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(54) Title: POWDERABLE REACTIVE RESIN COMPOSITIONS
(57) Abstract

A reactive resin composition, which is a fusible, solid optionally foamable, heat curable, epoxy functional reaction product with a
Kofier Heat Bank melting point of not less than 55 °C, formed by mixing together: (A) epoxy resins of epoxy group containing compounds;

(B) an amine solidifying system present in insufficient quantities to
epoxy groups, under the reaction conditions chosen for (A) and (B),

cause gelation after all the amino hydrogen atoms are consumed by
and which yields a product with a Kofler Heat Bank melting point of

greater than 55 °C and less than 120 °C and melting point stability of at least six months normal workshop temperatures; (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) and which is of low reactivity at normal workshop temperatures in the final solid
epoxy formulation; opticnally, (D) an expanding agent which is of low reactivity under the conditions of reaction chosen for (A) and (B)
and which is of Jow reactivity at normal workshop temperatures in the final solid epoxy formulation; and optionally, (E) other additives
that may be required to modify the physical properties of the cured or uncured composition.




a broader range of application and cured physical properties. WO
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Desirabl e properties in such powders include a |long usable Iife at normnal
wor kshop t enpeoavames, a range of curing tenperatures fromP8T/GBIgGN28H0[ err] C
preferably from90[err]C to 220[err]C within practical cure tinmes, a w de
band of nelt viscosities and a variety of cured mechanical and thermal
properties to suit particular uses. These-Hesirable properties apply just
the same for foanmable powders which will nornmally be used by nelting on
contact with a heated surface or applied by techniques such as

el ectrost at i c Peoptiergbla ReactiveRasin Oompesitensioul d or cavity and then nelted and
cured on heating. The followi ng Iist expands and hel ps to describe the
properties which can be required from such epoxy powders. (a) Powder Fl ow
The powder shdbisdhvihtion relatds toceat durabid, golidiepbxyresin corrasiipns whieh are espegially
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Kof I er Heat BapleidiBidi88°C. THeRbmpSinG i 4160 Biosmaieu! d be at least three

nont hs at worKshop tenperatures and preferably in excess of 6 nonths.
During this period the nelting point should not increase to the point where

the a!copl i cati Eyand;rconasléteb@q résin éd?qﬁ:oﬁi_twr%chlr@w_eldmmaa fimmarryo.ssemlwnﬁnh le_rciall

si gni ficant change. c) . enej t t . is very.i rtant that little or
no separation aﬂa%atanfvih%sﬁéﬂcl_@g? gﬁf@{aﬁ% BF°§ec§‘6°r ?%eg%ﬁ)vggcga%\gs,ae&ﬁqc@at i on as
this can gi ve insulatior, encapsilants; moakiing tcompountis,mdbgsives iaad matnix résénsftoriiate cur ed
product . (d)reiﬁB}ELé g%ﬁog@esl_\/lel t Viscosity

Solid heat curable epoxy resin compositions are eventually used by a hot melt process
whether it is by application in the already moiten state or applied to an already heated
surface and melts on contact or applied by techniques such as electrostatic spraying or
placing in a mould and then melted and cured on heating. '

For solid epoxy resin compositions to be useful in powder form they need to have a meiting
point as determined by the Kofler Heat Bank method of at least 55 °C and preferably 65°C.
Powders with lower melting points rapidly sinter together when stored at normal workshop
temperatures (15°30°C) and become unpourable. Low melting powders can be cold stored
but this is expensive and gives rise to moisture condensation when exposed to normal
workshop conditions making them less suitable for many applications.

Little attention has been given to these materials in the form of foamable powders although
they can give significant advantages in terms of low density, low thermal conductivity, gap
filling, accurate mould filling and lower costs, and some or all of these properties can be
used to advantage in the end applications listed above.

Epoxy resin powders should find even more widespread use if they could be produced with
a broader range of application and cured physical properties.



Low nelt viscosities are very valuable in obtaining snooth well adhered
films when the powders are essentially used for coating purposes, whereas
much hi gher viscosities nay be needed for pressurised applications such as
noul di ng powders or conposite | am nate manufacture. WO 97/ 19124

PCT/ GB96/ 028%dp 97719124 PCT/GB96/02821 (€)
Curing Tenperatures There are a nunber of applications where tenperatures
as " low as 100 [err]C or even |lower, are desirable for curing, especially
when in contact with heat sensitive materpals such as sonme plastics. or
when differential expansion stresses should be small. There are al so nany
coating applications where very rapid flow and cure is needed to obtain
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val uabl e i n R¥gWH @cadty-and theh Ineltéd AR curdidognetieatims Many requirenents need to
be net to satisfy all applications, but inportant anong those are

t oughness, flane and snoke suppression, chem cal resistance and adhesi on.

Hi t hert o, varThetddlowiag list@spands andleaiys tp ldeﬁmbethefpmpetﬂeewhah cdrehet required frompox y

powder s and such epoxy powders.

(a) Powder Fiow

The powder should flow and pour freely with no tendency to sinter or agglomerate over the
whole period of its usable life at normal workshop temperatures. To achieve this property
the powder should have a melting point of at least 55 °C and preferably 65°C as determined
by the Kofler Heat Bank method.

(b) Shelf Life

This should be at least three months at workshop temperatures and preferably in excess of
6 months. During this period the melting point should not increase to the point where the
application properties or the cured product performance shows significant change.

(c) Homogeneity
It is very important that little or no separation of active ingredients occurs during storage or
application as this can give rise to serious variation of properties in the final cured product.

(d) Application Melt Viscosity

Low melt viscosities are very valuable in obtaining smooth well adhered films when the
powders are essentially used for coating purposes, whereas much higher viscosities may be
needed for pressurised applications such as moulding powders or composite laminate
manufacture.



they fall principally within the follow ng generalised techni ques. However,
none of these are capable of providing a range of powders which can neet

the full spread of properties |isted under (a) to (h) above. WO
97/ 19124
PCT/ GB96/ 028240 97119124 PCT/GB96/02821 (1)

Hot Melt M xing This process i's one of blending solid epoxy resins,

har deners and ot her additives as required above the nelting point of the
resins, then cooling, grinding and sievinm@to obtain the required particle
size range. This is an effective and wi dely used techni que but because the
resin Kofler Heat Bank nelting point should preferably be not |ess than 65
[err]C it is necessary for the mxing to be carried out in excess of 100
[err]C. This nethod | argely excludes hardeners that can be used for | ower
tenperature curing. It also gives difficulties where very high nelt

vi scosity systepnguing Temperatuted due to the need to achieve sufficiently | ow
viscosity fory réhﬁa%numbéfaféﬁgﬁ i Gnle 1ETRUAIEANRS bl I0AS 18690 oPERRIAR 1Al

solid pomdere resins ere har dener s an ot her additives can be
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(g) JTemperature Resistance
Requirements will depend on the actual application and the other properties needed but

powders capable of giving a glass transition temperature Tg, as high as 180 °C or more as
measured by Differential Scanning Calorimetry are valuable in many areas.

(h) QOther Properties
Many requirements need to be met to satisfy all applications, but important among those

are toughness, flame and smoke suppression, chemical resistance and adhesion.

Hitherto, various methods have been proposed for the manufacture of epoxy powders and
they fall principally within the following generalised techniques. However, none of these are
capable of providing a range of powders which can meet the full spread of properties listed
under (a) to (h) above.



al ways result in a heterogeneous conposition unless the particles are
extrenely fine so approaching intimate m xi ng when potential unwanted
reaction problenms become even nore likely. If the systemis not of high

reactivity then the Hot Melt M xing nethod is nore satisfactory. WO
97/ 19124 WO 97/19124 PCT/GBY6/02821
PCT/ GB96/ 02821 - 5- The

resins and hardeners used in Powder Bl ending may be thensel ves the solid
reacti on products of excess resin or hardener w th correspondi ng hardener
or.resin. (3) Production of B-Stage Conpounds The term B-stage is used
to denote a stage of reaction between resins and hardeners which is

i ntermedi ate between the A-stage. conpletely unreacted, and the C-stage
gelled or cured, where all the reactable ingredients have reacted to the
poi nt where the m xture has becone solid enough to significantly slow

further reactq)onHoﬁMélﬂﬂyab s approach bl ends are made of resins and

har deners whi_ch react together qI;JR;:]eI’ t he cm%sen c&ntgiti ns until the
reaction prodiNsREqess/is ops el ng sglidRRCKY fe§inprliardenery and g ?ﬁﬁda'ltl’ﬁc? Shy GB
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vari ous ol i gdeeause thitresii Keflee ieatrBank meiting poinbshobid pretfiarably kbanat less tl1ae<65r’f63t very
sl ow at room, I to be
powder ed and %ﬁ%&é?{a %Fﬁgg%mée?% P&?W:@%%U%loﬁﬁ%\%eﬁ*ﬁ ﬁr&ﬁo %@gﬂl nits
final appli caaxcloges hardeners thabeant begssed faxlqwer meraturaﬁ'efmas Itlse gives diffiawties ar e
effectively Qmé?@vémﬁ.& h@@v.&sogﬁy éye!eﬁﬁtﬂr@reqmdqﬂb td Biahbdd0 aemwétgaif.s.eﬁ:be mel t

viscosity is alwa h and there is rarely sufficient tine for such
products to ﬂﬁﬁMF?E&ﬁ@?V”ﬁﬁd usefully in the absence of external pressure
before they reach the gelation point and stop flowng at all. Thi s
approach haiﬁgge StUdI e ten3|vely and often used in the production of
nmoul di ng co ypi cal hardeners used in this way such as
4, 4" -di am nodit hﬂseheylh pmpodedntmt sdlid pewderadresins bevlid povderadchardeners apd oy | ene

di am nes usualdqivlak bdisitiply3iRbd tobdth&rSo give useful curable powders. GB Patents
1,147.370; 1,164,049; 1,361,909; 1,362,455; 1,371,967; 1,379,928; 1,446,870; 1,568,914.
US Patents 4,113,684; 4,120,913. Even if carried out over long periods of time and in very
fine particle size this normally leads to blends liable to serious separation on storage or
application due to differences in particle size, shape or density.

To improve the homogeneity and reduce the separation potential of these blends it has
been proposed that they are warm sintered and then reground and sieved. This is time
consuming and expensive and may cause unwanted reaction to occur particularly as this
technique is usually proposed for highly reactive systems.

Sintering and regrinding cannot totally prevent resin and hardener separation as it will
always result in a hetsrogeneous composition unless the particles are extremely fine so
approaching intimate mixing when potential unwanted reaction problems become even
more likely. If the system is not of high reactivity then the Hot Melt Mixing method is more
satisfactory.



of a few days to weeks at normal shop floor tenperatures before gel ation.
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Differential Reactivity Products It has been suggested that useful powders
can be nade bY@ ng two types of hardener for |iquid ePEKGBISO2EZhS
(Japanese Patent 51037152) in which one hardener type is capable of curing
efficiently at least 20 [err]C bel ow the sgcond hardener type. In the case
of the lower tenperature curing hardener tYype it is polyfunctional and it

I s.proposed that 40%to 70% of the quantity normally used to fully cure the
resin be used wth the remaining unreacted epoxy groups being avail able for
cure after flow by the second higher tenperature curing harderner type. The

di sadvant age Ghe td3ing andPRar@étehs ussdtnmdbmemm m&s&n@mgmﬁaﬂaﬁsmge of
the lower te eratur curi f unct i onal en I S necessary to
obt ai n non-si f°é"P?tﬁ§ Sﬁﬁé?sg‘ %a{dﬁ%&'é‘ﬁ%‘?sp%ﬁ aﬁ?@ a%?ﬁ'ﬂ capabl e of

gi ving gel ation and results in the solid conposition gelling very rapidly
on heating an?%he I ’L Ifi ] Iee a normal epoxy powder for coatings

and does not n. In the latter case the
di sadvant ages The term &rsageiisbset edenatera siagei of reaotiondtmtveseo fresibis antl agednemmt er i al s

as exenplifieguiy;e ﬁéé{néala%eﬂe%ﬁ% A-Eﬁ?e.%ﬁtpl\éﬁeiéyyunmgfeﬁ Jnh% és&@? gelled bI'€S€

net hods, for sim easons SO res
accept abl e f o&¥aBIwherlhtie reactakie igredients have r@acte%wéha ppint w@erueah@@xmre B8 to

180[ err] C espgédonte solinbriigh b%nﬁiéﬁ?ﬁl?hl@w'f&?&@?ﬂh&l&hs which are very sensitive
~to tenperature and this nake the Hot Melt technique particularly

unsui t abl e. Simlar problens are encountered in the case of Powder
Bl endi ng Wnenmhs abpraachtends efatntade lofredin and moérmrmaphmréacotobaﬁerrmérn, t he

bl ended | nto PREeHhITRE ST reath Mot of eRReBR TRt & T r om
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most of the molecules present have partially reacted to form a mixture of various oligomers.
At this extent of reaction further reaction becomes very slow at room temperature and may
be slow enough to allow the produt to be powdered and have some useful shelf life. As the
powder is heated in its final application, so the reaction starts again, and as the hardeners
are effectively bound into the high molecular weight reaction products the melt viscosity is
always high and there is rarely sufficient time for such prodbcts to flow readily and usefully

in the absence of external pressure before they reach the gelation point and stop flowing at
alk.

This approach has been studied extensively and often used in the production of moulding
compounds. However, typical hardeners used in this way such as 4,4"-diaminodiphenyl
methane. 1, 3 diamino benzene and various tolylene diamines usually only give shelf lives
of a few days to weeks at normal shop floor temperatures before gelation.
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now t here has been no general method of producing heat curabl e epoxy
functional powders with sufficient tolerance and flexibility to achieve the
full range oWwok@aspabl e physical properties to satisfy thepcputnsenmas of the
application and cured product requirenents. So it has been very inportant
-to find a nethod to make such powders whi ch have a w de range of
properties, excellent stability and can pg_ manuf actured reliably. W have
now di scovered a surprisingly sinple type of conposition which permts the
saf e manufacture of heat curable, powderable, solid epoxy resin systens
under extrenmely mld processing conditions and also allows all the physical
requirenents |listed under (a), (b) and (c) above to be satisfied as well as
the application and property extremes under (d), (e), (f), (g) and (h).
Thi s consi sts, of _making_an e formulation which is liquid at 120 [err]C
or bel ow, rm?‘é : Pges %?\i@é?ﬁop fl oor tenperatures, and adding to it
a chem cal sdtlhiaslbéeni snggesyesitteanupdfuipowdera carsbe/mage i emplgyirattwd typesof :

t t ] L.al ' t
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mat eri al s cocapableiaf guring effitientiyad jeast 20 Crielowr the sanend bardener typegindiengaseotls,

. o . ' ! ® < : L duct
Win a Kol | o i fehumtaidiHafinctivid i s pbfbiohtah e lorbbstl g Ao 001C
20[ err] C, buto 7@% efthe guantity npimaly used; tp fuly eyre degasin be used witi e remgisiagt o al | ow
?rA \ cauze( E;‘e%“gaé\;ﬁ%ﬁf' bR0pdt | avhﬂmerfsa&h} thh_r]g@&'ﬂ\i' ﬁ\g%]?&nalﬁ%ﬁ&nmf or -

an n 1 C essenii a S10 SOl 1. dI 1N eroye or en IS
Beli vo epoxy EPeralicg duing Tomerss MBg e Fhaerisantage st i anpinsah Byiat e Bp ok
groups, ( Chueh aisighdsareantarje 2f thenidwaer te(mperatute ciidng polyfuattional hardederathianfis (A) and

(B) which is ngé:gsgaer\r{ ?onébtain non-sintering powders is close to or above the amount capable of

giving gelation and results in the solid composition gelling very rapidly on heating and hence
of little value as a normal epoxy powder for coatings and does not form part of this

invention. In the latter case the disadvantages are very much the same as in the case of B-
staged materials as exemplified by very high viscosities and very short flow times.

These methods, for similar reasons, also restrict the range and type of acceptable foamable
epoxy powders designed to cure in the range of 80 ° to 180°C especially when they contain
ingredients which are very sensitive to temperature and this make the Hot Melt technique
particularly unsuitable.

Similar problems are encountered in the case of Powder Blending when the foaming agents
are melt incorporated into the resin, the hardener, or both simultaneously. Where the
foaming agents are simply blended into the system the resuiting product is likely to suffer
from inconsistencies due to separation on shipment, storage and shop floor use.

B-staging generally gives little time for good foaming to occur befors rapid gelation.



from (B) and which renmains substantially unreacted under the conditions of

reaction chosen for (A and (B) with (A) and (B), and optionally,
(D) an expandi ng agent which is of |ow reactivity under the condition of
reacti on chosen for (A) and (B) and which is of lowreactiv ity at
nor mal wor kshepstagtperatures in the final solid epoRFTCH"A#Zk | on
and optionally, WO 97/ 19124

PCTI GB96/ 02821 : -8 - (E)
QO her additives that may be required to rBdify the physical properties of
the cured or uncured conposition. The solidifying system nust be

pi cked to give very little reaction during the tine it is in mxing with

t he epoxy resin and hardeners, by whatever nethod this is done, so that

there is very little viscosity rise or tenperature rise during the plending
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COEpI i f:at ed %Wﬁé}"s fw;nﬁ §x|1fﬁciérf?b?éréﬁéﬁ Ia_M? aexbility Rchiodl the fullanigeef desirable ng may
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(g) and (h). This consists of making an epoxy formulation which is liquid at 120 °C or below,
more usually at normal shop floor temperatures, and adding to it a chemical solidifying

'system which reacts very slowly at these temperatures with the epoxy materials present.

Accordingly, the present invention provides a one component heat curable epoxy functional

powderable materials comprising:
(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 between 55 ° and 120°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 before or when all its active epoxy
additive hydrogen groups are consumed by the epoxy groups,

{C) ahardener 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), and optionally,

(D) an expanding agent which is of low reactivity under the condition of reaction chosen
for (A) and (B) and which is of low reactiv ity at normal workshop temperatures in the
fina!l solid epoxy formulation and optionally,



The solidifiable epoxy resin conposition is made by blending (A, (B), (O,
(D) and (E) together by any conveni ent batch or continuous operation but in
such a way that at |east (A) and (B) becone honpbgeneous. The reaction
between (A) and (B) nmay be carried out at any suitable tenperatue and
conditi on prw@PUWR4 hat neither it, nor the enotherm c heBCT/G8ER8A1ed from
it causes (C) or (D) to substantially react whilst it is taking place. By
adopting the technique of this invention it becones a relatively sinple
matter to produce optionally foamabl e pesderabl e solid epoxy resin
conpositions which avoid the problens or difficulties or extreme conditions
used with nost current and ot her proposed nethods for maki ng powderabl e
solid epoxy resin fornul ati ons. WO 97/ 19124

PCT/ GB96/ 02821 Lt now beconmes possible to avoid:- (i) The Hot Melt
M xi g of odEl d Qs 2abies B8 may bR et e peealPronsetet of wa duredr
relatively highuheurgesonigesieion. This invention allows the use of |iquid
resins or |ow tenperature nelting resins or blends. (ii) The Bl endi ng of
Powder s together and the consequent chances of physical separation

i nhonbgenei tTheasolidifying spdténe mokiybeipicked prgiyesretyi litte. readtion during ¢het timerit is¥rer cones

these di SadYagk0RR 1@ obly kh Aol By oo bl BREACLS 8 goc i |

normal ly res NN neous conpounds’ or alternative é
har dener s whi ¥ery e viseosity risst of tepreratdre spRiduring thakigndino epers hepce he resin

or ot her conpaGwhe il Slidigd briall Bimple'dl comflichied contiifers AFelhtvaR eafiobler | S
ef fectively honogeneous and the fine h% enerp& rei c}ags basi cal l'y

encapsul at edMiefatygly @iingdnaydae place in the fiyal qeMtaiper §aeauPen of B- st age

Conmpounds of all types with their associated problenms of high viscosity for
Cets out Lo Harisaihgrenshonsmisf bf Aameis i rhesdisr rerPatyl e Reas Brb e
m | d condi t i roust stopwheh denadditjort teactioh istopmt Mo tediadearainesshaycls presenyindive isitialt ed.
Thi s perm t s gedoHefidhafel dhARFNE Feaction which could significantly react under the conditions

chosen for the solidification reaction. Such reactions severly compromise safety during bulk

mixing, solidification once mixed and the softening point stability and shelf life of the

resultant product. The solidifying system must be picked to satisfy these criteria.

This general composition also allows, either complste homogeneity of all the reactive
ingredients or effactive encapsulation of those not soluble in the original blend and also
allows a wide range of viscosities and gel times to be designed into the product.

The solidifiable 'epoxy resin composition is made by blending (A), (B}, (C), (D) and (E)
together by any convenient batch or continuous operation but in such a way that at least (A)
and (B) become homogeneous. The reaction between (A} and (B) may be carried out at
any suitable temperatue and condition provided that neither it, nor the enothermic heat
generated from it causes (C) or (D) to substantially react whilst it is taking place.

By adopting the technique of this invention it becomes a relatively simple matter to produce
optionally foamable powderable solid epoxy resin compositions which avoid the problems or
difficulties or extreme conditions used with most current and other proposed methods for
making powderable solid epoxy resin formulations.



wetting and flow of the nolten powder before gelation when required. It
now becones possible to obtain:- - Powders with either I ow or high
melt viscosities as required through the careful selection of (A) and (B).

- Powders curing in 2 hours at 1 00[err]C or less or a few seconds at
180 [err] C toWDBO[1#24] C by the careful selection of (C).  PCTGBMXR e
range of desired nechanical and thernal properties by the careful selection
of* (A), (B) and (C). V\097/1'9124_9_

PCT/ GB96/ 02821 - 10 - -
Ready nodi fication of physical and nechanical properties may al so be

achi eved by the introduction of additives. (E) including those heat

sensitive in nature. - . Al of the above advantages and desired
properties coppb®BEshRd phisitidwe aveidg wor kshop tenperature shelf life
desirable for sinple storage transportation and use. The epoxy resins or

epoxy group containing conpounds (A) enployed in this invention nay be

gl yci dyl ethe(is, THeyHuit tHeglt Midirigrod Solidgpyy rdsihs with kardeners apg otheringredients at
conpound or conhi nat.i e i ' | wher e
required. Pr ef@'?’@ﬁhgﬁge%fgir%é h?ﬁgﬁﬁ'?@nagwgﬁgqgﬁgggﬁgﬁ%%%sui tabl e

l i qui ds for r eaperatire melingiesins philengsher i ngredi ents at suitable
tenperatures which will usually be below 120 [err] C. Epoxy resins or epoxy
cont ai ni ng conpounds or blends of themwhich are |iquid at, rogm

t enper at ures b e TheBlensing of Bewdens together and the consequent chances of physical

separation inhomogeneity and variable physical properties. This invention overcomes these
disadvantages as it allows for liquid or soluble hardeners which will normally result in
homogeneous compounds or alternatively for solid hardeners which can be finely ground
and thoroughly dispersed in the resin or other components before final mixing, so that the
resultant powder is effectively homogeneous and the fine hardener particles basically
encapsulated in the solid resin.

(i} The Production of B-stage Compounds of all types with their associated problems of
high viscosity for processing and frequently very short shelf life. This invention specially
sets out to avoid B-staging by creating the solid resin “in-situ” under mild conditions thus
leaving the ultimate hardener effectively unreacted. This permits much greater case of
wetting and flow of the molten powder before gelation when required.

It now becomes possible to obtain:-

- Powders with either low or high melt viscosities as required through the careful
selection of (A) and (B).

- Powders curing in 2 hours at 100°C or less or a few seconds at 180°C to 260°C by the
careful seiection of {C).

- A wide range of desired mechanical and thermal properties by the careful selection of
(A), {B) and (C).



The preferred solidifying systens (B) used to convert the liquid resins are
principally conpounds or m xtures of conpounds whose npbst reactive groups
relative to the epoxy nmaterials enployed are prinmary or secondary am nes.
Epoxy reactive tertiary am nes under the conditions of reaction chosen for

(A) and (B) wio»7A9ks acceptable for this invention. O pardricusk/ous21
usefulness in this process are aromatic and cycloaliphatic primry and

secondary am nes and bl ends of these. The mmj or advantage of these am nes,
particularly the aromatic anmnes, is then%pw rate of reactivity coupl ed
with the extrenely long life at normal anbi ent tenperatures of their
reacti on products with the resins. Wth the majority of conpounds from

t hese cl asses of a nes.the life, e reactlon oduc th the S|ns
greatly exceeds Fh‘i‘ m ‘?’f"taﬂ%r‘?fi %S"&F eqhggifiﬂgr%e s&ﬁ%%‘?%?“r%"ﬁd rdeners
(©. Sone al me)rm‘ouwiomeftaﬂdiﬁmﬁcI(E)mcmrdd)galhosphmahsensmerirembaee al so effective
as advanci ng agents and those which conply with cessation of reaction once

their am no hydrogen atons have been consuned by the epoxy resins and
consi dered as pahitof thiz abbwesadvantages ianddesirad ploperiesseamplamanteddy dherdongal t hat t he

tertiary am rogrgsrgg ﬁeﬁ&la@uém&aés g%éra!rs. ol stGthdetry Pgﬁﬁ@ummﬁe very |ow

reactivity w groups under e con |t|ons of reaction chosen for
(A) and (B) and afterwards during storage. The solidifying amnes are

usual Iy and 'mbséﬂo)( |E§BPJHOWBU;?&M§W in bkiﬂ‘st(hpé?ﬁdloywﬁﬁlhfsm%h mady the
epoxy corrpounds tg q%&%e/ rmnoful rd(Mona am p Fhata d to sone
extent if ofb&Slydidy! sthers, | amines, 0yRigy, Bsters opeycioalip °°°"\R6" f19124

PC]]'/ GB96/ 02?801mbmahcns of thege including halogenated versions where required. Preferred dpbxy I

D functional naine e, used.at [ i ona
epoxy resi nsBUt a@‘f@ﬁ'{‘%,ﬂ"{ thase 'ﬁ%ﬁ{ %ﬁigﬁ@%qur fr%fs%tagyo'r'vwnb Q"tﬁ r&geg’v\,her e

gel ati on doeipgnedients atsuitabld legpewitires wiyichwyil gwulr;hsbﬂw%%lﬁ?t £mxsares'a$ prety of
ot her gfoupse&ﬂg c&%iﬁﬁsﬁ%é%%hgds%'b nB€otHeny Fhikh %@wzaa aneomaﬁserawrfeyakowards

t he epoxy grou I NVO e reaction o Most usef ul
are those so!hpmqsw%‘gef!%terrs whi ch react gradual ly to substantlal
conpl etion at roomtenperatures over a period of around 2-14 days. These

it th f f b h f 100 It
Feal sti o m IRReTHL oG FHems [ dameiodpieerihs Lid As At gAY v cssel or
during di schwrgmuadmbrsmnubhofmburcds wihosd inestreaptive groupsitglativead thetepoxy i n nost
practi cal E\E@hglg eiplo Y BlimaFy $FEbcON Ry SmiRb& EokPMeablivi Tt SminkDtiker t NESE

conditions t
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 classes of amines the life of 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 cessation of reaction once their amino hydrogen atoms have been
consumed by the epoxy resins and 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 polyfunctional with respect to the epoxy compounds (A} aithough monofunctional
amines can be used to some extent if of value to a particular composition,



heat of reaction generated by the solidification process is evenly

di ssi pated by conduction and radiation and results in no nore than
acceptabl e tenperature rises at any stage in the process. The primary
controlling factor being that the m xture reaction tenperature rise whether
in the m xi ngwoe3s®k4 or t he contai ners shall be bel ow t hat PCF§IP6282k o
cause significant reaction between (A, (C or (D). Should it be
desirable to speed the solidification in the final container this can be
achi eved by heating provided the tenperattte used does not cause
significant reaction of (C) with (A or the reaction product of (A) and (B)
either by direct heat or that evolved by conpleting the reaction between
(A) and (B) or by the addition of accelerators such as carboxylic acids

whi ch do not adversely affect, the softepin 0i N ahility. Th
sol i di fyi ng s?é‘t'féﬁtf%"%%@f‘e%@%?%%sﬁﬁta‘ iy ‘gﬁ'é‘%’ %wh @ﬂt“@‘gmi‘ﬂ 5¥°W%~°1‘Pst ir
am no hydr ogegreatecthian difuActishal amires oaip td lavdlywhere géletibnwloedindtioecuepThey nateri al s

(A) under the ndi ti ! ' r I S, not
Cher cal 1y oot aN e i P sifdn ATAEY vl roftbud Bbed, éyﬂfﬁﬁ‘#%%%\t i
and | ower t halowbp0Ogreactvity towatsis thetepaky groupsamvolyed undeg theaeastion ¢fdA) addBht hs at
22[err] C. The resultant product is a brittle solid at 22[err]C which could
be cast into various physical forms such as sticks or pellets, but is
essenti al | y uMestysefgi@re Geserapiditying systerpowhiel eact gradually to gybstapfial gampletion at

PCT/ GB96/ 0282¢%om temperatures over a period of around 2-14 days. These permit the safelmanufactufd©
sel ection and quantit

ty of the solidifying agent wil] also influence . a
variety of pré¥baichesia e§‘iféﬂ°fa1§°ﬂ§?sc‘“9i'é'ﬁ&’f"%f‘g g‘i‘?é’ﬁ%l"ﬁ‘? tempetiRese B heat
resi st gnce aniximg veﬁgeeértdxri@uﬁolﬂquedu?ﬁhagbﬁamﬂ th the dexpirgdpitysicaltstatd hjlt_nost
uncured or cured. products resultin r t
har dener syst %'ﬁ%fcgll(’ce?tapsli;' ?‘W@ V%rd'&%’ 8 ?r%]gltaﬁtc?ngﬁ%sg%%dﬂ?%eg Eh%%%%@ldb“ﬂnsptpg ducts
bet ween (A) amit ¢Bpactiomgérerates bythesolitlification hevcedsdeevealyidissipated by bandlucting| |
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react preferenti e advancl ng agents Typi cal but nhot
excl usi ve .exaPfpeass. of useful hardeners are aromatic am nes such as

The primary controlling 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) . (C) or (D).

Should it be desirable to speed the solidification in the final container this can be achieved
by heating provided the temperature used does not cause significant reaction of (C) with (A)
or the reaction product of (A) and (B) either by direct heat or that evolved by completing the
reaction between (A) and (B) or by the addition of accelerators such as carboxylic acids
which do not adversely affect the softening point stability.

The solidifying systems must be present in such quantities that when their amino hydrogen
atoms are all substantially reacted with the epoxy materials (A) under the conditions set for
reaction (A) and (B) the product is not chemically gelled and has a melting point which is
greater than 55°C and lower than 120°C and is essentially stable for greater than 6 months
at 22°C. The resultant product is a brittle solid at 22 °C which could be cast into various
physical forms such as sticks or pellets, but is essentially useful for grinding into powders.



di am nodi phenyl sul phones, boron trifluoride am ne conpl exes, | atent

I m dazol es, carboxylic acids, biguanides, hydrazides, dicyandi am de, | atent
epoxy am ne adducts and substituted ureas. As explained a nmain requirenent
of the hardener is that it should not substantially react whilst (A) and

(B) are bei ngolhegsited to formthe epoxy conposition which pegrsp9eniteiit | NQ
point greater than 55[err]C. There may -be one or several hardeners used

t oget her, sonme of which may accelerate the curing rates of the other

provi ded they comply with the requirenmengsimedi ately above. The

expandi ng agents (D) may be of any type which does not adversely interfere
with the production of the solid epoxy conposition nor its ability to cure

satisfactorily. The expansi.on t aj. t: ) Lhysi cal
reactions or+%dsteﬁf"t'°ﬂr?"ﬁ ﬁﬂgp'ga%ﬁ%fsgg‘ﬁﬁﬁg g?%m?\ﬁg#ot'ﬂﬁe‘fe? %Eafihﬁg!y gg%’ﬁ?é% oul d
not cause susush anmekviséasiyrsinengthutiuginass andbhiest easistanes andRy qgrafil gediseon of t he
sol 1 d epoxy SRIROAI AN deBBhedifty HeAlRARAR cirbd bBadkyreb g din RO L4ds

wor kshop tenperatures ‘or beFow. XI st gni f1cant expansi on shoul d take pl ace

during the abepwkessuring cycl es. Exanpl es of suitabl e expandi ng agents
I ncl ude Azodi carbonam de, Azodiisobutyronitrile, Benzene sul phonhydrazi de,

Di nitroso pentanet hyl ene tetram ne, Oxybis b ene, sul phonhydr azi de

t ol uene sul pHsRAdeRBLSYSRMECh oH the8Baxy p@"'ﬁf&g& g @%?ﬁgﬁg %Ugéb%wpﬂpunder
the Trade Nagpafix(B)o&the seldt@dron the witlegatisty sithesel veedlllknednein ittes fizld of apgyng
conposi tion such as polyvinylid chl or i L 1L pl us
ot her copoly '%%‘8"'%8{5’%9 P@é@?hygﬁ‘gest%é&i r%%ga%%g%@% w{stmﬁés:%aggﬁ{ﬂ%%ehgi r.

WO 97/ 19124 (B). Typical but not exclusive exampies of useful hardeners are aromatic amines such as

PCT/ (3396/ 028 . . . . . I .l tent imidazal g_% bo l.g her
addi ti ves, (é%’“{k‘/ﬁ‘?'@he"éé'asr‘f' anes oo e Py ot ol BrOnarT L as ot t he

) p . s
cured or uncadidsibigeanidesi '!Vﬁm'de$.mmnb@ﬁ-¥aé¢'ﬁ Ep@Y aming addects end sypstivied pes,

tougheni ng agent sag éﬁlﬁtatd'eag nieRbSirentent 618 Matbisner fitkit @ 4RoulBic? Bittamtialgly es,
pignents, fillers, tlanme retardants, snn{se ﬁgpéor essants... cqg‘g_bl' n% agent s,
hol | ow mi cr o¥RkPhilet (A} and{Blare being Fracied io.1orm fe eppxiGofipesifignhichhas g

st abi | i sers. meltifd)foifiQrd=Batititg S5 Phers nig be ba¢ vodeverativardenérstubed ogetherr ange of
conposi tions sc\:/mtla S wh%ymatgyeaccelerate the curing rates of the other provided they comply with the

requirement immediately above.

The expanding agents (D) may be of any type which does not adversely interfere with the
praduction of the solid epoxy composition nor its ability to cure satisfactorily. The expansion
obtained may result from chemical or physical reactions or both. An important feature is
that the foaming agent should not cause substantial foaming during the process for the
production of the solid epoxy compositions, nor on storage of it in any form at normal
workshop temperatures or below. All significant expansion should take place during the -

actual curing cycles.

Examples of suitable expanding agents include

Azodicarbonamide, Azodiisobutyronitrile, Benzene sulphonhydrazide, Dinitroso
pentamethylene tetramine, Oxybis benzene sulphonhydrazide, p toluene suiphonyl
hydrazide and Expandable plastic such as those sold under the Trade Name Expancel.
These are largely spherical shells of varying composition such as polyvinylidene chloride
and or polyacrylonitrile plus other copolymerised additives, and the inside contains
isopentane t air.



successfully used according to this invention. Examal e 1 Aliquid

Bi sphenol A epoxy resin (EPIKOTE 828 - SHELL CHEM CAL CO.) with an epoxy
content of approximately 5.3 gram equival ents of epoxy oxygen per kil ogram
was bl ended with am no benzene and di cyandi am de as foll ows: -

EPI KOTE 828 Wo09719124 100 parts by wei ght am n@CTGHIe8Xane

18 parts by weight di cyandi am de 4 parts by weight
Thi's mi xture was thoroughly dispersed at 22 [err]C. After five days the

m xture was brittle and easily powdered atfl- had a Kofl er Heat Bank nelting
poi.nt of 65 [err]C. 3 years later this nelting point was 68[err]C. A
portion was heated for two hours at 80 [err]C and on cooling the blend

coul d _eaSi ! Iy @t%mmeéé.eet) g:méh Bé\_%e’:\tadé@ftd ﬁbctiiml@é plf@@iﬁéﬂ pflilpblﬁibs?ﬂ émd:uﬁd &f

appr oxi nat e rr ana r N unsl n red.1Tor a.l east, ears en
o o o 55 e porhigs R e HUE Sro B ioHeres e RonsRoRtind e R ety oo
fl owi ng | i quiadentshsarfagants,dibroas thaifisle rdyes) pigmentsefilersaftanse retardanty, srhakegh,

}:,g%r gggg; ’02 g lzs%;saériegsaﬁ@@o%ﬁh%sagents, hollow m}é\gsgﬁér&sg %g\ﬁl assisting materials, {%fqle

Exanple 2  Alass¢sand stabiliser8i sphenol F resin (PY 306 - Ciba-CGeigy) with an
epoxy content of approximtely 6.2 gram equival ent of epoxy oxygen per

ki | ogram was bl ended well with 4 am notol uene and 4, 4' dl am nodi phenyl
sul phone as felfeligwing Examples demonstrate some of the wide range of compositions which may be

successfully used according to this invention.

Example 1

A liquid Bisphenol A eboxy resin (EPIKOTE 828 - SHELL CHEMICAL CO.) with an epoxy
content of approximately 5.3 gram equivalents of epoxy oxygen per kilogram was blended
with amino benzene and dicyandiamide as follows:-

EPIKOTE 828 100 parts by weight
amino cyclohexane 18 parts by weight
dicyandiamide 4 parts by weight

This mixture was thoroughly dispersed at 22°C. After five days the mixture was brittle and
easily powdered and had a Kofler Heat Bank melting point of 65 °C. 3 years later this
melting point was 68°C. A portion was heated for two hours at 80 °C and on cooling the
blend could easily be powdered and had a Kofler Heat Bank melting point of approximately
72°C and remained unsintered for a least 3 years when stored at 22 °C. On heating to
180°C the powder melted to a free flowing liquid, then gelled and after 60 minutes was a
strong, tough, thermoset, plastic compounds.



PY 306 100 parts by weight

4am not ol uene 26 parts by weight 44’

di am nodi phenyl sul phone 10 parts by wei ght The 44' di am nodi phenyl
sul phone was sieved through a B.S. 300 nesh sieve to obtain a fine powder
free from | umoerandst his was di spersed thoroughly in 50 pactraeén2siiqui d PY
306 at 22[err]C obtained by warm ng the crystalline resin to 100 [err]C and
altowing it to cool. The 4anm notol uene was warmed with the remai ni ng 50
parts of liquid PY 306 at 55 [err]C untih4tt nelted and di ssol ved. The
two parts were then m xed together and allowed to stand at 22 [err]C for
two days. They were then heated to 60[err]C for five hours. The resulting
solid was easily powdered and had a Kofl er Heat Bank nelting point of
around 65 C. When cured for two hours at 180 [err]C it was a tough solid
with a glass transition point of around 120 [err]C. After six nonths at
22[err] C t heExamglé 29 point had increased by only 5 [err]C and the powder
was free fl ow ng. Exanpl e 3 The followi ng m xture was prepared: -

EPI KOTE 828 90.0 parts by wei ght

but ane di ol Aictystatinel Bisphenbidt resin (PY 306 - Ciba-GeigyDwithcantepokycontentyit

A mob s eng apbrokifiatdy 62 e Gl AR 6oLk Ex)Gétfper idiysin WAL Hienda wEFWATA

am nobenzene y wel ght
di cyandi ani daminotoluene and 4,4’ diammodlphenyl sulphone as follows: -4 0 parts by weight

WD 97/ 19124
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finely powdered di c¥¥i¥ani de was t hor oughl y HOR88S Pryeighthe | ow vi scosi ty
bl end of the 4aminotoluene 26 parts by weight

44’ diaminodiphenyl suiphone 10 parts by weight

The 44’ diaminodiphenyl sulphone was sieved through a B.S. 300 mesh sieve to obtain a
fine powder free from lumps and this was dispersed thoroughly in 50 parts of liquid PY 306
at 22°C obtained by warming the crystalline resin to 100 °C and allowing it to cool. The
4aminotoluene was warmed with the remaining 50 parts of liquid PY 306 at 55 °C until it
melited and dissolved.

The two parts were then mixed together and allowed to stand at 22 °C for two days. They
were then heated to 80°C for five hours. The resulting solid was easily powdered and had a
Kofler Heat Bank meiting point of around 65 °C. When cured for two hours at 180 °C it was a
tough solid with a giass transition point of around 120 °C. After six months at 22°C the
melting point had increased by only 5°C and the powder was free flowing.

Example 3

The following mixture was prepared:-

EPIKOTE 828 80.0 parts by weight
butane diol diglycidyl ether 10.0 parts by weight
4,4’ diamino 3,3'dimethyl dicyclohexylmethane 8.5 parts by weight
aminobenzene : 9.6 parts by weight
dicyandiamide 4.0 parts by weight



ot her ingredients and the dispersion was placed inside a polythene bag.
After 4 days at 22[err]Cit was a brittle solid. The solid was then heated
for 3 hours at 70 [err]C. It was powdered and had a Kofl er Heat Bank

melting point of around 65 [err]C. Three nonths later it still poured
readily. On h¥&¥AH24or 1 hour at 180 [err]C the mixture fiRCIHCBIEIEYY, then
flowed readily, gelled and becane a tough solid. A further m xture of

this conmposition was prepared and left for 7 days at 22 [err]C. After this
time it was a brittle solid with a Koflert¥eat Bank nelting point of 61
[err]C. Six nonths later it poured readily and the nelting point had

I ncreased by-4 [err]C. Exanpl e 4 The followi ng m xture was prepared: -
DER 332 100. 0 parts by wei ght
4, 4" dianino i | A& &

i nobenzene Thefinell pERELSY it aniiahacias thcﬂgfgg@'?rﬁxed uﬁg&e W |ﬁcogu’l’y e L the

4. 4" di ani nodétherdrgredienis gdshedispersion was placedmsme@aowewbmemgwﬁdam 332 is
a nearly purez@cmraoannesqﬁ(glmlsguawa%tmhea@mmummnn 84 pdwsersthe

DER 332 was war ned '_[lerr] It and af fL{er C00 was mxed Wt h
the 4,4 di anarmtﬁdmﬁq‘m %Bﬁ%ﬁ@hwﬁt{éf’f arqyfd 65y, Eﬁfesvﬁ?"ﬂ‘ faterit st popred

triple roll mehbilyt @nq@hmgmaq 1P 8t 180 30 HeThiOre fifd) telted] Trien ifiogedudhtiy Sgalled ©

added and the r ultantt QL‘ r]% was covered with a polythene film and al |l owed
to solidify afMPECRBPAWIR P!

4 days. The m xture was then heated for two
hours at 60[err] Cand cooled. It was a brittle solid with a Kofler Heat

ater had | noRAberP B cirkosi bas separb OSB3 10 MRS
powder was heatinaelitivas a bride eclidenith @déefier HaahBankfragiting peiptielS13E. Baongrdhsilater it 4
hours at 150[ g5 jrddreadiy afngﬁ.% A &M{%lﬁ&éas@d?fw@. at 200 [err]C. The

resul tant pol ynmer possesse TG of 182 [err]C as neasured by the D.S. C
met hod. WD 97/ 19124

PCT/ GB96/ 0282¢xample 4

The following mixture was prepared:-

DER 332 100.0 parts by weight
4.4’ diamino 3,3' dimethyl dicyclohexyl methane 5.8 parts by weight

- aminobenzene 9.3 parts by weight
4,4’ diaminodiphenyi sulphone 16.4 parts by weight

DER 332 is a nearly pure Bisphenol A diglycidyl ether solid by DOW Chemical Co. The
DER 332 was warmed to 50°C to meit it and after cooling was mixed with the 4,4’
diaminodiphenyl sulphone powder. This biend was run through a triple roll mill to obtain a
good dispersion. The remaining amines were added and the resultant blend was covered
with a polythene film and allowed to solidify at 22 °C for 4 days. The mixture was then
heated for two hours at 60°C and cooled. It was a brittle solid with a Kofler Heat Bank
melting point of around 70°C. it was powdered and six months later had increased in
melting point by approximately 2°C.

The powder was heated in a released containiner for 2 hours at 100 °C. 4 hours at 150°C
and then post cured for 4 hours at 200 °C. The resultant polymer possessed a TG of 182°C
as measured by the D.S.C. methoed.



- 16- Exanpl e 5 The follow ng m xture was prepared: -

. DEN 438 20 parts by wei ght DER 331
80 parts by weight am nobenzene 20 parts by
wei ght Anchor 1040 3 parts by wei ght DEN 438
IS a sem somgbmapesy novol ak resin sold by DOW Chem cal Gecpgidaossa) epoxy
content of about 5.6 gram equival ents of epoxy oxygen per kil ogram DER

331 is a liquid Bi sphenol A epoxy resin sold by DOW Chemi cal Co with an
epoxy content of about 5.2 gram equival erités of epoxy oxygen per kil ogram
Anchor 1040 is a coordination conplex of boron trifluoride marketed by
ANCHOR Chem cal Co. The two resins were warned and m xed together and
allowed to cool to 22 [err]C. The renmining ingredients were added with
stirring to g#vglgg honbgeneous bl end. After three days the m xture was
heated at 55€ oling it was a britUe solid which was easily powdered.
It had a Kofer Heat Bank nelting point of around 65 [err]C. On heating to

180[err] C foﬁh€%ll93/iﬂ&k§§:rb§va§§4eﬁang‘- gelled and cured to give a hard
IC. er s nt'h

t her noset pl as I'X N s the powder flowed readily and nelted
at around 70 [err]C. WO 97/ 19124
PCT/ GB96/ 02821 DEN 438 20 parts by weight

DER 331 80 parts by weight

aminobenzene 20 parts by weight

Anchor 1040 3 parts by weight

DEN 438 is a semi solid epoxy novolak resin sold by DOW Chemical Co with an epoxy
content of about 5.6 gram equivalents of epoxy oxygen per kilogram.

DER 331 is a liquid Bisphenol A epoxy resin sold by DOW Chemical Co with an epoxy
content of about 5.2 gram equivalents of epoxy oxygen per kilogram.

Anchor 1040 is a coordination complex of boron trifiuoride marketed by ANCHOR Chemical
Co.

The two resins were warmed and mixed together and allowed to cool to 22 °C. The
remaining ingredients were added with stirring to give an homogeneous blend. After three
days the mixture was heated at 55°C. On cooling it was a brittle solid which was easily
powdered. It had a Kofler Heat Bank melting point of around 65 °C. On heating to 180°C
for 80 minutes it melted, gelled and cured to give a hard thermoset plastic.

After six months the powder flowed readily and melted at around 70 °C.



- 17 - - Exanple 6 The follow ng m xture was prepared: -

EPI KOTE 828 100. 0 parts by wei ght

4,4" di am no di phenyl nethane 8.8 parts by wei ght

am nobenzene 6.1 parts by wei ght

di cyandi am dewo 97719124 3.5 parts by weight PCT/GB96/02821 3(4
chorophenyl) 1.1 dinmethyl urea 2.7 parts by weight

fumed silica 3.5 parts by wei ght

car bon bl ack 1.0 part¥ by wei ght The carbon bl ack,

di cyandi am de and substituted urea were mxed with 50 parts of the liquid
resin and tirple roll mlled to obtain a good dispersion. This was then

bl ended with a solution of the 4,4" diam no di phenyl nethane in the

remai ning resin and the other ingredients. The whole m xture was placed in
a container and after 7 days at 22 [err]C the blend was a brittle solid. It
was heat ed f dxampledirs at 60 [err]C then cool ed and powdered. It had a

mel ting point of around 60 [err]C. This powder remained free flowi ng for at
| east 6 nmonths at 22[err] C and showed no increase in nelting point. The
powder was apieifeligwing mixtieg was pepgrednds, heated to 180 [err]C by fl ui di sed
bed techni ques and gave a snooth bl ack coati ng which adhered well and was

very tough after a cure gf i nutes at 100 [er anple 7 The
msture in Exanple 1 \Aﬁﬁ%@lﬁgﬁég nto a tray and htdgt%e&?@g?wgghtours at 80
[err]C. On cooling it wais4' diainotdiphenyl methees abl e s&8 partsbytveight el ti ng poi nt
of 80 [err]C. After 9 m)nth§ at 22[err]C this po 28 .]‘[g d.freely and

F 5" pars ey

retai ned the sane nelti r?é"' ¢ on heati ng to 18 err eI‘f% 1 hour it
cured to forma tough, tdeyandirmmide pr oduct . 3.5 parts by weight

3{4 choropheny!) 1.1 dimethyl urea 2.7 parts by weight

fumed silica 3.5 parts by weight

carbon black 1.0 parts by weight

The carbon black, dicyandiamide and substituted urea were mixed with 50 parts of the liquid
resin and tirple roll milled to obtain a good dispersion. This was then blended with a
solution of the 4,4' diamino dipheny! methane in the remaining resin and the other
ingredients. The whole mixture was placed in a container and after 7 days at 22 °C the
blend was a brittle solid. It was heated for 2 hours at 60 °C then cooled and powdered. It
had a melting point of around 60 °C. This powder remained free flowing for at least 6
months at 22°C and showed no increase in melting point. The powder was applied to clean
steel rods, heated to 180 °C by fluidised bed techniques and gave a smooth black coating
which adhered well and was very tough after a cure of 180 minutes at 100 °C.

Example 7

The misture in Example 1 was poured into a tray and heated for 5 hours at 80 °C. On
cooling it was a brittle, powderable solid with a melting point of 80 °C. After @ months at
22°C this powder flowed freely and retained the same melting point. On heating to 180 °C
for 1 hour it cured to form a tough, thermoset product.
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Exanpl e 8 A liquid Bisphenol A epoxy resin (EPIKOTE 828 - SHELL CHEM CAL
CO.) with an epoxy content of approximtely 5.3 gram equival ents of epoxy
oxygen per kKiwopghsizgwas bl ended w th am nobenzene. 44' di apgnosséopheny!

sul phone, 44' oxybis benzene sul phonyl hydrazide and a funed silica. All
t he powders were passed through a B.S. 300 nesh sieve to renove any

aggl onerates and were then thoroughly dis®persed by passing a triple roll

mll with 50 parts of the liquid resin. The conposition enpl oyed was:
EPI KOTE 828 100. 0 parts by wei ght

am nobenzene 19.7 " : 44
di am no di phenyl sul phone 6.6 44' oxybi s benzene
sul phonyl hydr azi de 1.0 ' " fumed silica

2.0 " Al'l the conponents were m xed together and placed in a

rel eased trayE @fl‘leé five days the solid blend was heated for two hours at
60 [err]C g to 22[err]C the blend could easily be powdered. The
powder had a Kofler Heat Bank nelting point of approsimately 70 [err]C

After storingual Lent lengl n ' i nt
s appr oxi ot BEGRD! A SISRPRER(EPROTE 28 . SHEPREREWICHT 6O, Wit B’ [
180 [err] C t heonjephefeapprokimetsty, 5.3 aipmaaayivalaes beReY PYYOeRpel kilgrany was biandad and
cured. After @ih dthinsteRferd. Sk tiaMho dRMERY! sEIRRNEDEECExybRBBhNAS sulBhtndihiSzide

and a fumed silica.
All the powders were passed through a B.S. 300 mesh sieve to remove any agglomerates
and were then thoroughly dispersed by passing a triple roll mill with 50 parts of the liquid

resin.

The composition employed was:

EPIKOTE 828 100.0 parts by weight
aminobenzene 197 * +* “
44’ diamino diphenyl sulphone g6 “ * .

44’ oxybis benzene sulphonylhydrazide 10 “« - “
fumed silica 20 * .

All the components were mixed together and placed in a released tray. After five days the
solid blend was heated for two hours at 60 °C. On cooling to 22°C the blend could easily be
powdered. The powder had a Kofler Heat Bank melting point of approsimately 70 °C. After
storing at ambient temperature for six months the softening point was approximately 73 °C
and no sintering had occured. On heating to 180 °C the powder melted, rapidly increased in
viscosity, foamed and cured. After 60 minutes a strong tough, thermoset foam was
obtained.
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PCT/ GB96/ 02821 -19- Exampl e 9
The followi ng m xture was produced: _ EPI KOTE 828

100. 0 parts by wei ght 44" di am no 33" dinmethyl dicycl ohexyl

nmet hane 1GvO oppidss by wei ght benzyl am ne PCT/GB96/02821

7.1 parts by weight azodiisobutyronitrile

3.0 parts by wei ght di cyandi am de _

3.5 parts by weight 3(4chl oropgBenyl) 1,1 dinethylurea

2.9 parts by weight fumed silica

8.0 parts by weight Al'l the solids with the exception of the fumed silica
were sieved ggmpiebl ed with 10 parts of liquid resin as per EXAMPLE 8. The
fumed silica was added as the last ingredient to the m xture, which then
becane very thixotropic. The m xture was placed in a tray and was covered
with a pol yt Taaelbwihgmixiie was frogucedtays the mi xture was a brittle solid. On
powdering the Kofler Heat Bank nelting tenperature was 65 [err] C. Wen
tested after storage at normal anbient tenperature fqr_ 850 da?/s,the

sof t eni ng t enper at urRPIRGTE B2&r eased by 13 [err]C to SBP-EPRTSOYIRER he powder

flowed freely w th n@-gififo 83 dimdiy?bichdbhexyl Mletrine i Ni t10Blpanoyewesightg t he
coarser and finer particle fractions were renoved | ea_/yitn%tsi%*pargi'icl e size
range between 250 arR¢"BHARN&yi crons. The powder was plat® YR t ube of

0.65 centinetre di aneb@iscbuiyrasitdid at one end to the pod.epandtyweighhe t ube was
full of powder. The {illed .tube was then put into an heated for 1
hour at 120 [err]C ‘;&‘fya?‘ﬁ%mg%d of this tine the tube % ¥||quveéy€vith a
strong cured foam wi{ddhlorephemyt)i 1,1 dimethylpreaoxi mat el y t hd9 paabywaighte as t he

tube. On careful exam +Qn of the physical curing pgeeatoyweidecane clear
that the corrpositioralfmpr)’gd?%dllcgl es nelted but did not flow gnd ty{hendhgxpanded to

fill the voids between themto give the final foamfilled tube. The density
of this foamage il WfARS e RBptichWPHHE KSRy diltalwere sibded\and millke wap papartof t o

i
e Sen - Do e AP B onh sl S HBAE i Bl fec
bondi ng or asmigutepwhiciethen bacamaivieryi thigotmpicc The midurawas placdd in & tranand wase was
release tr eatc%‘c,ieég) with & X&ﬂﬁen%qﬁ]'ﬁ.sj\@é? five days the mixture was a brittle solid. On powdering
the Kofler Heat Bank melting temperature was 65 °C. When tested after storage at normal
ambient temperature for 850 days the softening temperature had increased by 13 °C t0 80°C
and the powder flowed freely with no sign of sintering.

After initial powdering the coafser and finer particle fractions were removed leaving a
particle size range between 250 and 2500 microns. The powder was placed into a tube of
0.65 centimetre diameter, closed at one end to the point where the tube was full of powder.
The filled tube was then put into an oven and heated for 1 hour at 120 °C. Atthe end of this
time the tube was filled with a strong cured foam which was still of approximately the same
volume as the tube. On careful examination of the physical curing process it became clear
that the composition particles melted but did not flow and then expanded to fill the voids
between them to give the final foam filled tube. The density of this foam was 0.6 grams per
cubic centimetre. it will be apparent to workers in this field that the powder of this example
could be used as a lower density gap filling adhesive if the tube was clean and receptive to
bonding or as a low density moulding or casting material if the tube was release treated to
prevent adhesion.
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PCT/ GB96/ 02821 - 20 - Exanpl e
10 The followi ng m xture was produced: - EPI KOTE 828

100. 0 parts by wei ght 44" di am no 33" dinmethyl dicycl ohexyl

met hane 10. vepewibe4by wei ght am nocycl ohexane PpCT/GB96/02821

6.6 parts by weight phenol i ¢ m crobal oons

10:0 parts by wei ght Expancel 550 DU

3.0 parts by weight di cyandi an2te

3.5 parts by wei ght 3(4chl orophenyl) 1,1 di nethylurea

2.9 parts by weight funmed silica

2.0 parts by Examgletid Expancel 550 DU is a type of very small dianeter
expandabl e pl astic bead. Phenolic m croball oons are very | ow density hol | ow
phenol i ¢ spheres. The m xture was thoroughly blended with the Expancel

bei ng added ddetidlowingsmixtunagag@iodueedand t hen placed in a tray. It was
covered with a filmof polythene and stored at 25 [err]C for 4 days. After
this period it was powdered and possessed a Kofler Heat Bank nelting point
of approxi mately 65 ERIKOTES2Bfter 700 days storage at nofPRP partadyaraioht

tenperature the nel tag leaaﬁmorm-aiadmymdyaaﬁe&wrhanm [ err] C160@afduskéigR’ | N9

had occurred. Asim|ar experiment with a tube filled with the powder was
carried out as an i n@PROGYGI0RE*ENe | (his case the powder REIRBILUWEIOM owed
somewhat during the greablicrgicobslbans but then expanded and100¢&its by weighithe

tube when fully cured aft m nutes at 120 [err]C. The initial .powder

had a volune filli ngg’éféh%ﬁ?%@@‘r' 0.4 granms per cubic cent sﬁeqapab’éﬁﬂg?the wel |

structured cured foadicandiemigiety of 0.3 grans per cubi c c@btparteby weight
3(4chiorophenyl) 1,1 dimethylurea 2.9 parts by weight

fumed silica 2.0 parts by weight

Expancel 550 DU is a type of very small diameter expandable plastic bead. Phenolic
microballoons are very low density hollow phenolic spheres. The mixture was thoroughly
blended with the Expancel being added as the last ingredient and then placed in a tray. It
was covered with a film of polythene and stored at 25 °C for 4 days. After this period it was
powdered and possessed a Kofler Heat Bank melting point of approximately 65 °C. After
700 days storage at normal ambient temperature the melting point had increased to 80 °C
and no sintering had occurred.

A similar experiment with a tube filled with the powder was carried out as an in Example 9.
In this case the powder melted and flowed somewhat during the heating cycle, but then
expanded and overfilled the tube when fully cured after 60 minutes at 120 °C. The initial
powder had a volume filling density of 0.4 grams per cubic centimetre and the well
structured cured foam a density of 0.3 grams per cubic centimetre.
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PCT/ GB96/ 02821 - 21 - Exanpl e
11 The foll owi ng m xture was produced: - di gl yci dyl et her of
Bi sphenol - F 50.0 parts by weight di gl yci dyl et her
of tetrabrondv® gpieedol - A 50.0 parts by weight PCT/GB%RRdbenzene
5.4 parts by weight 44' di am no di phenyl nethane

7:7 parts by wei ght Anchor 1040

3.0 parts by weight 44' oxybi 32benzene sul phonyl hydr azi de

1.0 parts by wei ght fumed silica

6.4 parts by wei ght Anchor 1040 is a coordination conplex of boron
trifluoride nEwaReleekd by ANCHOR Chenical Co. The Bi sphenol -F and

t et rabr onobi sphenol - A resins were nelted together at 100 [err]C, and when
m xed, the 44' diam no di phenyl nethane was added with rapid stirring until
di ssol ved andThetiellowing|reixtyesyas Pradusediui ckly cool ed to 22 [err]C. The

remai ning liquids and solids were added with thorough stirring and the

m xture was placed in a rel eas tray. After five days t bl end was, .heat ed
to 40[err]C for fourd‘ﬁ'éiilﬁ’gethaﬁﬁ(??&'é@ef‘%gn br oken and povvdeB@a.p 3 D¥EI s sed a

Kof I 'er Heat Bank sof tigititgethe? petrairomebispheasidund 60 [ er r FO0 pAfts iy weight

nont hs the softening _point increased to 74[err]C. On heatd rr]C
the powder coal esced®3RE¥BHMed and yiel ded a strong thergﬁggﬂ%%ﬁgv%%gt

after curing for two44idiaminoadiphe8 methand C. Exanpl e 12 7X& pagspyweighton

i dentical to Exanple repared, other then the funmedgahk s@wbigie! Wwas
reduced to 4.5 partsA[%ceh\rWﬁolfﬁdred parts of resin by weight .osd'lah%s?grlgﬁuct was

powder ed and si eved 4 oxybisshenzenesulphonylhydiagide het wveen 200 1QRABEYWRIBRY ons.
fumed silica 6.4 parts by weight

Anchor 1040 is a coordination complex of boron trifluoride marketed by ANCHOR Chemical
Co.

The Bisphenol-F and tetrabromobisphenol-A resins were meited together at 100 °C, and
when mixed, the 44’ diamino diphenyl methane was added with rapid stirring until dissolved
and the whole blend then quickly cooled to 22 °C. The remaining liquids and solids were
added with thorough stirring and the mixture was placed in a released tray. After five days
the blend was heated to 40°C for four hours and was then broken and powdered. It
possessed a Kofler Heat Bank softening temperature of around 60 °C. After six months the
softening point increased to 74 °C. On heating to 180°C the powder coalesced and foamed
and yielded a strong thermoset product after curing for two hours at 180 °C.

Example 12

A composition identical to Example 9 was prepared, other then the fumed silica level was
reduced to 4.5 parts per hundred parts of resin by weight. This product was powdered and
sieved to a particle size range between 200 and 800 microns.

This product was applied to clean steel rads, heated to 120 °C by the fluidised bed
technique. The powder melted and adhered to the rods and after curing for 30 minutes at



This product was applied to clean steel rods, heated to 120 [err]C by the
fluidised bed technique. The powder nelted and adhered to the rods and
after curing for 30 mnutes at WD 97/ 19124

PCT/ GB96/ 02821 -22 -

120[ err] C gawo /1310t h, strong foaned coating. A simlar pepesdsoEsai
carried out with the rods heated to 200[err] C gave a coati ng whi ch was

f oamed and adhered wi thout any extra curing. As may be seen fromthe

~ foregoing exanples, this chem cal approa®-to the production of curable
optionally foamabl e epoxy powders enpl oys conditions nmuch | ess rigorous
than the nmethod of Hot Melt M xing solid resins with hardeners, which
requi re m x teofCagas¢ asmeothfstrangioanied Eiting.r A Similar dxpexipenh tanjechdud with the W t h

: f20fgase asm . _ o Wt
22" orr] & anibnanedfapof SRR, SRS s 0eHN TP B BRI B b ot e

| f further hewdigng is required to obtain a stable pourable powder at 22
[err]C or thereabouts it rarely needs to be above 50 [err]-60[err]C The
sinplicity and mldness of the approach to making these epoxy powders
enabl es t he AGRAYPESAEN M the freggingaxapples.dbis cogmical appreachde thepeodueliontof ves

i ncl udi ng hakGabe bpichalY BERAIECEFP pSwderPeinplSyseREitidhs tnush leds HtRodsAhan'thé t

nmet hod and yi el ds Egv\ﬂzrs wth .outstangl n&l&é Io‘gg shop fl oor teagrerature
storage ti medethodphHot Meltixing sofid esins, yyitbhatisgers. el eaviredix lempgtatires &y t abl e
sol ids and pavdibad $00°S oo frbquencateeary to i ncrease speed or throughput in
producti on. It will be clear fromthe exanples that nost of the

conpositions of matter disclosed here
With the current invention, in many cases, the epoxy resin biends are liquid at 22 °C and the

solidifying reaction takes place at the same temperature.

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

The simplicity and mildness of the approach to making these epoxy powders enables the -
incorporation of a wider variety of heat sensitive additives including hardeners and
accelerators than is possible with the Hot Melt method and yields powders with
outstandingly long shop floor temperature storage times.

The use of temperatures above 60 °C to obtain suitable solids and powders is only
necessary to increase speed or throughput in production.

It will be clear from the examples that most of the compositions of matter disciosed here
could be cast into specific shapes rather then ground into powder if required., or that the
powders could be meited or sintered into specitic shapes as well. it will also be clear that
the cured products could find use as adhesives, encapsulants, insulating materials and
mouldings as well.



could be cast into speC|f|c shapes rather then ground into powder if
required or that the powdﬁmlﬁmmmmuﬁmed or sintered into specific
shapes as well. It wll t he cured products could find
use as adhesives, encapsul ant%, indul dtifig materials and noul di ngs as wel | .
VO 97/ 19124 WO 9719124 PCT/GBY6/02821

PCT/ GB96/ 02821 -23 -

Cl ai s 1. Avreactive resin conposition,,which is a fusible, solid
optionally foanmable, heat curable, epoxy 'f’%nctlonal reaction prouct with a
Kofl er Heat Bank melting point of not |ess than 55[err]C, formed by m xing
t oget her (A) epoxy resins of epoxy group containing conmpounds

(B) an amine solidifying systempresent in insufficient quantities to cause
gelation after all the am no hydrogen atons are consumed by epoxy groups,
under the reagtjon conditions chosen for (A and (B), and which yields a
product with ' | er Heat Bank nelting point of greater than 55[err]C and
| ess than 120[err]C and nelting point stability of at |east six nonths

I kshop t t " Q). h (A dth
T K RS eyt wie) s B SOR coBY B Bl o o L
substanti al | ycunarbieaapquunmdgaf reattion paradt witharkoflef Heat Banl{ roeitingpmwing of dobles§ A) and
'Eg)rrp\emr ;Pugé)s t?igr‘flts(é% fkﬁ F&W&I $%r' ow reactivity at normal workshop

. oxXy formul ation, and optionally,
(D) an expandi ng (é)genpoanesansoispmgtogmmwmwmaoum&sder the conditions of

reaction chosen feay ﬁﬁhm&@@olﬁﬁ)nnffﬂte%r@&ntﬁ u%iszxl:n@ﬁi’q]h&ﬂﬁéé l‘é'ctah(s 8k T8
wor kshop tenperat ures in solld U{"@d%aPor nmul at i on, optionally

(E) ot her addffier gible AR hydspasLaleras e cats ‘P"}'QE‘WBS-M?%ﬁtE%TeaﬁPBpert i es
of the cured gynditiomy.dhesenCion(AP&nd (BRand whidh yields & prodoctivith @Kofleridatidatk t o cl ai m

(A and (B) S RLAERPaen 75 SRR era g 2h s e reaprh paaky e el "
agent (D). six months normal workshop temperatures,
(C) ahardener 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) and which is of low reactivity at normal workshop

temperatures in the final solid epoxy formulation, and optionally,

(D) an expanding agent which is of low reactivity under the conditions of reaction
chosen for {A) and (B) and which is of low reactivity at normal workshop temperatures in the
final solid epoxy formulation, ang optionally |

(E) other additives that may be required to modify the physical properties of the
cured or uncured composition.

2. A composition according to claim 1 where the mixture is heated to speed the
solidification reaction between (A) and (B) without significantly activating hardener (C) or
expanding agent (D).

3.  Acomposition according to claim 1 to 2 where the partially solidified composition may
be heated to speed completion provided the temperature reached due to the completion of
the solidification reaction does not significantly activate hardener (C) or expanding agent

(D).



-

[

3. A conposition according_t gkl 1 to 2 where the partially solidified
conposition may be HM“ﬂjlﬁW“%Aﬂml etion provided the tenperature
reached due to the wor's L solidification reaction does not
significantly activat® har dener (C or expanding agent (D). WO

97/ 19124  wo 919124 PCT/GB96/02821

PCT/ GB96/ 02821 -24 - 4. A
conposition according to any one of clains 1 to 3 which, when ground is a
free fl owi ng powder at nornmal workshop-4rper at ur es. 5. A conposition
according to any preceding claimwh ich cures with the range of 80[err]Cto
260[err] C. 6. A conposition according to any preceding clai mwhere the

rrlaj or idtly of 4t hea ammgl iﬁ?mﬁeﬁgngrt@awmﬁmuam 10to Bavhit| wﬁéﬁ‘g?d;undSHAa’ﬁééjW am ne,
gl ycidyl ester., cyclogli tic and ot her epoxy resins. : conposi tion
accor di ng tMW%@E%&PﬁE?W%Wﬁ'ﬂH@Pﬂa’PF@ epoxy group contai ni ng compounds
(A) are free flowng liquids at 120 [err]C or |ess. 8. A conposition
according tp an ' [ Lo fying. I inly
o omati ¢ oyBt ool POERRE! SoirB bl IFEGdd B Whn e BaR B 0hes % p FEL"

9

m xt ures of 268%6. t wo together with any acid accel erator. A conposition
according to claim8 where the majority of the solidifying am ne groups are
di functional or difunctional and polydifunctional with respect to the epoxy
groups. 16, A esPRostion acearding e ary Rracadingsiaim whevedia egjorlty af the 8RRXY e sui t abl e
har dener syglo@pare present as glycidyl ether, glycidyl amine, glycidyl ester, cycloaliphatic and other

epoxy resins.

7. A composition according to any preceding claim where the epoxy group containing
compounds (A) are free flowing liquids at 120 °C or less.

8. A composition according to any preceding claim where the solidifying agents are
mainly aromatic cycloaliphatic or alicyclic primary amines, secondary amines or mixtures of
the two together with any acid accelerator.

9. A composition according to claim 8 where the majority of the solidifying amine groups
are difunctional or difunctional and polyditunctional with respect to the epoxy groups.

10. A composition according to any preceding claim where suitable hardener systems
include aromatic amines such as 44° diamihodiphenyi sulphone, boron trifluoride amine

- complexes, latent imidazoles, carboxylic acids, biguanides, hydrazides, dicyandiamide,
latent epoxy amine adducts and substituted ureas.

11. A composition according to any preceding claim where expanding agents are present
and include those generating gases by chemical decomposition or by boiling of liquids or
expansion of gases contained within expandable shells.

12. A composition according to any preceding claim which contains additional materials to
modify the physical properties of the cured or uncured composition.



i nclude aromati c am nes such as 44' di am nodi phenyl sul phone, boron
trifluoride anine conpl e“!’uumlﬂlﬂmmlmnﬁzol es, carboxylic acids.

bi guani des, hydrazi des, jell lllat ent epoxy am ne adducts and
substituted ureas. 11. A composition according to any preceding claim

wher e expandi WQ%4¥a4 s are present and include those gener CTKPWRIYs by
chem cal deconposition or by boiling of |iquids or expansion of gases

cont ai ned wit hin expandabl e shel | s. 12. A conposition according to any
precedi ng cl ai m which contains additi onal®aterials to nodi fy the physi cal
properties of the cured or uncured conposition. WO 97/ 19124

PCT/ GB96/ 02821 -25 - 13. The

use of a conp@si Theusexd @serpenifion accongingloddi aregeding elaimfe biupthar prackssing by

processi ng byhobRkit BRhdiqlegChni ques. 14. The use according to claim 13 for
further processing by hot nelt techniques including pellets, tablets, rods,
sticks and powders. 15. The use of a conposition according to any one of

clainms 1 to 142, i mhé Ds d80brbiRG t5diaing 3 for firher Srabading by Hotahett tedhhLEAAcIRIng
heating a Corgc)aﬁést'stta'ab?er{s e}g sosrticLsngndtp%ng% one of the preceding clains.

15. The use of a composition according to any one of claims 1 to 12 in the molten state.

16. Cured products obtained by heating a composition according to any one of the
preceding claims.



