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INTERNATIONAL STANDARD ©ISO ISO 2535:1997(E)

Plastics — Unsaturated polyester resins — Measurement of gel time
at25 °C

1 Scope

This Intern
unsaturated| polyester resins.

; ftions, @ at 25 °C of

This method is applicable to all resins, but it is particularly useful for cold-setting resins.

2 Normative reference

The following standard contains provision which, through reference in this text, constitute provisions of [ISO 2535. At
the time of| publication, the editions indicated were valid. All standards are Subject to revision, apd parties to
agreements| based on ISO 2535 are encouraged to investigate the possibifity of applying the most recgnt editions of
the standafds indicated below. Members of IEC and ISO maintainregisters of currently valid|International
Standards.

ISO 472:1988, Plastics — Vocabulary.

3 Definitjon

For the purgoses of this International Standard, the following definition applies:
3.1 gel time: The time required for a liquid material to form a gel under specified conditions of temperature.
[ISO 472]
4 Principle

A mixture of resin with specified amounts of standard accelerator and initiator is prepared at 25 °C.

This mixturg is placed in a test tube of specified dimensions, which is immersed in a bath thermostatically controlled
at 25 °C.

A device, which is designed to have the least possible effect on the viscometric properties of the mixtulre, is used to
indicate themmm?ﬁmmnwo_rwﬂlona"y taken
as corresponding to the start of the gel state). The elapsed time between the end of the addition of the initiator and
accelerator and the moment when the viscosity reaches 50 Pa:s is conventionally called the "gel time at 25 °C".

NOTE 1 The type and proportion of accelerator and initiator and the temperature given in this International Standard are
reference conditions.

In particular cases, however, other conditions may be agreed between the interested parties (see 7.2).

5 Reagents

5.1 Acetone, of purity = 99 %.
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5.2 Toluene, of purity = 99 %.

5.3 Reference accelerator: cobalt octoate solution in toluene.

©1SO

Weigh into a beaker 5g = 0,01 g of a base solution of cobalt octoate containing 6 % of cobalt metal in an inert
solvent. Transfer to a 50 ml volumetric flask fitted with a ground-glass stopper. Make up to 50 ml with toluene (5.2).

1 ml of this solution corresponds to 0,100 g of the base solution of cobalt octoate containing 6 % of cobalt metal.

5.4 Reference initiator: 50 % (m/m) solution of methyl ethyl ketone peroxide in dimethyl phthalate assaying 9 %
of active oxygen.

Store this sq

NOTE2 Cag
products assaying the same percentage of active oxygen may give different test results (see clause 10).

WARNING —

together, as

6 Apparatus

6.1 Borosi
of 1,2 mm H

6.2 Viscosjity-measuring device, to measure the viscosity of theimixture in the tube.

The device

NOTE3 Ad

A glass rod, §
itsaxisatas

When the to
automatic de

6.3 Bath,t

6.4 Beaker, capacity 100 ml

6.5 Two g
the other.

6.6 Balang

6.7 Spatul

6.8 Stopw

[ution in a refrigerator and use it within 1 month of preparation or receipt.

mmercial methyl ethyl ketone peroxide is a mixture of isomers in variable proportions, and”tw

hn explosive mixture is formed. Mix each separately into the polyester resin.

Jicate-glass test tube, having an internal diameter of 18 mm)alength of 180 mm and a w
0,2 mm, fitted with a stopper, to hold the test mixture.

bhall be such that it has the least possible effect eh'the rheological properties of the mixture
escription of a suitable device (see figure 1) is given below as an example:

mm in diameter and of sufficient length, is'immersed in the mixture to a depth of 50 mm. The rod is
ow speed (1 r/min to 2 r/min) by means‘of.a torsion wire driven by a geared electric motor.

sion wire is twisted to the anglencorresponding to a viscosity of about 50 Pa-s (500 P), the time
ice may also be used to stop themotor as well as the stopwatch and signal the end of the test.

hermostatically controlled at 25 °C + 0,5 °C and protected from light.

e, accUrate to within 0,1 g.

b commercial

In no circumstances should the methyl ethyl ketone peroxide and cobalt o¢toate solutions be mixed

all thickness

rotated about

is taken. An

raduated pipettes, capacity 1 ml, graduated in 0,01 ml and clearly marked to distinguish one from

b - L N L
a, stamiess-steet:

atch, accurate to 1 s.

7 Procedure

7.1 Determination

Clean the test tube (6.1) with acetone (5.1), dry and stopper it, and then immerse it to a depth of about 80 mm in the
bath (6.3) thermostatically controlled at 25 °C.

Weigh 50 g + 0,1 g of resin into the beaker (6.4), place the latter in the bath at 25 °C and wait a sufficient time for
the beaker and its contents to reach that temperature.

2
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Dimensions in millimetres

Support, adjustable

in height —\ Motor with reducing gears

e Y
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frsutatingjoimt

e —
T
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Figure 1 — Example of a suitable apparatus for the measurement of gel time using a rotating glass rod

Using one of the pipettes (6.5), add 0,50 ml of cobalt octoate solution (5.3) to the resin and mix with the spatula
(6.7).

Using the other pipette, add 0,70 ml of methyl ethyl ketone peroxide solution (5.4) to the mixture, start the stopwatch
(6.8) and mix with the spatula for 30 s.
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Remove the test tube from the bath, unstopper it and transfer to it sufficient quantity of the mixture to ensure that
the tube is filled to a depth of about 80 mm when the viscosity-measuring device (6.2) is in position. Avoid wetting

the sides of t

he tube above this level.

Immerse the test tube in the thermostatic bath at 25 °C, so that the level of the surface of the resin in the tube is

2 cm below t

Place the vis

hat of the liquid in the bath.

cosity-measuring device in position.

Stop the stopwatch when the viscosity reaches about 50 Pa-s (500 P). Record the period indicated by the

stopwatch to

Remove the

Carryouta s

If the two res
by more than

If the device

After cleanin
crayon, stop

Clean the gl3
bottom of the

Pour the mix

Immerse the
mixture in su

so that the g

mixture rises

7.2 Notes

The test tem
ketone pero

commonly us

Nevertheless

to carry

touse d

to use o

the nearest 0,1 min.

iscosity-measuring device from the test tube, clean the assembly thoroughly with acetone,
bcond determination under the same conditions with another test tube.

ults differ by more than 10 %, carry out more determinations until two consecutive results
10 %.

Hescribed in note 3 in 6.2 and illustrated in figure 1 is used, proceed as\fallows:

j the test tube, mark the outside of the tube at 30 mm and 75 mm from the bottom wi
er it and place it in the bath.

tube, and make a mark on the rod with a grease crayon level with the top of the test tube.

{ure, prepared in the beaker, into the test tube up te the 75 mm mark.

to the predetermined value, stop the motor and stopwatch and continue as described.

pn the procedure

berature of 25 °C and the concentration of 0,1 % of cobalt octoate (6 % Co) and 1,4 % of
ed in practice, and.are the reference conditions.

, for certain resins and/or for certain applications, it can sometimes prove useful

out the determination at 20 °C or 30 °C;

fferent’concentrations, lower or higher, of the above reagents;

ther accelerator and/or initiator systems

test tube in the bath as indicated. Fix the tube in the vertical position and place the glas
ch a way that the mark on the rod is levekwith the top edge of the tube. Adjust the position
ass rod is placed correctly along the axis of the test tube. Start the motor. When the visq

xide (9 % active oxygen) given in this International Standard correspond to the cond

and dry.

o not differ

h a grease

ss rod with acetone and dry it. Insert the glass rod into, the'test tube so that its tip is 30 npm from the

s rod in the
of the tube
osity of the

methyl ethyl
itions most

These different conditions will normally be agreed between the interested parties.

8 Expression of results

Calculate the arithmetic mean of the two results obtained, and round to the nearest 0,1 min. This mean value,
rounded in this way, is the gel time at 25 °C.

9 Precision

The precision of this method is not known because interlaboratory data are not available. Interlaboratory data are
being obtained, and a precision statement will be added at the next revision.
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