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ABSTRACT OF DISCLOSURE

Curable Resin Compasitigns

A curable epoxy resin composition comprising (A) an epoxy resin, {B) a thixotropic
agent in an amount sufficient to induce thixotropic properties, and a hardener
£ comprising (C) at least ane polyethylensimine and (D) at least one other amine
having at least 2 amino hydrogen atoms, the combined amounts of (C) and (D)

being sufficierit to effect cure of the epoxy resin.




S & F Ref: 395776

AUSTRALIA
PATENTS ACT 1990

COMPLETE SPECIFICATION

FOR A STANDARD PATENT
ORIGINAL
ALy
Sa«"* q
< gtC
&) WS
Name and Address Nadico B w
of Applicant: Giba—Speciatty—Chemicals—Holdng—ERe.
Klybeckstrasse Mt 200
LH-4057 Basel
SKWITZERLAND
Actual Inventor(s): Barry James Hayes and Kevin Brian Hatton

Address for Service: Spruson & Ferguson, Patent Attorneys
Level 33 St Martins Tower, 31 Market Street
Sydney, New South Wales, 2000, Australia

Invention Title: Curable Resin Compositions

The following statement is a full description of this invention, including the
best method of performing it known to me/us:-

5845




CURABLE RESIN COMPOSITIONS

_ This invention relates to curable epoxy resin compositions. In many applications there is a

need for an epoxy resin compasition which develops an almost instant increase in texture
even up to the paint of being totally non-slump on mixing of the resin and hardener '

components.

Such applications are widespread and include adhesives, sealants, mastics, stopping

compounds, caulking materials, encapsulants and surface coatings amongst many others.

Dispensing of such epaxy resin components may be fram botties, cans, tubes, sachets and
drums for instance and sometimes may be mixed with the hardener companents via static

or dynamic mixer heads.

There are some very demanding applications where epoxy/hardener compositions are

required to exhibit no skump when mixed and laid horizontally oriented on a vertical surface

in thickness up to 40mm and greater.

These epoxy resin compositions can be very viscous, thixatropic or even of low viscosity,
but are still required to develop non-slump propertias quickly on mixing of their components.
The degree of non-slumping required can even be that of retaining almost exactly the

shape and dimensions achieved by extruding the compositions through a shaped orifice.

This rapid gain of non-slump texture is {requently obtained by dispersing a thixotropic agent
such as a hydrophilic fumed silica in the resin, to give a viscous, thrixotropic or low viscosity
flowing composition, and then mixing this composilion with an amine hardener containing
primary and/or secondary amino groups. The resulting blends, provided sufficient
thixotropic agent is used, generally retain their shape and non-slump properties until they
are gelled and cured. However, it has been found that many such blends, when subjected
to mechanical stress before gelation, distort easily, lose structure and actually flow even

after the stress is removed,

There are many applications for epoxy resin based adhesives, sealants and mastics etc.
where the rate of applicaticn and volume consumed ig high. In such cases it is common
practice to pump or extrude the resins and hardeners from their containers through delivery

pipes to mixer heads whereby the two components are thoroughly blended and discharged.
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In some applications it is desirable that this discharged mixture (of resin and hardener) be
applied (extruded onto) a suitable surface in a particular shape or patiern. For such
applications it is highly desirable that the discharged mixture maintains this particular
shape or pattern until gelled or processed further. In such methods the resin and
hardeners can be exposed to a high shear stress regime. [t is well known, however, that
such stresses can result in a lowering of viscosity which can, in turn, lead to distortion of
the shape or pattern. Such distortion is known as sag or slump. Where retention of
extruded shape properties is required, such prior shearing during the discharging process
could have detrimental effects on the shape retention properties of the extruded mixture.
There are applications where epoxy/hardener compositions are required to exhibit no
slump after such shearing and mixing grevations, even under conditions where the
composition is laid horizontally mounted on a neutral surface in thicknesses of up to
40mm and greater. Tt is also known that mixtures of epoxy resins and hydrophilic silicas
“age” on storage. Such that on mixing with the hardener component the desired non
slump and sag resistance properties, can be lost over time. This slump/ageing effect is
described in Technical Bulletin Pigments, 4th Edition, 1989 (Degussa), No. 27- Aerosil
(RTM) for Solvent Free Epoxy Resins, at pages 8 and 11.

These factors: resin-hydrophilic silica ageing; loss of extruded shape as a result of

pre-shearing stress; sensitivity to mechanical disturbance singly and combined, have

“provided significant technical challenges in the design and formulation of epoxy

compositions of this type up till now. Thus, it would be desirable to develop a curable
resin composition which could be discharged (as a mixture of resin and hardener) in a
predetermined shape; is robust to pre-shearing stresses; can be combined with hydrophilic
silica with improved non slump and sag resistance properties.

It has now been found that epoxy resin compositions having excellent non-slump
properties; improved slump resistance on subjection to mechanical stress; good slump
resistance after prolonged post-mixing time; improved non-stump and sag resistance on
first mixing and on ageing when combined with hydrophilic silica, can be produced by
using as the hardener component a mixture of a polyethyleneimine together with another
amine hardener having at least 2 amino hydrogen atoms.

Accordingly, the present invention provides in one aspect, a curable epoxy resin
compasition comprising (A) an epoxy resin, (B) a thixotropic agent in an amount
sullicient to induce thixotropic properties, and a hardener comprising (C) at least one

polyethyleneimine and (D) at least one other amine having at least 2 amino hydrogen

|RALIBFF]0955 3spec.doc:njc
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aloms, the combined amounts of (C) and (D) being sufficient to effect cure of the epoxy
resin.

According to a first embodiment, the present invention consists in a curable epoxy
resin composition comprising

3 (A) an epoxy resin;

(B) a thixotropic agent in an amount sufficient to induce thixotropic
properties, and a hardener comprising

(C) at least one polyethyleneimine which has a molecular weight Mw (weight
average) of 25,000 te 750,000; and

10 (D) at least one other amine selected from the group consisting of N-
hydroxyalkyl derivatives of polyalkylene polyamines; polyoxyalkylenepolyamines, N,N-
dialkylalkyleendiamends; cycloaliphatic amines having an amonc or aminoalkyl group
attached to the ring; and amine-terminated adducts of epoxy resins with aliphatic,
cycloaliphatic or araliphatic amines; the combined amounts of (C) and (D) being

15 sufficient to effect cure of the epoxy resin.

According to a second embodiment, the present invention consists in a two-part
pack comprising a first part comprising (A) an epoxy resin as specified in the first
embodiment and (B) a thixotropic agent as specified in the first embodiment, and a
second part comprising (C) at least one polyethyleneimine as specified in the first

20 embodiment and (D) at least one other amine hardener as specified in the first
embodiment when used for forming a curable epoxy resin composition.

According to a third embodiment, the present invention consists in a method of
bonding two surfaces together using an adhesive, wherein the adhesive is an epoxy resin
compasitton according to the first embodiment.

25 According to a fourth embodiment, the present invention consists in a curable
epoxy resin composition according to the first embodiment when used to produce a
randomly shaped composition or when used as an adhesive, sealant, mastic, stopping
compound, caulking material, encapsulant or surface coating material.

The epoxy resin (A) may consist of one or more epoxy resins which are themselves

s liquid or may be a liquid mixture of one or more solid epoxy resins with one or more

liquid epoxy resins or may be one or more solid epoxy resins dissolved in a diluent such

R as a diluent conventionally used in epoxy resin compositions. The epoxy resin may be a
polyglycidyl ether of a polyhydric alcohol such as | ,4-butanediol or 1,3-propanediol o,

preferably, a polyglycidy! ether of a polyhydric phenol, for example a bisphenol such as

|RALIBFF]09553spee.docnic
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bis(4-hydroxyphenyl)methane (bisphenol F) or 2,2-bis-(4-hydroxyphenyl)propane
{bisphenol A) or a novolak formed from formaldehyde and a phenol such as phenol itself
or 4 cresol, or a mixture of two or more such polyplycidyl ethers. Polyglycidyl ethers of
bisphenol A are especially preferred. The epoxy resin, particularly where it comprises a
solid epoxy resin, may contain one or more epoxy-functional diluents, usually
monoepoxides, or non-gpoxide diluents, such as the monoepoxide and non-epoxide
diluents conventionally used in curable epoxy resin compositions,

The thixotropic agent (B) is preferably a thixotropic agent which, it is believed,
relies largely on interparticle hydrogen bonding to achieve its thixotropic effect,
especially a hydrophilic fumed silica. The amount of thixotropic agent required to induce
thixotropic properties may depend on the nature of the specific epoxy resin and specific
(hixotropic agent used. This amount is generally from 1 to 20%, preferably from 3 to
15%, by weight based on the weight of the epoxy resin (A).

The polyethyleneimine (C) may have a molecular weight (Mw) from 700 to
1,000,000 or more, preferably from 5000 te 750,000, especially from 25,000 to 750,000,
particularly about 750,000. Such polyethyleneimines are commetcially available or may
be prepared from ethyleneimine by known procedures.

The amount of pelyethylencimine is generally chosen so that the epoxy resin
composition of the invention does not flow during a desired time after the formation of
the composition, Preferably, the amount of polyethyleneimine is such that the epoxy
resin composition does not flow for at least 60 minutes after formation thereof. In certain
specific embodiments of the invention, the amount of polyethyleneimine is such that the
epoxy resin composition does not flow prior to gelation thereof, which in some instances
requires several hours. The amount of polyethyleneimine needed to impart non-flow

propetrties for a given time can be

[RALIBFF]09553spec.docnje



readily determined by simple experiment. For compositions of the invention containing the
especially preferred components (A), (B) and (D) described herein, an amount of
polyethyleneimine from 0.2 to 2 parts by weight per 100 parts by weight of the epoxy resin

is preferred.

As examples of amines suftable for use as the amine hardener (D) there may be mentioned
those aliphatic, cycloaliphatic, aromatic, araliphatic and heterocyclic amines known as
hardeners for epoxy resins, including: alkylenediamines such as ethylenediamine or butane-
1,4-diamine; polyalkylenepolyamines such as diethylenetiamine, triethylenetetramine,
tetraethylenepentamine, diprapylenetriamine or tripropylenetetramine; N-hydroxyalkyl
derivatives of polyalkylene polyamines such as N-(hydroxyethyf) diethylenetriamine or
mono-N-2-hydroxypropyl derivative of triethylenetetramine; polyoxyalkylenepclyamines such
as polyoxyethylene - and polyoxypropylene - diamines and triamines; N,N-
dialky!alkylenediamines such as N,N-dimethylpropane-1,3-diamine or N,N-diethylpropane-
1,3-diamne; cycloaliphatic amines having an amino or aminoatkyi group attached to the
ring, such as 3-amincmethyl-3,5,5-trimethylcyclohexylamine (isaphoronediamine), aromatic
amines such as bis(4-aminophenyljmethane or bis(4-aminophenyl)sulphone; amine-
terminated adducts of epoxy resins with aliphatic, cycloaliphatic or araliphatic amines as
hereinbefore described: N-amincalkyl-piperazines such as N-(2-aminoethyl)piperazine or N-
(3-aminopropyl)piperazine; and polyaminoamides, for example reaction products of
potyalkylenepolyamines such as those hereinbefore mentioned with polymerised
unsaturated fatty acids, e.g. polymerised vegetable il acids such as dimerised or trimerised

linoleic or ricinoleic acids; or a mixture of two or more of such amines.

Aliphatic and cycloaliphatic amine hardeners are usually preferred for use as compenent
(D) of the composition, including N-hydraxyaikyl derivatives of polyalkylene pclyamines,
par‘ticulaﬁy a mono-N-2-hydroxypropyl derivative of triethylenetetramine, and mixtures
thereof with polyaminoamide reaction products of polyalkylenepolyamines and polymerised
vegetable oil acids and the amine functional reaction products of amines and epoxy group
containing compounds. The amount of (D) is preferably such that (C) and (D) together
provide from about 0.75 to 1.25 amino hydrogen equivalents per 1,2-epoxide equivalent of

the epoxy resin (A).

The epoxy resin resin composition of the invention may also contain mincr amounts of

accelerators and additives conventionally used in curable epoxy resin compositions, such



as diluents, fillers, fiores, pigments, dyes, fire retardants, antifoaming agents, wetting

agents and polymeric toughening agents.

The epoxy resin compasition may be formed conveniently by stirring a preformed mixture of
(A) and (B) together with a preformed mixture of (C) and (D). Hence the composition may
conveniently be supplied in the form of a twe-part pack. Accordingly, the present invention
also provides a two-part pack comprising a first part containing (A) a liquid epoxy resin as
hereinbefere described and (B) a thixotropic agent as hereinbefore described and a second
part containing (C) a polyethyleneimine as herainbefore described and (D) at least one
other amine having at least 2 amino hydrogen atoms as hereinbefore described. If desired,
tha second part may also contain a thixotropic agent {B). The optional components such as

diluents may be in sither the first or second part, orin both.

Cure of the epoxy resin composition of the invention can be effected in accordance with
conventional practice in the particular application. In general, the composition can be
allowed to gel (set) at ambient temperature or heated moderately in accordance with
conventional practice to accelerate setting. Subsequently, completion of cure may be

effected at ambient temperature, moderately elevated temperature or higher temperature as

required.

The epoxy resin composition of the invention can be used in any of the abovementioned
applications. It may be used in applicaticns where it is desired to produce a randomly
shaped composition which is to be shaped to a particular form before or after gelation or
cure. Itis particularly useful as an adhesive, especially where the adhesive has to be
applied to a surface, such as that of a decorative building panel, which has to be held in an
upright, e.g. vertical, position. Accordingly, the present jnvention also provides a method of
banding two surfaces together using an adhesive, characterised in that the adhesive is an

epoxy resin composition of the invention as hereinbefore described.

The invention is illustrated by the following non-limiting Examples, in which all parts are on a

by weight basis.




Example 1
A liquid polyglycidyl ether of bisphenol A having an spoxide content of 5.3 mal/kg (100

parts) was mixed with a hydrephilic fumed silica available from Degussa as A380 (8 parts)
in a planetary mixer for 10 minutes. To the resulting mixture was added a mixture of 20
parts of a hardener consisting of X parts of a palyethyteneimine having a molecular weight
(Mw) of 25,000 available from BASF as Lupasol W, 20-X parts of 8 mono N-2-
hydroxypropyl derivative of triethylenetetramine and (RTM), benzyl alcehal (8.0 parts). The
resulting composition was divided into portions which were tested for slump (after applied
mechanical stress) at various time intervals. As a control, the experiment was repeated
using a composition which was identical, with the exception, that it contained 20 parts of
hydroxypropylated triethylenetetraime hardener rather than the polyethyleneimine. The

slump resistance results cbtained were as follows:

X (parts Time after initial mixing Resuit

0 (control) 30 minutes stump and flow
02 60 minutes no slump

0.65 75 minutes no slump

1.1 75 minutes no slump

20 75 minutes no slump
Example 2

The composition according to Example 1 was prepared using a polyethyleneimine having a
molecular weight (Mw) of 750,000 available from BASF as Lupasol P (RTM). The resulting
composition was divided into portions which were tested for slump (after applied mechanical
stress) at various time intervals. As a control, the experiment was repeated using a
composition which was identical, with the exception that, it contains 20 parts of
hydroxypropylated triethylenetetraime hardener rather than the polyethyleneimine. The

slump resistance results obtained were as follows:

X (parts) Time after initial mixing Result

0 (control} 30 minutes siump and flow
0.2 60 minutes no slump

0.65 75 minutes no siump

11 75 minutes no slump

2.0 75 minutes ne slump



Example 3

A mastic composition (Composition 3A) was prepared by mixing together a liquid
pelyglycidyl ether of bisphenal A having an epoxide content of 5.3 molkkg (100 parts),
hydrophilic fumed silica A380 (9.2 parts), fly ash filler (85.0 parts), a mono N-2-
hydroxypropyl derivative of triethylenetetramine (12.3 parts), a polyaminoamide reaction
product of a palyalkylenepolyamine and polymerised vegetable oil acid available as
Versamid 140 (RTM) {16.4 parts), Lupasol WF (RTM) polyethyleneimine (1.5 parts),
hydrocarbon diluent (14.0 parts), benzyl atconol (6.0 parts) and glycerol (0.4 parts). The
mastic composition was loaded into cartridges and extruded, after various time intervals, as
beads 1cm high onto horizontal panels. The panels ware then placed in a vertical position

and the beads examined for slump behaviour.

For comparative purposes, the experiment was repeated using a mastic composition
(Composition 3B) which was the same as Composition 3A, with the exception that, it
contained 13.8 parts of hydroxypropylated triethylenetetramine as hardener rather than

polyethyleneimine. The slump resistance results obtained were as foliows:

Result
Time _after initial mixing Composition 3A Compasition 38
30 minutes no slump no slump
45 minutes no slump slump (0.5cm}
60 minutes no slump severe flow {7.5cm})
75 minutes no slump severe flow (8.0cm)
90 minutes no slump slump {4.0cm)
105 minutes no shump slump (2.0cm)
120 minutes no slump slump (1.5cm}
210 minutes no slump stump (0.5cm)

After 75 minutes, composition 3B {without the polyethyleneimine hardener) exhibited stump
behaviour. It is believed that this slump may result from the reaction between the
hydroxypropylated triethylenetetramine hardener with the resin. The composition
accordingly to the present invention, Composition 3A does not exhibit slump, even after 210

minutes from initial mxing (and discharge and extrusion).



Example 4
This example illustrates the effect of storage and preshearing on the pérformance of resin

compositions with and without the pelyethyleneimine hardeners according to the present

invention.

A resin compaosition (composition 4A) was prepared by mixing together a liquid polyglycidyl
ether of bisphenol A having an epaxide content of 5.3 mol/kg (100 parts), hydrophilic fumed
silica A 380 (8.0 parts) and benzyl alcohol (8.0 parts). The blend was a pourable viscous

fiquid. Resin Composition 4A was splitinto batches and stored under the following storage

regimes:
4A() 7 days at23°C - i.e. fresh
4A() 300 days at23°C - medium age
4A(iil) 7 days at 100°C - accelerated ageing believed to be the

equivalent of at least two years at
23°C

Three hardener compositions 48, 4C and 4D were prepared. These hardeners were:

Compaosition 48 - a mono N-2-hydroxypropy! derivative of triethylene tetramine

Compasition 4C - Composition 4B (10.0 parts) mixed with a 50% solution of
polyethyleneimine in benzy! alcohol (0.8 parts) 28,000 m.wt.

Composition 4D - Compaosition 4B (10.0 parts) mixed with a 50% solution of
polyethylensimine 750,000 m.wt. in benzy! alcohol

Test compositions were prepared by mixing a portion of each of the test resins 4A(i}, 4A(ii)
and 4A(ii) with each of the test hardener compesitions 48, 4C and 4D. For the avoidance
of doubt, the hardener compositions (4B, 4C and 4D} were mixed in their “fresh’ condition,

which was after 7 days storage at 23°C.

In order to obtain quantitive measurements on the effects of preshearing on the mixtures of
Compasitions 4A (i), (i) and (jii) with Compositions 4B, 4C and 4D each mixture was tested
on a TA instruments CSL? 500 Carri-Med Rheometer using a 2cm diameter, 2 degree angle
cone using the flow procedure with a stepped ramp, with and without a marker at 100 sec”,
for ona minute. The yield point for each (expressed as Yield Stress, Y, and measured in

pascals, in Pa) of these mixtures was then determined from a plot of viscosity against shear

stress.




Such yield point (Y} measurements indicate the individual cohesive strengths of each of the
mixed compositions and the relative likelihood of each mixed composition to exhibit non-
sag/non slump and shape retention properties, both when first discharged onto a surface

and over time.

The results of these measurements are given in following Table [:

Table |
RESIN AGEING CONDITION

PARTS PER 4A(i 4A(iD) 4A(IID
100 PARTS no preshear; preshear no preshear: preshear no preshear; preshear
4A(1) or (i} or {iii)

Y(Pa) Y(Pa Y(Pa) ¥(Pa) - Y(Pa) . Y(Pa)
Compesition 4B 800 650 520 500 0 0
19.0
Composition 4C 800 500 800 80C 900 0
20.7 ‘
Composition 4D 1500 800 1700 1200 1800 1800
20.7

These measurements indicate that in the absence of any polyethyleneimine hardener the
yield stress (Y) of the mixture of compesition 4B and 4A (i) (i.e. fresh resin), is comparatle
with the yield stress (Y} of the mixture of hardener containing polyethyleneimine of 25,000
mol. wt. composition 4C and 4A (i). The yield stress () of the mixed system without
polyethyleneimine hardener (mixtures 4B/4A(i), 4BI4A(ID); 4B/4A(iii)) decreases in proportion
to the storage regime of the pretreated resin 4A. Composition 4B/4A(ji) has a lower yield
stress () than composition 4B/4A(i) and composition 4B/4A(iii) has an even lower yield

strength of 0 i.e. itis a free flowing liquid.
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In comparison, the mixtures with the 25,000 mol. wt. poiyethyleneimine hardener display
superior performance when comkined with 4A(il) and 4A(iii) in the absence of pre-shearing.
Furthermore, as already discussed, the performance of Composition 4B when mixad with
4A(D), (i) or (iii), is unsatifactory because its initial slump resistance is lost ¢n mechanical
agitation after mixing but befare gelation. The compositions- according to the present
invention, Compositions 4C/4A(i); 4C/4A (ii); 4C/4A {iii) and 4D/4A (i), 4DI4A(iT); 4D(iii)

display improved yield stress properties over the nil polyethyleneimine systems.

in addition, the results in Table | illustrate the improved yield strengths obtained with the
hardener containing palyethyleneimine of 750,000 mol. wi. (compasitions with 4D} under all
the conditions of starage and shearing versus both the systems containing
polyethyleneimine hardener having a 25,000 mol wt and the non-polyethyleneimine
hardener systems. |t is believed that this data indicates that in applications wherein large
extensions ar profiles of resin/hardener compositian are required to be non-sagging and
exhibit improved extrusion shape retention, across a range of resin age and or sterage
canditions, then, polyethylene imine hardeners having molecular weight of between about
25,000 to about 750,000, particularly greater than about 25,000 to about 750,000 and
especially about 750,000 have the highest potential to deliver good non-sag/slump
resistance performance. These results further indicate that the non sag performance
advantages of higher mol wt. polyethyleneimines become more apparent where the mixture
is subjected to high shearing forces as encountered in static and dynamic mixers and

simitar.

Example 5

This example further illustrates the effectivenass of the higher molecular weight
polyethyleneimine in giving texture, flow and sag resistance to epoxy hydrophilic silica
blends. In this instance, in order to differentiate between them, the two test
polyethyleneimines were utilised alone, that is without a cohardener. For comparison a

standard hardener was also utilised at the same addition levels.

A resin composition 5A was prepared by mixing together a liquid polyglycidyl ether of
bisphenc! A having an epoxide content of 5.3 molfkg (100 parts), hydrophilic fumed silica,
A380 (4.0 parts) and benzyl alcohol (8.0 parts). The blend was & free flowing liquid.
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100 gram positions of Cdmposition 5A were stored at 23°C in open topped cylinder

containers. Into those were added:

Compaosition 5B - a mona N-2-hydroxyl derivative of triethylene tetramine -
having melecular weights of about 750,000 are likely to

deliver the most satisfactory performance 0.18 grams

Composition 5C - a paiyethyleneimine of 25,000 molecular weight -
0.18 grams
Composition 5D - a 50% solution of palyethyleneimine 750,000 in benzyl

alcohol - 0.36 grams

Each of these weighed qﬁantities was thoroughly hand mixed for 30 seconds. The results

were:-

Composition 5A plus 5B - soft, non flowing texture, no slump off stirring spatula
Composition 5A plus 5C - soft, flows and slumps off stiring spatula
Compaosition 5A plus 5D - soft, non flowing texture, no slump off stirring spatula

After 30 minutes each of these mixtures were restired for 30 seconds with the following

results:-

Compaosition 5A plus 58 - flowed very readily

Composition 5A plus 5C - flowed slowly and slumped off stirfing spatula
Composition 5A plus 5D - soft texture with no flow or slump off the stirring

spatula

These results illustrate the improved slump performance of polyethyleneimine hardeners
with hydrophilic fumed silica containing epoxy resins versus that demonstrated by low
molecular weight amines hardeners alone. The results also show that the 750,000
molecular weight polyethyleneimine has improved performance versus the 25,000

molecular weight polyethyleneimine in combination with hydrophilic silica.
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Example 6
This example illustrates the differences in slump and/or flow properties of various

resin/hardener mixtures both on the paint of first mixing, and when under a regime whera
the mixture is mixed, then allowed to stand for a fixed period of time (15 minutes), then
mixed again. This standing, mixing, assessing process was repeated for three mixtures of

resin and hardener.

In addition, as the resin mixtures of Example § were subjected to differing storage regime
(23°C and 100°C) for differing periods of time (0 days, 1 day, 2 days, 4 days, 8 days, 16
days), it has been possible to prepare resin/hardener mixtures comprising “fresh’ resin (i.e.
resin available on initial mixing / 0 days old) with *fresh’ hardener as well as resin/hardener
mixtures comprising “aged’ resin with “fresh’ hardener. By visual assessment of the slump
or flow properties demonstrated by these varicus test mixtures it is possible fo compare the
shape retention potential (non slump performance) of samples wherein the resin portion kas

been "aged’ under two storage regime (23°C and 100°C).

RESIN MIXTURE A:
Parts by weight

Bis A liquid epoxy resin 100.0
(5.3 epoxy equivalents per mole')

Benzyl! alcohol 8.0
Hydrophilic fumed silica 8.0

Aerosil A 380 (RTM)
The resin (mixture A) was split into batches which were storad in closed containers at 100°C
and 23°C for periods of up t0 2, 4, 8 and 16 days. For the avoidance of doubt 1 day herein

equals to about 24 hours.

HARDENERS: Parls by weight

1) monohydroxy propylated triethylene tetramine 220

2) monohydroxy propylated triethylene tetramine 204
polyethylene imine 25,000 mol. wt. 16

3) monohydroxy propylated triethylene tetramine 204
polyethyiene imine 750,000 mol. wi. 16

benzyl alcohol 1.6
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At various time intervals samples of the resin mixture A were mixed with each hardener (1,
2 or 3) individually at 23°C, and then each resin/hardener mixture was visually assessed for
slump properties, both after initial mixing, and after physical disturbance every 15 minutes
up to the point where gelation was first noted. The presence of slump or flow properties

were observed and recorded visually.

Slump and flow were determined qualitively after mixing by moulding the resin/hardener
mixture into a predetermined shape (X) on the side of a container (Z). Each resin/hardensr

mixture was then assessed for initial moulding (0 days/first mixing) s.lt'Jmp or flow potential.

To simulate the “real-life' compression experiences of resinfhardener beads which are
compressed onto solid surfaces, the test resinfhardener mixtures of Example 6 were I
subjected to mechanical disturbance by the mechanical compression (by hand) of a spatula
onto the premoulded resin/hardener mixture of shape (X) to create a spatula shaped imprint
(or stémp). This imprinted {mechanically disturbed) resin/hardener mixture was then re-
moulded to shape X, provided it had not already slumped or flowed. This process was
repeated up to 4 times and subsequent visual assessments of slump or flew on these
stamped and remoulded mixtures were then made after every 15 minutes (from first mixing)

up to 1 hour (80 minutes).
Drawings 1, I and III of this application illustrate: moulded mixture of shape X in container
Z: a section of an imprinted moulded resin/hardener mixture in container Z and a plan of the

imprinted moulded resin in container Z.

The quantity of resinfhardener mixture used for each of these tests was 10 gramms and the

diameter of the top of the clear plastic container (Z} was 4 cm,

MIX RATIOS USED WERE:
I I It

Resin A 100.0 parts by weight (p.b.w.) 100.0 p.b.w 100 p.b.w
Hardener 1 18.6p.b.w - -
Hardener2 - 19.0p.b.w -

Hardener3 - . - 203 p.bw
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The results of these storge tests are illustrated in Tables T, ITand IV.

Resin A + Hardener 1

(i) Storage Temp 23°C

slump after mixing

slump after mixing +

mechanical disturbance of

(a)

(@)

15 minutes

30 minutes

45 minutes

80 minutes

(ii} Storage Temp 100°C

slump after mixing

slump after mixing +

mechanical disturbance of

(@

(v)

(¢

{d)

15 minutes

30 minutes

45 minutes

80 minutes

Table II

MIXTURE I

Storage Time (days)
1 2 4 8 18

o

slump slump slump slump slump slump
flow flow flow flow flow flow
gelled gelled gelled gelled gelled gelled
MIXTURE 1
Storage Time (days)

0 1 2 4 8 [}
- slump slump slump slump slump

- flow flow flow flow flow
flow flow flow flow flow flow
flow flow flow flow flow flow

gelled gelled gelled gelled gelled gelled




Resin A + Hardener 2

(i} Storage Temp 23°C

slump after mixing

siump after mixing +

mechanical disturbance of

(@)

(0)

(©

@

{ii) Storage Temp 100°C

18 minutes

30 minutes

45 minutes

60 minutes

slump after mixing

slump after mixing +

mechanical disturbance of

(@

{®)

)

15 minutes

30 minutes

45 minutes

60 minutes

15

Table I

MIXTURE IT

Storage Time (days
0 1 2 4

o
=3

gelled gelled gelled gelled gelled gelled

MIXTURE I
Storage Time (days)
il 2 4 8 18

- slight slump slump slump slump

[[==]

slump

- slight slump slump slump slump

- slight slump slump slump slump
slump

- slight slump slump slump slump
slump

gelled gelled gelled gelled gelled gelled




-
LYET)

.
ETIT TS
. .

LELR]

v
vase

RITIY XY
. .

Table IV

Resin A + Hardener 3

(i} Storage Temp 23°C

(]

slump after mixing -
slump after mixing +

mechanical disturbance of

{a) 15 minutes -
(o] 30 minutes -

{c) 45 minutes -

(d) 80 minutes -

(i} Storage Temp 100°C

o

slump after mixing -
slump after mixing +

mechanical disturbance of

(ay 15 minutes -
{b) 30 minutes -

{c) 45 minutes -

{d) 80 minutes ) -

16

MIXTURE I

Storage Time (days
1 2 4 8

MIXTURE TII

Storage Time (days
1 2 4

foo




17

The resuits obtained herein illustrate the advantages of the polyethyleneimine hardeners of
the present invention for the defivery of improved siump resistance after mixing and befere

gelation, versus standard polyethylenepolyamine type epoxy hardners.

Table Il illustrates that inclusion of a polyethylensimine hardner having a molecular weight
of about 25,000 (Hardner 2) provides excellent non-slump performance under normal
storage conditions (23°C) and improved slump resistance aver about 1 or 2 days under

elevated storage temperature conditions (100°C) versus polyethylenepolyamine type epoxy

hardners.

Table IV illustrates that the inclusion of a polyethyleneimine hardner having a molecular
weight of about 750,000 (Hardner 3) provides excelleat non-slump performance advantages
versus polyethylenepolyamine type epoxy and the 25,000 molecular weight

polyethyleneimine hardners across conditions of temperature and storage.
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The claims defining the invention are as follows:
. A curable epoxy resin composition comprising

(A) anepoxy resin;

(B) a thixotropic agent in an amount sufficient to induce thixotropic
properties, and a hardener comprising

(C) at least one polyethyleneimine which has a molecular weight Mw {weight
average) of 25,000 to 750,000; and

(D) at least one other amine selected from the group consisting of N-
hydroxyalky! derivatives of polyalkylene polyamines; polyoxyalkylenepolyamines, N,N-
dialkylaikylenediamines; cycloaliphatic amines having an amino or aminoalkyl group
attached (o the ring; and amine-terminated adducts of epoxy resins with aliphatic,
cycloaliphatic or araliphatic amines; the combined amounts of (C) and (D) being
sufficient to effect cure of the epoxy resin.

2. A composition according to claim 1, in which (A) is a polyglycidy] ether of a
polyhydric alcohol or polyhydric phenol.

3. A composition according to claim I or 2, in which (B) is a hydrophitic fumed
stlica.

4. A composition according to any one of the preceding claims, in which (B) is
present in an amount of 1 to 20% by weight, based on the weight of the epoxy resin (A).

5. A composition according to claim 4, in which said amount is 3 to 15% by
weight.

6. A composition according to any one of the preceding claims, in which (C) has
a molecular weight of about 750,000,

7. A composition according to any one of the preceding claims, in which the
amount of (C) is sufficient to prevent flow of the composition when applied to a vertical
surface for at least 60 minutes after formation thereof.

8. A composilion according to any one of the preceding claims, in which the
amount of (C) is sufficient to prevent flow of the composition when applied to a vertical
surface prior to the gelation thereof.

9. A composition according to any one of preceding claims, in which the amount
of (C) is 0.2 to 2 parts by weight per 100 parts by weight of the EPOXY resin.

10. A composition according to any one of the preceding claims, in which (D) is a
N-hydroxyalkyl derivative of a polyalkylenepolyamine.

1. A two-part pack comprising a first part comprising (A) an epoxy resin as

specified in claim 1 or 2 and (B) a thixotropic agent as specified in any one of claims 1, 3

[RALIBFFI09553spec.doc:nje
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to 5, and a second part comprising (C) at least one polyethyleneimine as specified in any
one of claims 1, 6 to 9 and (D) at least one other amine hardener as specified in claim 1 or
10 when used for forming a curable epoxy resin composition.

12, A method of bonding two surfaces together using an adhesive, wherein the
adhesive is an epoxy resin composition according to any one of claims 1 to 10,

13. A curable epoxy resin composition, substantially as hereinbefore described
with reference any one of the examples but excluding any comparative examples therein.

14. A method of preparing a curable epoxy resin composition, substantially as
hereinbefore described with reference to any one of the examples but excluding any
comparative examples therein.

135. A curable epoxy resin composition according to any one of claims 1 to0 11 or
13 or prepared by the method of claim 14 when used to produce a randomly shaped
composition or when used as an adhesive, sealant, mastic, stopping compound, caulking
material, encapsulant or surface coating material.

Dated 16 February, 2001
Ciba Speciality Chemicals Holding Inc.

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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