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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. 1SO collaborates closely with the International Electrotechnical

Commission

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.
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Thermosettin

This third editjon cancels and replaces the second edition (ISO 2535:1997), which has been revised to i
variants of th¢ original method, calibration procedures for the device used to determine the gel time (3

A.2 and B.2)

Annexes A arf

IEC) on all matters of electrotechnical standardization.

onal Standards adopted by the technical committees are circulated to the member bodieg
an International Standard requires approval by at least 75 % of the member podies castin

awn to the possibility that some of the elements of this International Standard may be thg
SO shall not be held responsible for identifying any or all such patent.rights.

btandard 1SO 2535 was prepared by Technical Committee ISQ/TC 61, Plastics, Subcommi
materials.

nd precision data.
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Plastics — Unsaturated-polyester resins — Measurement of gel
time at ambient temperature

1 Scop

This Intern
temperatur

The refered

2 Norm

The followi

this Interngtional Standard. For dated references, subsequent amendments to, or revisions of,

publication
investigate
undated re
maintain re
ISO 472:19
ISO 4619:1

ISO 15038
materials —

3 Term

For the purposes of this Infernational Standard, the terms and definitions given in 1ISO 472 apply, tog

following tg

3.1
gel time at
the time wh

e

ptional Standard specifies methods of measuring, under defined conditions, thergel tin
b (i.e. within the range 18 °C to 30 °C) of unsaturated-polyester resins.

e temperature, if needed, is 25 °C.

ative references

ng normative documents contain provisions which, through reference in this text, constitutg
5 do not apply. However, parties to agreements based on'this International Standard are ¢
the possibility of applying the most recent editions ef, the normative documents indicats
ferences, the latest edition of the normative document referred to applies. Members of
gisters of currently valid International Standards,

99, Plastics — Vocabulary.

998, Driers for paints and varnishes.

1999, Plastics — Organic-perester crosslinking agents for unsaturated-polyester
- Determination of active-oxygen content.

s and definitions

rm and definition.

ambient temperature
ich elapses between the end of the addition of an initiator to a resin and the moment whe

e at ambient

provisions of
any of these
ncouraged to
ed below. For
ISO and IEC

thermosetting

ether with the

h the viscosity

reaches 5

Dac
o>

4 Princ

iple

The time required for a defined formula (resin, accelerator, initiator) at ambient temperature (within the range 18 °C
to 30 °C) to reach a viscosity of 50 Pa-s (the viscosity conventionally accepted as corresponding to the gel state) is

measured.
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Four methods are specified:

Method Al uses an automatic-release device (see annex A) in which a glass rod rotates in a resin mixture
contained in a test tube, and rotation of the glass rod is stopped automatically when a viscosity of 50 Pa:s is

reached.

Method A2 also uses an automatic-release device, but the resin mixture is contained in a beaker.

Method B1 uses a continuous-measurement device (see annex B) in which a glass rod executes a horizontal
oscillatory motion in a resin mixture contained in a test tube. The viscosity is measured continuously to obtain

a plot of vi

scosity against time.

Method H

5 Reager

Use only reag
5.1 Toluen

5.2 Referen

This solution

f
)

Pipette 5 ml 0
aliphatic este
well by shakin

1 ml of this sa

2 also uses a continuous-measurement device, but the resin mixture is contained in a bea

ts
ents of recognized analytical grade.

€.

ce accelerator: cobalt octoate solution containing 0,6 % by mass of Co.

may, for example, be prepared as follows:

a stock solution of cobalt octoate, containing 6 % by4nass of Co, in an inert solvent (for
into a volumetric flask fitted with a ground-glass stopper. Dilute to 50 ml with toluene (5

g.

lution corresponds to 0,100 g of the stock solution of cobalt octoate containing 6 % by mas

If it is necessary to determine the Co content of any:solutions, this shall be done in accordance with ISO

5.3 Refere

solution assayi

ng 9 % of active oxygen.

Check the active-oxygen content using the method specified in ISO 15038.

It is desirable
solution shall p
WARNING —
mixture is fo

to store the peroxide solution at low temperature (5 °C), e.g. in a refrigerator. In this
e maintained.at room temperature for 24 h prior to use.

Never mix‘the methyl ethyl ketone peroxide with the cobalt octoate solution, as an

med. Mix*each separately into the unsaturated-polyester resin.

Ker.

bxample an
1) and mix

s of Co.

4619.

nce initiator: 50 % by mass+solution of methyl ethyl ketone peroxide in dimethyl phthalate, the

case, the

explosive

6 Apparatl

6.1

us

for methods A2 and B2, polypropylene beaker, capacity 50 ml.

© ISO 2001 — All ri

Measurement vessel, capable of containing the quantity of mixture required for the determination:

for methods Al and B1, borosilicate-glass test tube, minimum length 150 mm, internal diameter 18 mm;
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6.2 Viscosity-measurement device: any device which can be calibrated and is capable of measuring a
viscosity of 50 Pa-s (2 Pa-s) with the least possible effect on the viscosimetric properties of the mixture; the shear
rate shall be negligible.

NOTE Examples of suitable automatic-release and continuous-measurement devices are described in annexes A and B,
respectively.

6.3 Water bath, thermostatically controlled to within £0,5 °C of the test temperature (which will be within the
range 18 °C to 30 °C) and protected from light.

6.4 Glass beaker, capacity 100 ml, for preparing the resin mixture.

6.5 Two|graduated pipettes, capacity 1 ml, with 0,01 ml graduations, or two precision micrgbfurettes, of at
least equivalent accuracy.

IMPORTANT — The pipettes (or microburettes) shall be clearly identified (accelerator, initiator) to avoid
any possibility of confusion.

6.6 Balanhce, accurate to at least 0,01 g.
6.7 Spatula, stainless steel.
6.8 Stopwatch, accurateto 1 s.

6.9 Thermometer, capable of reading a temperature within the range'18 °C to 30 °C to £0,5 °C.

7 Procedure

7.1 Carry out the determination at ambient temperature (i.e. in the range 18 °C to 30 °C). The procedure
described in 7.2 to 7.9, has been written, for simplicity’s sake, for a temperature of 25 °C (the referee {emperature).

To obtain the best possible accuracy, the container and the reagents used during the determination| shall be at a
temperaturg close to the test temperature,

With pre-agcelerated resins, omit 7.4
7.2 Weigh 50 g £ 0,1 g of theresin to be analysed into a beaker (6.4).
7.3 Placg the beaker in the-bath (6.3) until the resin reaches a temperature of 25 °C £ 0,5 °C.

7.4 Using a pipette or-microburette (see 6.5), add 0,5 ml of cobalt octoate solution (5.2). Mix with the spatula
(6.7).

7.5 Using thessecond pipette or microburette (see 6.5), add 0,7 ml of methyl ethyl ketone peroxide $olution (5.3).

7.6  Start the stopwatch (6.8) and mix with the spatula for 30 s.

7.7 Transfer the mixture to the measurement vessel (6.1) and place the viscosity-measuring device (6.2) in
position in the manner described in the procedure given in annex A or annex B.

7.8 Record the time, in minutes and seconds, when the viscosity reaches 50 Pa-s.

7.9 Carry out a second determination under the same conditions. The two results shall not differ by more than
10 %. If they do, continue testing until this requirement is fulfilled for two consecutive measurements.

© ISO 2001 - All rights reserved 3
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8 Expression of results

The gel time, at the test temperature (within the range 18 °C to 30 °C), is the arithmetic mean of the two test
results, expressed in minutes and seconds.

9 Precision

Precision data were determined from a round-robin test organized in the year 2000 using method B2 and involving
eight European laboratories. Two commercial unsaturated-polyester resins with different gel times were analysed,
and the results processed in accordance with 1SO 5725-2:1994, Accuracy (trueness and precision) of
measuremenfmethods and resulis — Part 2. Basic method Tor the determination of repeatanility and reproducibility
of a standard [measurement method. The data may be obtained from the ISO/TC 61/SC 12 Secretariat af ASTM.

The repeatabllity and reproducibility calculated from the round-robin data are given in Table 1.

Table 1 — Repeatability and reproducibility

Gel time (averaged) Repeatability Reproducibility
Sample
s 5 SR
UP resin A 667 17 34
UP resin B 2758 73 196
where

S is the standard deviation within a laboratory for_restlts obtained on identical material by
one operator, in one laboratory, using the same*equipment within a short interval of
time, using the standardized test method;

Sg is the standard deviation between thé,laboratories for results obtained on comparable
material by operators in different |alioratories, using the standardized test method.

10 Test report

The test report shall include the following)information:

a) areferenge to this InternationabStandard,;

b) all detaild necessary forjthe complete identification of the sample;

c) the methpd used.(A1, A2, B1 or B2) and details of the measurement device;

d) the test tTmperature (in the range 18 °C to 30 °C);

e) the geltime;

f)  the date of the determination.

4 © ISO 2001 - All rights reserved
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Annex A
(normative)

Automatic-release apparatus

ISO 2

535:2001(E)

A.1 Basic principles
A glass rofd, 6 mm in diameter and of adequate length, is inserted to a depth of 50 mm intora
contained in a test tube (method Al) or to a depth of 15 mm into a mixture contained in a beaker\(ing
Figure A.1),
The rod is fotated about its axis at very low speed (1 Hz to 2 Hz) by means of a steel totsien wire co|
electric mgtor. When the torsion wire has twisted through an angle corresponding_to & viscosity of
calibration procedure described in clause A.2), the gel time determination is completed. An automatic
the electricimotor and records the corresponding time.
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a) Method Al (resin in test tube)

Glass rod (diameter 6 mm)
Borosilicate-glass test tube

Resin mixture

Polypropylene beaker
Thermostatically controlled water bath

b) Method A2 (resin in beaker)

Figure A.1 — Schematic drawing of automatic-release apparatus

All rights reserved
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A.2 Calibration procedure

A21

Procure a standard oil with a viscosity of 50 Pa-s at a temperature x and 48 Pa-s at a temperature y (the

exact temperatures will be given on the calibration certificate supplied with the oil), these viscosities being
measured at a low shear rate.

NOTE

established in accordance with the relevant standards.

A.2.2
A.2.3

A.2.4 Place
temperature t

A.2.5 Start
measurement

A.2.6

A.2.7 Start
measurement

Temperatures
out under the

EXAMPLE

Cannon oil, Re

(The precise te

Insert-the

D stabilize. Then place this assembly under the measurement apparatus.

system. Stop the measurement apparatus.

Increase the temperature to y and wait for the temperature to stabilize.

the measurement apparatus, and check that release doesinot occur at this temp
continues.

x and y shall be situated between 20 °C and 50 °C in¢order to ensure that the calibratio
correct conditions.

. No. 600: 60 Pa-s at 25 °C
50 Pa'sat 35 °C
40 Pas at 50 °C

mperature and viscosity values will be indicated on the calibration certificate accompanying the oil.)

the whole assembly in the thermostatic bath maintained at temperature x ang”w

the measurement apparatus and adjust the automatic-release mechanism tg the threshold

The oil may be either a Cannon oil or a silicone oil, provided it is accompanied by a calibration certificate

Introduce into the measurement vessel the quantity of oil necessary for the method being used (A1 or A2).

ait for the

limit of the

brature but

n is carried

© ISO 2001 — All ri

ights reserved


https://standardsiso.com/api/?name=e70091977459178b7cb94ba78f522de4

B.1 Basi
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Annex B
(normative)

Continuous-measurement apparatus

c principles

535:2001(E)

A glass ro
contained i

Figure B.1),

The rod is
rotational n

The force d
viscosity off

The calibra
product red

Insertion of
followed (s

NOTE 1
mixtures in g

NOTE 2
diameter bal

B.2 Cali

B.2.1 Prg
shear rate.

NOTE
established

B.2.2 Int

0, 6 mm in diameter and of adequate length, is inserted to a depth of 50 mm intora
N a test tube (method B1) or to a depth of 15 mm into a mixture contained in a beaker\(ing

resin mixture
thod B2) (see

jriven to execute a low-frequency (< 2 Hz), low-amplitude (< 2 mm) horizontal.escillatory motion (neither

or pendular).

f reaction of the mixture to the rod motion is measured using a sensorsWhen this force coffresponds to a

50 Pa-s (see calibration procedure described in clause B.2), the corresponding time is not

tion may then be stopped, or it may be continued in order to_ ebtain the whole crosslinking
ctivity) curve up to complete setting.

a thermocouple into the measurement vessel [see Figure B.1b)] allows the rate of heat €
be Figure B.2).

Methods B1 and B2 are particularly suitable for testing to complete setting and allow work with differg
rder to evaluate the effect of the mass present on-the reactivity and on the heat-evolution properties,

n method B2, it is possible to replace the-6-mm diameter glass rod by a threaded metal rod fitted
elite ball in order to enhance the measurement sensitivity.

bration procedure

cure a standard oil with)a viscosity of 50 Pa:-s at a temperature X, the viscosity being mea

'he oil may he.either a Cannon oil or a silicone oil, provided it is accompanied by a calibr
n accordancewith the relevant standards.

oduce.into the measurement vessel the quantity of oil necessary for the method being use

B.2.3 Ing

pd.

and therefore

volution to be

ent quantities of

with a 16-mm-

sured at a low

htion certificate

d (B1 or B2).

ert’the rod to the depth necessary (50 mm for method B1, 15 mm for method B2).

B.2.4 Place the whole assembly in the thermostatic bath maintained at temperature x and wait for the
temperature to stabilize. Then place this assembly under the measurement apparatus.

B.2.5 Start the measurement apparatus and note the measured value of the force. This value corresponds to a

viscosity of

©1S0 2001 -

50 Pa-s under the conditions of measurement.
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