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Resi n Manuf act ure Hot nelt one conponent threnosettabl e epoxy resin
conpositions are difficult and hazardous to manufacture a ese
difficulti es"@PVE*%ive rise to variability in the produc?p%ﬁ?ﬁ#f(’?% bat ch
to batch, container to container and even within containers. These

_probl ens arise because the conpositions cpntain viscous or solid resins as
wel | as hardeners and are m xed in the hot viscous nolten state. This can
result in the reaction fully or partially occurring during mXxing,

“di schar gi ng, ,0r..even.i d cont ai ner. This invention relates to

met hods uti IR cfive Bekid ﬁ"il&e—ﬁgype of conposition for the safe and

consi stent manufacture and where required the sinple filling of end use
cont ai ners of one conponent heat curable, solvent free, hot nelt epoxy
resin conposhetimatongispmponeat taremoseitablefpopniesin compesitigng eredifisitand Because
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increasingly i tant to ayoid the use of valatile solyents in industrial
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wor kpl ace, as well as manufacturing conveni ence, contact with all liquid
chem cals s I ' | _— favour the use
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melt and flexi'ble tape form for “bonding an he use of powders for

coat i ngs. It is very inmportant that the physical nature of these epoxy
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component heat curable, solvent free, hot melt epoxy resin compasitions which have a
melting point less than 55°C.

- Because of safety, cost and possible environmental poliution it is becoming increasingly
important to avoid the use of volatile solvents in industrial processes. Because of the need
to maintain a safe, clean and healthy workplace, as well as manufacturing convenience,
contact with all liquid chemicals should be avoided wherever possible.

These needs favour the use of epoxy resin formulations in solvent free, flexible or solid form
and account in part for the increasing popularity of preimpregnated fibres, or prepregs, for
the manufacture of reinforced composites, adhesives in hot mel and flexible tape form for
bonding and the use of powders for coatings.

it is very important that the physical nature of these epoxy formulations is very consistent
during storage because this affects the ability to apply them reliably and produce consistent
quality items with them.
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M xing of the epoxy formulation does not present manufacturing problens is
made in solution, as the ingredients can be nixed at |ow tenperatures to
avoi d dangerS’u?s’ P28t i on between the resins and hardeners BEESBAE02822ue t O
the low m x viscosities achieved by the use of solvents, but the

manuf acture and packagi ng of solvent free_ individual bat ches of reactive
hot nelt epoxy resin and hardener is nuch2nmore difficult and dangerous,
especially when the final conposition is required to cure at tenperatures
say up to 180 [err]C, due to the risk of the curing reaction being
initiated prematurely. Al ternatively, mxing of the ingredients can be
carried out [ . f major heat or
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ei ther in theskudftieccuting actionibeing initizitdd/prematorety. a batch, or a container, for
exanple as the result of different heating tinmes comng fromthe vari ati on
in run-out tines fromthe mxing vessel or cooling within a container. Any
such parti al Avessativelp,mixing etthe ingeadiieats dan be sawibd out aentinuausie svhixh pkiatigavalds and
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i kely, variabil ecau hese e vol unes
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Where the fipal conposition is required to cure at 130 [err]C or beI ow even
25 litre nmix8are potential ly dangerous.

The result of reaction may be very serious where it proceeds out of control, leading to large
quantities of decomposition gases, burnt products, damaged equipment and harzards to
personnel, the workplace and the environment in general. Whers the reaction only partly
proceeds it leads to an increase of average molecular weight, either in the whole batch, or
variably within a batch, or a container, for example as the result of different heating times
coming from the variation in run-out times from the mixing vesse! or cooling within a
container. Any such partial reaction is very bad as it results in changed application and
uncured physical properties either of the whole batch or container or, more likely, variability
within it.

Because of these difficulties the volumes of many hot melt epoxy compositions that can
safely be mixed at one time or be put hot into a compact bulk in a container rarely exceed
100 litres. Where the final composition is required to cure at 130 °C or below even 25 litre
mixes are potentially dangerous.

Whether mixed continuously or batchwise the filling of smali containers with hot viscous
reactive liquids present major problems, particularly so when the viscosities at the permitted
filling temperatures are high.




Whet her m xed continuously or batchw se the filling of small containers
Wi th hot viscous reactive |iquids present mej or problems, particularly so

when the viscosities at the permtted filling tenperatures are high.
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new net hod was needed to manufacture these difficult and hazardous
materials both safely and in reproducibléaquality, i ncluding their
presentation in practical end use containers. We have now di scovered a
surprisingly sinple way to nake these one conponent epoxy hot nelts
consistently and safely and supply themin a wide variety of containers and
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process uses very m condi tions and consjsts of making an epoxy

formul ati on \eRiebtRnddn fepepduciblg guality. ingludingthglr P@é?@ﬁmr’r’bla@c‘l@kﬁﬂdl uge at nor mal
shop floor tegmemnatures (15 [err]C - 30[err]C) and adding to it a chem cal
solidifying systemwhich reacts very slowy at these tenperatures with the
epoxy materials present. The solidifying system nust be picked to give
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m xture or generaﬁ ed during the reaction which could significantly react

under the corfefen ®¥Absen for the solidification reaction. Such reacti-ons
severely conprom se, safety during bulk mxing, the state of solidification
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mixed with the epoxy resin and hardeners, by whatever m_ethod thns is done, so that there is
very little viscosity rise or temperature rise during the blending operation and hence making
the filling of iarge or small, simple or complicated containers a relaﬁvely easy task. |
Alternatively mixing may take place in the final container if required.

The solidifying reaction must be a simple amine addition reaction with the epoxy groups and
must stop when the addition reaction stops. No tertiary amines may be present in the initial
mixture or generated during the reaction which could significantly react under the conditions
chosen for the solidification reaction. Such reactions severely compromise, safety during
bulk mixing, the state of solidification once mixed and the melting point stability and shelf
life of the resultant product. The solidifying system must be picked to satisfy these criteria.

The levels of solidifying system used have a major effect on the physical nature of the fully
reacted, uncured product. With a liquid resin increasing amounts of solidifying systems
take the product through the stages of high viscosity, high tack, low tack, zero tack,
flexibility and brittleness respectively.
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The |l evels of solidifying systemused have a major effect on the physical
nature of the fully reacted, uncured product. Wth a liquid resin

i ncreasi ng amounts of solidifying systens take the product through the
stages of high viscosity, high tack, |low tack, zero tack, flexibility and
brittleness et vel y. WO 97/ 19125 PCT/GB96/02822
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conveni ence, nost of the solidification_geaction should take place in the
final containers used to receive the mxture and this should take pl ace
slow y enough to ensure that, in the selected size and shape of the
‘container, there is no tenperature rise high enough to cause any
significant reaction between the epoxy resins and their main curing
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conpl etion when ysi cal nature final forrmulation 1s coseto

t he desi redemhé&@‘w%ﬁ‘?‘@m%‘ms' leti®e- pr esent i nvention provides for the
manuf act ure of one conponent hot neltabl e thernosettable epoxy resin

formul ationg, in g’kforml ba@eﬂ{ continuous m xes and their
presentatio Wi9-A97R{ TBay gto %P‘EWPab?'Hcsé@El"h SHPRE £, or

ot her, appl bmﬁe@memdladsaswanyﬁmcdeddesabdvel r conposition in hot neltable,
nol ten, powdered, solid, sem solid, tacky, bulk and final cured forns. For
exanpl e the nmethod of this invention could be performed using the foll ow ng
cl asses of Astheadicessary.quantity of the sdligificalipn systern s¢acts tbe viegnsityarsiomelting vairg

conpounds  of the formulation increases until the reaction approaches completion when the physical
nature of the final formulation is close to the desired end use requirements.

The present invention provides for the manufacture of one component hot meltable
thermosettable epoxy resin formulations in bulk form in batch or continuous mixes and their
presentation in containers intended for further processing by melt, or other, application
methods and includes their compaosition in hot meltable, molten, powdered, solid, semi solid,
tacky, bulk and final cured forms. For example the method of this invention could be
performed using the following classes of ingredients:-

{A) epoxy resins or epoxy containing compounds

(B) a solidifying amine system which will react with (A) to give a product with a
Kofler Heat Bank melting point of iess than 55 °C, but which is not present in sufficient
quantities to allow or cause chemical gelation under the reaction conditions chosen for (A)
and (B) and which essentially stops solidifying once its active epoxy additive hydrogen
groups are consumed by the epoxy groups, optionally

(C) a hardener system for (A) and the reaction product of (A) and (B} which is different
from (B) and which remains substantially unreacted under the conditions of reaction chosen
for {(A) and (B) with (A) and (B), optionally

(D) other additives that may be required to modify the physical properties of the cured
or uncured composition, and optionally (E) an expanding agent.
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(B) a solidifying am ne systemwhich will react with (A) to give a product
with a Kofl er Heat Bank nelting point of Iess than 55 C, but which is not
present in sufficient quantities to allow or cause chem cal gel ati on under.

t he reaction jons chosen for (A) and (B) and which eSat st ops
solidifying c‘)ﬁg&%gﬁs active epoxy additive hydrogen groups are co}ﬁis%zrred by
t he epoxy groups, optionally (© a hardener systemfor (A) and the

reaction product of (A) and (B) which is dgfferent from (B) and which
remai ns substantially unreacted under the conditions of reaction chosen for
(A) and (B) with (A) and (B), optionally (D) other additives that may
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liquid resins are principally conmpounds or m xtures

(B) used to c%vert
of conpounds ?ﬁf‘g? #Wactive gr oups relative to the epoxy materials
enpl oyed are primary or secondary amines. Epoxy reactive tertiary anines
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for this inventl ness I n thi's process aromatic
and cycl oal i peRIEROYUNES errraiktyres 9ficompounds whose most reactive groups relative to the epoxy

materials employed are primary or secondary amines. Epoxy reactive tertiary amines under
the conditions of reaction chosen for (A) and (B) are not acceptable for this invention.

Of particular usefulness in this process are aromatic and cycloaliphatic primary and
secondary amines and blends of these. The major advantage of these amines, particularly
the aromatic amines, is the low rate of reactivity coupled with the extremely long life at
normal ambient temperatures of their reaction products with the resins. With the majority
of compounds from these clasess of amines the life or the reaction product with the resins
greatly exceeds that of the life of the resins with their primary hardeners (C). Some
alicyclic, heterocyclic and aliphatic amines are also effective as advancing agents and those
which comply with virtual cessation of reaction once their amino hydrogen atoms have been
consumed by the epoxy resins are considered as part of this invention. In all cases it is
essential that the tertiary amines generated during the solidification reaction have very low
reactivity with epoxy groups under the conditions of reaction chosen for (A} and (B) and
afterwards during storage. The solidifying amines are usually and mostly difunctional
and/or polytunctional with raspect to the epoxy compounds, (A}, although monofunctional
amines can be used to some extent if of value to a particular composition.




secondary am nes and bl ends of these. The mmj or advantage of these am nes,
particularly the aromatic amnes, is the lowrate of reactivity coupled
with the extrenely long life at nornmal anbient tenperatures of their
reaction products with the resins. Wth the majority of conpounds from
t hese cl asesWOdf/1Ha¥ nes the life or the reaction product weethGBdsm282Si NS
greatly exceeds that of the life of the resins with their primary hardeners
(C©. Sone alicyclic, heterocyclic and aliphatic am nes are al so effective
as advanci ng agents and those which conpl.g.with virtual cessation of
reaction once their am no -hydrogen atons have been consumed by the epoxy
resins are considered as part of this invention. In all cases it is
essential that the tertiary am nes generated during the solidification
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than 120[ err jtmediftly@béWey be one or several hardeners used together, sone
of which may accelerate the curing rates of the others provided they conply
with the requirenent inmediately above.

Other additives {D) which can be used to modify the physical properties of the cured or

uncured compositions include but are not limited to thixotropes, toughening agents, wettmg
agents, surfactants, fibrous materials, dyes, pigments, fillers, flame retardants, smoke
suppressants, coupling agents, hollow microspheres, flow assisting materials, fusible
glasses, expanding agents and stabilisers.

Suitable expanding agents are those which generate gases by chemical decomposition or
by boiling of liquids or expansion of gases contained within exandable shells.




O her additives (D) which can be used to nodify the physical properties of
the cured or uncured conpositions include but are not limted to

t hi xotropes, toughening agents, wetting agents, surfactants, fibrous
materials, dyes, pignents, fillers, flame retardants, snoke suppressants,
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Exanpl-es of suitabl e expanding agents include Azodi carbonam de, _
Azodi i sobutyronitrile, Benzene sul phonhydrazi de, D nitroso pentanethyl ene

tetram ne, Oxybis benzene sul phonhydrazi p tol uene sul phonyl hydrazi de
and Expandabl E*39Pigs gt sui @ang"dm%%@"%&cg'g%nder the Trade Name Expancel .
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solidifying agent which reacts to generate substantial heat during the
m xi ng operation or in the selected container shape and size. Thus the |ess
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because they SFECRYRT e qeome containers the mixing

and filling times required as well as the actual resins and the quantity of them used will all
influence the selection of the solidifying agents. It would not be good for instance to choose
a solidifying agent which reacts to generate substantial heat during the mixing operation or
in the selected container shape and size. Thus the less reactive amines are the most
suitable solidifying agents for practical batches and containers whereas most aliphatic
amines are unsuitable alone, because they are highly reactive.

Most useful are those solidifying systems which react gradually to substantial completion at
room temperatures over a period of around 2-14 days. These permit the safe manufacture
of batches in excess of 100 litres in a realistic mixing time with little temperature rise in the
mixing vessel or during discharge and smooth reaction to the required physical state in most
practical containers, however mixed, over a practical timescale. Under these conditions the
heat of reaction generated by the soldification process is evenly dissipated by conduction
and radiation and results in no more than acceptable temperature rises at any stage in the
process.

The primary controfling factor being that the mixture reaction temperature rise whether in
the mixing vessel or the containers shall be below that required to cause significant reaction
between (A) and (C).
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solidifying agent will also influence a variety of properties such as nelt
viscosity, SThesgtttiontand ghamsitysof shvecsolidifyingragentilhalseinfushcd  varketebipropehtitisC e

advant ages i REnHESLAIR iR, bl ahcitbaPlos Sh Sl SFRIR chody t1 "9

fromthe us
advantages may be designed into the uncured or cured products resulting from the use of

this process.

Examples of this invention are as follows and particularly illustrate the effects of solidifying
systems. Where no hardener (C) is quoted it is clear that such a material can be added in
a practical product if required. Such examples shows that the process of advancing the
epoxy resins use is in full accordance with this invention and do give the shelf lite stability of
at least six months which is an integral advantage of this invention. '

bt oL



Exanpl es of this invention are as follows and particularly illustrate the
effects of solidifying systens. Wiere no hardener (C) is quoted it is clear
that such a material can be added in a practical product if required. Such
exanpl es shows that the process of advancing the epoxy resins use is in
ful'l accordan®@%{# > this invention and do give the shel f IRGTCBERHRE ty of
at- |l east six nonths which is an integral advantage of this invention.

WD 97/ 19125 -9-

PCT/ GB96/ 02822 - 9-

Example 1 The follow ng m xture was nmade in a bl ade m xer: -

Li qui d Bi sphenol A epoxy resin (EPIKOTE 828 - SHELL CHEM CAL CO

(epoxy val ue 5.3 equival ents per kilogran) 100 kil ograns

Sol i di fyi ng aE¥ameledhr dener 932 (ex Cl BA-GEI GY) - a bl end of
aromati c am nes 6 kilograns The initial tenperature of the

i ngredi ents s 26 [err]C. After m xi ng?for 30 mnutes it was discharged

into druns - ote 'Pipying midure yas made ip @ RISEE IX§Fe was 26.5[err]C. A standard 25

kg drumof this m xture was nonitored for tenperature rise in a room
tenperature of 22[err] C_ .Th ximumte ' e e f the reacting
mxture was 27.6 [er q&%‘ﬁ@ﬁ"ﬁé@?’géﬁ?&%ﬁﬁ%ﬁ%&sﬁéﬁwﬁﬂ@@%@ t he
start of m xing. Aft ¢eposevaive SihgquivatenBeekitog@nt)he r esudd kibgramel i di fi ed
resin was a tacky solid which when hot nelted onto a pol yt hene sheet gave a

tacky flexible filmsuitable in nature for maki ng prepregs or adhesive
tapes. After 14 days Salidifzing agant andprer 985 (ex@BAEEIGYI4 | tacky and flexible

but slightly. harder ftibindafi8matic #anes 1 Kil ogram of ?m,&_,, day ol d bl end
was then heated tqQ 80 C for hours. On cooljing it differed little fromthe

. 2. ho
unheat ed mat etiednitAfempesaiuieehthengeedients was3% g reacti on was al nost

After mixing for 30 minutes it was discharged into drums - at that time the mix temperature
was 26.5°C.

A standard 25 kg drum of this mixture was monitored for temperature rise in a room
temperature of 22°C.

The maximum temperature recorded of the reacting mixture was 27.6 °C which was reached
5 hours 30 minutes after the start of mixing.

After seven days at 22°C the resulting solidified resin was a tacky solid which when hot .
melted onto a polythene sheet gave a tacky flexible film suitable in nature for making
prepregs or adhesive tapes. '

After 14 days at 22°C the mixture was still tacky and flexible but slightly harder than after 7
days.

1 kilogram of this 14 day old blend was then heated to 80 °C for 2 hours. On cooling it
differed little from the unheated material showing that the solidifying reaction was almost
complete at 22°C and heating at 30 °C for 2 hours had no adverse physical effect.

Samples of the post heated and unheated solidified products were stored at room
temperature for occasional physical assessment. No noticeable change in tack or flexibility
occurred for at least 9 years.



conplete at 22[err]C and heating at 80[err]C for 2 hours had no adverse
physi cal effect. Sanples of the post heated and unheated solidified
products were stored at roomtenperature for occasional physical
assessnment. No noticeable change in tack or flexibility occurred for at

| east 9 yeame0 9719125 WO 97/ 19125 PCT/GB96/02822
PCT/ GB96/ 02822 - 10 -
Exanpl e 2 A simlar experiment was carried out to EXAMPLE 1 in which the
solidifying agent was increased In quantitpy to 8 kil ograns. The maxi num

tenperature rise recorded in a 25kg full drumwas 2.2[err]Cthat is from 26
Cto 28.2[err]C The product after 14 days storage at 22[err]C was a soft
solid with a low level of tack and could be ideal for tape adhesive

manuf acture. Storage of unheated sanples and ot hers post heated for 2 hours
at 80[err]C§§§&%€cno obvi ous change in flexibility after 8 years.

Exanple 3 A simlar experinment was carried out to EXAMPLE 1 in which the
sol i difying E\gimr]t was . nmade u Har dener

932 ilar expeyiment was, g;%%%rfnﬁ lté I(:))\éfh:ﬂl_’LE 1 in which the solidifying,agesbWas ene
1. 9 ki | ogr anincreaskliirsquantify s 8 kiwgranalded to 100 kil ograns of the Bi sphenol A
resin and rapidly stirred in a planetary m xer for 30 m nutes.

The maximum temperature rise recorded in a 25kg full drum was 2.2 °C that is from 26° C to

28.2°C.

The product after 14 days storage at 22 °C was a soft solid with a low level of tack and could

be ideal for tape adhesive manufacture.

Storage of unheated samples and others post heated for 2 hours at 80 °C showed no

obvious change in flexibility after 8 years.

Example 3

A similar experiment was carried out to EXAMPLE 1 in which the solidifying agent was
made up as follows:- |
Hardener 932 10.0 kilograms
Aminobenzene 1.9 kilograms

This mixture was added to 100 kilograms of the Bisphenol A resin and rapidly stirred in a
planetary mixer for 30 minutes.

The temperature of the starting materials was 23 °C.

After mixing for 30 minutes the tempefature was 26 °C.

The maximum temperature reached in a 25 kg full drum was 31 °C.

After 14 days this mixture was a hard, brittie solid at 22 °C which on heating to 55°C became
a flexible solid.

The mixture was cast onto release paper at 120 °C and after cooling could easily be broken
into flakes at 22°C which only slowly stuck together at this temperature.

When applied to heated clean metal surfaces at 120 °C and these being held logether until

cool then even without a hardener for the resins the solidified product acted as a hot meit
adhesive.




The tenperature of the starting materials was 23[err]C. After mxing for 30
n nutes the tenperature was 26[err]C. The nmaxi mumtenperature reached in a
25 kg full drumwas 31[err]C. After 14 days this m xture was a hard,
brittle solid at 22[err]C which on heating to 55[err]C becane a flexible
solid. The nmWeaV¥i¥as cast onto rel ease paper at 120[ err] CPEFGBIFR2832
cooling could easily be broken into flakes at 22[err]C which only slowy
stuck together at this tenperature. Wen applied to heated cl ean netal
surfaces at 120[err] C and these bei ng hel-dit-oget her until cool then even

wi thout a hardener for the resins the solidified product acted as a hot

mel t adhesi ve. WO 97/ 19125

PCT/ GB96/ 02822 - 11 -

Exanple 4 The follow ng m xture was made in a Z bl ade m xer: -

Li qui d Bi sphelEample €poxy resin (1.Y556 - Cl BA-GEl GY)

100 kil ograns Har dener 932 (ex Cl BA- GEI GY) 7
ki | ogr ans . . M croni se i cyandi arm de 5

ki | ogr ans The following mixture Viasd'ﬂ%‘%ﬁ‘ a%ﬁ%ﬂc%@f‘?ﬁil urea 4

ki | ograns Finely divided silica thixotrope 4

kil ograns Al'l the ingredi bl ended together until honbgeneous and
free fromlunps. This to'g '%E%ﬁ%‘*gﬁ%eﬁ?’?’(d?%’g during which the tenperature
of the nixture increasedl.¥samQBAIGEIGNE to 24[err] C. The d0Okigiats Whi ch
were a soft runny paste, h R ms containin 5 kgs of
m xture and the terrperatﬁ%@ér%{gﬁ{aeggs_'%%&ntasured regul gI"I%%S.'a e maxi num
t enperat ure reached was MigioBiseq dicyangiiagtidel 4 days the cont eftkdogame heated to

50 [err] C and poured i ntppfenpeRtdideipllfesand t hen cast int Qkﬁ’ogtré}w filmon
release foil. The filns ﬁﬁéffé‘»&ﬁgd silica thixotrope 4 kilograms

All the ingredients were blended together until homogeneous and free from lumps. This
took around 40 minutes during which the temperature of the mixture incteased from 22 °C to
24°C. The contents, which were a soft runny paste, were poured into drums containing 25
kgs of mixture and the temperature of these drums measured regularly. The maximum
temperature reached was 29°C. After 14 days the contents were heated to 50 °C and
poured into a heated bath and then cast into a thin film on release foil. The films produced
had good flexibility and tack and were easily impregnated into unidirectional carbon tape
and carbon fabrics. The prepregs also had excellent tack and drape as required by the
composites industry. On heating the formulation for 1 hour at 120 °C or 4 hours at 92°C
excellent thermoset cured products were obtained with Tgs of 130 °C and 125°C
respectively. Prepregs were stored at room temperature and -16 °C to test their shelf life by
loss of lack and fiow on heating.

Storage at R. Temp. Storage at -16°C
Tack life greater than 6 months greater than 1 year
Gel time 10-12 months greater than 3 years

By deduction from EXAMPLE 2 the limit on the storage life is set by the hardener system
rather than the solidifying system.

AR AT < e TR EAVIRIT T LE e PR - L



had good flexibility and tack and were easily inpregnated into
unidirectional carbon tape and carbon fabrics. The prepregs al so had

excel l ent tack and drape as required by the conposites industry. On heating
the fornmulation for 1 hour at 120 [err]C or 4 hours.at 92[err] C excel |l ent

t her noset cwoemthyizHducts were obtained with Tgs of 130 [ erci/GBwneB23
25[err] C respectively. Prepregs were stored at roomtenperature and -16 C
to test their shelf life by loss of lack and flow on heating. '

Storage at R Tenp. Stprage at -16[err]C Tack life
greater than 6 nonths greater than 1 year Gel tine

"10- 12 nont hs greater than 3 years By
deduction from EXAMPLE 2 the Iimt on the storage life is set by the

har dener systemrather than the solidifying system WO 97/ 19125
PCT/ GB96/ 02@2itnple 5 -12- '

Exanple 5 A simlar experinment was carried out to EXAMPLE 4 but 1

ki | ogram of accel erator DY21 9 (believed to be a liquid carboxylic acid ex
Cl BA- GEI GY) Asimilai expletinient was catied qutde EXAMPDE dibug 1 Ribgrameftageelerator D2 tthe

t enper at ur ephf : 20 : : . o] into
dr s, cont o ey et BE6¢a R mzydic R ARNCRIGH Wil Bl il 1
After 2 day® ®ingtegduixing thelerapergturerinrsegsed Homi2viado 26°Ci dhe Fanterdwsref | exi bl e
sol i d suit afured iffo drifis aaiwﬁsagtyk%@fé uz& RRNIR0SH tihpdiftine réddfdeavnd 2oL,

reheatin 0 50.[err]C as EXA ) aml m xture was nade
ipn a hi Ighgsé%% d@% sto eggzq""é tp%wg_dgct wasaligtlx_:lfg' tang?(y‘ﬁex?ble sé?fd sui)t(abgje for the

manufacture of prepregs without the need for preheating to 50 °C as in EXAMPLE 4.

Example 6

A mixture was made in a high speed stirrer as follows:-

Liquid Bisphenol A resin 100.0 kilograms
33' dimethyl 44’ diamino dicyclohexyl methane 6.5 kilograms

The starting temperature of the materials was 22°C.

After 10 minutes mixing the temperature had increased to 28 °C and the mixture was poured
into metal trays containing 25 kg. The temperature of the mixture in the trays rose steadily
to reach 44°C in 90 minutes. It then gradually cooled to a room temperature of 22 °C.

The resultant solidified resin had good tack and flexibility and shouid be excellent for the
manufacture of prepregs. | :

1 kilogram of this biend was heated for 2 hours at 80 °C and showed no obvious change in
tack or flexibility when cooled to room temperature.

On storage at room temperature the solidified resin showed some decrease in tack but was
still flexible after 18 months.




Li quid Bi sphenol A resin 100. 0 kil ograns

33" dinethyl 44' diam no dicycl ohexyl nmethane 6.5 kil ograns The starting
tenperature of the materials was 22 [err]C. After 10 minutes mxing the
tenperature had increased to 28 C and the m xture was poured into netal
trays contai Wa¥/P8RS5g. The tenperature of the mixture in PREGBIHEZ 55e
steadily to reach 44[err]Cin 90 mnutes. It then gradually cooled to a
roomtenperature of 22 [err]C. The resultant solidified resin had good tack
and flexibility and shoul d be excellent f.ag-the manufacture of prepregs. 1
kil ogram of this blend was heated for 2 hours at 80 [err]C and showed no

obvi ous change in tack or flexibility when cooled to room tenperature. On

storage at roomtenperature the solidified resin showed sone decrease in

tack but was still flexible after 18 nonths. WO 97/ 19125

PCT/ GB96/ 0282Example 7 o - 13 -

Exanple 7 The following mxture was nade in a planetary m xer: -

Li qui d Bi sphenol A resin . . 100 kil ograns

33" ‘di met hyl Hoe foligwing misturg wassnededR giplangtaRamRer- 6 kil ogr ans

Al um ni um powder 150 kil ograns

M croni sed Di cyandi am de,, ., .. . 6 kil ogr

Finely divided silica thH3ggPispaenct Aresin 2 kil ograns 0ilograms
33’ dimethy! 44’ diamino dicyclohexyl methane 6 kilograms
Aluminium powder 150 kilograms
Micronised Dicyandiamide _ 6 kilograms
Finely divided silica thixotrope 2 kilograms

All the ingredients were blended together for 20 minutes, during which the temperature of
the mix increased from 20°C to 26°C. The contents were poured in 25 kg lots into lined
metal trays. After 2 hours a maximum temperature of 48 °C was reached by the resin mixes.
After 14 days each separat lot of 25 kilograms of the solidified resin was a tacky flexible
solid. Each was heated to 60°C and cast intc a tape on release foil. These tapes were
used to bond 16 s.w.g. aluminium alloy sheets together in lap shear joints. A one half inch
overlap bond was made. The assemblies were cured under light pressure for 1 hour at
180°C. When tested in lap shear the following breaking loads were recorded:-

Lot 1 _ 1,730 Ibs Lot4 1,800 Ibs
Lot2 1,840 Ibs Lot 1,780 Ibs
Lot3 1,800 Ibs

and these demonstrated the excellent reproducibility of the process.

The tape was stored at room temperature and -16 °C to assess tack and flexibility lite.

The film remained tacky at room temperature for at least 6 months and did not lose fiexibility
in 12 months. At -16°C tack life has been preserved for at least 3 years.

TTTMEREIATG S RLd ST st e C



Al'l the ingredients were bl ended together for 20 m nutes, during which the
tenperature of the mx increased from20[err]C to 26[err]C. The contents
were poured in 25 kg lots into lined netal trays. After 2 hours a maxi mum
tenperature of 48 [err]C was reached by the resin m xes. After 14 days
each separ aWOWIIBS 25 kil ograns of the solidified resin WwI/GBY%mzsey
flexible solid. Each was heated to 60 [err]C and cast into a tape on

rel ease foil. These tapes were used to bond 16 s.w. g. alum nium all oy
sheets together in |lap shear joints. ohg.half inch overlap bond was
made. The assenblies were cured under Iight pressure for 1 hour at
180[err]C. Wien tested in lap shear the follow ng breaking | oads were

recor ded: - Lot 1 1,730 | bs
Lot 4 1,800 | bs Lot 2 1,840 | bs
Lot 5 Example8 780 | bs Lot 3 1, 900 | bs and

t hese denonstrated the excellent reproducibility of the process. The tape
was stored at roomtenperature and -16 [err]C to assess tack and

f I exi bi | i ty Thefallowingmixtyre was penaieded tacky at roomtenperature for at |east
6 nonths and did not | ose fl exibi I|ty |n 12 nonths. At -16[err]C tack life

has been preserved for at | east 3 yea WD 97/ 19125

PCT/ GB96/ 02822 Liquid Bisphenol A epoxy resin (EPIKOTE 828) 10 kiagrams
Exanple 8 The fol | owisngiamins tipeenybmepaspar ed: - 1 kilogram Uqui d
Bi sphenol A epoxy resin (EPIKOTE 828) 10 kil ogramns

44" di am no di phenyl methane 1 kil ogram l

The amine and two kilograms of resin were quickly warmed to melt the solid flakes and
obtain a uniformly stirred mixture. This was immediately added to the remaining 8 kilograms
or coid resin in a Z blade mixer.

When thoroughly mixed it was poured into a drum at 24 °C, the mixture being at 28°C. After
14 days the mixture had become a hard brittle solid at 23 °C. This solid was easily broken
into lumps on impact and these were quickly ground into a powder. Thfs powder easily
melted on warming and had a softening point of fess than 50 °C. The powder quickly
sintered together on standing at 23 °C. The material is an interesting one in its own right but
is ynsuitable for use in powder form if used or stored at normal shop floor temperatures.

Example 9
The following mixture was made in a Z blade mixer:-

Liquid Bisphenol A epoxy resin (EPIKOTE 828) : 10.0 kilograms
33' dimethyl 44’ diamino dicyclohexyl methane 0.7 kilograms

When properly mixed the liquid was poured into a mould and the maximum temperature
reached was 40°C.

The product when cooled to 22°C was a lightly tacky, soft flexible solid. After 14 days at
22°C it was a little less tacky but still a soft flexible solid. It stayed in this condition basically
unchanged for 2 years at 22°C. '




The am ne and two kil ogranms of resin were quickly warnmed to nelt the solid
fllakes and obtain a uniformy stirred mxture. This was i mredi ately added
to the remaining 8 kilograns or cold resin in a Z blade m xer. \Wen

t horoughly mxed it was poured into a drumat 24 [err]C, the_m xture being
at 28[err]C. WA%BASEE days the mixture had becone a hard br FEVGEEBZy ot
23 [err]C. This solid was easily broken into |unps on inpact and these were
qui ckly ground into a powder. This powder gasily nelted on warm ng and had
a softening point of |ess than 50 [err]C.‘*Ph‘e powder quickly sintered

toget her on standing at 23 [err]C. The material is an interesting one in
its own right but is unsuitable for use in powder formif used or stored at

normal shop floor tenperatures. Exanpl e 9 The foll owi ng m xture was
made in a Z blade m xer: - Uqui d Bi sphenol A epoxy resin
( EPI KOTE 828) 10. 0 kil ograns 33" dinethyl 44' diam no

di cycl ohexyl methane 0.7 kil ograms When properly m xed the liquid was
|oougI edt i \rll\;] 0 aAB&fbegoﬂﬁig Sizdectrw?&lhauﬁut@mftaf nafys.r E@ﬁﬂf@lﬁ}s}(ﬂ@ﬁd‘i%t@{eﬂhﬂi u_‘&;e
pr oduc en co 0 err s ali ac S0 xi bl e id.
After 14 daysatﬁg @E’Eﬁs PR c ggtgzgi"%\?vla%sqllggﬁtsghgpt% erdqss tacky, -@B?%UW% bl e
solid. It staghedsitie édaelientsiatlity oidhe basis ligald epoxyebiaage s $atidifiet fyroducsioake
22[err] C

PCT/ GB96/ 0282t§rtiary é/n\gi)neg Z/e%t%% g? reacting the epoxy re;in groups with this amine. 15 -

Exampie 10

The following mix was made:-

GY 260 (~ 5.3 epoxy / kg) 100.00
1.1.3.3-tetramethyl butylamine 17.3

The mixiure reacted slowly at 22°C. AMer 18 days it was a semi solid with a melting point of
approximately 30°C. Atter 121 days at 22°C the composition appeared unchanged and
possessed a similar melting point.

A further sample of this composition, freshly prepared, produced a material of the same
texture at 22°C after heating for 23 days at 60 °C.

This is an example of a hindered aliphatic amine (B) which would be suitable for the present
invention when a latent hardener (C) was incorporated into the composition.



A portion of this product was heated to 60 [err]C for 7 days. During this
period it stayed at liquid at 60[err]C and on cooling to 22[err]C was still
a soft solid but rather less tacky. This EXAMPLE shows the excell ent
stability of the basic |iquid epoxy resin and its solidified product to the
tertiary amwesnsas ed by reacting the epoxy resin groups PETGBENRE2am ne.
Exanmpl e 10 The followi ng mx was nade: - GY 260 (- 5.3 epoxy
! kg) 100. 00 1,1, 3,3-tetranet hyl butylam ne
17.3 The mi xture reacted slowmy at 22[efg]C. After 18 days it was a sem
solid with a nelting point of approximately 30[err]C. After 121 days at

22[ err] C the conposition appeared unchanged and possessed a simlar nelting
poi nt . A further sanple of this conmposition, freshly prepared, produced a
material of the sane texture at 22[err]C after heating for 23 days at
60[err] C Erampledt dmiFxanpl e of a hindered aliphatic amne (B) which

woul d be suitable for the present invention when a | atent hardener (C) was

i ncorporated into the comnposition. WO 97/ 19125
PCT/ GB96/ 028 The following mixtures were made in a planetary mixer:- - 16 - Exanpl e
11 to 13 :
EXAMPLE
11 12 13
Liquid Bisphenol A epoxy resin-kilograms
(EPIKOTE 828 - SHELL CHEMICAL CO) 100 100 100
(epoxy value 5.3 equivalents per kilogram)
amino benzene-kilograms 5 8 12
They were poured into 25 kilogram drums.
The initial temperature of all five mixtures was 21_°C.
1" 12 13
Maximum temperature rise 2°C 22°C 34°C
Texture after 14 days at 22°C soft.tacky flexible  hard

slight tack brittle

After 5 hours at 60°C soft. tacky flexible  hard

slight tack brittle
examined at 23°C

Kofler Heat Bank " below below approx.
Melting point °C 22° 22' 55
Kofier Heat Bank below below approx.
Melting point °C - 22 57
after 4 years storage at shop

floor temperature

*too low to record on Kofler Heat Bank.



The follow ng m xtures were made in a planetary m xer: -

EXAMPLE

13 Liquid Bi sphenol A epoxy resin-kilogranms (EPIKOTE 828 -

100 (epoxy val ue PSC’P:I))GB

00) 100 100
per kil ogram %?ﬁ“r%zsbenzene ki | ogr ans
8 .

12

SHELL CHEM CAL
9(2U| val ent s

/02%2

12 They were poured into 25 kilogramdruns. The initial

tenperature of all five mxtures was 21 C.

11 12 13 Maxinum tenperature rise

2[err]C 2.2[err]C 3.4[err]C Texture after 14 days at 22[err]C
sof t.tacky flexible har d

slight tack brittle After 5 hours at 60[err]C

soft. tacky flexible har d

slight tack brittle examned at 23[err]C Heat Bank

bel ow bel ow approx. Melting point [err]C

22* 22* 55 Kof | er Heat Bank

bel ow bel ow prox. Melting point [err]C

22% Thesexgxamples show @9 Wld&frﬁfae of tgxiige thay Gm%?g%ch&ve%lndapt meitablgrproducts

tenper at ure madéusig thidwndedtisrecor d on Kofl er Heat Bank.

PCT/ GB96/ 02822

WD 97/ 19125
- 17-

They also show the very low exotherms that can be achieved during mixing and solidifying

which clearly show that very heat sensitive hardeners (C) can safely be added.

They also show the excellent stability achievable on shopfioor storage which is a great

advantage of this invention.

Examples 14 to 16

The following mixtures were made in a planetary mixer:-

EPIKOTE 828 kilograms
amino benzene kilograms
dicyandiamide fine powder kilograms

They were poured into 25 kilogram durms.

The initial temperature was 22°C.
Maximum temperature rise °C
Texture after 14 days at 22°C

Texture after 5 hours at 60°C
examined at 22°C

Kofler Heat Bank Melting point

after 14 days at 22°C in °C

Texture after 6 months at shop

floor temperature examined at 22°C

14

10.0
05
0.8

soft
tacky
soft
tacky
below
200
soft
tacky

EXAMPLE
15

10.0
0.8
0.7

2

flexible
slight tack
flexible
slight tack
below

oo
flexible
slight tack

-]
10.0
1.2
0.5

hard
brittie
hard
brittie
approx.
85
hard
brittie




These exanpl es show the wi de range of texture that can be achieved in hot

el t abl e products nade using this invention. They al so show the very | ow
exot herns that can be achieved during m xing and solidifying which clearly
show that very heat sensitive hardeners (C) can safely be added.  They
al so show t WEO8%t32§ ent stability achievabl e on shopfl oor BEWGEYM28MIi ch is
a great advantage of this invention. Exanples 14 to 16. The foll ow ng
m xtures were made in a planetary m xer:
EXAMPLE -18 - 14 15
16 EPI KOTE 828 kil ograns : 10.0 10.0
10. 0 am no benzene kil ograns ' 0.5 0.8
1.2 dicyandi anm de fine powder kil ograns 0.8 0.7
0.5 They were poured into 25 kilogramdurns. The initial tenperature was
22[err] C. Maxi numtenperature rise [err]C 2 2
3 Texture after 14 days at 22[err]C sof t flexible
har d Kofler Heat Bank Melting point below tacky below shipait tack
brittle Textgﬁe afteéﬁ hour s ht 60[err]C sof t flexible
hard exani ne8e{® MRS ptprage al sho t acky : slight tack
brittle Kofl asortteraperBardin®l ti ng poi nt 22 bel gav 55 bel ow
approx. afte 4 d rlCin [err] 22% o . 2*
55 Texture a?f’]é‘we@%h?%ag%ﬁh%éhop &x'b'eft flexible erQ? |l e
hard floor t éodemparatorecexamineddt 22°C22[ er r]iowtack acky no tack sbritght t ack
brittle Kofler Heat Bank Melting point below below approx.
after 1 year at shop floor 30* 35° 55
temperatures in °C
Texture after 4 years at shop hard : hard hard
floor temperatures brittle brittle brittie
examined at 22°C
Kofler Heat Bank Melting point approx. approx. approx.
after 4 years storage at shop 45 47 - 58

floor temperatures in °C
* too low to record on Kofler Heat Bank.

After 14 days at 22°C portions of EXAMPLES 14 to 16 were coated onto 16 s.w.g.
aluminium alloy sheets which had been preheated to 120 °C. Lap shear joints were
produced using a width of one inch with a one-half inch overlap. The assemblies were
cured under light pressure for 1 hour at 180 °C. When tested in lap shear the following
average breaking loads were recorded:

EXAMPLE 14 . 1,620 lbs
EXAMPLE 15 1,920 lbs
-EXAMPLE 16 2,430 Ibs

These examples show the excellent workshop stability of this invention.

e NERRI SRS RIS 5 meem s
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Kof | er Heat Bank Melting point bel ow bel ow

approx. afte hs storage at shop floor tenperature

22* &o@ﬁﬁ% 55 .Texture after 1 year at ‘L‘g’é‘g”"“”m
fl.exible flexible hard floor tenperature exam ned at 22[err]C
| ow t ack no tack brittle Kofler Heat Bank Melting point

bel ow bel ow approx. ~HWter 1 year at shop floor

30~ 35* 55 tenperatures in [err]C Texture after 4
years at shop har d har d hard fl oor

t enper at ur es They also show by comparison with EXAMPLES4 1 to 13 that withylpwerlreelting point bri ttl e
exam ned at :

Appr OX. cu grlopmeﬁ%%ﬁ&loﬁ@ﬁ\tg S5 t%@lﬂé’ IQg?rﬁr%Léﬂ by the primary h@ﬁﬁgﬁé?)fC)

47 ratheBBanmEGdﬂl&ImqyeEat(B) es in [err]C *too low to record on
Kof | er Heat Bank. After 14 days at 22[err]C portions of EXAVPLES 14 to
16 were coated onto 16 s.w. al um nium al | oy sheets which had been
preheat ed t o Thepape F’?’]‘@Sﬁ’ﬁtag‘%ﬁéﬁl@i Heatsirep@p 8’095?“8%1 achiryable usiga maleriglsn of
one inch W t hcgor@ing1018é Invériigh overl ap. The assenblies were cured under
light pressure for 1 hour at 180 [err]C. Wen tested in |ap shear the
foll owi ng average breaking | oads were recorded:

EXAMPLE 14  Example 17 1,620 | bs EXAMPLE 15
1,920 | bs EXAMPLE 16 2,430 | bs

The following mixture was made in a planetary mixer:-

17
EPIKOTE 828 100
33’ dimethyl 44' diamino dicyclohexylamethane 7
dicyandiamide fine powder 5
silica thixotrope fine powder 4
1 phenyl 33 dimethyl urea 4
Texture after 24 hours at 22°C soft

' sticky

Texture after 120 hours at 22°C | soft

tacky
Texture after 14 days at 22°C soft

tacky
Texture after 6 months at 22°C soft

flexible

Texture after 1 year at 22°C brittle

Texture after 2 years at 22°C gelled

e e L




These exanpl es show t he excel |l ent workshop stability of this invention.
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PCT/ GB96/ 02822 -19- They al so
show by conpari son with EXAVPLES 11 to 13 that with lower nelting point
curabl e hot WRP¥IH#Hr nul ations the storage stability is coGTéFR%E3 t he

primary hardener (C) rather than the solidifying system (B). They al so
denonstrate the excell ent shear strengthaggr-operties achi evabl e using
materials according to the invention. Exanpl e 17 The foll ow ng m xture
was nmade in a planetary m xer: -

17 EPI KOTE 828 100 33’

di mret hyl 44 di am no di cycl ohexyl anet hane 7 di cyandi am de fine
powder Example 18 5 silica thixotrope fine powder

4 1 phenyl 33 di nmet hyI urea _ 4 Texture after

24 hours at 22[er J MSPOE[ . »
sticky Text ukap ShERIdPInENere gparedacconding tp FXAMPLE 14 with the composition of ¢ ¢

tacky Text ur gxA{iPeEs 114Awei)csnr@tfor?ﬂiam 4t@2 °C an average breaking load of 1 426$tssfvbas
tacky Texture aft

f1exible Tex{eﬁ?rge‘gf'p&? ?E“%Fé%i?‘e%\he EE‘E:@P f yging a composition of this invention © aCh'QYPl ttle

at least six months flexible life at shop ﬂpor temperature together with the ability to cure at
very low temperatures and achieve high shear strengths.

The products resulting from EXAMPLES 11, 12, 13, 14, 15 and 17 possess tack and or
flexibility at normal workshop temperatures and are good for uses where lower
temperature application is important and where resistance to damage where applied and
before curing is highest. The products resulting from EXAMPLES 13 and 16 are
completely dry and can be used for adherring materials together before final curing and for
storage of parts without readily tacking together before final assembly and cure. These
EXAMPLES show that it is easily possible to design in the physical uncured characteristics
of the products as well as the final cured properties by the use of this invention.

As may be seen from the foregoing examples, this chemical approach to the production of
curable epoxy hot melt compositions employs conditions much less rigorous than current
standard techniques which require mix temperatures of around 60 ° - 100°C or even above.

Example 19
A mixture was made of:
GY 260 (~ 5.3) 100.0 parts by weight
. 44’ diamino 33' dimethyl dicyclohexyl methane 7.0 parts by weight
3 chioro 4 methyt phenyl 1,1 dimethylurea 3.5 parts by weight
dicyandiamide 7.0 parts by weight
hydrophobic fumed silica _ 7.5 parts by weight

Expancel DU551 3.0 parts by weight



Texture after 2 years at 22[err]C gel |l ed WO
97/ 19125

PCT/ GB96/ 02822 -20 - Exanpl e
18 Lap shear joints were prepared according to EXAMPLE 14 with the
conposi tion oWOPXANREE 17. After curing for 4 hours at 92[ ePCIEBEHO8r age
breaking | oad of 1.426 |bs was recorded. This denonstrates the ability of
using a conposition of this invention to aghieve at |east siXx nmonths
flexible life at shop floor tenperature together with the ability to cure
at very | ow tenperatures and achi eve hi gh shear strengths. The products
resulting from EXAMPLES 11, 12, 13, 14, 15 and 17 possess tack and or
flexibility at normal workshop tenperatures and are good for uses where

| ower t enper atThissoniplvingphste was easilypirudas (or pladedieto @ plastic pokp@pyléne) damage

where applied and befqre curing J bghest. The products resulting from
EXAMPLES 13 aﬁagrid@eéngaﬁ% It%fe%[:{/a%&?y&and can be used for adherring

materials together before final curing and for storage of parts wthout

readi |y tacki ' S o THESSE VPLES
show that it @eéﬁ%ﬁ%ﬁﬁg@%{sﬁ#@y}égﬂ @é‘g?;n | nJ’%anegr&grﬁ@d#?‘aﬁn llmcggrg%ﬂ\@%?or
charact eri sti @hoyrs ati§ Cgr@@imﬂ"sg hwase flexitle nemiacky pdly. cured properties by
the use of this invention. As may be seen fromthe foregoi ng exanpl es,

this chem cal approach to the pro actio_n of curabl e epoxy hot nelt
conposi ti ons Qfgﬁmaﬁﬂﬁff"ﬂ% 60 ithe raixtyre bagame §aft aRgiee xiudedt easihar d
t echni ques whitlirbughethielintegrarinszié.enper at ures of around 60 [err] - 100[err]C or
even above. Exanpl e 19 A m xture was nade of:

The composition was extruded onto a flat clean metalic plate in a preset pattern. On

cooling the warmed material regained its putty like consistency and maintained its shape

and adhered to the plate.

The plate was then placed in an oven at 120 °C for 80 minutes. After this time the
composition had foamed and hardened and basically retained the initial laid down
extruded pattern. The cured framed mixture showed strong adhesion 1o the metal plate.

it will be clear from these examples that this invention provides for the safe and
reproducible quality manufacture and isolation of solvent free, one component,
thermosettable epoxy formulations in suitable shape and form for further hot melt or other
processing applications. These may well then be used in the casting of tapes as
adhesives or for impregnation into fibres to make prepregs or general use as adhesives,
encapsulants, electrically insulating materials and mouldings amongst others as well.
They may be used in other shapes such as rods, pellets, powders and sheets or applied
as coatings or discreet spots or any other pattern for a variety of purposes as
requirements for solvent free one part epoxy resin systems grow.

With the current invention, in many cases, the epoxy resin blends are liquid at 22 °C and
the solidifying reaction takes place at the same temperature.

If further heating is required to obtain a stable pourable powder at 22 °C or thereabouts it
rarely needs to be above 50°C - 60°C.



GY 260 (- 5.3) 100.0 parts by wei ght
44' diam no 33" dinethyl dicycl ohexyl nethane 7.0 parts by weight
3 chloro 4 nmethyl phenyl 1,1 dimethylurea 3.5 parts by weight

di cyandi am de 7.0 parts by wei ght

hydr ophobi cWOATA#28i | i ca 7.5 parts by wBCHBI6H02822
Expancel DU551 3.0 parts by weight
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non flow ng paste was easily extruded (or placed) into a plastic

{pol ypropyl ene) cartridge and allowed to react at 22[err]C After 24

hours it was a lightly tacky putty. The |oaded cartridge then placed in an

oven for 2 mzﬁp&&yéfg{rﬁﬁd&&a?ﬂb Fgaltcﬁg thakinPifess hitendiPeRplehd acky putty.
|

On warm ng the cartridge to 60[err 1e m xture becanme soft and coul d be
extruded ea8¢aReratangfgnvider karieht of heal sepgitveadditivesjecludinghigedeneisandas ext r uded

onto a fl atadeblemitorsBiadlid gosEibia with ithh Hot MeR Rithdaitdnki§leiis prRdtuelqlithng t he war med
mat eri al re&ﬁl n?ejf its J)L#Pti' | i ke consistency and maintained its shape and
adhered to fyigtangingtylong shep °%'It%ff’%e'ﬁ%l§estt?f€9f’%?§ced in an oven at 120 [err]C

for 60 mnutes. After this tine the conposition had foanmed and hardened and

basically rgtai i niti ! ; d pattern. The cured framed
m xt ure shofv\t/'eed"l' sg"[% fbe&]@%éa&ﬁgss{lb%kekgb(ﬁ?go%%%ﬁ Iggﬁgs b 0'{"{£W753%t8 clear from
t hese exanpihereaserpeed hi throughpahinipeadupionvi des for the safe and reproduci bl e
qual ity manufacture and isolation of solvent free, one conponent,

t her nosettabl e epoxy formul ations in suitable shape and formfor further

hot nmelt or other




processi ng applications. Th‘€§e—rrﬁy*wel—l"*t—h€n*be used in the casting of

tapes as adhesives or for | bres to nake prepregs or
general use as adhesi ves, mﬂﬂ@ﬂiﬂm rically insulating materials
and noul di ngs anbn st others y be used in other s‘ggges such

as rods, pel MYEM%88ders and sheets or appl i ed as coati ngECHFBY G 2eet
spots or any other pattern for a variety of purposes as requirenents for

sol vent free one part epoxy resin systens grow Wth the current

i nvention, in many cases, the epoxy resiTébl ends are liquid at 22 [err]C
and the sol I difying reaction takes place at the sanme +enperature. | f
further heating is required to obtain a stable pourable powder at 22 [err]C
or thereabouts it rarely needs to be above 50[err]C - 60[err]C. WO
97/ 19125 '

PCT/-GB96/ 02822 -22- The

sinplicity agitimg| dness of the approach to nmeking these materials enables
the incorporation of a wider variety of heat sensitive additives including
hardeners and accel erators than is possible with the Hot Melt nethod and

yi el ds produdts Ameogiarshesnanursiuse P’dﬂﬁ comppsnt. S8 At qEabisetharmpsettalieyr age

times.  Thegps@ rédin hyRtERRI A tHe plaabRum i Conlveriedt CohtaineMijpls sifddidnalghspeso! i ds

is onl neces to. i ncrease speed or throughput in production.
y i%{:: ¥:ompnses mnx?ng P ghp P

(A} epoxy resins, or epoxy containing compounds

(B) an amine solidifying system present in insufficient quantities to cause gelation
after all the amino hydrogen atoms are consumed by spoxy groups, under the reaction
conditions chosen for (A) and (B}, and which yields a product with a Kofler Heat Bank
melting point of less than 5§5°C and melting point stability of at least six months at normal
workshop temperatures, optionally

(C) a hardener system for (A) and the reaction product of (A) and (B) which is
different from (B) and remains substantially unreacted under the conditions of reaction
chosen for (A) and (B) with (A) and (B), optionally

(D) other additives that may be required to modify the physical properties of the
cured or uncured composition and optionally

(E) an expanding agent in such a way that very little reaction is allowed to take
place during the mixing operation between (A) and (B) and most of it takes place in the
final shape or container it is needed in before further melt or other processing, provided
that the reaction between (A) and (B) does not generate enought heat in the chosen
shape or container to significantly activate reaction between the remaining epoxy groups
and hardener (C), or expanding agent (E).

2. A method according to Claim 1 in which the mixing of the composition is carried out
batchwise or continuously.

3. A method according to Claim 1 or 2 where the choice of composition, mixirig

method, temperature and time minimises the reaction between (A) and (B) during mixing
and is too mild to significantly activate hardener (C) or expanding agent (E).
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- 23 - Cl ai s 1. A t he manufacture of one conponent,
heat curabl e, therm)settablmilwgﬂﬁmh ME uystems and their placenent in
conveni ent cont ai ner types, *Si L s, which conprises m xing

(A) epoxy resins, or epoxy containing conpounds (B) an am ne

sol i di fyi ng %Q8¥ 3% esent in insufficient quantities to cREEEBYMRERI on
after all the am no hydrogen atons are consuned by epoxy groups, under the
reaction conditions chosen for (A) and (B), and which yields a product with
a Kofl er Heat Bank nelting point of |ess2than 55[err]C and nelting point
stability of at least six nonths at normal workshop tenperatures,
optionally (© a hardener systemfor (A) and the reaction product of
(A) and (B) 4nhi AmetisodicEéreing ta arfyrprecegiBy claiml whenedhenmixed berhpasitioalahg thenr eact ed
under the c |t 1o [ | . (B),
opt 1 onal Ty Shabe drilfeet oSy el R 7R o es il JRAGaled ol b elaeBle o
physi cal pr dereperatues of thetdempesitiando arpoinh o pigniicantiyastivate bardened (@pxri onal |y

(B) an expanghha Bht (e such a way that very little reaction is allowed
to take pl aceb%ﬁﬁ%%g tt*epm' xi ng operation between (A) and (B) and nobst of

it takes place in the final shape or container it is needed in before
fu (rj t ?g ; (rjrel ts, or tAQﬁémdd éuwat g agﬁt prﬁéefa:ﬂgfé%i? %heﬂe ﬁﬁ@&iis&ﬁ@hbéﬁﬂiolﬁ@é Mfﬁ{tb (A t
an oes_nhot .generate enou eat i.n e, .chos S e or container to
Signi 1 cant e BORSEaPs ahe e il conteinEl And Al SRR Alyvaliie mmerAiees g
har dener ( Cuntilahe exgpicsuctolidificatiemieve] Bas beenzeachéd.net hod according to Claim1l
I n which the mxing of the conposition is carried out batchw se or
conti nuously. 3. A nethod according to Claim1l or 2 where the choice of
conposi ti on,8. m Aimehorbadsondingtie amepracading claim whereghercempasition istrised iedtst i on
between (A) @RGohEhefUri ng mxing and is too mld to significantly activate
har dener (C) or expandi ng agent (E).

7. A method according to any preceding claim where the solidification reaction

approaches completion between 1 and 30 days, preferably between 2 and 14 days.

8. A method according to any preceding claim where the partially solidified composition
is heated to speed completion provided the temperature chosen or the temperature
reached due to the completion of the solidification reaction does not significantly activate
hardener (C) or expanding agent (E).

9. A method according to any preceding claim where the majority of the epoxy groups
are present as glycidyl ether, glycidyl amine, glycidyl ester, cycloaliphatic and other epoxy
resins.

10. A method according to any preceding claims where the epoxy group containing
compounds individually or as mixtures are free flowing liquids at 80 °C or below.

11. A method according to any preceding claim where the solidifying agents are mainly
aromatic cycloaliphatic or dicyclic primary amines, secondary amines or mixtures thereof
and optionally acid accelerators.

12. A method according to any preceding claim where the majority of the solidifying
amine groups are difunctional and polyfunctional with respect to the epoxy groups.
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met hod according to any prullj“lml""m"m,mure the mi xed conposition and the
shape and size of container *enSur'e that® t he excess heat generated does not

i ncrease the WOP3aM3% ure of the conposition to a point to sPHHCREI¢%AE v

activate hardener (C) or expandi ng agent (E). 5. A nmethod according to
any preceding claimwhere the m xed conpospéion is put into the required
shape and size of container and allowed to react at workshop tenperatures

until the required solidification |evel has been reached. 6. A nethod
according to any preceding claimwhere the conpositionis mxed inits
final container. 7. A nmethod according to any precedi ng claimwhere the

sol i di fi cati on3r eAdietion axppuiog thay preseding tiaomwheremardendr spstem 30) isl present

preferably be precedi ng
claimwhere t %M\@%%re % o5 ?rﬁﬂn;%&ﬂ famxr&e% SUClA%ésTlE% P%ﬂ"r?o?&ﬁé'% e qoﬂe %ﬁy 2d
conpl eti on pr diluerds amjee @@mi@weaxlateet lmid@s@eﬁ- garbexylic acid, Bydsazides, r eached due

to the conpl efdlcgéhofgmn&é‘?atérﬂ'eb&ardr?gﬁéa%dggct%?ﬁ&&t‘;&%ﬂtu%‘?fedgm significantly

activate harde (C) or expan A nmet hod according to
any preceding claimwhere the majority of the epoxy groups are present as

gl yci dyl etherq. ghyetihd acesring to ﬂ%yszﬁédéninge&mwmcmésﬂtgaé édﬂh@ﬁél@na?é?ﬂls% her
epoxy resins %‘ﬁ an u%rece |n cl aims where the

. 0 t hod
epoxy group c&?ﬁi’fﬁ?rﬁ’ﬂ%‘iﬁ%%‘@ﬂ%ﬁ??’ﬁ'ﬂﬁ&' oY F“'%fEP‘?ﬂ B-ures are free

flowng liquids at 80 [err]C or bel ow 11. A nethod according to any

preceding cl ai1g] “ﬂ%e?h(}olk%cgrgan.b% LW ;{?ch%% %Faﬁn ﬂ!r\&imiagryding agent (E) is present
and is an agent generating gases by chemical decomposition or by boiling of liquids or
expansion of gases contained within expandable shells. |

16. A one component, heat curable, thermosettable, epoxy resin system obtained by
reacting

(A) an epoxy resin or epoxy containing compounds with

(B) an amins solidifying system present in insufficient quantities to cause gelation
after all the amino hydrogen atoms are consumed by epoxy groups, under the reaction
conditions chosen for {A) and (B), and which yields a product with a Kofler Heat Bank
melting point of less than 55 °C and melting point stability of at least six months at normal
workshop temperatures, optionally in the presence of

(C) . a hardener system for (A} and the reaction product of {A) and (B) which is

 different from (B) and remains substantially unreacted under the conditions of reaction

chosen for (A} and (B) with (A} and (B), éptionally in the presence of

(D) other additives that may be required to modify the physical properties of the
cured or uncured composition and optionally in the presence of

(E) an expanding agent which remains substantially unreacted under the
conditions of reaction chosen for {A) and (B) with (A) and (B).

17. A system according to claim 16 in which hardener system (C) is present.

18. A system according to claim 16 or 17 in which expanding agent (E) is present.
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aromati c cycl oal i phati c -er—dicyclTC primary anmines, secondary anines or

m xtures thereof and optionall | erators. 12. A met hod according
to any preceding claim vvhﬂ‘“! \of_ the solidifying am ne groups
are difunctional and pol ytll m WSt h*respect to the epoxy groups.
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PCT/ GB96/ 02822 -25 - - 13. A
net hod according to any precedi ng cl ai mwhere hardener system (C) is
present and is selected fromaromati c arkBes such as 44' di am nodi phenyl
sul phone, boron trifluoride am ne conpl exes, |atent im dazoles, carboxylic
aci ds, hydrazi des, dicyandiam de, |atent epoxy am ne adducts and
substituted {9 eahe use dtk sybreRicblding &Cany Gn8 8f dIAMSNE 1P T £ P st Bk ﬁéﬁggmwhl ch
contains additional materials to nodify the physical propertie t he
cured or uncDEECRYALESsi ti on. 15. A met hod according to any preceding
claimin which expanding agent (E) is present and is an agent generating
gases by cheyi cgl _deconpasi,ti.on,.or, by boiljng of liquids or _expansion of
gases cont ai ed%%ﬁ%@ﬁ%ﬁ% By hfﬁirfq %‘l?ys{eng%c.wrﬂ'"gﬂ% AWAS A Eﬁ{’)ﬂs et
curabl e, thetosettabl e, epoxy resin system obtained by reacting (A
an epoxy resin or epoxy containing conpounds wth (B) an am ne
solidifying systempresent in insufficient quantities to cause gel ation
after all the am no hydrogen atons are consumed by epoxy groups, under the
reaction conditions chosen for (A and (B), and which yields a product with
a Kofler Heat Bank nelting point of |less than 55[err]C and nelting point
stability of at |east six nonths at normal workshop tenperatures,
optionally in the presence of (C© a hardener systemfor (A and the
reacti on product of (A) and (B) which is




#ifferent from (B) and remains substantially unreacted undl® RO B8 i bi ons

6f reaction chosen for (A and (B) with (A and (B), optional ' de e 1
presence of (D) other additives that may be required to nodify the -
pHysi cal properties of the cured or uncured conposition and opgResal |y in
t he presence of (E) an expandi ng agent which remai ns sul@s lally

ugreacted under P€eTcondi ti oWSRIBANTEEFTVALIROBERTYRGANITION A) and @#¥wi th (A)
and (B). e ' t ' ' ' J
0 o onangNTERNATONRL AP RCA N Pl Shuin ONPIR Tl PataNT DoRRERRRBN RG]
agent (| E InterngyiorakRafent Classification 6 : \\D 97/ {1912 fi1) International Publication Number: WO 97/19125
PCT/ GBY6/ 0C@38:259/06, 59/56, C08J 9/04 // COSL | A1l . . -26 - 19. The
use of |a %630%em accordi ng to any one| of |éPdpigmatipgal Puslication Paje: 1, 22 My, 13 439597
hot nelft techni ques, 20. A cured product obtained by heati ng,2 s;sstem
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(57) Abstract

A method for the manufacture of one component, heat curable, thermosettable, epoxy resin systems and their placement in convenient
container types, sizes and shapes, which comprises mixing: (A) epoxy resins, or epoxy containing compounds; (B) an amine solidifying
system present in insufficient quantities to cause gelation after all the amino hydrogen atoms are consumed by epoxy groups, under the
reaction conditions chosen for (A) and (B), and which yields a product with a Kofler Heat Bank melting point of less than 55 °C and melting
point stability of at least six months at normal workshop temperatures; optionally (C) a hardener system for (A) and the reaction product of
(A) and (B) which is different from (B) and remains substantially unreacted under the conditions of reaction chosen for (A) and (B) with
(A) and (B). opticnally (D) other additives that may be required to modify the physical properties of the cured or uncured composition:
and optionally (E) an expanding agent in such a way that very little reaction is allowed to take place during the mixing operation between
(A) and (B) and most of it takes place in the final shape or container it is needed in before further melt or other processing, provided that
the reaction between (A) and (B) does not generate enough heat in the chosen shape or container to significantly activate reaction between
the remaining epoxy groups and hardener (C), or expanding agent (E).
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