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Verfahren 835C. Bestimmung der Gelierungszeit von Polyester- und Epoxidharzen

unter Verwendung eines Gel-Zeitmessers

IMPORTANT NOTE. Before reading this method it is essential to read the foreword, general introduction and instructions to

BS 2782, issued separately.

0. Introduction

This method has been prepared under the direction of the -

Plastics Standards Committee. It is one of a series of
methods for determination of gelation time of resins, the
others being as follows.

Method 835A Determination of gelation time of
phenolic resins

Method 835B Determination of gelation time of
polyester resins (manual method)

Method 835D Determination of gelation time of

thermosetting resins using a hot
plate

Determination of gelation time of
resin in impregnated materials used
for laminates

It should be noted that BS 4584 ‘Metal-clad base
materials for printed circuits’ Part 11 ‘Bonding sheet
material for use in the fabrication of multilayer printed
boards : EP-GC-11" also includes a method for testing
resins used for laminates, etc.

Method 835E

This method describes a procedure for determining the
time for a polyester or epoxide resin system maintained at
a specified temperature to reach the stage in the process
of hardening at which resistance to movement of a
plunger, immersed in the resin and mechanically driven
with a slow reciprocating motion, reaches a value
indicative of the onset of elasticity due to gelation.

The method is technically equivalent to method 111D of
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BS 2782 : 1970 which is therefore being withdrawn.

Warning note. This method does not necessarily detail all
precautions necessary to meet the requirements of the
Health and Safety at Work etc. Act 1974. Attention
should be paid to any appropriate safety precautions, and
the method should be operated only by trained personnel.

In particular, the cautionary note to 5.2 should be noted.

1. Scope

The method is suitable for systems in which the gelation
time at the test temperature is not less than about 5 min.
Results obtained on high viscosity resins or filled systems
should be treated with caution because of the effects of
differences in viscoelasticity or the densities of the
mixtures.

2. Principle

A plunger of suitable shape and buoyancy is suspended in
the resin from a driven mechanism imparting simple
harmonic motion of fixed amplitude in a vertical plane and
coupled so that the plunger is positively raised during the
upstroke but is free to fall at a rate not faster than the
simple harmonic motion on the downstroke. The gelation
time is measured as the period between completion of the
addition of all appropriate curing agents to the resin
system and the automatic detection of the moment when
gelation of the resin becomes sufficient for the mixture
just to support the plunger during the downstroke.
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3. Apparatus
The following apparatus is required.

3.1 Heating bath, of suitable dimensions, containing a
suitable liquid and capable of being maintained within

t+ 0.2 °C of the specified temperature and with means for
holding the various containers to be used.

3.2 Preconditioning chamber such as a covered dry
compartment within the heating bath or an alternative
heated enclosure for preconditioning plungers to the
required testing temperatures.

3.3 Thermometric devices for measuring the temperatures
of the bath and of the reactive mixture to comply with the
requirements of 3.1 and 5.2.

3.4 Aluminium container, cylindrical in shape, of internal
diameter 41 mm to 47 mm, height not less than 75 mm.
The thickness of the aluminium shall be 0.35 mm to
0.51 mm. For tests at temperatures above 25 °C, the
container shall be provided with a cover slotted to allow
free movement of the plunger shaft.

3.5 Ancillary containers of suitable shape and capacity for
premixing the reagents.

3.6 Gel timer consisting of the following (see figure 1 for a
suitable arrangement).

(a) A plunger rod approximately 100 mm long and
approximately 3 mm in diameter concentric with and
normal to a foot attached to one end. The foot shall be a
coaxial disc approximately 1.5 mm thick and between
22.1 mm and 22.3 mm in diameter. The components of
the plunger shall be made of material that does not
interfere with gelation, e.g. stainless steel or glass.

The combined mass of the disc, connecting rod and link
shallbe 16.2 + 0.02 g.

NOTE. Plungers of other sizes or forms may be used by
agreement to overcome difficulties due to high resin viscosity
or high filler content or to plunger wastage, but until the
characteristics of alternative plungers have been standardized,
it is essential to give the precise details of such plungers in the
report of test. One plunger form which has been so used
comprises a steel shaft of 3 mm diamater bent to provide one
radial foot 6 mm long at the bottom of the shaft and
suspended via an adaptor and pendant link so as to bring the
overall plunger mass to 16.2 + 0.02 g.

(b) A mechanical device driven by a motor so that, when
the rod is connected with its axis vertical, the disc is
moved up and down in a vertical plane with an
amplitude of 12.7 mm such that the disc travels

127 mmin3sor30s,as appropriate, i.e. one
reciprocation is completed respectively in 6 s or 1 min.
NOTE. At the higher test temperatures it may be advisable to
protect the body of the plunger drive and timing apparatus
from the heat of the bath.

(c) An automatic timing device, e.g. a system for
counting the number of reciprocations.

(d) A device for stopping the timing device and the
plunger drive when the resistance to movement of the
disc (on the downward stroke) rises to match the
apparent mass of the partially immersed plunger as
indicated by a lag of at least 0.8 mm in the plunger
motion during the down stroke.

NOTE. 1. Stirring should be sufficiently vigorous to obtain good
mixing and temperature equilibration within the period specified,
but not so vigorous as to entrain air bubbles into the mixture as
these could interfere significantly with the gelation period.

NOTE 2. For materials that can readily be homogenized and
brought to test temperature in a container having the dimensions
required by 3.4, the above procedure may be followed using an
appropriate adjustment of the initial quantities of materials
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blended so that the same container is used for blending and
gelation, providing the total quantity of material present at the
start of the gelation period is 100 + 2 g.

NOTE 3. Provision for temporarily deactivating the timing end
point trip may be required to avoid premature stopping of the
timer by excessive resistance to the plunger motion when fitting
the plunger or immersing the plunger near the beginning of the
test.

4. Test temperature

The test temperature, and the acceptable tolerance for it,
shall be as specified in the relevant product specification.
The chosen test temperature should give a gelation time
that can be conveniently measured.

NOTE. Recommended test temperatures are 25 °C,40°C, 65 °C,
80°C,100°C, 120 °Cand 150 °C. Higher temperatures may be
used if required.

5. Procedure

5.1 Assembly of the apparatus. Assemble and clamp the
apparatus so that the plunger of the gel timer can be set to
move vertically in the middle of the empty aluminium
container when the container is immersed in the bath to a
depth of at least 64 mm. Ensure that the foot of the
plunger will be entirely immersed in the resin during the
complete reciprocation and that the foot is between

13 mm and 25 mm from the the bottom of the container
when at the bottom of the stroke. Clamp the container in
position in the bath so that it cannot move in response to
the plunger motion during the test.

Adjust the apparatus so that, with material of gelation
times between 5 min and 20 min, a reciprocation period
of 6 s is obtained, and with materials of gelation times
greater than 20 min, a reciprocation period of not less
than 6 s and not more than 60 s is obtained.

Adjust the bath to the specified temperature and condition
a plunger to the same temperature.

5.2 Determination of gelation period. Prepare between
120 gand 150 g of blended material in the ancillary
container by introducing resin and, to an accuracy of

t+ 2.5 %, the appropriate proportions of any preliminary
components of the curing system. Partially immerse the
ancillary container in the heating bath and stir the
contents vigorously for at least 2 min to bring the
contents to the test temperature (see cautionary note).
Then simultaneously add to the ancillary container, to an
accuracy of 2.5 %, the appropriate proportions of the final
components(s) of the curing system and start the gel
timer. Stir the complete mixer vigorously (see note 1 to
3.6) for 2 min using the heating bath as appropriate to
ensure that the final temperature of the blended material
lies within the tolerance specified for the test. Promptly
transfer 100 + 2 g of the blended mixture into the
aluminium container and install a preheated clean and dry
plunger so that it operates as specified in 3.6 and 5.1.1t
may be necessary to take precautions to prevent the timer
from being stopped prematurely during manipulation and
immersion of the plunger.

Note the period after which the timer is stopped due to
gelation of the resin.

Make a second determination of the gelation period using
fresh portions from the same samples of the resin system.

Cautionary note. In no circumstances should any peroxide
catalyst be heated alone, because concentrated peroxides can
decompose with explosive violence.

Epoxide resins give off epichlorhydrin when fieated. Trglg&!‘&m ents
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toxic and care should be taken not to inhal. it.
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