimen in the mould cavity and close the mould within

NOTE —

Allow the
recording

If examin
eliminate

NOTE —

traces from eachCsensor to be recorded. When the readings of all the sensors are stable a
system, open.the mould and remove the moulded specimen.

htion of thevmoulded specimen shows evidence of porosity, reduce the charge length and rep
porosity:

The ‘test procedure described permits only limited flow of the moulding compound (see 7.3.1).

n

It is recommended that sheet moulding compound specimens be bent into a curve to facilitate loading.

quired. If so,

ne mould and
the moulding
ids, the force

hperature has

by more than

10 s.

gain, stop the

eat the test to

This particular

Yown rise in the

procedure

hats bhann chacan ta mintraion the ~Affant Af frintian Aiivine s ildine sk pieiallhy Aoione Al ol
oo P oSO M i ZC T C e O iSO Sorm g hooitGm g W o ooany —CaasSto—an—arikt

temperature of the moulding compound. As a consequence, degassing may not be as complete as under usual moulding
conditions. This will have to be borne in mind if specimens for further testing are to be cut from the moulding produced by this
procedure.
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9 Expression of results

9.1 Method |
Determine, from the curve recorded (see figure 5), the following parameters:

a) The reactivity, which corresponds to the maximum value of the temperature gradient, in degrees Celsius per
second. It is given by the tangent to the curve at the second point of inflection of the curve.

b) The time to onset of polymerization, which is defined as the time between the beginning of measurement
(i.e. the point when the temperature reaches 50 °C) and the time when polymerization begins, which is
indicated by the first point of inflection of the curve (¢ in figure 5).

c) The temperature of onset of polymerization, which is the temperature corresponding to thedfirdt point of
inflection| (T4 in figure 5).

d) The timg to maximum temperature, which is the time between the beginning of measutement and the point
when thg temperature reaches its maximum value (¢, in figure 5).

e) The maximum temperature (75 in figure 5).

9.2 Method I
Determine, frbm the curves recorded (see figure 6), the following data:

a) The zerq point in the time axis (the starting point or “zero” time,"Which is taken as the point when the mould
cavity pressure has reached 10 bar.

b) The curg time from the temperature (CT), which is the time taken for the test specimen to reach its|maximum
tempera{ure (point 1 on the temperature vs. time tracelin figure 6). The time is measured from the zefo point on
the time pxis.

¢) The modlding temperature: After passing thraugh its maximum (point 1), the temperature of the test|specimen
approaches equilibrium with that of the mould (section 2 of the temperature vs. time trace in figure 6).
This stegdy-state temperature is defined.as the moulding temperature.

d) The onsgt of thermal expansion (DS'3), which is the lowest point of travel of the mould lid (poinf 3 on the
displacement vs. time trace in“figure 6) and indicates the point at which the test specimen has gpread out
sideways to just fill the mould-and is beginning to expand upwards. Record the values of the displac¢ment and
time at this point.

NOTE — Expansion and shtinkage as described in this International Standard are displacements in the tes} specimen
thickness diregtion. Theyshould not be confused with expansion and shrinkage in the plane of the specimen.

e) The makimum~expansion (DS4), which is the displacement of the mould lid at the maximym in the
displacefnent'vs. time trace (point 4 in figure 6), i.e. the point at which shrinkage becomes the dominfant factor.
Record t f f f f

f)  The specific thermal expansion (liquid phase) (STE), which is calculated, as a percentage, from the equation

STEzwx1OO
DS3

where
DS 3 is the lowest point of travel of the mould lid;

DS 4 is the maximum expansion.
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g) The end of shrinkage (DS 5), which is the displacement of the mould lid at the end of curing (section 5 of the
displacement vs. time trace in figure 6). Record this value, which corresponds to the final thickness of the
moulded test specimen.

where

DS 5 [isThe final thickness of the moulded specimen.

i) The net shrinkage (NS), which comprises the reaction shrinkage due to the curing redction |ess thermal
expangion. Calculate the net shrinkage NS, expressed as a percentage, from the equation

~ DS3-DS5
NS =————— x 100

DS5

-

DS 3 gnd DS 5 are as defined above.

j)  The moulding pressure (MP): The beginning of the pressure vs. time tface shows a phase of consfant pressure
(sectign 6 of the trace in figure 6). Record this value as the moulding pressure.

Te o) frmmn thn mrAacoiira fraan liale o tlaa -~ ~
The clire t from the pressure trace (CP), which is the time taken

u
cavity| as given by the pressure vs. time trace, to reach.minimum or a constant, low
shrinkpge effects (point 7 on the pressure vs. time traceiin figure 6).

(0]

10 Pregision
The precisjon of this method is not known because interlaboratory data are not available. When interlathoratory data
are obtaingd, a precision statement will be added at the following revision.

11 Testreport

The test rgport shall include at\east the following information:

a) a full description and“identification of the moulding compound tested;

b) a full description-of the procedures used for sampling and for the preparation of the test specimens

c) the te$t.conditions used;

d) each individual result, their average value and the standard deviation:
1) for method |
(i) the reactivity, expressed in degrees Celsius per second,
(i)  the time to onset of polymerization, expressed in seconds,
(i) the temperature of onset of polymerization, expressed in degrees Celsius,
(iv)  the time to maximum temperature, expressed in seconds,

(v)  the maximum temperature, expressed in degrees Celsius;
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2) for method Il
(i) the thickness of the moulded test specimen, expressed in millimetres, at the moulding temperature,
(i) the moulding pressure, expressed in bars,
(i) the moulding temperature, expressed in degrees Celsius,
(iv)  the cure time from the temperature trace, expressed in seconds,
(v)  the cure time from the pressure trace, expressed in seconds,

(vi)—the specific thermal expansion, expressed as a percentage

(vip the reaction shrinkage, expressed as a percentage,
(vii}) the net shrinkage, expressed as a percentage;

e) any procedural details not mentioned in the standard that may have affected the results:
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Dimensions in millimetres
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Heated
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insulation \4 system

Insulation E \<Fo
—\f T 1]

— Thermocouple
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—

Hermocouple @1

Tlemperatucé In

recorder ‘\T‘ i
f

Figure 1 — Principle of apparatus (4.1.1)
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Connecting rods ——— |

Ejector plate———__ |

Stop—— |

Guide bars—— |

\

\Insutating beard

| Heated punth
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\
\*Insulafing board

.
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AU
!
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i \ Thermocouple temperatur

recorder

“essure—operafed_/

linder

Figure 2 — Principle of apparatus (4.1.2)
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Dimensions in millimetres
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60
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Figure 3 — Example of apparatus for the preparation of specimens from bulk products
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Temperature

sensor
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Dimensions in millimetres
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N
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Figure 4 — Shear edge mould
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