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This invention relates to polymeric modifying agents having temperature-
dependent properties.

It is known to control the rate of a chemical reaction by providing a reactant or
a catalyst in a modified form such that the availability of a reactive moiety depends
upon some external factor. For example one or more of the reactants, and/or a
catalyst, can be encapsulated by a protective shell which at least partly prevents access
to the reactant or catalyst. When initiation of the reaction (or an increase in the
reaction rate) is desired, the shell is removed or subjected to a treatment which
increases the rate at which the reactant or catalyst can permeate through the shell.
Removal of the shell can be effected, for example, by means of heat, solvent, or
ultrasonic waves. A change in the permeation rate can, for example, be effected by
using a shell having temperature-dependent permeability and by changing the ambient
temperature; for further details of particularly useful temperature-dependent systems

-of this kind, reference may be made, for example, to commonly assigned U.S. Patent

Nos. 4,830,855 (Stewart), 5,129,180 (Stewart) and 5,254,354 (Stewart), the
disclosures of which are incorporated herein by reference for all purposes.

It is also known to use so-called "latent hardeners" or "latent curing agents”,
optionally in conjunction with "latent accelerators”. These "latent” compounds can be
mixed with the other ingredients for a crosslinked resin, e.g. an epoxy resin or a
polyurethane, to give compositions which are relatively stable at room temperature
but which cure rapidly when heated to an elevated temperature, e.g. 160°C or more.
Systems of this kind are disclosed for example in US Patent Nos. 4,349,651 (Smith),
4,358,571 (Kaufman et al), 4,420,605 (Kaufman), 4,430,445 (Miyake), 4,659,779
(Bagga et al), 4,689,388 (Hirai et al), 4,701,378 (Bagga et al), 4,742,148 (Lee et al)
and 4,933,392 (Andrews et al), and European Patent Publication No. 362787 A2
(Henkel), the disclosures of which are incorporated herein for all purposes.

Many attempts have been made to develop systems which are stable for
extended periods at storage temperatures, but which will cure rapidly when heated to
give crosslinked polymers having desired properties. However, only limited success
has been achieved.
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Renoval of the shell can be effected, for exanple, by neans of heat,
solvent, or 15 wultrasonic waves—#A-change i mthe-perneation rate can, for
exanpl e, be effected by usi ng a shell having tenperature-dependent
perneability and by changi ng the anbi ent tenperature;_for further
details of M@WRéBarly useful tenperature-dependent systerffcT/USINIOZ i g
kind, reference may be nmade, for exanple, to commonly assigned U.S. Patent
Nos. 4,830,855 (Stewart), 5,129,180 (St evva%t) and 5, 254,354 (Stewart), the
20 disclosures of which are incorporated herein by reference for all

pur poses. It is also known to use so-called "l atent
hardeners" or "latent curing agents' optionally in conjunction with
"l atent accel erators” These "latent"” conpounds can be m xed wi.th the
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(Bagga et al), %%ﬁ%ﬁ%ﬁdﬁar lrgégﬁl ﬁ% 378 (Bagga 1etoal )0 4,742,148
(Lee et al) 30 ma@raomteé - and Eur opean Pat ent

Publ i cati on No. 362787 A2 (Henkel ), the d| scl osures of which are

I ncorporated herein for all puery attenpts have been
made to devel op systens which are stable for ext ended peri ods at
storage tenperatures, but which will cure rapidly when heated to 35 give
crosslinked pol yner swbawegwidisioverdd,lin eqerdaneswith-thissinvention, that gréatlyt ed
success h aﬁnp?&?e'a r&fﬁm S%%Q.'achieved through the use of polymeric materials which
comprise (i) a crystalline polymeric moiety which melts over a relatively small
temperature range and (ii) an active chemical moiety. Such materials are referred to
15 herein as "modifying agents". We have found that when solid particles of such a
modifying agent are dispersed in a matrix, the active chemical moiety is exposed to
the matrix only to a limited extent, and therefore, it has little or no effect on the
matrix. On the other hand, when the dispersion of the particles in the matrix is heated
to the melting point of the crystalline polymeric moiety, there is a rapid increase in the
20  extent to which the matrix is contacted by the active chemical moiety. A similar
increase can often be achieved by other treatments, either alone or in conjunction with
heating (either simultaneously or sequentially). Such other treatments include for
example, one or more of (a) addition of a solvent, (b) exposure to electromagnetic
radiation, including visible and ultraviolet light, or to ultrasonic radiation, or (c)
25  increasing or decreasing the pH.

The active chemical moiety is one which promotes or inhibits a chemical
reaction of the matrix under selected conditions. The selected conditions can result
directly from the treatment which increases the availability of the active chemical

30 moiety, or they can involve some further change (e.g. a change in temperature,
pressure, pH or radiation, or the addition of a solvent or a reactant) that does not
substantially reduce the extent to which the matrix is contacted by the active chemical
moiety. The active chemical moiety can be (1) a catalytic moiety (i.e. a moiety which

. reacts chemically (a) with an ingredient of the matrix or (b) with a material which is

35 adjacent to or absorbed into the matrix, and is thereafter regenerated or converted into

another compound, and in'either case does not form a permanent chemical bond with
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.2 It is also known to prepare polyners contalnlng reactive
W other nateriats

noi et es which wlT feact under—approprrate
condltlons. For exanple, in the materials often referred to as
polyrrer-sup g“(iat al ysts" the reactive noiety is one which provides a
cat al yt|c fu Ref erence may be made, for exanple, to Eﬂ?&’ﬂ?ﬁ%ﬁa of
Pol yme 5 SC|ence and Engi neering, Vol. 2, pages 702-729.

SUMVARY OF THE | NVENTI ON e §1ave now di scovered in’

accordance with this invention that greatly inproved 10 results can be
achi eved through the use of polyneric materials which conprise (i) a

an ingredient of the matrix); or (2) a reactive moiety (i.e. one which reacts chemically,

and forms a permanent chemical bond, with an ingredient of the matrix, and is not

regenerated); or (3) an inhibiting moiety (i.e. one which reduces the rate of a chemical

reaction of the matrix, optionally by itself reacting preferentially with a material, e.g.
5  oxygen, which would otherwise react with the matrix).

In particularly preferred embodiments of the invention, the crystalline
polymeric moiety is a side chain crystallizable (SCC) polymer moiety. SCC polymers
generally contain side chains comprising substituted or unsubstituted n-alkyl groups

10 of 6to 50, usually 12 to 50, carbon atoms, derived, for example, from one or more n-
alkyl acrylates or methacrylates. The melting point of an SCC polymer is in large
measure controlled by the number of carbon atoms in the n-alkyl group or groups and
is not (as in most other polymers) heavily dependent on the molecular weight of the
polymer or on the presence of other comonomer units (e.g. derived from acrylic acid,

15 acrylonitrile or an unsubstituted or substituted lower alkyl acrylate). Furthermore,
SCC polymers generally melt over a small temperature range, e.g. less than 10°C. As
aresult, it is possible to select an SCC polymer moiety which will cause the
modifying agent to melt over a narrow and predetermined range, thus making a sharp
change in the extent to which the active chemical moiety contacts the matrix.

As explained in detail below, a number of different factors influence the extent
and the speed of the change in the extent to which the active chemical moiety contacts
the matrix. These factors include (1) the form of the modifying agent (in particular
the size of the particles thereof, when, as is preferred, the modifying agent is in the

25 form of particles dispersed in the matrix), (2) the nature of the bond between the
polymeric moiety and the active chemical moiety (which is a covalent, ionic, mixed
covalent-ionic, or ligand-attached bond, preferably a covalent bond), (3) the
temperature range over which the crystalline moiety melts (which is preferably less
than 10°C between onset of melting and peak on a DSC curve), (4) the extent and

30 rapidity of the temperature change or other treatment which is carried out in order to
promote (or inhibit) the chemical reaction of the matrix and (5) the presence of
coadditives. Preferably, the combination of these factors results in an increase in the
effective concentration of the chemical moiety by a factor of at least 500, particularly
at least 1000, especially at least 2,000, with substantially greater increases, e.g. at least

35 3,000, being obtainable in many cases.
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crystalline polynmeric noiety which nelts over a relatively snmall

tenperature range and (ii) apr—active chem-cal noiety. Such materials
are referred to herein as "nodi fying agents"”. W have found that when
solid particles of such a nodifying agent are dispersed in a matri x,

the active cWOm®sR™HI noi ety is exposed to the matrix only toPETAUSI/IGES
extent, and 15 therefore, it has little or no effect on the matrix. On the

ot her hand, when the dispersion of the particles in the matrix is
heated to the nelting point of the crystallTne polyneric noi ety,
there is a rapid increase in the extent to which the matrix is contacted by
the active chem cal noi ety The heatl can be used in caonjunction
with ot her treat ment Shepwface of the sgl thegnedifying agentyillnomaailyor o

soldvelnt (b)le?mlem)t&n&bﬁab menﬂimtéﬁl Hewevet, il inventoh itdludes thesi bl e
and ultraviolet Ji S

or _decr easi ng twsssﬁ#wtﬁmﬁem tﬁ-&fs@#ﬁ%ﬁ%@?&%?%h@%?ﬁ%&ﬂ

i nvent i on conpr iwhich can be removed before or afigr thamodifying agent iy activated, 28. a (2)
di stributed isn tyd8miBMcicbatingBiati hgﬁhnelﬁxépiixﬁ'bblo@w fying agent which, when

t he conposition is heated, pronotes a chem cal reaction
of the matrix material, .. Characterized in that the
| at ent nodi fyi ng agehe temperatre-sensitive modifyingapent used ip thesmesent inventienf or m of
solid particl esm have an average di anet er
of 0.1 to 150 mcroni and 30, (b) conpri ses
(i) a polyneric noie MAPIEEPpri ses a crystalline polyneric
noi ety havi ng an onset of (wrel tap@ymmq)moit_txmhfcﬂoomplibeaawathllinepolymeﬁc
melting tenperature Tp such t habietythavinf@niohsdt Of Melting teniperdturé To3Ad a peak
melting temperature Tp such that Tp - To is less than Tp 0.7,
preferably less than Tp 0.6, and
(ii)  an active chemical moiety which is bonded to the polymeric
15 moiety, preferably through a bond having a strength of at least
10 Kcal/mole, and which, when in contact with a matrix
material under selected conditions, promotes or inhibits a
chemical reaction of the matrix material, and
(b)  undergoes a physical change, when exposed to a change in a variable
20 selected from temperature, concentration of a solvent, electromagnetic
radiation, ultrasonic radiation, and pH, said physical change changing
the extent to which the matrix material is contacted by the chemical
moiety.

25 In a first preferred aspect, this invention provides a composition which
comprises
(1)  amatrix material; and
(2) distributed in the matrix material, or adjacent to the matrix material, a
temperature-sensitive modifying agent as defined above which (a) is in
30 the form of a solid, and (b) undergoes a physical change when it is
subjected, while it is in contact with the matrix material, to a said
change in a variable, said physical change substantially increasing the
extent to which the matrix material is contacted by the active chemical
moiety.
3s
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3 (ii) an active chem cal noiety which is

bonded to the pol ynmeric™ mor ety throtgh—a
bond having a strength of at |east 10 Kcal /nol e,

and whi ch, V\/gg conposition is heated to a tenperature
above Tp, is ¢6‘{£f€ﬂl into contact with the matrix material JHfd/0S36/03023

pronotes a chem cal reaction of the matrix material. _ - The
invention also includes nethods of neking chem cal conpounds which

conpri se (A heating a |l atent composition of the invention
to a tenperature of at |east 10 Tp, thereby increasing the

extent to which the nﬁ“éeéow asbéct,‘iﬂ@ih@&kﬁgprovides a method of making a
chemical compound, especially a polymer, which comprises
(A) subjecting a composition according to the first preferred aspect of the
< invention to a said change in a variable; and
: 5 (B)  simultaneously with step (A), or after step (A), subjecting the matrix
material and the modifying agent in contact therewith to conditions
which cause a chemical reaction of the matrix material.

Many of the chemical compounds which can be prepared by the second
10  preferred aspect of the invention are themselves novel. Thus in general, the
compounds which result when the modifying agent reacts with the matrix.material are
novel. Other products which can be prepared in accordance with the present )
invention, although known as chemical compounds in some forms, are not known in
other useful forms, e.g. as foams, which are easily prepared by this invention. These
15 novel compounds, and these new forms of known compounds, form part of the
present invention. For example, in a third preferred aspect, this invention provides
polymers which comprise
(A) first polymeric blocks which comprise a polymeric moiety comprising
a crystalline polymeric moiety having an onset of melting temperature
20 To and a peak melting temperature Tp such that Tp - T, isless than
Tp0-7, and
(B) second polymeric blocks which are different from the first polymeric
blocks,

25  the polymer having at least one of the following characteristics
(1) the first polymeric blocks are derived from a novel modifying agent as
defined below as the fourth preferred aspect of the invention;
(2)  the polymer is in the form of a foam, an electrically insulating coating
on a conductor, a coating on a printed circuit board, a resist on a
30 substrate which is to be plated or etched, an epoxy graphite composite,
or a powder coating;
(3)  the polymer is crosslinked, preferably thermoset so that it does not
flow when heated; and
(4)  the second polymeric blocks are derived from at least one monomer
35 selected from epoxides, olefins, and monomers containing a vinyl
group substituted on an aromatic ring; and
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by the active chem cal nviety; and (B) simul taneously with
step (A), or after step (A), subjecting the natrix

material and the nodifying agent in contact therewith to conditions which
cause the chem cal reaction of the matrix material. 15 Many of
the modifyi WP%He8s used in this invention are novel conpdSTESo6PH2,
such are part of the present invention. Thus the invention_includes a

t enper at ure-sensitive nodi fyi ng agent gwhi ch conpri ses
(1) a polyneric noiety which has a DSC heat of fusion of at |east 20J/g
20 and which conprises a crystalline polyneric

noi ety having an on rature To
and a peak molting t@%pﬂ%%g%&e%mdmnﬂlo&@ﬁdeﬁ%&EHB%{h { Tp -

Tois less than Tp 0.7, deepndary, tertiary or quaternary amine,@hetegoryglic amige,pj et v
which is bonded to the pQisydthilyan ifidasole, althboyl up,mester,aﬁ'eeradlcal-

bond having a strength of at Least 1 Kca 25
contact with a matrix natSEPTRYNS SOW %@W%@?@“W“mpﬁaﬁ%% yl

a chenical rgaction of tmoupattolmk)madmvasacl@(ﬁg to link epoxy groupg)p)

under goes a physi cal change when heated to a tenperature of at Ieast Tp,

cszgh?ag'?gzl g;l . ﬁgagﬁe chanﬂl nﬁé{;& ext ent, t o V\/m ch t he Jmat lr_%gﬁggat h gfs
the follow ng coner koeven cappositions. Inpartncular their nnprove(l stprage stabilitsomeans thateni cal
nDi ety CcoNnpri Seged ciiffedtordd indhrgél ot hersnd used partially and from time to tirhd; Xhat t he
T o g ek ed St WS ghdof bl Lty may

need to be transported and stored under cooled conditions; and that they can be

pumped from a storage area to 2 manufacturing area. The compositions can also

contain other ingredients, for example additives which reduce the viscosity of the

composition, surface active agents, including wetting agents, compatibilizers, and

15 melt flow promoting agents.

Many of the temperature-sensitive modifying agents used in this invention are
novel compounds and as such are part of the present invention. Furthermore, many of
the temperature-sensitive modifying agents, even though known as chemical

20 compounds for other purposes, are novel in forms, e.g. particles or thin films, which
are particularly suitable for use in this invention, and in such forms are part of the
present invention. Accordingly, a fourth preferred aspect of this invention provides a
temperature-sensitive modifying agent as defined above which has one or both of the
following characteristics

25 (i) the active chemical moiety is a catalytic moiety, e.g. a moiety

containing a tertiary amine, a transition metal or an enzyme, and

(i) the modifying agent is in the form of particles preferably having an

average diameter of 0.1 to 150, particularly 0.1 to S0, microns.

30 In a fifth preferred aspect, this invention provides a method of making a
temperature-sensitive modifying agent which comprises
i) a polymeric moiety which comprises a crystalline polymeric moiety

having an onset of melting temperature Tq and a peak melting
temperature Tp such that Tp - To is less than Tp 0-7; and

3s (ii) a catalytic moiety which is bonded to the polymeric moiety through a

- — T T bond having a strength of at least 10 Kcal/mole;
Sheet Has Been R iaced
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4 The active chem cal noiety is one which prormt es a

chem cal reaction of the MErTT X under serected condrtions—The
sel ected conditions can result directly fromthe heati ng which

I ncreases th@o |fbl lity of the active chemi cal noiety, or tlgle can
S%ﬂ?%’é, sure,

I nvol ve sone further change (e.g. a change in tenpera

pH or radiation, or the 5 addition of a solvent or a reactant) that does

not substantially reduce the extent to mhicﬂ the matrix is contacted

by the active chem cal noiety. The active chem cal nviety can be (1) a

catalytic noiety (i.e. a noiety which reacts chemcally (a) with an

i ngredi ent of thgig fhﬁmﬁ (b) with a material which is adjacent to
tri d, | t hereafter regenerated or

or absorbed into the
converted into anot hﬁﬂcoﬁmmﬂ%d in either case does not 10 forma
per manent chemi cal bond w(aOh amfust@b&dn&ittcoﬂfpoﬁéitwh&hrcbmbnsdibnéaﬁm&e

reactive noiety - emm;&gs&ﬁi%ﬁ 4‘%“’%&? 3%3{@% i s not

per manent chem cal bond W|th I.ngred
r egener at ed) 3 polymenc moxety havmganonset of melting temperatm-eT

and a peak melting temperature Tp such that Tp - T, is less than
Tp0'7, and
{(b)  asecond monomeric component which can be copolymerized
with the first component and which comprises one or more
10 monomers containing an active chemical moiety which (i) does
not react during the copolymerization and (ii) can catalyze a
reaction of a matrix, or can be reacted with a third component
to form a group which can catalyze a reaction of a matrix; or
(1) (A) providing a polymer which comprises
15 @) a crystalline polymeric moiety having an onset of
melting temperature Tq and a peak melting temperature
Tp such that Tp - To is less than Tp0.7, and
(ii)  at lcast one reactive group P; and
(B)  reacting the polymer provided in step (A} with a component
20 which contains at least one reactive group T which will react
with the group P and at least one active chemical moiety which
(i) does not react during the reaction and (ii) can catalyze a
reaction of a matrix, or can be reacted with a third component
to form a group which can catalyze a reaction of a matrix; or

25 1
(A)  providing a polymer which contains at least one reactive group
Q and a plurality of catalytic moieties which can catalyze a
reaction of a matrix, and
(B)  reacting the polymer provided in step A with a component
30 which (i) contains at least one reactive group V which will react
with the group Q and (ii) after the reaction, provides a
crystalline polymeric moiety having an onset of melting
temperature T, and a peak melting temperature T, such that T,-
T, is less than Tp®’;
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This invention makes it possible to obtain a much nore rapid increase in
t-he 15 <concentration of—the "latent" active i-ngredi ent than can be

achi eved by the known nmet hods. As a result, the conpositions of this
invention are nore stable in storage than known | at ent_conpaosi tions,
but when heW@®28#ler go nore rapid chemical reaction than %ﬂ?’l at ent
conposi tions. 20 The i nproved storage stability of the
conpositions of the invention neans that 8 they can be stored in |arger
containers and used partially and fromtine to time; that they may not
need to be seal ed against the ingress of noisture, etc.; that they nmay not
need to be tran rted and stored under cool ed conditions; and that

t hey can be punped f storage area to a manufacturing area. The
conposi tions can al so conl(A) n wmlmmmmﬁﬂm@kwémﬁmi tives
which reduce the viscosity of b mrmgaihhyaeﬂﬁmﬁﬁdlﬁmaﬁlve agents,
including wetting agents, npat i zers and ts.
In particularly preferred(@ﬂ) %‘?‘Y‘?’Ffep'? g%n%gﬂ% crys | ng
polyneric 5 noiety is a si dwhmhél)wonmﬁhlewwt(vswupp‘&%wﬂbi ety.
SCC pol yners generally 30 conm&%mﬂ@gﬁhﬁmqﬁ%mer}acgu@ widdsqad or

unsubsti tuted n-al kyl groups of 6 car bon
atons, derived, for exanple, %ﬁﬂﬁmspg‘?mﬁ‘a?@ﬁ%f%ﬁ%ﬂ"ﬁ ?8‘5

met hacryl ates. The nel ting poi WMTWMMUMM%MME-
control | ed by t he nunber ?fﬁqégmﬂprmWhggﬁoﬂda&{%mﬁrﬂg&or

groups and is not (as in nost of Prélynmers) he enden n the
mol ecul ar welyght of the pol ynewwl?aﬁ ém X Xh“’ﬁ with the

group R and at least one active chemical moiety which (i) does
not react during the reaction and (ii) can catalyze a reaction of a
matrix or can be reacted with a third component to form a

group which can catalyze a reaction of a matrix.

15
In a sixth preferred aspect, this invention provides a method of making a
temperature-sensitive modifying agent as defined above, which method comprises
(A) melting the modifying agent, and
(B) forming the molten modifying agent into particles having an average
20 diameter of 0.1 to 150 microns.

In this method, for example, the molten modifying agent can be spray dried, or
the molten modifying agent can be mixed with a suitable heated matrix and then
cooled so that the modifying agent solidifies in the form of particles dispersed in the

25  matrix.

DETAILED DESCRIPTION OF THE INVENTION

In this specification, parts and percentages are by weight, temperatures are in
30 °C,and T,, T, and heat of fusion are determined using a DSC calorimeter (at a rate of
temperature change of 10°C/min). The abbreviation CxA is used to denote an n-alkyl
acrylate in which the n-alkyl group contains x carbon atoms, the abbreviation Cx alkyl
is used herein to denote an n-alky! group which contains x carbon atoms, and the
abbreviation Cx IEMA is used to denote n-alkyl oxyycarbonylamidoethyl
35 methacrylates in which the n-alkyl group contains x carbon atoms.
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ot her conononer units (e.g. derived fromacrylic acid,

5
acrylonitriTe or an unsubstitutedor supstitut ed | ower—ateH
acrylate). Furthernore, SCC polyners generally nelt over a snall

tenperature .g. less than 10[err]C. As a result, it is possible to
Scw)%ﬁér noi ety which will cause the rmdﬁ‘?'(‘ﬁiﬁ"mt to

sel ect an
melt over

a narrow and predeterm ned 5 range, thus nmaking a sharp change

in the extent to which the active chem cal ety contacts the matrix.
As explained in detail below, a nunber of different factors influence the
extent -and the speed of the change in the extent to which the active

chem cal

noi ety aed s e 10 matrix. These factors include (1) the form

of the nodifying agen I'n particular the size of the particles

t hereof),
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(2) the nature of the bond between the polynmeric noiety and the
The terms "matrix" and "matrix material” are used in this specification to
denote any material or mixture of materials with which the modifying agent is
5  contacted. The matrix often comprises at least one solid or liquid material which
provides a continuous phase in which the modifying agent is distributed. Sucha
matrix can include, in addition to the modifying agent, one or more other materials
which are distributed in the continuous phase of the matrix, for example dissolved or
dispersed in the form of particles in the continuous phase. Alternatively, for example,
10 the matrix can be in the form of particles, e.g. a fine powder, which is blended with
particles of the modifying agent, or in the form of a liquid or gas or solid which is
contacted with the modifying agent, for example with one or both surfaces of a film of
the modifying agent (the term "film" is used herein to include a layer of the modifying
agent which is supported on a substrate). A matrix in the form of particles may melt
15 atatemperature above or below the melting point of the modifying agent.

The invention is particularly useful for matrix materials which are polymerized
and/or crosslinked when they are exposed to the active chemical moiety in the.
modifying agent. These matrix materials include for example cyanoacrylates, epoxy

20 resins, epoxy novolacs, unsaturated polyestets, cyanates, urethanes, acrylics and
phenolics. Compositions comprising such polymerizable materials are well known
and are disclosed for example in:

(@)  Handbook of Epoxy Resins by Henry Lee and Kris Neville; 1967;

McGraw-Hill Inc.
25 (b)  Epoxy Resins, Chemistry and Technology 2nd Edition, edited by
Clayton A. May; 1988; Marcel Dekker, Inc.
()  Polyurethanes, Chemistry, Technology and Applications by Z.
Wirpsza; 1993; Ellis Norwood Ltd.
(d)  The ICI Polyurethanes Book by George Woods; 1987; John Wiley &
30 Sons, Inc.
(e) Structural Adhesives, Chemistry and Technology, edited by S. R.
Hartshort; 1986; Plenum Press
® Test Methods for Epoxy Compounds; published by the Society of the
Plastics Industry, Inc., Epoxy Resin Formlations Division
35 (8)  Thermal Characterization of Polymeric Materials, edited by Edith A.
Turi; 1981; Academic Press, Inc., and




active chemcal noiety (which is a covalent, ionic, m xed coval ent-ionic,
or |igand- attached bond, -preferably a covatrent bond), (3) the
tenperature range over which the crystalline noiety nelts (which is
preferably | ess than 10[err] C between onset of nelting and 15 eak on a
DSC curve) ,WO#2T64t extent and rapidity of the heating whi BRTU PBi ed out
I n order to pronote the chem cal reaction of the matrix and (5) the
presence of coadditives. " Preferably, 1bhe conbi nati on of these factors
results in an increase in the effective concentration of the chem cal
noi ety by a factor of at Ieast 500, particul arly at |east 1000,

especially at |east 2, 00 subst er in se

| east 3,000, being & ET-‘ %ZM ¥bn tafi-ﬁns ii'fl?}éﬂ’gl&?face

gf thteI sol i dt pahﬁdmdlmmsbfﬁhichmfmdnpomdh&ynmhym@mce vAlspecnﬁqm:ainp;pqsle ;

i rec conta 1 ncl udes
y Gbélfa Rietidis @E&%ﬁ% i taifible Si0RY SHERCorb. Vb W Bhdc e

the possibilit ent W, &Be at Ieast artly
encapsul ated b pen §28.cWheze thase knpva,gprapost £ ¢ he

nmodi fyi ng agentand/or &kélertiredncladiog la&nphdrdmrslandlonlltenh@cdmatm@ and/or

[rglrr;;pgt 3?;”;(325\}3?\%%% faﬁi/ 50 agew‘%t? th .use | nﬁQp&nes
i nventi on conprend prededs, the modifying agentssen be, ireaddisioncty, o do mrplage ¢
(B) form ng tdgesutm eﬂﬁdﬁﬁﬁsﬁenﬁﬂﬁ?ﬁlghgémmbb usddas eiiiamcmepmpemes age
diameter of 0. 1of081er com mngx{ta?{]sthe matrix. For example, in an epoxy matrix containing
10 dicyandiamide (DICY) or an anhydride, the modifying agent may cause the
composition to cure at a lower temperature and/or at a faster speed. Other matrix
materials are compositions which comprise enzymes and other biologically active
materials, e.g. liquid or solid samples obtained from mammals or compositions
containing or derived from such samples, which may be contacted with the modifying
15 agent, e.g. a modifying agent in the form of a film, for example, as part of a medical

diagnostic test.

The matrix may be the sole material which takes part in the chemical reaction
which is promoted or inhibited by the chemical moiety, or the chemical reaction can
20 involve an additional material, including the coadditives discussed below, which is added
before or after the modifying agent is treated to change the extent to which the active
chemical moiety is exposed to the matrix.

Polymeric Moieti

25 .

The polymeric moiety in the modifying agent can be derived from a single
polymer or from a mixture of polymers, and the polymer can be a homqpolymer, ora
copolymer of two or more comonomers, including random copolymers, graft
copolymers, block copolymers and thermoplastic elastomers. Preferably at least part

30 of the polymeric moiety is derived from a side chain crystallizable (SCC) polymer.
The SCC polymer may for example be derived from one or more acrylic, methacrylic,
olefinic, epoxy, vinyl, ester-containing, amide-containing or ether-containing
monomers. The molecular weight of an SCC polymer is relatively unimportant to its
Tp, but is generally an important factor in determining the Tp of other polymers. The

35  preferred SCC polymeric moieties are described in detail below. However, the
invention includes other crystalline polymers having the desired properties. Such
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6 In this nethod, for exanple, the nolten nodifying agent can be

spray dried, or the nolten nodi T yr ng agent can be mxed Wih a
suitable heated matri x and then cool ed so that the modi fyi ng agent
solidifies i orm of particles dispersed in the matri

DETAI LED DE&%F&\I OF THE | NVENTI ON In t)l‘(lll,grlés%mm”
specification, parts and percentages are by weight, tenperatures are in
[err] C, and To, Tp and heat of fusigpn are determ ned using a DSC
calorineter (at a rate of tenmperature change of 10[err]C mn). The
abbreviation CxA is used to denote an n-al kyl 10 acrylate in which the

TSP U, AL ki Mot i
the b FEUVSYS D Eesdommeputy EopLing POyt faskbons, o pfymers of o-Slefins
oxyycar bonyl ani dongaining 2te 12 qrefetably@stoi8ncarbon atoms, wig. pélymbss off menémersgr oup
contains x car Dgaviag #id¥ormula CH, = CHR, where R is hydrogen, methyl, propyl, butyl, pentyl,
5 4-methylpentyl, hexyl or heptyl, as well as other polymers such as polyesters,
polyamides, and polyalkylene oxides, for example polytetrahydrofuran.

Even with SCC polymers, the molecular weight of the polymeric moiety is an

important factor in determining the rate at which the modifying agent diffuses through

10  the matrix, especially after it has been heated or otherwise treated to increase the
availability of the reactive moiety. Thus in general a low molecular weight is to be
preferred; however, too low a molecular weight may result in excessive exposure of
the reactive moieties at temperatures below Tp. We have obtained good results with
modifying agents having an Mn of 1,000 to 100,000, preferably 1,000 to 50,000, more

15 preferably 1,000 to 20,000, particularly 1,000 to 10,000. Another factor in
determining the rate at which the modifying agent mixes with the matrix is the
difference between the solubility parameters of the matrix (51) and the modifying
apent (82). Preferably the difference between 81 and 872 is not more than the
difference between the solubility parameters of Epon 828 and the homopolymer of

20 C22 acrylate. Another factor in determining the rate at which the modifying agent
mixes with the matrix at temperatures below Tp is its crystallinity; the greater the
crystallinity, the lower the rate. Thus an increase in crystallinity generally increases
the stability of the composition at temperatures below Tp, but generally does not
change the reactivity or catalytic activity of the modifying agent at temperatures

25 above Tp. A crystallinity such that the DSC heat of fusion is at least 10 J/g,
particularly at least 20 J/g, is preferred. The steric nature of the polymeric moiety can
also be significant in determining the availability of the active moiety, especially
when it is a stereospecific catalyst.

30 It is important that the polymeric moiety should melt over a relatively small
temperature range, so that the extent to which the matrix is contacted by the active
chemical moiety changes sharply when the composition is heated or cooled through
the temperature range To to Tp. The closer Tp is to room temperature (which for
most compositions is the expected or preferred storage temperature), the more rapid

35 the transition should preferably be. Thus Tp - To is preferably less than Tp0-7,
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7 Matrix Materials The terns "matrix" and "matrix
material"” are used in thirs-specifitation to denote any-material or
m xture of materials with which the nodifying agent is s contacted. The
matrix often conprises at |east one solid or liquid material_which

provi des a WOM2Mbus phase in which the nodifying agent i FCHUSIBMRG: eq.

Such a matrix can include, in addition to the nodifying agent, one or
nore other nmaterials which are distrjgbuted in the continuous phase of
the matrix, for exanple dissolved or di spersed in the form of

particles in the cont| nuous phase AI ternatively, for exarrpl e, 10 the

matri x can be | sgrlﬁ& ind, 1 sh:ﬁ@

bl ended with patlce f ‘;’1”%‘9% a,?ml In orr%of a
li-quid or gas d:refsm §P1'°°n'° '?led ‘I’W”E‘W@%’Gﬂg/ Mg agent,
for exanple with one or both surfaces of a film of t he nodi fyi ng
agent (the term"filnf is used herein tg.l de a |l ayer of the nodifying
agent which is supported on a substrate%trix in the formof particles

my nmelt - s

Tp Tp-To= 'rpO.’I Tp-To = Tp°-5
30 <10.8 <7.6

40 <13.2 <9.1

50 <15.5 <10.6

60 <17.5 <17.6

70 <19.5 <128

90 <23.3 <149

120 <285 <17.7

150 <33.3 <20.2

Tp can vary widely, depending on the conditions under which the composition is to be
stored and the temperature to which it can conveniently be heated in order to promote
exposure of the matrix to the active chemical moiety. Thus in general, Tp may be for

10 example 10 to 150°C. For compositions which are to be stored at room temperature
(typically 20-30°C}, Tp is preferably at least 40°C, particularly at least 45°C, but not
more than 100°C, particularly not more than 85°C, so that the modifying agent can be
activated by moderate heating above room temperature. Tp-To is preferably less than
10°C, particularly less than 8°C, more particularly Jess than 6°C, especially less than 4°C.

15

Preferred SCC pol -

SCC polymer moieties which can be used in this invention include moieties

derived from known SCC polymers, e.g. polymers derived from one or more monomers

20  such as substituted and unsubstituted acrylates, methacrylates, fluoroacrylates, vinyl
esters, acrylamides, methacrylamides, maleimides, a-olefins, p-alkyl styrenes,
alkylvinyl ethers, alkylethylene oxides, alkyl phosphazenes and amino acids;
polyisocyanates; polyurethanes; polysilanes; polysiloxanes; and polyethers; all of such
polymers containing long chain crystallizable groups. Suitable SCC polymers are

25  described for example in J. Poly. Sci. 60, 19 (1962), J. Poly. Sci, (Polymer Chemistry)
7, 3053 (1969), 9, 1835, 3349, 3351, 3367, 10, 1657, 3347, 18, 2197, 19, 1871, J. Poly.
Sci, Poly-Physics Ed 18 2197 (1980), J. Poly. Sci, Macromol. Rev, 8, 117 (1974),
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15 at a tenperature above or below the nelting point of the rmdlfyl ng

agent The inventi om TS partrcutarty useful -for—matrix
materials which are pol ynerized and/ or crosslinked when they are
exposed to t e chem cal noiety in the nodi fyi ng _agent . These
matrix nateria h‘él ude for exanpl e cyanoacryl ates, epoxy %5"9‘?%9?4??

epoxy novol acs, unsaturat ed pol yesters, cyanates, urethanes, acrylics and
phenolics. Conpositions conprising such polyyreri zable materials are wel |
known and are disclosed for exanple in: (a) Handbook
of Epoxy Resins by Henry Lee and Kris Neville; 1967,

i 2nd
Edi o, edi ted %%m*““*esff“ﬂﬁ”ﬁ EH g1 ?e@?‘i%éﬁ%@%kei‘
I nc. 63§0 Polymer 1,15 OALOS5); epd 1¥t$¢9US$3@1n%41dd9
Appl i cations by Z. Wrpsza 1993; Ellis Norvvood Ltd.

Sans, o, oV R el G w@g@&b*f%éﬂm]@ﬁw% o %

Technol , edite Har t sho 198 Pl en
Pross % m@?fd&wgﬁmm%ﬂycmmms ofshe gens it he

Soci ety of the Pl astics Industry, Inc. Epoxy Res
Form ati ons Di viwhese1)Y35an organic radigi! fonﬁihgpﬁ&bfﬁbpﬁl&ﬂbﬁb&ckbdﬂe@ﬁdﬁyc@ﬁbﬁmrl c

'\P/?; g; ' a: f\c ed ;\ ?jcr%(alﬁﬂbfer}n&ety The crystallizable moiety may b donndctéitto tl’fécy%qﬁnr%rc
’ backbone directly or through a divalent organic or inorganic radical, e.g. an ester, _
carbonyl, amide, hydrocarbon (for example phenylene), amino, or ether link, or through
10 an ionic salt linkage (for example a carboxyalkyl ammonium, sulfonium or
phosphonium ion pair). The radical Cy may be aliphatic or aromatic, for example alkyl
of at least 10 carbons, fluoralkyl of at least 6 carbons or p-alkyl styrene wherein the
alkyl contains 6 to 24 carbons. The SCC moiety may contain two or more different
repeating units of this general formula. The SCC may also contain other repeating
15 units, but the amount of such other units is preferably such that the total weight of the
crystallizable groups is at least equal to, e.g. twice, the weight of the remainder of the
block.

Preferred SCC moieties comprise side chains containing in total at least 5
20 times as many carbon atoms as the backbone of the moiety, particularly side chains
comprising linear polymethylene moieties containing 12 to 50, especially 14 to 22,
carbon atoms. or linear perfluorinated or substantially perfluorinated polymethylene
moieties containing 6 to 50 carbon atoms. Polymers containing such side chains can
be prepared by polymerizing one or more corresponding linear aliphatic acrylates or
25 methacrylates. or equivalent monomers such as acrylamides or methacrylamides. A
number of such monomers are available commercially, either as individual monomers
or as mixtures of identified monomers, for example C12A, C14A, C16A, C18A,
C22A, a mixture of C18A, C20A and C22A, a mixture of C26A to C40A, fluorinated
C8A (AE800 from American Hoechst) and a mixture of fluorinated C8A, C10A and
30 Cl12A (AEI12 from American Hoechst). The polymers can optionally also contain
units derived from one or more other comonomers preferably selected from other
alkyl, hydroxyalkyl and alkoxyalkyl acrylates, methacrylates (e.g. glycidal
methacrylate), acrylamides and methacrylamides; acrylic and methacrylic acids;
acrylamide; methacrylamide; maleic anhydride; and comonomers containing amine
'35 groups. Such other co-monomers are generally present in total amount less than 50%,
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8 (h) Reaction Polyners, edited by Wlson F. Gumet al,
Hanser Publ i shi ng, the di sctosures of whrch~are incorporated here| n
by reference. A specific exanple of such a material is the epoxy
resin avail able from Shell Corp. under the trade nane Epon 828.
Wier e t hese WO 64onpositi ons contain hardeners (or curi ng’q{f)%’ffﬁ”” 5
and/ or accelerators (including |atent hardeners and/or |atent accel erators)

and/or t ougheni ng agents and/ or ot hey, i ngredi ents whi ch provide
desired properties in the end products, the nDdifying agents can be
used in addition to, or to replace all or part such ingredients.

Thus th di f f
other  component R s doah 35, EiRisal i%@ﬁ%ﬁﬁfm@%ﬁ%@% Wi maybe ©
containing 10 auidcnyumlochfn memmwmmmmhmyempwmf%emw Thgent
may cause the iher cOntaining saehﬁolyxamyleﬁ@ﬂwmﬁmﬁﬂd{ced at a

Lﬁi;ﬁéssgﬁgdo? h Pwﬁaoém mterﬁa' cfysialfplie BF Spaphs” For e ‘hfﬁwﬁﬁ' >
solid sanpl es olntmpo%etsoﬁﬁlﬁ&rﬁdﬁ& 6&%&%966@26;@301\ C40AR8ACS0A ng or
derived from sug ﬁm} xﬁeampgsdmmtmgaaﬂdiwcg 15

g?egt megl géﬂ & Mohile the ﬂgmo&?ﬁals of h%o:respomﬁng n-alfkyi Lthacryf Orlat%X%rrf)P nive Pt
melting points of 10, 26, 39, 50, 62, 68, 91 and 95°C. Copolymers of such monomers
generally have intermediate melting points. Copolymers with other monomers, e.g.
10 acrylic acid or butyl acrylate, typically have somewhat lower melting points.

Other polymers which can provide SCC moieties for use in this invention
include atactic and isotactic polymers of n-alkyl a-olefins (e.g. the atactic and
isotactic polymers of C1¢ olefin, having T's of 30° and 60°C respectively);

15 polymers of n-alkylglycidyl ethers (e.g. the polymer of C1§ alkyl glycidylether);
polymers of n-alkyl vinyl ethers (e.g. the polymer of C18 alkylvinylether having a Tm
of 55°C); polymers of n-alkyl-o-epoxides (e.g. the polymer of the C} g alkyl a-
epoxide having a Tm of 60°C); polymers of n-alkyl oxycarbonylamido-
ethylmethacrylates (e.g. the polymers of C18 IEMA, C22 IEMA and C30 IEMA

20  having Tm's of 56°, 75° and 79° respectively); polymers of n-fluoro alky! acrylates
(e.g. the polymers of Cg hexadecafluoroalkylacrylate, and of a mixture of Cg8.12 alkyl
fluoroacrylates having Tm's of 74° and 88°C respectively), polymers of n-
alkyloxazolines (e.g. the polymer of C1¢ alkyl oxazoline having a Ty of 155°C);
polymers obtained by reacting an hydroxyalkyl acrylate or methacrylate with an alkyl

25  isocyanate (e.g. the polymers obtained by reacting hydroxyethyl acrylate with C1g or
C22 alkyl isocyanate and having Tyn's of 78° and 85° respectively); and polymers
obtained by reacting a difunctional isocyanate, a hydroxyalkyl acrylate or
methacrylate, and a primary fatty alcohol (e.g. the polymers obtained by reacting
hexamethylene diisocyanate, 2-hydroxyethy! acrylate, and C18 or C22 alcohols, and

30  having Tm's of 103° and 106°C respectively).

Preferred SCC polymer moieties used in this invention comprise 30 to 100%,
preferably 40 to 100%, of units derived from at least one monomer selected from the
group consisting of alkyl acrylates, alkyl methacrylates, N-alky! acrylamides, N-alkyl

35 methacrylamides, alkyl oxazolines, alkyl vinyl ethers, alkyl viny! esters, a-olefins,
alkyl 1,2-epoxides and alkyl glycidy) ethers in which the alkyl groups are n-alky!

i



di agnostic test. The matrix may be the sole material which

takes part in the chem cal reaction W Th—Ts pr onoted — by tte
chem cal noiety, or the chem cal reaction can 20 involve an additional

mat eri al , the coadditives discussed bel ow, which | dded
before or am?'% 1 odi fying agent is treated to change th@‘%@@ﬁm’(’fmto

whi ch the active chem cal noiety is exposed to the matri x.

Pol yneric Moieties 25 The pol ygeric noiety in the nodifying
agent can be derived froma single polymer or froma m xture of
polymers, and the polyner can be a honDponner, or a copol ymer of two

or nore conono igmg%gg | ynmers,
bl ock copol yners and %Ae'rng I C asto thﬁ Pil%/ at@gg art 30
of. the pol yneri Mlemsyn 'imp hsra“&ﬁaa%n-@ﬁamﬁlmmmqop sC0)
pol ymer . TBGcMWMMMoﬁM&WWIMMWM%@V e

acrylic, methacgyy " g: m‘! : ﬁ% r ﬁll n
am de- cont ai ni ng oérﬁu&?'?m q?iajkﬁ &&'ﬁ@,&i)&ﬁ%)ﬂ L ﬁa“n@? d}'gm ght of
an SCC pol ymér By} énykethess, gnd alkylyiny esters inywhich the aikyl mupmnraékygmm ly
an inportant facbmtaining 4612 carbon Mmb;wad ORo 05%Wf fits dpividR6M.at Tedst o8& polar
preferred SCC p Egmd
t he i nventi (?X‘H?‘%ll ﬁ%u es h?gF %&}%ﬁf#ﬁﬁ?ﬁyﬁ% da“ﬁﬁ\gf?’ﬁﬁ goégg%’f'? ed
properties. SucHcid, acrylamide, methacrylamide, acrylonitrile, methacrylonitrile, vinyl acetate and N

vinyl pyrrolidone. Such SCC moieties may also contain units derived from other

106 monomers to change compatibility with the matrix, or to raise the modulus of a
reaction product containing the modifying agent; such monomers include styrene,
vinyl acetate, monoacrylic functional polystyrene and the like.

The number average molecular weight of the SCC polymer moiety is preferably

15 less than 200,000, more preferably less than 100,000, particularly less than 50,000,
more particularly 1,000 to 20,000. The molecular weight of the SCC polymer moiety
can be adjusted (for example through choice of the reaction conditions and addition of
chain transfer agents) so as to optimize the reactivity of attached moieties without
substantial change in Tp.

20

When the polymeric moiety becomes incorporated in the final product,

especially when it becomes chemically linked to the matrix, e.g. incorporated in a
crosslinked polymeric structure, its presence often has an effect on the properties of
the final product. Preferably, therefore, it is selected so as to provide improved

25  properties, for example an improvement in tensile strength, elongation, toughness,
flexibility, adhesion {e.g. to steel, glass, wood or polyethylene or other organic
polymer), or resistance to degradation by moisture or other chemicals, pests, mildew,
fungus, light or other electromagnetic radiation, heat or burning. For example, we
have found that when a crosslinked epoxy resin is prepared using a modifying agent in

30 which the crystalline moiety is an SCC polymer, the toughness and/or adhesive
strength of the resin can be enhanced. In one embodiment, the modifying agent
comprises, in addition to a crystalline moiety, a second polymeric moiety which
becomes covalently linked, through the reactive moiety, to a polymer, e.g. crosslinked
polymer, and which imparts desired properties to the final product. The second

35 polymeric moiety may be for example an amorphous moiety or a crystalline moiety

having a melting point higher or lower than Tp. In onc embodiment, the polymeric
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9 ot her polyners include for exanple polynmers in which the
crystallinity results excl usively or predemnantly fromthe pol yner
backbone, e.g. polyners of [err]-olefins containing 2 to 12,
preferably to carbon atons, e.g. polynmers of nononers havi ng t he
formul a CH Q%24 0 yhere R is hydrogen, methyl, propyl PORESIO00Z |
5 4-nethy|penty| hexyl or heptyl, as well as other polyners such as

pol yesters, pol yam des, and polyalkwkene oxi des, for exanple

pol yt et r ahydr of ur an. Even with SCC polyners t he nol ecul ar
wei ght of the polyneric noiety is an I nportant factor in determning

cspecial 1y aft a0 Paiiee #%ﬂaﬁgﬁ“f)%?@"ﬁ‘ﬁ %W*ﬁ*?&%%@r%i@éi the

avai | abi | ity ofchemical maiety; iy attaghed:to blpckebaviesiteughening wei ght
is to be dtfeetf@meﬁnaxbwworm Qmmqn&mesmaﬁabmksmult in

Ve have. obt a naorpRes g s, Tpf SC HakdbIBKy ﬁg@:‘a@ R dert "‘?sé.fw 6w of
1,000 to 104, odelymeTE zquo%ﬂ%ﬂ’bwm qan forexampl 9a1Tgooo to
20,000, parti Cldf%dﬁb 130&9%&61 9 -6U0- 1zef@t&ﬁﬁbfe%ﬁh%ck£\can for eelsem ni ng
the rate at wh 'cﬁeﬂvecr| Eonq%gé : oy o?g&ylt acryla g,setl\ﬁﬂrlth exy. Qc?yl&%} arnld)im{aﬁxme

Suitable SCC TPE's to which active chemical moieties can be attached are disclosed

for example in commonly assigned US Patent Application Setial Nos. 07/773,047,

10 07/957,270 and 08/048,280 (Docket Nos. 9213, 9213-1 and 9213-2) and in published
PCT Application Nos. PCT/US92/08508 and PCT/US94/04138 (Docket Nos. 9213-1-
PCT and 9213-2-PCT), the disclosures of which are incorporated herein by reference.

A ctive Chemical Moiet

15
The selected active chemical moiety can be a catalytic moiety, a reactive

moiety, or an inhibiting moiety . The way in which a moiety behaves (i.e. asa
catalytic, reactive, or inhibiting moiety) may depend upon the matrix material: for
example, an amine group may be catalytic in some circumstances and reactive in other

20 circumstances. The modifying agent preferably contains at least 5%, particularly at
least 10%, of the active chemical moiety. The modifying agent can contain two or
more different active chemical moieties, in which case each can be a catalytic moiety,
or each can be a reactive moiety, or one or more can be a catalytic moiety and the
other or others a reactive moiety. The active chemical moiety can contain, for

25 example, nitrogen, e.g. as a primary, secondary, tertiary or quaternary amine, or as an
imidazole or other cyclic structure containing nitrogen; phosphorus, e.g. as a -PR3
group, where R is an organic radical; oxygen, .g. as a carboxyl, ester or amide group;
or a metal or metal-containing group, e.g. a transition metal such as rhodium or a main
group metal such as aluminum or tin, or a metal alkoxide, attached to the polymeric

30  moiety through one or more ligand groups.

Chemical moicties which are particularly useful in this invention include
amines (including primary, secondary, tertiary and quaternary amines, and
heterocyclic amines such as imidazoles); carboxyl groups; sulfonate groups;

35 phosphines; main group metals, including tin; transition metals, including titanium
and rhodium, e.g. as [(C2H4)2 RhCl]2, and acetylacetonate esters of transition
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difference between the solubility paraneters of the matrix ([err]l) and the

nodi fyi ng agent (B2). Preferabnly the arrterence bet weermferritand
[err]2 is not nore than the di fference between the solubility

par anet ers 28 and t he honmopol yner of 20 C22 acryl An

factor in dgé'erm ning the rate at which the nodifying agena{’ams”%ges
with the matrix at tenperatures below Tp is its crystallinity; the greater

t he crystallinity, the lower the ratgy Thus an increase in
crystallinity generally increases the stability of the conposition at
t enper at ures bel ow Tp, but general I y does not change the reactivity
or catal ytic achjewls; ¥nine aRERALs; BV-AEVRES Abldiies eg04- above Tp.

A crystallinity suht t DSC at of u5|o sat east J/ g,
particularly at Vi®¥ Se %’\“é""b g‘?‘%‘?"v naedmw 2he
pol ymeri ¢ noi et gonvarted into suehgouiwavlmnglnﬁmdﬁymgagenﬁsw&n ni ng the
availability of the active noiety, especially when it is a

stereospecific IS I rrportant that the polyneric
moi ety shoul 8 dig-Chemical Meletiesr at ure range, so that

the extent to V\/mch the ITB.tI’IX S contacted by the active chem cal

the tanperatre. ?ZLS?‘%M"%“ #95' ATARE bty b gl f bR BB O
f or nost cmp(esmwanr@y tmnéeqoteat@apmmprww mmg@ety
t errper ature), tReacHonewhiopenh b%iatatyh&l by fieh niodifing Bgentsinflagd Folpkbrizaliens, Thus
Tp - To is pyef & &aﬁlﬁéﬁﬁo& Q?Qn & u?orz olefinically unsaturated monomers (particularly
one or more olefins, optionally with one or more substituted olefins), and ring-
opening polymerizations, hydrogenations, hydroformylation reactions, enzyme-
catalyzed reactions (e.g. in the production of foods, including cheese, and
pharmaceuticals, in medical diagnostic procedures, and in the treatment of waste
15 products), oxidations, reductions, etc. The catalytic modifying agent can remain in
the catalyzed reaction mass, or, in a preferred embodiment, the catalyzed reaction
mass is one which is fluid while the reaction is taking place and remains fluid when it
is cooled and/or treated in some other way, e.g. by addition of another ingredient, so
that the catalytic modifying agent precipitates out as a solid and can be removed, e.g.
20 by filtration or centrifuging. The recovered catalytic modifying agent can then be
used again. The modifying agent can optionally be retained in the reaction vesset by
filtration within the vessel, to which fresh matrix material is then added before heating
(or otherwise treating) the modifying agent to reexpose the catalytic moieties.

28 One example of a catalytic modifying agent is one obtained by attaching
thodium (a transition metal) to a polymer prepared by the technique disclosed in
JACS 100 264 (1978), Stille et al, the disclosure of which is incorporated by
reference, using a monomer like C18A or C22A (or other SCC polymer precursor) in
place of the styrene or hydroxyethyl acrylate used by Stille. The resulting modifying

30 agent could be used, at a temperature above T,,, to catalyze a reaction, for example the
hydrogenation of an alkene, e.g. hydrogenation of a-N-acylaminoacrylic acid to the
corresponding amino acid.

Another example of a catalytic modifying agent is one containing an enzyme,
35 for example an enzyme attached to the polymeric moiety through formation of a
Schiff base (e.g. through reaction of a primary amine on the enzyme w:th an aldehyde

T tfiu )



10 particularly less than Tp O. 6, To and Tp being in [err]C Table

1 below shows (in [err[J€—the — preferred—amd-particularly preferred
values of Tp - To for various val ues of Tp.

TABLE 1 TP Tp To = Tp 0.7

Tp-To = Tp WOP627641 30 PCE§96/03023

<7.6 40 <13.2 <9.1
50 <15.5 18 <10.6

60 - <17.5 <17.6

70 <19.5 <12. 8

519(2) 0 group on the polymgégo %xampleonaumt denvedﬁomacroé%ctg)olymeﬁzed

150 with one or more SCE pregursor monomers). A suitable enzymejig for example B-

galactosidase, which, at a temperature above T, but not at a temperature below T,
would react with D-thiogalactopyranoside IPTG, as could be observed by a color
5 change from white to blue.

Another exampie of a catalytic modifying agent is one containing a free

radical initiating group, or a group which becomes a free radical initiating group (a)
through reaction with an ingredient of the matrix material or (b) as a result of (i) the

10  treatment which exposes the active chemical moiety or (i) a further treatment. For
example, the matrix material can be a photopolymerizable polymeric composition and
the active chemical moiety can be a free radical initiator. Such a composition will not
polymerize when exposed to light while the modifying agent is in solid particulate
form, or when the composition is heated in the absence of light, but will polymerize

15  rapidly when exposed to light while it is being heated or after it has been heated. The
modifying agent can contain only the active chemical moiety which is needed to
initiate the reaction or it can in addition contain a reactive group so that it becomes
chemically bonded to the matrix material.

20

This invention can make use of any modifying agent in which a reactive
chemical moiety is bonded to a temperature-sensitive polymeric moiety. The reactive
moiety reacts, and forins a permanent chemical bond, with at least one ingredient of

25 the matrix in which the modif)"ing agent is distributed.

Examples of reactive chemical moieties, and monomers from which they may
be derived, include (a) isocyanato [as in isocyanatoethylmethacrylate (IEMA),
methacryloylisocyanate (MAI) and isopropenyl dimethyl benzy! isocyanate (TMI)];

30 (b) anhydride [as in maleic anhydride and itaconic anhdride]; (c) acyl halide [as in
methacryloy! chloride and acryloyl chloride]; (d) aldehyde {as in acrolein and
methacrolein]; (e) hydroxyl [as in hydroxy ethyl acrylate (HEA) or methacrylate and
hydroxy butyl acrylate or methacrylate]; (f) alkyl or aryl halide {as in vinyl benzyl
chloride (VBC)]; (g) amide [as in acrylamide and methacrylamide]; (h) amine,

35  including saturated and unsaturated heterocyclic amine [as in dimethy]l aminoethyl
acrylate or methacrylate, vinyl imidazole and 1-(2-aminoethyl)imidazole attached
through IEMAYJ; (i) carboxyl [as in acrylic or methacrylic acid]; (j) primary or
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Tp can vary w dely, depending on the conditions under which the conposition

Is to be stored and the tenperature 1o wirch Tt—Ccan—convententty—be
heated in order to pronote exposure of the matrix to the active
chem cal i Qfeyesnhb4fs i N general, Tp may be for 10 exanpl t

150[ err] C. For conpositions which are to be stored at roomt

(typically 20-30[err]C), Tp is preferably at least 40[err]C, particularly
at | east 45[err]C, but not nmore than §§0[err]C, particularly not nore
than 85[err]C, so that the nodifying agent can be activated by
noder at e heati ng above roomterrperature Tp-To is preferably less than :
10[err] C, partlcggca %§

6[err]C, especi amaiéxlaeniggéqesgk e”i&sas@gﬁwﬂc e”ﬂg gg& %lg;mh@

nmoi eti es
i nvention incl udslemptanmmectedﬂmﬁghmxﬁtblébmms;l(nﬂm ﬁﬁiaemdyx{mhﬁﬁ'-ﬁzcﬂns

pol ymers deri ved({&ambalicAkidoy £4 1200 ééiﬁ l!gm @ﬂ

unsubsti tuted acmé(éj\ T lhacr tesm"l%uoroa ylahl?‘g VI ny est ers,
acryl ani des, ’ﬁ“ar(? I“@ fas in prjno; fupgtionsl ydrexyfpnctiongl enes,

al kyl vi nyl et hereqmminh@sl,elghy(zmmmethylﬁmd@blléhhd Nmy&ag luamlz@en no .
aci ds; pol yi ‘?’%Q@‘ﬁm: Iﬁﬁ% ur et hanes; pol ysil anes; polysil oxanes; an
pol yet hers; all suc gh po yners cont ai ning | ong chai n crystalllzable
groups. Suitable SCC polyners are 25 descri bed for exanple in J. Poly.

gci isgg ég4( 1962), JTheetsgnt iSfention BPhiticEkr £ Zlgt;:rtué rovxgm%fo&ﬁ itfohg69) .
Sci, Poly- Ph35| c%é’ @%Q% Té eé?%p 1i geapt wﬁb&%’r‘% ﬁé\ef atlﬁé'eteg"}x"hl@?
(19 7 4), comparatively slow {and pi erab!y negllglble for practxcal purposes) below a particular

temperature, but which will react with each other rapidly when the composition is
heated to a temperature which is above, but not necessarily far above, that temperature.
Such compositions can be stored for extended periods below that temperature, but will

15 react rapidly when heated above that temperature. Compositions of this kind are often
referred to as "latent”, "one part" or "one package” formulations. Preferred
compositions of the present invention (whether the modifying agent contain a reactive
or a catalytic chemical moiety) can be stored for at least 1 month, and preferably at least .
6 months, at 40°C without doubling in viscosity, but will cure, preferably at a rate such

20  that they do not flow in at most 1 hour, when heated to a temperature substantially over
T,. They are particularly useful as adhesives, coatings, compositions for impregnating
fabrics, e.g. glass fiber fabrics, to produce materials often referred to as "prepregs”,
compositions for creating foams, and compositions for use in reaction injection molding
(RIM) and sheet molding compound (SMC) applications. The matrix materials in one-

25 part formulations may be for example epoxies, epoxy novolacs, cyanates, isocyanates,
urethanes, acrylics, phenolics, cyanoacrylates, silicones, unsaturated polyesters,
polysulfides, and other precursors for thermoset polymers.

The reactive modifying agent may alternatively or additionally produce a color
30 change in the matrix, by bleaching it or by reacting to form a leuco dye or other
colored product, e.g. as part of a medical diagnostic system, for example a system in
which an enzyme reacts with an active chemical moiety, or an enzyme (as the active
chemical moiety) promotes or inhibits a reaction of the matrix. For example, the
active chemical species may react to form an intensely colored species, as in leuco dye
35 formation as applied to colorimetric indicating systems.
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Macr onol ecul es 12 94 (1979), 13 12, 15, 18 2141,19 611, JACS 75, 3326

(1953), 76; 6280, Polymer 3—t7, 991 (1985); and Poly. Sci USSR 21
241 (1979). The SCC pol yner noieties which are preferably
used in this invention can be 5 broadly defined as noi et %)0%’23
comprise refRMHEHnits of the general fornula \Aher@

organic radical formng part of the polyner backbone and Cy conpri ses
a crystallizable noiety. The crystallizabl ggnoiety nmay be connected to the

pol ymer backbone directly or through a dival ent organic or inorganic
radical, e.g. an ester, carbonyl, am de, hydrocarbon (for exanpl e
phenyl ene), am no, @Ir ! BE ?E%Lﬂl%ﬂfa‘ﬂﬂﬁlp | i nkage
(for exanple a car bo@/‘% th‘l' %'“?énaé om um or on| um | on
pair). The radi ém@pommvm%nﬁmdes @Pﬂ usedpprocesses B‘rwlé ofeiof the

of at least 10 Gipriisetits fot thednishéd prodisct i added:dirinp oraftiahs trestmpntawhigh st yrene

wherein the al ky‘*’ﬁ@?@ﬁ‘ﬁi‘& fﬁxetrgac%ée&?eﬁﬁgﬂiﬁo@e SCC noi ety may

contain two OI’

This invention can make use of any modifying agent in which an inhibiting

chemical moiety is bonded to a temperature-sensitive polymeric moiety. The

10  inhibiting moiety reduces the rate of a chemical reaction of the matrix, optionally by
itself reacting preferentially with an external agent or material, e.g. oxygen, a free
radical, or a biologically active material, which would otherwise react with the matrix,
and thus inhibit reaction between that external agent or material and the matrix. The
external agent or material can be present at the surface of the matrix and/or have

1s  diffused into the matrix. For example, the reactive moiety can act as an antioxidant,
herbicide, mildewcide, fungicide, bactericide, disinfectant, deodorizer, insecticide,
fertilizer, flame retardant or ultra-violet stabilizer.

Mi f Modifving Agent

Two or more modifying agents can be used together, differing in the active
chemical moiety or the polymeric moiety or both. When the polymeric moieties
differ, the reaction can be carried out in one step at a temperature above the activation
temperature of both (or all of the) modifying agents, or in two or more steps at

25  increasing (or decreasing) temperatures selected to activate one or more desired
modifying agents. In this way, for example, a first step can be carried out with one
catalyst or reactant at a desired concentration, and a second step with the same catalyst
or reactant at a higher (or lower) concentration, or with the first catalyst or reactant
and a second catalyst or reactant. When a catalyst is used, the second catalyst can

30 catalyze the same reaction as the first catalyst or a different reaction; in the latter case,
the second catalyst can be at a concentration such that the reaction catalyzed by the
first catalyst is inhibited. We believe that such mixtures may be particularly useful in
medical diagnostic kits,
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repeating units of this general fornmula. The SCC may al so contain other

repeating 15 unmits, but the anDUNT 01 sSuch other unit& is prereranly such
that the total weight of the crystallizable groups is at |east equal
to, e.g. tw_ce e wei ght of the renmminder of the

t h
Preferred S&OW&' }es conprise side chains containing in tg‘fqéps’gf‘m{zéast 5

20 times as many carbon atons as the backbone of the noiety, particularly

si de chains conprising linear polynegpyl ene noieties containing 12 to
50, especially 14 to 22, carbon atons, or linear perfluorinated or
substantial ly perfluorlnated polynethylene noi eties containing 6 to
50 carbon at ons g PORUARES 4.6 @Rt ARl Bol ALK SibfifeddtMd Modifine Agent PE€ Prepar ed
by pol yneri zi ng-one OF HOT & correspondr ng phatTc aCryl ates or 25

met hacryl ates. or equival ent nononers such as acryl am des or
met hacryl.am des. A Thesﬂ%ugthefﬁﬂfboﬁw&émamﬁapmsmeﬁemaietymnhmamr cially,

either as indiv

for exanple ClZWﬁrA%}%ﬁWW@W%&L# M%%ng and
C22A, a ni xt r e Ceptactsithy theaqtivomoiety. Gencrllyethe strongerthe bp IKE AREGORIAEY | can
Hoechst) and a mmﬁmmbélwqr;mtmme%%eammm%ﬂmaw om
Aerican HoechSige W4 Bohds Bﬂfoié}ggir'@iler%(mﬁlv:ﬁﬁeafﬁq itol egp fCoWIérItS

derived fromone or nore other co orrers rom ot her
al kyl , hydr oxyabyds asggenenaliy,pepferned;| particularly those mmlsgswheﬁa@easglq/c. dal
met hacryl ate), Kealihale] Wéedus@ihy &@h&%ﬂ&k@iﬁv@ﬁﬂcﬁ%&ﬂcﬁaﬁoﬂ[&id&bﬂ@ﬁﬁd" ic

Contai ni ng i nyeAae e FRbeLS Sk a6 oERicE et bt sl HabRR 005,

in total anpunt modifying agentsspwhich the bonds are partially covalent and partnally ionic, or
ionic, can also be useful, especially if the required latency period is shost.

15
The modifying agent is preferably in the form of solid particles which are
uniformly dispersed in a solid or liquid matrix. The smaller the particles are, the
casier they are to disperse and maintain in a uniformly dispersed state. On the other
hand, the smaller the particles, the lower the ratio of active chemical moieties hidden

20  within the particles to those exposed on the surface of the particles, and the less the
potential storage stability of the composition. This ratio decreases as the size of the
particles decreases and also is higher for spherical particles than for particles of other
shapes. It is, therefore, preferred to use substantially spherical particies having an
average size of 0.1 to 50, particularly 0.1 to 25, especially 0.1 to 10, microns.

25  Preferably each of the particles is within these ranges. Suitable particles can be
produced by known techniques, including spray drying, impact pulverizing, and
agitation in a fluid followed by cooling to freeze the particle size. If the particles
employed are not spherical, preferably their ratio of external area to volume
corresponds to these ranges.

30

The modifying agent may also be in the form of a film, which may be self-
supporting or a layer on a support.
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12 particularly less than 35% especially |less than 25% e.g. O
to 15% They may be —=added to nodify the—retting point or other

physi cal properties of the polyners. The mel ting point of a polyner
cont ai ni ng such pol ynet hyl ene side chains is influenced by the
number of cWOPSBT&MIons in the crystallizable side chains. BST/US : s

honmopol ynmers of Cl14A, Cl16A, C18A, C20A, C22A, C30A, C40A and C50A
respectively typically have nmelting points,pf 20, 36, 49, 60, 71, 76, 96

and 102[err]C, whi | e t he honopol yne of the correspondi ng n-al kyl
met hacryl ates typically have mel ting points of 10, 26,39, 50, 62,
68, 91 and 95[epr] C. < general |y have

i nternedi ate ne ‘ her nononers, e.g. 10
acrylic acid or butyl acryl ate typi cally have sonewhat Iovver mel ting

poi nts. riodifyirp g g,ﬁgn@mma Widedy,i es for
use in this inventi I ncl ude tactlc ot act) rs of
n--al kyl a-ol efi @eetgngon!h?é%am“e%mfm” %ep%f °?’E: fe&Bherr]

ol efin, having thelcendifior3Go whith @i complokition issebjected; lang the dtsired esylltyner s of
n-al kyl gl yci dyl oeh byt Gonflpositids cBRb01 26 56% Of fnk niddifyingWowft! Wihealther ) :
active chemical moiety is a catalytic moiety, the modifying agent preferably contains
1 to 40% thereof, particularly 1 to 10% thereof. When the active chemical moiety is a
reactive moiety, preferably the modifying agent contains at least 5%, more preferably
10 atleast 15%, particularly at least 20%, e.g. 15 to 40%, especially 20 to 35%, thereof. .

p c -

The modifying agent can be contacted with the matrix in any desired way.

15 The resulting composition is then maintained at a temperature below Tp until the time
comes to promote or inhibit the chemical reaction. Heating and cooling are the
preferred ways of changing the extent to which the matrix is contacted by the active
chemical moiety. However, other measures can be used in addition to, or instead of,
heating or cooling. For example, a solvent can be added, the concentration of a

20 solvent can be changed (including the addition of a non-solvent), or an ingredient can
be added to raise or lower the pH of the composition, or the composition can be
exposed to uitra-violet light or other suitable electromagnetic radiation, or to
nltrasonic radiation. Heating can be effected by external heating, e.g. by radiant heat
or with a hot air gun, or by heat generated internally, e.g. radio frequency, ultrasonic,

25  resistance or induction heating. The composition may contain, or be placed adjacent
to, a material which is selected to provide or enhance such heating, e.g. graphite or
carbon black dispersed in the composition, or electrical resistance heating means, ¢.g.
metal or graphite wires, plates or other members within the thickness of, or adjacent
to, the composition. The composition is preferably heated to at least Tp, particularly

30 atleast (Tp + 5)°C. If desired, the composition can be agitated or otherwise treated

during or afier the heating, in order to increase the rate at which the active chemical
moiety is exposed to the matrix.

———
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polymers of n-alkyl vinyl ethers (e.g. the polyner.of C18 al kyl vinyl ether
having a Tm of 55C); pol ymers of n-al Kyl -a-epoxi des—(e. g. the pofymer
of the C18 al kyl a- epoxi de having a Tm of 60C); polynmers of n-alkyl

oxycar bonyl arg.do- et hyl met hacryl ates (e.g. the polyners _of C18 | EMA,
C22 | EMA and%%ﬁ\hﬁ\ 20 having Tms of 56[err], 75 and 79[ 856/03023

respectively); polynmers of n-fluoro al kyl acryl ates (e.g. the
polynmers of C[err] hexadecafluoroal kylacrylg§e, and of a m xture of Clerr]
al kyl fluoroacrylates having Tms of 74[err] and 88C respectively),
pol yners of n- al kyl oxazolines (e g. the polymer of Cl16 al kyl

oxazol i ne havi ngcgadpm 155[err] O); pol yners obtai ned by reacting an
hydr oxyal kyl acrylate or nmethacrylate with an alkyl 25 isocyanate (e.qg.

the polyners obtained by reacting hydroxyethyl acrylate with Cl18 or
C22 al kyl isocyanate 'Hmbohmos:ﬁg:smﬁrﬁtp?&’ewsﬁ&tbmmnmﬂ w)nch&aﬁpnse

pol ymer s 0@ Emefiﬂmﬁva fa Q:ﬁtéaﬂ taino%)ém%fe
hyd | kyl t ac a pr| mar ‘{ﬂt'y al cohol
(.. the pol 5‘%»3%&%[% ct, and whigioars sssoniditivese,
2- hydr.oxyet hyl mqngfeaienmnq)qferﬂtoabme#&go%d d&&sbuaenofmakdlm Tni s

f 103 d

ol yrrer 1ol e?Peleﬂﬁ%bﬁﬁé #%%ﬁs SRk Felekal anlorreduos the time e 8o 6 Uit the
preferably 40 t osolidamedifyingagent in the matrivy ()rhs tatstabréusthe@nmpmmMorsdieect ed
fromthe grm&am&ﬂdxﬁmeﬁwmlchaﬁwﬁ& :?Mamﬁmexd&hﬁé

t 1oy | am es Kyl zol i al kyl
vyl e ﬁéii'**‘i?&dﬁ iﬁf«%ﬁ%vﬁ@fﬁg ety i exosefl 5 speh fealineats, |
al kyl gl yci dyl bﬁ\sa: ipadi effectiana chemical @ﬂ@lﬂpsvmbéakcsmaﬁersuch
treatment, e.g. to increase the rate of reaction and/or to lower the temperature at which
the reaction takes place; or (¢) have a desired effect on the product of such a chemical
reaction, e.g. on its stability or its physical characteristics such as strength, tonghness,

15 flexibility, color or surface smoothness. A single coadditive can perform two or more
of these functions. The total amount of coadditive is preferably 0.05 to 50%, based on
the “formula weight”. The term “formula weight” is used herein to denote the
combined weight of the modifying agent and the matrix, but excluding any non-
reactive, e.g. inorganic, fillers.

Specific examples of useful coadditives are (a) partial salts of acidic

polyesters, e.g. the material sold under the trade name W-990 by Byk Chemie; (b)
methylalkyl polysiloxanes modified by polyethers, e.g. the material sold under the
trade name A-530 by Byk Chemie; {c) phenols, including n-alkyl phenols in which

25 the n-alkyl group contains 6 to 20 carbon atoms, e.g. nonyl phenol, 3-pentadec-8-ene-
1-yl phenol, e.g. the material sold under the trade name NC-700 by Cardolite, and
bisphenol A, (d) glycidyl ethers of phenols, including the phenols just noted,
including. 3-pentadec-8-ene-1-yl phenyl glycidyl ether, e.g. the material sold under
the trade name NC-513 by Cardolite, and nonyl phenyl glycidy] ether, e.g. the

30 material sold under the trade name Heloxy Modifier 64 by Shell Chemical; (c)
polyfunctional epoxy resins, including oxirane, 2,2’-((1-methylethylidene)bis(4,1-
phenyleneoxy(1-(butoxymethyl)-2,1-ethanediyl) oxymethylene))bis-, e.g. the material
sold under the trade name XB-4122 by Ciba-Geigy, 4-(8-(4-glycidyl phenyl)
pentadecanyl) phenyl glycidyl ether, e.g. the material sold under the name NC-514 by

35 Cardolite, 4-(pentadecan-8,9,0x0-1-yl) phenyl glycidyl ether, e.g. the material sold
under the trade name NC-551 by Cardolite, and the polyglycidyl ether of an alkenyl
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13 groups containing 12 to 50 carbon atons, and the correspondi ng
f 1 uor oal kyl nonomers— n whi ch-t he thermeatkyl groups are

n-fl uoroal kyl groups containing 6 to . 50 carbon atons; 0 to 2096of
units derived fromat |east one nononer selected from t he

consi sting oWOMRYM acry| ates, al kyl nethacrylates, N al kyl P&IUS s,

s alkyl vinyl ethers, and al kyl vinyl esters in which the al kyl groups are
n-al kyl groups containing 4 to 12 caipon atons; and 0 to 15% of units
derived fromat |east one polar monofier sel ected from the group

consi sting of acryllc acid, nmethacrylic acid, itaconic aci d,

N r@ 5 e TS o ORI e e e

der.i ved from ot by Gedolite:{Brsecondary alenhel sthoxylates.- zathqmgtemltsﬂdtméerrm r| X,
or to raise theygiedidnéTeRitof15-S-3 by Urias Cardidep () QuAttmagaligl AfoniuRe

oo s e o R, BORRPRAS i Pl Shoride an by MhcaSGHRAS),, 1

aver age nol etul smmeniugichl es,mmwmm«)f angl (Drdimer apidsyOthes | ess

L gagogoo 000, NBifackhctive hgdhtoard Bstéd inMECubRELPPHanddB6K biBihdkiikrs'agdS ¢ han
Detergents.

Many of the useful coadditives are surface active agents comprising (3) one or

10 more groups which are compatible with the modifying agent, and (b) one or more
groups which are compatible with the matrix or with a product of a chemical reaction
of the matrix after the modifying agent has been exposed. Such coadditives can be
small molecules, oligomers or polymers, e.g. block copolymers. Groups of type (a)
include non-polar groups such as alkyl, fluoroalkyl, and alkyl styrene groups wherein

15 the alkyl group contains at least 6, preferably at least 9, e.g. 9 to 50, carbon atoms and
is preferably an n-alkyl group. Groups of type (b) include groups in the matrix
material, e.g. the group or groups which take part in a polymerization or crosslinking
reaction when the solid modifying agent is exposed, for example a polar group such as
an epoxy, hydroxyl, carboxyl, amine, ammonium, ether ester, amide, sulfonamide,

20  sulfonic acid, sulfonic acid salt or phosphate group. For matrix materials which are
epoxy resins, preferred surface active agents have an HLB ratio (the ratio of
hydrophilicity to lipophilicity) less than 10.

One class of coadditives can be classified as viscosity-reducing additives.

25  These reduce the viscosity of the matrix material so that dispersion of a modifying
agent therein is achieved more rapidly and/or more efficiently. The improved
dispersion can be achieved when the solid modifying agent is dispersed in the matrix
material and/or when the solid modifying agent is heated (and/or otherwise treated) to
increase the exposure of the active chemical moiety. The amount of viscosity-

30 reducing agent is preferably 1 to 50%, based on the formula weight. For matrix
materials which are epoxy resin precursors, suitable viscosity-reducing agents include
alkyl, preferably C,,.,4 alkyl glycidyl ethers, nonyl phenyl glycidyl ether and dimer
fatty acid diglycidyl ester, e.g. the materials soid under the trade names Heloxy
Modifier 8, Heloxy Modifier 64 and Heloxy Modifier 71 respectively by Shell

35  Chemical; epoxidized alpha olefins, e.g. the materials sold under the trade names
Vikolox 14 and Vikolox 18 by Elf Atochem North America; oxirane, 2,2’-((1-
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nore particularly 1,000 to 20,000. The nol ecul ar wei ght of the SCC pol yner

noi ety ~can be adjusted (for exa € rough—choi ce " Oof tNe& T eaction
conditions and addition of chain transfer agents) so as to optim ze

the reactivity of attached noieties w thout substanti in Tp.
20 x“’ﬁféh t he pol yneric noiety becones incorpora?@%% final

pr oduct , especially when it becones chemcally linked to the matri x,
e.g. incorporated in a crosslinked pgsynmeric structure, its presence
often has an effect on the properties of the final product.
Preferably, therefore, it is selected so as to prow de | nproved 25

properties, for i £pgt h, el ongat I on,
T ot s RN O
pal yet hyl ene or - ation
by noisture or &§f .@agynaﬁab@enmtxsenem-ymwuyl glycidyl éthagelg the mgterialsoldt her

el ectromagnet i c tsd_aﬁl H‘EH .45 b?‘&apddﬁ%mﬁoi gﬁg@éig 8 lpWﬁny) have

found that mhen a cro epox resin |s |ng modi f yi ng
agent in 30 whi pentadeganyP)phenyl glyeidylathes; &g ithe Mamgerihe nane-NCrildbess

and/ or adhesi veCadolmﬁhfdeW&ahls@Mﬁsl-m)myb mmymnadag lthe aterial

enbodi nent, the di o S, In addition to a
crystal line noi g‘frﬁ %e\fse%aggnﬁxé?§05r51%yml eige ‘whi ch beconmes coval ently
| i nked, through the reactive noiety, to a polynmer, e.g. crosslinked

poly msr 35andI whi ch i m&&iaesﬁgaﬁlfveimq,euasﬁﬁé&stm fidhvmagen&r Theset The
crystal |1 ne ol Beyeind Witk R aslos 3 ATR: dpoAndif sty e e e ke | |
one enbodi nent, tqwmhq/mp/c chemical moijety. The melt ﬂow agent can for example plasticize
the polymeric moiety so that the polymeric chains are more mobile. In one
embodiment, the polymeric moieties tend to form hydrogen bonds with each other,
and the melt flow promoting agent is a compound which forms hydrogen bonds with
15 the polymeric moieties, thus reducing the extent of the hydrogen bonding between
them. Melt flow agents can be used in amount 1 to 50%, e.g. 5 to 20%, based on the
formula weight. Examples of melt flow agents are dioctyl phthalate, dioctyl adipate,
stearamide, butyl acetate, epoxidized soybean oil (e.g. the material sold under the
trade name Vicoflex 7170 by Atochem), n-ethyl-o,p-toluene sulfonamide (e.g. the
20  material sold under the trade name Santicizer 8 by Monsanto, and the material sold
under the trade name NC700 by Cardolite.

Another class of additives can be classified as compatibilizers. These improve

the compatibility of the modifying agent and the matrix material, and thus allow more

25  intimate contact and mixing. Compatibilizers are preferably used in amount 1 to 50%,
based on the formula weight. Examples of compatibilizers are block copolymers
comprising units derived from one or more alkyl acrylates and one or more glicidy!
ethers, e.g. a block copolymer of tetradecylacrylate and phenyl glicidy! ether; block
copolymers comprising units derived from one or more alkyl acrylates and styrene,

30 e.g. ablock copolymer of tetradecyl acrylate and styrene; and epoxy novolacs, €.g.
that available under the trade name NC-547 from Cardolite.

The effect produced by a particular coadditive will depend upon the amount

thereof, the matrix material and the modifying agent. However, those skilled in the
35  art will have no difficulty, having regard to their own knowledge and the disclosure in
this specification, in selecting suitable coadditives.
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14 noi ety conprises a thernoplastic elastomer (TPE) noiety in which

the active chem cal noietyTs attached tothe bl ock, and the soft
bl ocks have a tougheni ng effect on the final product For exanple, the
TPE can include SCC hard bl ocks and anor phous soft bl ocks Th

hard bl ocks WO exanpl e be derived from SCC  pol ymers BH ‘;{)
above. The anorphous soft bl ocks can for exanple have a Tg of -60 to
150[err]C, preferably -60 to 120[err]C. Sujg able soft blocks can for

exanpl e be derived fromone or nore of butyl acrylate, ethyl

hexyl acryl ate, and but adi ene. Suitable SCC TPE s to which active
chem cal noieties can be attached are discl osed for exanple in

comonl y assi gned US Pat ent pI [ cat ion Serial Nos. 07/773,047, 10
07/ 957,270 and Syntiiesis of Hie gAgeRts 9213, 9213-1 and 9213- 2) and in
publ i shed PCT Application Nos. PCT/ US92/ 08508 and PCT/ US94/ 04138

(Dockei Nos. 9213-1- and .921 P Wmch
are incor por at ed herwmwm %es2by %ﬁﬁ’&@'@t ﬁ# ﬁl e
The sel ect eds acinvension kambepreparesd, o sunyarizod incthe fifth epd sixthraspestsof the react i ve

invention. Specific examples of suitable syntheses are shown in the Examples below.

10 The present invention provides a new route for the preparation of chemical
compounds, many of which are themselves novel chemical compounds or are novel in
the particular form in which they are prepared. Examples of final products which can
be prepared by the present invention include (i) a coating for a printed circuit board;
(ii) an encapsulant for an electrical component; (iii) a resist on a substrate which is to

15 be plated or etched, especially a photoresist; (iv) & foam (flexible or rigid); (v) a
polymeric material having covalently linked thereto a group which will act as an
antioxidant, herbicide, mildewcide, fungicide, bactericide, disinfectant, deodorizer,
insecticide, fertilizer, flame retardant, ultraviolet stabilizer, or catalyst; (vi) a medical
diagnostic material; (vii) an ion exchange membrane; (viii) a filtration medium;

20 (ix) an adhesive; (x) a semi-permeable membrane; (xi) an imaging film; (xii) an
information storage medium; (xiii) an orthopedic cast; (xiv) a reinforcing member;
(xv) acomposite, ¢.g. an epoxy graphite composite; (xvi) a paint or a coating
(including an enamel paint); (xvii) a powder coating; or (xviii) an electrically
insulating coating on a conductor, e.g. an epoxy or polyester coating on a wire or a

25 coil.

These final products, and their heat-activatable precursors, form part of the
present invention. Of particular interest are the myriad known uses for epoxy resins,
¢.g. as adhesives and prepregs, and for foamed polyurethanes or the like. Such known

30 uses include use as.adhesives in the manufacture of automobiles, and use of prepregs
to reinforce concrete structures against earthquakes or against weakness caused by
corrosion of reinforcing bars. Also of particular interest are unsaturated polyester
thermoset resins useful for structural and functional parts in automobiles, household
appliances, furniture, tools and office machines, and as building panels. The

35 compositions are also valuable in heat-curable orthopedic casts and pressure-sensitive
adhesives. . R
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moi ety, or an inhibiting noiety. The way in which a noiety. behaves (i.e.
as a catalytic, reactive, 0or Tnnibitrng noiety) nay dependupom the—

matrix material: for exanpl e, an am ne group may bﬁ catalytic in sone
Ci rcunst ancegoliglsdggactive in other 20 circunstances. The ?B§!é¥! g agent
preferably gg%talﬁé?at | east 5% particularly at | eas t he
active chenical noiety. The nodifyi ng agent can contain two or nor e
different active chemcal noieties, in whieh case each can be a catalytic
noi ety, or each can be a reactive noiety, or one or nore can be a
catalytic noiety and the other or others a reactive noiety. The
active chem cal noiety can contain, for nple, nitrogen, e.g. as a
primary, secondary, tertiary or quaternary amne, or as an i m dazol e
or- other cyclic structure containing nitrogen; phosphorus, e.g. as a -PR3

group, where R is anThe jpweitionisillustedted byxthie foullowingExanmples. Examiplsy/1-11 elidver or
am de group; Sy hﬂ} H? I on
met al guchpas r m or‘)Hgi.i#odfrg#;“lggéeﬁ}stjroupél z%%@ﬁ?%éee% l}‘r’n‘%mi}&ggﬁ%
or a netal- aI’ko {ﬁoglth%g 8’051'&““%8% plos CrbiG heisge or

nore |igand gr oumparanveExampies),andmplesa&-wwmwm%bﬁ%ewt icularly
useful in this invention include am nes (including primary, secondary,
tertiary and quaternﬁ;y am nes and heterocycl i c_am nes such as

i ni dazol es); carboxy {andremonnts tharend in graipe) uspd instxamples; 1-Gyand ther oup
netals, i ncI udi peppeities 01&6@8‘!&9%5%&7’%1 Ulilhdmnbwing'&bbmnanons afend

hodi um ¢, 9y el el AL LAd Tl 1 5hab: BN L S ©

esters of t rans
C18A is octadecyl acrylate; C12A is dodecyl acrylate; HEA is 2-

hydroxyethylacrylate; CIM is methyl methacrylate; MA is maleic anhydride; AA is
acrylic acid; IEMA is isocyanatoethyl methacrylate; DMAEA is N,N-
dimethylaminoethyl acrylate; VDP is vinyldiphenyl phosphine; LDA is lithium

15 diisopropylamide; CDP is chlorodipheny! phosphine; TBT is tri-n-butyl methacrylate;
AMLZ is 1-(2-aminoethyl)-2-methylimidazole; API is 1-(3-aminopropyl) imidazole;
DABCO 33LYV is a 33% solution of diazabicyclooctane (DABCO) in an oil carrier
available from Air Products under the trade name DABCO 33 LV;AIBN is azo bis
(isobutyronitrile); TAP is t-amy] peroxy 2-ethyl hexanoate; BPB is t-butyl

20 peroxybenzoate; CBrq is carbon tetrabromide; C12SH is dodecane thiol; My is
weight average molecular weight; My, is number average molecular weight; DGEBA
is the diglycidyl ether of Bisphenol A available from Shell under the tradename Epon
828; Pluracol is a hydroxy-terminated polyether available from BASF under the
tradename Pluracol P1010; Isonate is 4,4'-methylene bis(phenylsocyanate) available

2s  from Dow Chemical under the tradename Isonate 143L; DICY is dicyandiamide; Ex 1
is the spray-dried product of Example 1; similarly Ex 2, 3 and 4 are the spray-dried
products of Examples 2, 3 and 4, respectively; 2X Viscosity is the time (in days unless
otherwise noted) which the composition takes, at the indicated temperature, to double
in viscosity.

30
In Example 1, a reaction mixture of C22A (180 g), IEMA (120 g), CBr4 (10 2)

and AIBN (3 g) in toluene (700 ml) was maintained at 80°C for 16 hours under
nitrogen, with stirring. Excess AMZ (107 g) toluene (350 mi) and THF (100 ml) were
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15 netal s; enzynes; superacids; netal al koxides; Wactivated

noi eties, e.g. 4- vrﬁylbenzophenone M-ertet' s ketone; and

acet ophenone; and groups which are converted into such groups when
the nodifyin agent |s used. 5 Modifying Agents Containing Catalytic
Cheni cal g(q The invention can nmake use RETA#2§/03023
nodi fyi ng agent I n mhlch a catalytically active chemcal noiety is
bonded to a tenperature-sensitive polyneria noi ety. React i ons whi ch
can be catal yzed by such nodi fying agents i 'ﬁclude pol ymeri zations, e.qg.

pol yneri zati ons of one or nore ol efinically unsaturated nononers

SUbst i Lut ot o1 ofeaaatindhe Eaion ikure i AR A oo 50" Wik °

hydr ogenat i ons, stngnig(fbmbnyﬂ k&hours mmmem!edwmommhmmd

reactions (e.g. P}g&,
n’né’ﬁ:a&xﬂ %l élp proce ur es, an‘é"déé’ﬁea{‘]e treat#gﬁ't of

&22’[ gacigt ! E?LZ ongq M’Gﬁaﬂ“@ cediPEeSIIg £ yi ng
agent can resuai Theproduct m@@tﬂhﬂmhd@%@mm extractablmAMZbbyether r ed
teﬂgo?;gg?ltont EW&E akcf rg?r%?lnmsd ui ﬁQéCQMzﬁ MW&M' ©
elemen analysm of C=63.97%, H=9.68% and N=9. 3% Thus the product was
a polymer containing about 51% units derived from C22A, about 27% units derived
from IEMA, and about 22% units derived from AMZ, and was obtained in a yield of
10 about 73%. The initial values of Tg and AH, as reported in Table 1, could be
increased substantially by annealing the product, e.g. by maintaining it at 40-45°C for
about 48 hours, or by increasing the temperature from 30 to 45°C over about 25 hours.
A sample of the product (20 g) was dissoived in 100 g of a 10:1 mixture of CHCl3

and THF, and the solution was spray dried to yield particles of size less than 5
15 microns (0.05 mm).

In Example 2, substantially the same procedure as in Example 1 was followed,
using the ingredients shown in Table 1.

20 In Example 3, a reaction mixture of C22A (75 g), DMAEA (25 g), AIBN (1
g), and C12SH (1 g) in toluene (200 mi) was maintained at 60°C for 16 hours under
nitrogen with stirring. The resulting polymer was precipitated by addition of ethanol,
filtered, dried under reduced pressure, redissolved in CHCI3, and spray dried.
Substantially the same procedure was followed in Examples 4, 5A, 5B, 5C and 6,

25  using the ingredients shown in Table 1.

In Example 7A, a monomer solution of C22A (58.61 g), C1M (8.60 g), MA
(15.67 g) in toluene (67.12 g) was prepared at 50°C under a nitrogen atmosphere and
sparged with nitrogen for fifteen minutes. A stainless steel reactor was heated to
30 110°C and sparged with nitrogen for 20 minutes.

The monomer solution was added to the steel reactor over a period of 15
minutes, while at the same time TAP (0.60 g) was pumped into the reactor to initiate
polymerization. After two hours the solvent was removed under reduced pressure.

35
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is cooled and/or treated in some other way, e.g. by addition of another

I ngredi ent, so that the catarytic nodrfyrngagent p

a solid and can be renoved, e.g. 20 by filtration or centrifuging. The
recovered cagﬁ%@'z% nodi fyi ng agent can then be used again. The

nodi fyi ng ag optionally be retained in the reaction

filtration within the vessel, to which fresh matrix naterial is then added
bef ore heati ng (or ot herwi se treatin g9 the nodifying agent to
reexpose the catalytic noieties. 25 One exanple of a catalytic
nodi fyi ng agent is one obtained by attaching rhodium (a transition

metal) to a polyner pr le 100
264 (1978), Stille et ?%%%%‘E‘FOSUI’EWWC g&iﬁﬁ%gmﬁ‘ora ‘B’Q’@g's
reference, usi n§iEer#nd aRean-Sagkwaterisgpargtor. ChheAlask i“’%

precursor) in eopolyméranelsﬁmlbﬁthﬁﬂ&eﬂédh%&b@ﬁO%hﬁMZ‘(&%@jﬁaﬂJsed by

Stille. The resyj rature
above T[err], to cat yze a rre&e%?melasgm exarr%‘lagﬁfnﬁ%ixgn%aﬂ%#g tion of
an al kene, e3g. the tplusme watar pzagtraps; ffar n@d@@mcmemcm@the
correspondi ng amlﬂﬁremdddedslowlytoonehteroﬁamymml@l( .Vfl'hé"'

nodi fyi ng agent an_enzyng n enz
attached to thes‘lf)lfq\g& Pﬁ&@%‘g&l q’ﬁéﬂ%‘ﬁqﬂ“ﬁm %ﬁ’ ase
(e.g. through ra&¥X'¢ der 16thourspElemental analysis showedh % activedmidazdle.an al dehyde
Poly(docosanyl acrylate-co-methyl methacrylate-co-N(ethyl-2-(1-methyl-(2-
10 methyl)imidazolino))maleimide characteristics are provided in Table 1.

The modifying agent was reduced in size to 5 micron average particle size
using an air milling process.

15 In Example 7B, the same method was used as in Example 7A except that the
addition of AMZ was performed below 50°C with stirring for 2 hours to form the
amic acid. Then the polymer was precipitated from methanol. The material was
dried under reduced pressure. This material wets the matrix faster than the material
from Example 7A and yields glossier cured specimens when storage stability

20  requirements are short. Particles were prepared with a particle size of about 5 microns
by use of an air mill.

In Example 8, the same copolymer consisting of C22A/CIM/MA was
prepared. In this example the three-necked round bottom flask was charged with 17.3
25 g of the copolymer and 95 ml of toluene and heated fo about 50°C . API (4.16 g) was
added dropwise to the copolymer solution. Elemental analysis showed 18% active
imidazole. Poly(docosanyl acrylate-co-methyl methacrylate-co-N(propyl-3-(1-
imidazolino))maleimide) characteristics are provided in Table 1.

30 The modifying agent was reduced in size to 5 micron average particle size
using an air milling process.

In Example 9, a solution of C22A (62 g), VDP (25 g), BPB (1.74 g)in 100 g
toluene was prepared under a nitrogen atmosphere and charged into a 500 ml round
35 bottom flask with a stirrer. The mixture was placed in a heating oil bath at 110°C, and
stirred under nitrogen for 12 hours. The reaction mixture was added slowly to 1 liter
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16 group on the polyner, for exanple on a unit derived from

acrol ein, copolynerized—~— W t h—one or nore—SEC precursor nononers). A
suitabl e enzyne is for exanple B- gal act osi dase, which, at a
tenperature above T[err], but not at a tenperature below T vvoul d
react with WOSHEWEhI act opyranosi de | PTG as coul d be obserggﬁm Bol or

s change fromwhite to bl ue. Anot her exanpl e of a catalytic
nodi fyi ng agent is one containing a free radical initiating group, or
a group which becones a free radical initiating group (a) t hr ough

reaction with an ingredient of the nmatrix material or (b) as a result of

i) the 10t h.
fubthor tr eat o mepiohof Witk YRRFES abiafe B bdak e Wl ciiner ThEkfidas ' 1) 2
phot opol yner i z sbllesteddiy\filteation, \mhpd)whﬂé%nﬁmﬁlyl alcohosmdéapd wieem@s
noi ety can be &gfc ¢fenidthl aRtlysidihbwad 27% aetivéiplibs ?mﬁa%lycdeébsujlhc@me-co

AP e R NIRRT AT RN

light, but will polyn'erlze 15 rapldly when exposed to light while it is

bei ?g heat ;ad ?L aftt ﬁ%?éézﬂfb‘sg),mmdgjmaans@yt fant
contain only the _active mc nmoi e lL,nitiate
the reaction o®IBN @ ghand200&fo ‘”M“ﬁo?éi‘&ﬁ%‘" Wfﬂ% betle ;¢
becones containing a magnetic sumngbarand sparged with nitrogen for 20 minutes. The

bottle was placed in a water bath and stirred for 20 hours at 60°C. The reaction
10 mixture was added slowly to 1.5 liter of methyl alcohol with stirring to precipitate the
polymer. The solid was collected, washed and dried as described in Example 9.

A mixture of 150 g of C22A/HEA and 300 ml dry tetrahydrofuran was
charged into a 500 ml round bottom flask under nitrogen atmosphere. The flak was
15 immersed in a water bath to maintain the mixture at near room temperature. To the
mixture was added via syringe 135 ml of 2.0 M LDA (Aldrich Chemical Co.) . The
mixture was stirred at room temperature for two hours. Then, 50 ml (59.5 g) CDP
was added via syringe and the mixture stirred for 12 hours. A small amount of
colorless solid was removed from the mixture by Buchner fitration. The filtrate was
20  added slowly to 1 liter of methy] alcohol with stitring to precipitate the polymer. The
solid was collected, washed and dried as described in Example 9. Elemental analysis
showed 2.7% active phosphine. Poly(docosany] acrylate-co-2-(diphenyl-
phosphinoxy)ethyl acrylate) characteristics are provided in Table 1.

25 In Example 11, a solution of 50 g docosanyl acrylate, 50 g tri-n-butyltin
methacrylate, 4 g dodecyl mercaptan, and 0.5 g AIBN was placed in a I liter glass
reactor with a magnetic stirrer. The solution was sparged with nitrogen for 20
minutes. The reactor was sealed and was placed in a bath for 70°C for 16 hours with
stirring. The reaction was added slowly to 1.5 liters of acetone with vigorous stirring

30  to precipitate the polymer. The solid was collected by filtration, washed with acetone,
and dried under vacuum at approximately 50°C for 12 hours. Elemental analysis
indicated that the tin content was 14.9%. Poly(docosany! acrylate-co-tri-n-butyltin
methacrylate characteristics are provided in Table 1.

35 Table 2 shows ingredient quantities in grams, except as indicated otherwise.
The compositions of the modifying agents are shown as % by weight.
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chem cally bonded to the matrix material. 20 Mbodifyng Agents Contai ning

React i ve Chem cal "Nbreti€s TS Tnventi on cammake tse—of—afy——

nodi fyi ng agent in which a reactive chenical noiety is bonded to a

t enper at ur e- polynmeric noiety. The reactive noi ety reacts,
and forms a Fs)gr%,%.;gxf chem cal bond, with at |east one ingreﬂ?@ﬁg"ﬂ?“QS
the matrix in which the nodifying agent is distributed.

Exanpl es of reactive chemical noieties, andgnononers from which they may
be derived, include (a) isocyanato [as in isocyanatoethyl nmethacryl ate

(I EMD), met hacryl oyl i socyanate (MAI) and isopropenyl dinethyl bezyl

i socyanate (TM)]; 30 (b) anhydride [asq ei ¢ anhydride and itaconic

anhdride]; (c) acyl halide [as in | oyl chloride and acryl oyl

chloride]; (d) pldehyde [as in acrolein an net hacrolein]; (e)

hydroxyl [as in hydroxy et hy} adryl ate HEA) of ngtarlyl at ¢ and. hydr oxy

butyl acrylate tnacy yr el . 1. ar 5y| T T deTCas vyt

benzyl | Example 117 il da ksa fem [ocls o baeB i 15 [ |n

enzy . C . 71 7 97 . .

met hacryl ami de]|_(h) amphe, B5 [includijng gat uratpd gnd ursat ufat eq

het er ocycl i c an Iﬂﬂ-«[ﬁ&ﬁ: I di pet Ryl am noet iyl gryl affe or

met hacryl ate, v 1 e—atd— 2 roethy -+ ofe—at-t-ached

through | EMA; [G¥Acarhdxyl [-as [rn r\il|7Eg 8% {fethacrlylicfacid]:s (j) |50

primary or CI8A - - f- b e - 1 - - . - .
C22A 180 1240 175 §85 |- |- |- |- 15861 |s861 62 |1s8 |-
CIM - = - ) - 1- - |- [|se6 |se60 |- - -
MA - - f{- - - - 1- - 1567 |15.67 |- - -
HEA - - . - - - - - - - - 416 |-
IEMA 120 fs0 |- |- - 1- 1 - - - - - -
DMAEA - - 125 |15 {25 {15 |30 }30 |- - - - -
AMZ 107 {- - - - - - - 876 |- - - -
APl - I O N O G O T 416 |- - -

|LPAGM) |- - -k F I 1 1 - - 135 |-
CDP - - - - - - - |- - - - 595 |-
VDP - - - - - - - - - - 25 - -
TBT - - f- - - - - - - - - - 50
TAP - = - f- f- 1- - 1- |os0o |oso |o.s80 |- .
BPB - S CE GRS O SO O D O - 1.74 {- -
AIBN 3 3 1 |1 1 1 jr | }- - - 4 0.5
CBry4 10 f10 |- |- |- |- |- }- |- - " .
CI2SH - - 1|1 1 t froq1r |- - - 8
Product
%C22A 51 t7 }75 |8 |- - |- |- 157 57 62 |s6 }so
%CI12A - - - - 88 |92 |- - - - - - -
% [EMA 27 16 |- - - - - - - - - - .
% DMAEA |- - 25 15 |12 |8 |- - - . - - -
% CIM - - - 1= - - - f- 183 Is3  }- - -
% MA - - - - - - f- - 152 [153. |- - -
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secondary amnes [as in triethyl enetetraam ne connected through | EMA or GVA

or mal ei ¢ anhydr+de}; (k) epoxide [as rmgtycidyl acrylate or

met hacrylate )GW]; (1) mer captan connected through multipl e bonds;
(m azo and perox [as in 4,4 -azobis (4- cyanoval er|

4, 4' - azobi sSWOMSRYhov al eroyl chl oride) connected through ﬁ'&% and (n)

carbanate and urea [as in amno functional and hydroxy functional
conpounds, e.g. 1-(2-am noethyl)im dazol eggnd 1-(2-hydroxyethyl)imn dazole
connected through .1 EMA]. %e present invention is
particularly useful for the provision of conpositions 10 conpr|5|ng t wo

or nore |ngrec,|_e_m_54m_h A cact with ch ot her—at v
s{mpn (an 3 -negti glbl g-fgr placti ¢al p,ﬂﬂpmes) bel gw

conparatively

- a particular [T \MICh_Wi|!_ rlgac_wi th each ot hey
rapi dly when tHES=bag $ fFreatett-otatgnperftour e W T TS
above, but not ' abolve. that- tdmp g - 'Quri‘ -
conpositions g enddd peridds |eel gw t hajo t efper gt urg, b
will 15 rea o

—

—h

aoOveE[Tgr T[enpgr at uf e. CPJIPO§1 T14qns 9
this kind are to 1 adantds 1" onelbarit or1Ton4
package® formj ¢ -coppoditilensjef the prpsent29 |-
i nvention (wh e tne moarfryT g agent]_cofptailn & rejctive R . 44

To (°C) 53 {62 |5t [s6 |- }-5 |- 47 407 534 |534 |44
Tp (°C) 60 |67 56 |59 |o jo {o |47 |58 627 |61.9 }59.1 |52
AH () s3 |87 85 97 }j10 j1o - |- |38 46 138 |61.7 {43
My 485 |16, 198 |91 [54 |58 120 |20 |328 |3282 (23 |74 |19
(x 1000)

Mp 173 {85 |65 [60 [3.1 37 {- |- 123 (1233 [18 |50 |86
(x 1000)

In Examples A to X, some of the modifying agents prepared in Examples 1to 11
were used to prepare crosslinked polymeric resins. For Examples A to J, the ingredients
used, and the properties of the resulting products, are summarized in Table 3.

In Example A, the modifying agent of Example 2 (containing C22A, IEMA and

AMZ, 13%) was hand mixed with DGEBA to give S parts (phr) of AMZ per hundred
parts of DGEBA. The resulting mixture could be stored (did not double in viscosity) at
25°C for more than 120 days and at 40°C for more than 60 days. When heated at 90°,

10 100° and 100°C, the composition reached the isogel point in less than 7.5, less than 5,
and less than 2.5, minutes respectively. When heated from 30° to 120°C at a heating
rate of 10°C per minute on a Rheometrics mechanical spectrometer, the composition
reached an elastic modulus of more than 10’ dyn/cm? and a viscous modulus of more
than 10° dyn/cm? within 15 minutes. When heated from 40° to 300°C at 10°C/minute

15 ona DSC, the cure exotherm peak commenced at 132°C, had a peak at 146°C and had
a heat of reaction of 350J/g.

In Example B, the procedure of Example A was followed except that the
modifying agent of Example 1 (containing C22A, IEMA and AMZ, 22%) was used in
20  amount 3 parts of AMZ per 100 parts of DGEBA. The resulting mixture did not
double in viscosity at 25°C for more than 120 days, or at 40°C for 60 days. The
mechanical spectrometer data at 15 minutes and the DSC data are shown in Table 2.

i




or a catalytic chem cal noiety) can be stored for at least 1 nonth, and

preferably ai | east 6 nont s, at 40[errJC w t hout doubting T
viscosity, but will cure, preferably at a rate such 20 that they do not
flowin at Q‘? when heated to a tenperature substar};‘%%r#gxmﬁ
T[err]. They ar";zg tICU| arly useful as adhesives, coatings oSIt1ons
for inpregnating fabrics, e.g. glass fiber fabrics, to produce
materials often referred to as "prepregs”, 33 conpositions for creating
foans, and conpositions for use in reaction injection nolding (R'M

and sheet nol di ng compound (SMC) applications. The matrix materials in one-
25 part formul ations may be for exanple epoxies, epoxy novol acs, cyanates,

i socyanat es, han | i cs phe_nol i CS oa at
silicones, unsatur at ém@%&@ﬁ‘gg m&‘%ﬂ?@ﬁ“ﬂ%cur sors

for thernoset pAMZES parts per hundred). Mxeniﬁamtaxmtatm thednikturersplidifeedtin kesy
alternatively og %ﬂ?koﬂ?élbyc%tﬁgfé%ﬁ GPt@die 30 change in the matrix, by
re

bl.eaching it or cting to forma leuco dye or other col ored
product, e.g? as part of a nedi cal diagnostic system for exanple a system
in . Which an enzymﬁxmmmmﬂmmmmmwmmmmmmmoﬁn enzyne

(as the active I ) Etul.':.rkﬁ ?igé | of t he
matri x. For exa Fmpﬁgzml&ﬂ acC Il& ﬂhem CaénﬁpeCI es may @’g;'? Rfor m an

i nt ensel'y col or @bsm%thmamdﬂys,@aewag@rs@day%r%tmqshmn@ﬂsmswmo
colorimetric i ndeaat 15'girfuyesafdthe DSC data are shown in Table 2.

10

In Examples F, G and H, which are comparative examples, Pluracol (21 g) and
Isonate (S g) were mixed together, and to the mixture was added (i) in Example F,
nothing, (ii) in Example G, 1.6 g of DABCO 33LV, and (iii) in Example H, 4g of a
spray-dried mixture of a copolymer of C22A and acrylic acid (85/15), 67 g, and
1s  DABCO 33LV, 46 g, so that the mixture contains 13.4% DABCO. The results of
storage at 25°C are shown in Table 2.

In Example I, 15 parts of the modifying agent of Example 7, corresponding to
2.6 parts AMZ, were mixed with 100 parts of Epon 828 epoxy resin and maintained at
20 40°C for 23 hours to test the latency of the polymer bound catalyst for use in curing.
The polymer bound catalyst was tested for use in curing the epoxy resisn by heating
the formulation at 10°C/min from 30 to 300°C. The C22A/ CIM/ MA-AMZ in Epon
828 exhibited less than a 10 percent increase in viscosity after storage at 40°C for 3
months. Results are shown in Table 2.

Anhydride cured epoxy resin systems were prepared from either (1) 5.9 g of
the modifying agent of Example 7 and 102 g Epon 828 and 80 g methyltetra-
bydrophthalic anhydride (MeTHPA) or (2) 100 g Epon 828, 80 g MeTHPA and 1 g
AMZ. Both systems were shown to cure to hard thermoset plastics on heating as

30  demonstrated by DSC. However, whereas system (1} did not double in viscosity for
at least four days at 40°C, system (2) was a hared glass in less than one day.

Furthermore, some improvement in casting clarity was obtained when the
modifying agent was premixed with the MeTHPA prior to mixing with Epon 828 over
35 mixing the modifying agent into the Epon 828 alone or into the Epon 828/ MeTHPA
mixture.
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18 Al though the nodifying agents are particularly useful in

one- part formul ations, the—tnvention iretudes their use in processes
in which at |east one of the . i ngredients for the finished product is
added during or after the treatnment which i ncreases the availability
of the reacWPP§2Wdkni cal moiety. 5 M xtures of Mdi FEFTFRIR: s 20

Two or nore nodifying agents can be used together, differing in the active
chem cal moiety or the polynmeric noiety og4both. When t he pol ymeric

noi eti es differ, the reaction can be carried out in one step at a
tenperature above the activation tenperature of both (or all of the)
nodi fyi ng agents, or in tw or nore steps at 25 increasing (or decreasing)

tenperatures selected to activate one or nore desired i ng
agents. In this wayWhen WGRMMQ&“W?&W@MW%%’@W?@G“S\}I‘ZW one

catalyst or reefmﬁ,, %ietanﬁﬂsﬁdn%lmgi& aﬁu@mammmmmmpgmh t he
sane cat al yst eact ant at rqher Ieg gﬂgﬁf%ﬁg
wi.th the first mP%q °Bsrmf’%§'ﬁ’§ﬂ o ﬁéné\ *%éﬂ ata
react ant. Waen the fomulstiontwithsthe singtclosedamaleimide This ebspryationmay eattmbuted
to an improved ability of the carboxyl functional group of the polymer to contact and
_ wet the resin faster than the less polar analog.

In Example J, a formulation of 6.2 parts of modifying agent of Example 8,

10  corresponding to 1.1 parts of API, was mixed with 100 parts of Epon 828 epoxy resin
and maintained at 40°C for 43 hours to test the latency of the polymer bound catalyst
for use in curing. The modifying agent/resin was tested for use in curing by heating
the composition at 10°C/min from 30 to 300°C. A formulation of 15 parts of C22A/
CIM/ MA-AP! in 100 parts of Epon 828 exhibited less than a 10 percent increase in

15 viscosity after storage at 40°C for 3 months.

Tl



30

reactl on;

in the |attercase,

concentration such that the reaction catalyzed by the

i's inhibited

19
Agent

and the active

i

medi cal di agm
Bond Between the Polyneric and Active Mieties of the Mdifying
bet ween the pol yneric noiety

its.

The strength of the bopd
noi ety is an inportant factor

cheni ca

catal yze the sanme reaction as the first catalyst or a different

Tne second catal yst cam e at
first catal yst
|.ieve that such m xtures may be particul

d

Vlrusddidold ' "

in determning

the rate at which the matrix is 5 contacted by the active noiety.
General ly, the stronger the bond, the | emﬁcont act - at
tenperatures below T[err], and the bette torage stability (or
"latency"). On the ot her hand, weaker honds nay oronpte ranid
réaction near afEXAMPLE T[erfid . Cdmal efC* D bofBs arn&*gehGY a|HY |I J
preferred, part(Tdgredibats { N0Jc navijng ajbond [strenpth off at Jeasf 10
:%ﬁ! /Crrglng beca PEEEhIAey gqoT Q}esumq}éu &ggershgl e[ gLSaqSocT Rt T o[ (ap do
Epon 828 - - - - - - - - Yes |Yes
Pluracol - - - - - 21 21 j21 |- -
Isonate - - - - - 5 5 5 - -
Ex1 - Yes |- - - - - - - -
Ex 2 Yes - - - - - - - - -
Ex 3 - - - Yes |- - - - - -
Ex 4 - - - - Yes |- - - - -
Ex7 - - - - - - - - Yes |-
Ex 8 - - - - - - - - - Yes
AMZ - - Yes |- - - - - - -
API - - - - - - - - - -
DABCO33LV |- - - - - - 1.6 |- - -
C22A/AA/DABCO |- - - - - - - 14 |- -
AMZ (phr) 5 3 5 - - - - - 26 |-
API (phr) - - - - - - - - - 2.7
DMAEA (phr) |- - - 5 5 - - - - -
[2x Viscosity (days)
at25°C >120 [|>120 {<2 >120 [>120 >l‘ <1 2q - -
min |min |min
at 40°C >60 >60 |- >4 |>14 |- - - >360 |>360
Isogel (mins)
at 90°C <5 |- - - - - - - - -
at 100°C 5 - - - - - - - - -
Elastic Modulus |>107  [>107 |- - - - f- - - -
Viscous Modulus |>106  |>106 |- - - - - - |- -
DSC data
Onset (°C) T, }132 114 |99 135 150 |- - - 135 [136
Peak (°C) T, 146 137 }130 1200 {195 |- - - 151 }153
Oy orReacton 1350|350 [sso |75 fs0 |- f- |- [385 [229
*Comparative example - - -
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10 Van der Waal bonds), and, therefore, provide better storage stability.

However , nodi fyi ngmagents in which the bormds-are partially coval ent
and partially ionic, or ionic, can also be useful, especially if the
required Iatenc perlod I's short. Physi cal Form of the Mbdifying
Agent 641 The nodifying agent is in the forﬂ%‘f"’%’@f’?‘é’
particles Wmch are uniformy dispersed in a solid or liquid matri x.
The smal ler the particles are, the ier they are to disperse and
maintain in a uniformy dispersed state. t he ot her hand, the

smal l er the particles, the lower the ratio of active chem cal noieties
hi dden 20 WthP[L: n tﬁegsparticl es to those exposed on the surface of the
particles, and t he potential storage stability of the
conposition. This ratio decreases as the size of the particles

decreases and al so iln Bxamples KiAg KBs KitanddiD, DGEBAcvasanixedwith equiyalenti cl es of
ot her oart] Gund O altStindy A5 il Rhctant BS GleGiiod Selb, At AnG ihArd Wiak dbdadto

spheri cal

01 to 25, e%paaﬁ av;ggq AT——, averalgzus'(ﬂér %ngmeggx&sﬁ%%cul arly

particles is wi ﬁﬁxmebbmgeummloommalﬂlmumﬂme&mmmofthequdmwced
by known techm@g&ﬁgdfx@@ Eﬂw?ﬂfﬁ'ﬁﬁb?ﬁdm%%te%bwm&hﬂﬂ ThEd

agitation in a ycoomgto reeze e, slze, If the
particles mnoyweaqaetaﬁe ﬁﬁ%ﬂ%‘ﬁ?ﬁﬁtﬂeﬁé’ﬂ%
external area t@envshstiite the toughening emawamescammmmm 30
10
TABLE 4
Reactant Amount Equivalent Lap Shear
(phr) Weight Strength
KA | Tricthylamine 79 101 1000
KB_| Ancamine K54 59 0 1000
[KC_|Example 6 (CIS8A, DMAEA)_ 37 a7 2000
KD | Example 5C (C12A, DMAEA) 37 77 3000
Example L

15
A curable pressure-sensitive ahesive was prepared by mixing 75 parts of a low

Tg polymer (C16A/EHA/AA; 30:63:7, Mw=21,400 and Myw/Mp=2) with 24 parts of a
crystalline polymer (C22A/GMA 80:20, Mw=17,400 and Mw/Mp=1.7, and
Tm=63°C). The mixture was briefly heated to 80°C, stirred, and then quickly cooled

20 to 25°C, thus forming a dispersion of particles of the crystalline polymer in the low
Tg polymer. To the paste obtained in this way was added one part tris(dimethyl-
aminomethyl)phenol (K54 from Air Products). The formulation was shown to be
stable by DSC and viscosity for greater than 60 days at 25°C. The system was shown
to be greater than 100 times more stable at 50°C than predicted by Arrhenius kinetics

2s  from cure at 90, 110 and 130°C.

Exampile M

An SCC polymer, C18A/AA (95/5 wt%), was formed into microspheres baving a
30  median size of 33 microns, with 90% having a size less than 50 microns. Titration of a
suspension of the microspheres in a poor solvent for the polymer (ethanol) yielded no
detectable carboxy! functionality, while titration of a suspension in a good solvent (THF)
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20 Rel ati ve Amounts of Modifyi ng Agent and Matrix The

r etatTve amounts—of "nodi fyi ng agemt—and-matTix may vary w dety;
dependi ng on the concent ration of the active chem cal noiety in the

nodi fyi ng agent the conditions to which the conposition is SERI cted,

and the desi rvé‘aw General |y the conposition cont to
50% of the nodifyi ng agent When t he active chemcal noiety is a
catalytic noiety, the nodifying agent pref \e};&,abl y contai ns | to 40%
t hereof, particularly 1 to 100 %t hereof. en the active chem cal noiety

s a reactive noiety, preferably the nodifying agent contains at

oo 15 1o a0v BEBREEIR e sabof, G Jorionsln it il SO pliyiler WGRY, o5 bl as
Char acteri sti cs itissolid, shields the carhoxydgroupsifrosn the swrounding predium A suspansien ¢f ¢ he
matrix in any deﬁbhﬁ&o s #fa 307/ Emixtige bf THE/cORA$IGs titrated fizst bheempeatirai ned

at a terrperatu.rePFlie w TP untgl#t the tine whennocaﬁ%%ﬁgrguﬂgrv?e@&e?ecﬁed,an&tﬂgnat

chem cal .reactio
s a mmperature above the polymer melt temperature , when 4.6% carboxyl groups were

detected.

Example N

10 A cured composite was prepared using a graphite cloth supplied by Stackpole
Fibers, Inc. of Lowell, Massachusetts (PANEX high modulus, high strength carbon
fiber reinforcement #CFP30-05). The cloth was impregnated with the latent epoxy.
(SCCftertiary amine) mixture prepared in Example B. The cloth was heated to 100°C
by passing DC current through it, thus curing the resin to yield an amber-colored

15 composite product. -

Example O

Two curable mixtures (A) and (B) were prepared by mixing at 25°C (A) 13.7 g
20 of liquid EPON 828 with 0.7 g of liquid EMI-24 and (B) 9.2 g of EPON 828 with
0.92 g of 5 micron spherical particles, the spherical particles consisting of a 50:50
mixture of EMI-24 and SCC polymer (C22A/AA; 95/5). Mixture A, containing free
EMI-24, increased in viscosity at 25°C from 76 to 4132 poise in 24 hours, while
Mixture B, containing the thermally triggered particles, exhibited an increase in
25  viscosity at 25°C from 146 to 650 poise in 24 hours.

Example P

A curable mixture was prepared by mixing 50 g of polybutyl methacrylate
30  supplied by Aldrich Chemical Company, 20 g of tripropylenegiycol diacrylate, 22 g
of octyl acrylate, 1 g of benzoyl peroxide and 7 g of C22A/DMAEA polymer from
Example 3. The mixture was storage stable for one week at ambient temperature and
cured to a crosslinked mixture in one hour at 70°C.

35 Examples Q and R show the preparation of polymers which can be used, e.g.

as described in Examples S and T, to produce modifying agents which contain
photoactivatable chemical moieties and are useful photoresist materials.

i i




used in addition to heating to pronote the chem cal reaction.

For exanple, a solvent Tambe added;—the concentration of a 20 solvent can
be changed (including the addition of a non-solvent), or an ingredient can
be added to raise or lower the pH of the conposition, or the conposition

can be WQS62%#l to ultra-violet light or other suitabl ePEPE gnetic
radi ation, or to ultrasonic radiation. Heating can be effected by
external heating, e.g. by radiant heat or with a hot air gun, or by

heat generated internally, e.g. radio frequency, ultrasonic, 25 resistance
or induction heating. The conposition nmay contain, or be placed adjacent
to, a material which is selected to provide or enhance such heating, e.g.

graphite or carbon bl ack dispersed in the conposition, or electrical
resi stance heat Example@ns, e.g. metal or graphite wires, plates or
ot her nmenbers within the thickness of, or adjacent to, the

conposition. The co |k | %ﬁg%y ?éqeq“re togethieh udder nitro
particularly 30, at Infe&st l% r{C I?’e SILed tlﬁ g#) Sltlmgng%nan be
agitated or dt h&tWH& ey ?ﬁﬁaﬂ?‘“&“ﬁ’ and 3,8 AIBN ingditersof o der o
i ncrease the ratotueat av85°C fort I6choast The salttion was heated at 863C don2 hours thpnsed t o
the matrix. cooled 10 40°C. At this time 60 g of isocyanatoethyl methacrylate and 4 drops of
dibutyl tin dilanrate were added and stirred for 6 hours. The product was precipitated

from ethanol and dried under reduced pressure.
10

351 g POD, 504 g butyl acrylate, 150 g acrylic acid in 2 liters of toluene were
purged under nitrogen and polymerization initiated by addition of 10 g AIBN. The
reaction proceeded at 55°C for sixteen hours, followed by heating at 80°C for two
hours. The polymeric material was precipitated from methanol. Characteristics of the

15 copolymer, poly(butyl acrylate-co-acrylic acid-co-polyoctadecyl acrylate) (PBAPOD)
are shown in Table 4.

The polymer was easily coated onto a substrate and could be removed from
the substrate by heating the substrate to 50°C in the presence of 0.5N aqueous sodium
20  hydroxide.

Example R

A monomer mixture was prepared from 1925 g octadecyl acrylate, 412 g methyl

25  acrylate, 412 g acrylic acid, dodecyl thiol and 3 liters butyl acetate. Twenty percent of
the monomer mixture was added to the polymerization vessel heated to 100°C. The
remainder of the monomer mixture and 13.8 g Esperox 570 (t-amylperoxy-2-
ethylhexanoate from Witco) were added to the polymerization vessel over 90 minutes.
The temperature was then raised to 110°C and 13.8 g Esperox 5100 (t-amylperoxy-

30  benzoate from Witco) was added to the vessel and heated for 90 minutes. The resulting
poly(octa-decyl acrylate-co-methyl acrylate-co acrylic acid) (POMA) was dried under
reduced pressure and a portion isolated. The characteristics of the polymer are shown in
Table 5.

35 The polymer was easily coated onto a substrate and could be removed from
the substrate by heating the substrate to 50°C in the presence of 0.5 N agueous sodium
hydroxide.
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21 Coaddi ti ves The conpositions of the first

preferred aspect of the invention, W ch conprise tne maEtT T X matertal
and the nodifying agent, can contain one or nore other i ngredi ents

whi ch have agissddtkeef fect., and which are referred to herel

coaddi tives. kﬂor exanpl e, such an ingredient can (a) Hgﬁgm¥ﬁmﬂﬁﬁleve
good distribution of the solid nodi fyi ng agent in the matrix nmateri al
and/ or reduce the time needed to distributegthe sol id nodi fyi ng agent

in the matrix; (b) help to stabilize the conmposition before the
treatment which exposes the active chem cal noiety; (c) have a desired
effect on the 10 nmanner or extent to which the active chemcal noiety is

exposed by such treatnent; (d) havWi red effect on a chem cal
reacti on which takes place after such eatnent, e.g. to increase the

rate of reacti gp—areler—st +he—t-orpasat-tire—at—y-ch {ro-
reaction takes W@Lm_@gp&&u hrodMP ot duch a
chemi cal BAROR, o g 400 ith staftdlity lor iH800hys| ca|17,000
characteristi c{PIMA as dtrenddh._ tbughndds, 15 85800 bi ||ty 158000r ¢r

surface snoot hness. A single coadditive can performtwo or nore of

t hese functi ons E) The‘ tft al anmount of coadditive is preferably 0.05 to 50%
based on mul a weight". The term"forrmula weight" is used

herein to denote the conbi ned wei ght of the nodifying agent and the
mat ri x, but excl udi nGhepylymenef Example R saséd topreparea modifyingagent coithihinga. 20
photoactivatable group, Michler’s ketone (4,4’-dimethyl-amino-benzophenone).

10 A reaction mixture is prepared consisting of POMA and Michler’s ketone in a
ratio corresponding to 1 equivalent of POMA carboxyl group to 1/2 equivalent of
Michler’s ketone. Solvent is removed by drying in vacuo. The dried polymer is
formed into particles by use of an air mill.

15 Then about 3 parts of the photoactivatable group bound to POMA is mixed with
100 parts of tripropylene glycol diacrylate (available from PPG) and 50 parts phenoxy
ethyl acrylate. The mixture is heated at 50°C in the presence of light to form copolymer.

Example T

A polymer is prepared by the process of Example R utilizing octadecyl
acrylate, methyl acrylate and hydroxy ethyl acrylate, and dodecyl mercaptan in the
ratio of 70:10:20:1. The resulting polymer (POMHA) exhibited a melting point of
about 39 C and a molecular weight of 8,700. 100 grams of dried POMHA is

25 dissolved in 500 mli of tetrahydrofuran, cooled to 5 C and 0.9 equivalents of butyl
lithium, based on hydroxy! groups is added dropwise while maintaining the
temperature below 10 C followed by the dropwise addtion of 1.2 equivalents of 4-
bromobenzophenone. The mixture is allowed to stir for 12 hours and filtered.
Polymer containing attached benzophenone (POMBP) is isolated by precipitation

30  from ethanol and dried. |

Example U

A heat and light activated film forming resin system is prepared by combining
35 20 parts of POMHA, 50 parts of methyl methacrylate, 10 parts of maleic anhydnde
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AR



Speci fic exanpl es of useful coadditives are (a) partial salts of acidic

pol yesters, e.g. the material sold under the tTade nanme W990 by Byk

Chem e; (b) nmet hyl al kyl pol ysil oxanes nodi fied by pol yethers, e.g.

t he mat erla%qsol under the trade nane A-530 by Byk e [
phenols, in %’(ﬂzﬁﬁ' n-al kyl phenols in which 25 . the n-alk @Wl;ont ai ns
6 to 20 carbon atons, e.g. nonyl phenol, 3-pentadec-8-ene- | -yl
phenol, e.g. the material sol d under the 4pade nanme NC-700 by Cardolite,

and bi sphenol A, (d) glycidyl ethers of phenols, including the
phenol s just noted, i ncl udi ng. 3-pentadec-8-ene-1-yl phenyl glycidyl

ther, e.g. th
(Caiar g(r)l [ ?eg andeaﬂggbpﬁ%er}?ﬁlﬂf yC fnﬂlfﬂergﬁ&eoﬁ‘bﬂ%dg%@q grl a@gsol d
under the trad@oomiempeeatyR.y 1 &wswfsnsww&meﬂ%%mleﬁﬁohep% coated

p0| yfuncti onal oﬁﬁﬂ&(ibl VeRtet filin afl & ayfilinWickidss 6f48 microns and subsequently covered

T R P oo s e A .

-ethanediyl) o
trade nane XB-4122 by Ci ba-Geigy, 4-(8-(4-glycidyl phenyl)

pent adecanyl ) | ycidyl ether, e.g. the material sold under the name
NC- 514 by 35 rdol1te, 4-(pentadecan-8,9, oxo-1-yl) phenyl glycidyl ether,

e.g. the material sald, under“{iel{%%ﬁj‘fmﬁlgﬁves%mepox mkwe and

the polyglycidyl et
Formulators Division of EV Roberts, Inc.) and 0.16 g of the latent curing agent

10  prepared in Example 7 was prepared. A second mixture consisting of 3 g RF713 and
0.03g of 2-cthyl-4-methylimidazole (EMI-24 available from Air Products) was
prepared. Each mixture was heated in a hot press between aluminum plates at 177°C
and disks were formed 6.6 mm in diameter and 3.1 mm in thickness. Using a
multimeter, the disks exhibited equivalent resistance of about 5 ohms.

15

Example W

~ Example W shows how the addition of a co-additive to a modifying agent/
resin mixture reduces the time required for the modifying agent to effectively wet the
20 resin. A mixture of 13.6 g of the modifying agent of Example 1, 4% by weight of W-
990 based on the weight of the modifying agent, and 100 g of Epon 828 epoxy resin
was prepared and tested in a thin film consisting of a 250 micron thick adhesive band
line. The modifying agent wet the resin in 4 days at 40°C compared with 3 months at
the same temperature in the absence of the wetting agent.
25

Example X

Example X shows how the addition of a co-additive improves the aesthetic and
mechanical characterisitics of a thermoset resin. The system of example I was evaluated
30  with and without nonyl phenol. 14 parts nonyl phenol yielded glossy, clear thermosets
at 80°C. Curing at 120°C required less than 3 parts of nonyl phenol to achieve the same
high gloss, clear, uniform thermosets. Without nonyl phenol the system cured to a flat
finish at 120°C; between 80-120C the system cured to a phase separated thermoset that
had poor gloss and poor clarity.
35
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22 phenol formal dehyde novol ac resin, eg. the material sold under

thée trade narre N(,- 547 by CaT'd‘GI‘TTE'—(‘T‘)_%UUndary atcotot

et hoxyl at es, the material sold under the trade nane Tergit ool
15-S-3 by Un ide; (g) quaternary al kyl amoni um hal i des, e.qg.
di - hexadecy! me ammoni um chl oride” and al kyl benzyl di S96023
amoni um chl orides; (h) fatty acid and am des thereof; and (i) dinmer acids.
Q her surface active agents are |ist i n McCucheon*s Handbook of

Enmul sifiers and Det er gent s. Many

coadditives are surface active agents conprsing (a) onqmgnmmm“mkups
whi ch are conpatible with the nodifying %ﬁand (b) ¢Ol LMDkEe s  *
groups which are conpatible with the mat with a product of a chemi cal

reaction of the matrix after the nodifying agent has been exposed.
Such coaddi tivesi.can ;beompomummdo nippis&Ccul es, ol i gomers or polyners, e.g.
bl ock copol yners. Grgxgs g ’E ﬁ |ncI ude non-pol ar groups such as
al kyl, fluoroal kyl a m&ff ﬁ’\?&g éa@roups wherein 15 the al kyl group
contai ns at lf%ast 6, }efdlsa‘ih“}edan thegpatrix mategigl, ovadjasemio theamasexn aand
Is preferably an n-al kyI @ @pétid Wmichf type (b) include groups in the
mat ri x mat eri al , g lgpr?ug or groups which take part in a

pol ymeri zation or crossl | ?)l reaction when the solid nodifying

agent is exposed, for exanple a) p c pelymerisupoistyovhichscomprises amoryssql ing/polymeric
hydroxyl, carboxyl, am ne, anmoni uﬁme@tlhemgaﬁbwetoﬁméld@teﬁipbﬁmm,ﬁﬁaﬁ&k

sul foni c aci sul foni ¢ acid salt S 0S grou E X_at er S
whi chare iRy 2SR0AkS: 7 SR k%, - TR Lok 4 £ 0L
and

(ii) an active chemical moiety which is bonded to the polymeric
moiety through a bond having a strength of at least 10
Kcal/mole, and which, when in contact with the matrix
15 material under selected conditions, promotes or inhibits a
chemical reaction of the matrix material, and
(b)  is in the form of a solid which undergoes a physical change,
when the composition is subjected to a change in a variable
selected from temperature, concentration of a solvent,
20 electromagnetic radiation, ultrasonic radiation, and pH, said
physical change changing the extent to which the matrix
material is contacted by the chemical moiety.

2, A composition according to claim 1 wherein (a) the modifying agent has a

25  heat of fusion of at least 20 J/g and (b) the polymeric moiety has a crystalline melting
point of 50 to 100°C and comprises a side chain crystalline polymeric moiety
comprising units derived from one or more monomers comprising an n-alkyl group
containing 12 to 50 carbon atoms.

30 3. A composition according to claim 1 or 2 wherein (a) the matrix material is a
precursor for a crosslinked polymer and (b) the active chemical moiety (i) is
covalently bonded to the polymeric moiety of the modifying agent, and (ii) is a moiety
which, when the modifying agent contacts the matrix material under the selected

conditions, reacts chemically with the matrix material to form a crosslinked polymer.
3s

4, A composition according to claim 1 or 2 wherein the active chemical moiety
(1) is covalently bonded to the polymeric moiety of the modifying agent and (ii) is a
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epoxy resins err ed surface act i ve gen an HLB ratio (the ratio

of hydroph|I|C|ti u “u "ﬂ & Iess*than 10. One
cl ass of coadditives c as viscosity-reducing additives. 25

These reduce_the viscosity of the matrix material so that dispersion of a
nodi fyi ng ‘woﬂngﬁﬂht therein is achieved nore rapidly and/ 23
efficiently. The inproved di spersion can be achi eved when the solid
nodi fying agent is dispersed in the matrix mat eri al and/ or when the
solid nodifying agent is heated (and/or otherw se treated) to

I ncrease the exposure of the active chem cal noiety. The anount of

vei ght - For mau P whsh ER) ool el ootk be WiRGRL PR i

sui tabl e vi scos¢@y%am@la@emrsof%mamm al kyl, preferably derr]
al kyl glycidyl ethers, nonyI phenyI gl ycidyl ether and diner fatty

achdfdl gl yci dy:sestqggmfg fd dlyong 6f Slaitiideh Hglhorly
35 Chor cal® - ciRiliapEset ﬁ{taﬁﬁorm% wécl”"%%aé ere i Ve SAEE o ne
trade nanes 150vhicriinex 14 and Vi kol ox 18 by El f Atochem Nor t h Aneri ca;
oxirane, 2,2'-(I-

6. A composition according to any one of claims 1 to S which also contains a

coadditive which contains (i) one or more non-polar groups which are alky!,

10 fluoroalkyl or alkyl styrene groups in which the alkyl groups contains at least 6

carbon atoms, and (ii) one or more polar groups which are epoxy, hydroxyl, carboxyl,

amino, ammonium, ether, ester, amide, sulfonamide, sulfonic acid, sulfonic acid salt

or phosphate groups.

1s 7 A composition according to any one of claims 1 to 5 which also contains an
additive which is a partial salt of an acidic polyester or an n-atkyl phenol in which the
alkyl group contains 6 to 20 carbon atoms.

8. A temperature-sensitive modifying agent which is suitable for use in a
20  composition as claimed in any of claims 1 to 7 and which
(@ comprises
@) a polymeric moiety which comprises a crystalline polymeric
moiety having an onset of melting temperature To and a peak
melting temperature Tp such that Tp - T is less than Tp 0.7, and
25 (if)  an active chemical moiety which is bonded to the polymeric
moiety through a bond having a strength of at least 10
Kcal/mole, and which, when in contact with a matrix material
under selected conditions, promotes or inhibits a chemical
reaction of the matrix material, and
30 (b)  undergoes a physical change, when exposed to a change in a variable
selected from temperature, concentration of a solvent, electromagnetic
radiation, ultrasonic radiation, and pH, said physical change changing
the extent to which the matrix material is contacted by the chemical
moiety; and
35 (c) isinthe form of particles having an average diameter of 0.1 to 150

D



23 met hyl et hyl Ieﬁ HH' nyl eneoxy(1 - (butoxynethyl)-2, 1-
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10. A method according to claim 9 wherein the composition comprises solid

particles of the modifying agent distributed in the matrix material, and step (A)
comprises heating the composition to a temperature of at least Tp.

15
11, A method according to claim 9 or 10 wherein the reaction in step (B) produces
a polymer in a liquid phase reaction mixture, and the method also includes, after step

(B), the steps of
(C) subjecting the reaction mixture to a treatment whxch causes the
20 modifying agent to be in a solid phase while the reaction product

remains in a liquid phase, and
(D) removing solid modifying agent from the liquid phase.

12. A polymer which comprises
25 (A) first polymeric blocks which comprise a polymeric moiety comprising
a crystalline polymeric moiety having an onset of melting temperature
To and a peak melting temperature Tp such that Tp - To is less than
Tpo.'?, and
(B)  second polymeric blocks which are different from the first polymeric
30 blocks,
the polymer having at least one of the following characteristics
(1) the first polymeric blocks are derived from a modifying agent as
claimed in claim §;
"(2)  the polymer is in the form of a foam, an electrically insulating coating
3s on a conductor, a coating on a printed circuit board, a resist on 2

This Sheet H.
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Anot her class of additiv an be classified as conpatibilizers. These
i nprove t he corrpa"f‘jﬂﬂ' m i fyimg—agent and the matrix
material, and thus allo ”ﬁ e contact and m xi ng.

Conpati bili ;ﬁ{&@ pr ef erab‘iy "usé'd |sn unt 1 to 50% based on the
formul a wei g éﬁ’pl es of conpatibilizers are bl ock copol yREE{US96/03023
conprising units derived fromone or nore al kyl acrylates and one or nore

glicidyl ethers, e g. a bl ock copol yngr of tetradecyl acryl ate and
phenyl glicidyl ether; block copol yi ners conprising units derived from
one or nore alkyl acryl ates and styrene, e.g. a block copol yner of

tetradecyl acrylate and t hat
avai | abl )e/ unde)r/ the t radglE namwy&%%ﬁr%ge%o%grap!utecomposne;l-he

ef fect produced by a par Of €pgvider eoatiagli ti ve wi | | depend upon the ampunt
t hereof, the matrix (3t egiedol: isdiesshmlééd! yi ng agent However, those skilled

LEOU‘ZdSi and the df 2|V§ghur o b B B A e S e
sui tabl e coddditives. ﬁomepomdes,oleﬁns,andmonomersconwmngawnyl
group substituted on an aromatic ring; and
(5) the linkage between the first and second blocks is derived from a
secondary, tertiary or quaternary amine, a heterocyclic amine, a carbonyl
group, an ester, a free radical-generating group, or a Lewis acid.
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24 Synthesis of the Mdifying Agén De«,cnpuon paged .2 tohgaged are
‘many synthetic routes by which nodifying age (gﬁﬂf.gg} |npatghd§? toSpagcdff'.?‘
i nvention can be prepared. Sgeggravgﬁa(ey(aﬁﬂgL@S”Qb paget ahl e
synt heses are shown in the Exanpl es bel ow. EAbstH%@ fpddag M | papedd ..
Agents in the Synthesis of Chem cal Conpound 'ﬂwe (pﬁenmt]ggg
m
I nvention provides a new route for the prepaqah&%ﬁﬁ rvm'i, Enm —

conpounds, many of which are thensel ves nov 2|
novel in the particular formin which they are prepared Exanpl es of

final ducts whi repgared b resent j nv I ncl ude
(: )naa (F:)(r)gt :Jﬁgsf er Cpbsrﬁ?sﬁtl@ﬂwgt‘?erﬁﬁ’ B@gxp?fscox}éaxmng( fyve &P‘%ﬁé&'g@fll feagtor an
el ectrical conpihether matetialy under appropriatsrconditionss Foatxample; iolthe matedals dffen be

lated or et chagbred:pesipalyimér-sugpb b the(r vé’méieg'ﬁé g
Irol gid); (v) a g;;?ﬁ% mt% gjﬁ%i/% ntl xf ﬁﬁ%tﬂereto a
group whi ch wi PR i, Reference may be °Hﬁd¥ad¥§

fungi ci de, bacHderice antbEnginesting, dol. 2npages €I zer , i nsect i CI de, _
fertilizer, flame retardant, ultraviolet stablllzer or catalyst; (vi) a

medi cal ' &i d vii) an ion exchange menbrane; (viii) a
filtration ned%é—é—ﬁ—@%ﬁ@éﬂve (x) a sem -perneabl e nmenbrane;
(xi) an imaging film (xii) an
We have now discovered in acoordance with this invention that greatly improved
10 results can be achieved through the use of polymeric materials which comprise (i) a
crystalline polymeric moiety which melts over a relatively small temperature range and (ii)
an active chemical moiety. Such materials are referred to herein as "modifying agents".
We have found that when solid particles of such a modifying agent are dispersed in a
matrix, the active chemical moiety is exposed to the matrix only to a limited extent, and
15 therefore, it has little or no effect on the matrix. On the other hand, when the dispersion
of the particles in the matrix is heated to the melting point of the crystalfine polymeric
moiety, there is a rapid increase in the extent to which the matrix is contacted by the active
chemical moiety. The heating can be used in conjunction with other treatments, for
example, one or more of (a) addition of a solvent, (b) exposure to electromagnetic
20 radiation, including visible and ultraviolet light, or to ultrasonic radiation, or (c) increasing
or decreasing the pH.

The latent compositions of this invention comprise
(1)  amatrix material; and
25 (2)  distributed in the matrix material, a latent modifying agent which, when the
composition is heated, promotes a chemical reaction of the matrix material,
characterized in that the latent modifying agent
(@) s present in the form of solid particles which have an average
diameter of 0.1 to 150 microns, and
30 (b)  comprises
()  a polymeric moiety which comprises a crystalline polymeric
moiety having an onset of melting temperature To and a peak
melting temperature Tp such that Tp - To is less than Tp 0.7: and
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I nformati on storage nedium (xiii) an orthopedic cast, (xiv) a reinforcing

- menber ; (xv) a conposite, e g. an epoxy graphite conposite; (xvi) a
paint- or a coating (including an enanel paint); (xvii) a powder
coating; or (xviii) an electrically i nsul ating coating on a

conductor, e.g. an epoxy or polyester coating on a~-wire or a 25 coil
These final products, and their heat-activatable precursors, form part of

t he present invention. Of particulaB interest are the nyriad known
uses for epoxy resins, e.g. as adhesives and prepregs and for foaned
pol yur et hanes or the |iKke. ch known 30, uses |nclude a he5|ves I n
t he manuf acture of autonobi {& ‘5 ,anagtive chemical molety which ‘Sb"n ﬁ

concrete structures against earmmqyalkeetglﬂrbcmgaa\ﬁﬁgamgmeﬁatleaumﬁcﬂ&nole,
corrosion of reinforcing bars. d%‘li f‘W Q{tké&ﬂlhﬁﬁubﬁ‘ %&é& M, g]f. Jrat ed
pol yester t her noset resi ns or 10l arts

I n aut onobi | es, househol d %Irﬁ:‘gg gh?ﬂ’%ﬂngq‘g ‘?@'«‘ﬂ‘%ﬁlé%ﬁ‘“& al g
machi nes, snd as buil di ng panel;som&ﬂeea&l’iemmbmbmtofﬁmanm;emaﬂeéﬂ. val uabl e in
heat - curabl e orthopedi ¢ casts and pressure-sensitive adhesi ves.

= L=

The invention also includes methods of making chemical compounds which

[
N

comprise
(A) heating a latent composition of the invention to a temperature of at least
10 Tp, thereby increasing the extent to which the matrix material is contacted

by the active chemical moiety; and
(B) simultaneously with step (A), or after step (A), subjecting the matrix
) material and the modifying agent in contact therewith to conditions which
cause the chemical reaction of the matrix material.
15
Many of the modifying agents used in this invention are novel compounds and as
such are part of the present invention. Thus the invention includes a temperature-sensitive
modifying agent which comprises
() a polymeric moiety which has a DSC heat of fusion of at least 20J/g

20 and which comprises a crystalline polymeric moiety having an onset
of melting temperature To and a peak melting temperature Tp such

that Tp - To is less than Tp 0-7, and
(i)  anactive moiety which is bonded to the polymeric moiety through a
bond having a strength of at least 10 Kcal/mole, and which, when in
25 contact with a matrix material under selected conditions, promotes
a chemical reaction of the matrix material, and
(b)  undergoes a physical change when heated to a temperature of at least Tp,
said physical change changing the extent to which the matrix material is
contacted by the chemical moiety; and
30 (c) has one or both of the following characteristics
] the active chemical moiety comprises a metal or an enzyme, and
(i)  the modifying agent is in the form of particles having an average
diameter of 0.1 to 25 microns.
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25 EXAMPLES The
*invention is illustrated by the foll owi ng Exanpl es. Exanples 1-11 show
the preparation of nodifying agents, and are summarized in Table 2 bel ow.
Exanpl es A-X show the use of the nodifying agents (Exanples C. F, G H 1A
and 1B bei ng conparati ve Exanples), and Exanples A-J are summari zed
I n Table 3 bel ow. The ingredients (and amounts thereof in
grans) used in Exanples 1-6, and the properties of the products, are
shown in Table 1. The foll ow ng abbreviations are used in the descri ption
bel ow and in TabI nd 2 2A 1s doc ryl.ate

oct adecyl acryl ate ve shemig! paciety is.one qﬁ"?‘é’\{ rﬁaﬁ%/ dalreactlono?ghe

hydr oxyet hyl amat]ilxamégr s&édved @ndmwﬂ‘hmemedrcyhdmm cmesdtdmbﬂy&otamltwdrl de;

AA TS af, m&hﬂméegmamab W&m icHFhAIAY o tdyRean BIVBFE. | S
NN- di met h et VDP I's vin hos h| ne; LDA
is I'i thium 15% ?Sr"g‘ﬂ‘ﬁg?ﬁ °§‘pﬁrﬁ7“6‘?’8fﬁsﬁ% %“10 ﬁ% k?ﬁl ®TBT is
tri-n-buty$ nui&tmroﬁhaolmoraream) that doe§ Rotasubstantinllyyteduc? theedxbopt tonviigte ol e;
APl is 1-(3-afge vechexmcaﬂﬁ&@ 3Rk Yotive chendSitlty'édnde Of

O OO Ry “Aagbihohd s s o e
(i sobut yr oni t mafrig)or @Tmmﬁmhlcbm@memt@ﬂupkorhmm matriBRBdiis t - but vl
ﬁ/l?v per oxybenggaber régdhérated of EnRetedlifitb aRRh& BoBourd. #nd'in kither 448 GBEL nd ©f ;
s ‘10 form a permanent chemical bond with an ingredient of the matrix); or (2) a reactive moiety
(i.e. one which reacts chemically, and forms a permanent chemical bond, with an
ingredient of the matrix, and is not regenerated).

This invention makes it possible to obtain a much more rapid increase in the
15 concentration of the “latent” active ingredient than can be achieved by the known
methods. As a result, the compositions of this invention are more stable in storage than
known latent compositions, but when heated undergo more rapid chemical reaction than
known latent compositions.

20 The improved storage stability of the compositions of the invention means that
they can be stored in larger containers and used partially and from time to time; that they
may not need to be sealed against the ingress of moisture, etc.; that they may not need to
be transported and stored under cooled conditions; and that they can be pumped from a
storage area to a manufacturing area. The compositions can also contain other

25 ingredients, for example additives which reduce the viscosity of the composition, surface
active agents, including wetting agents, compatibilizers, and melt flow promoting agents.

In particularly preferred embodiments of the invention, the crystalfine polymeric
moiety is a side chain crystallizable (SCC) polymer moiety. SCC polymers generally
30  contain side chains comprising substituted or unsubstituted n-alkyl groups of 6 to 50,
usually 12 to 50, carbon atoms, derived, for example, from one or more n-alkyl acrylates
or methacrylates. The melting point of an SCC polymer is in large measure controlled by
the number of carbon atoms in the n-alkyl group or groups and is not (as in most other
polymers) heavily dependent on the molecular weight of the polymer or on the presence of




wei ght average nol ecul ar weight; M is nunber average nol ecul ar wei ght;

- DGEBA I's the diglycidyl ether of Bisphenol A available from Shell
under *t he tradename Epon 828; Pluracol is a hydroxy-term nated
pol yet her avail abl e from BASF under the tradenane Pl uracol P1010;

| sonate is 4, 4-nethyl ene bis(phenyl socyanate) avait+able 25 from Dow
Chem cal under the tradenane Isonate 143l; DI CY is dicyandiam de; Ex 1
is the spray-dried product of Exanple 1; Simlarly Ex 2, 3 and 4 are the

spray-dried products of Exanples 2, 3 and 4, respectively; 2X

LS00t 1 ool b Rom st S SR oS
Y:zi/lioflltzz g;%Osubsututedloweralkyl lmmqm?zﬁfgm;mgfﬁt:&msmo g),
SULE oo tohet o ATk i

26 5  range, thus making a sharp change in the extent to which the active chemical moiety

contacts the matrix.

As explained in detail below, a number ofidifferent factors influence the extent and

the speed of the change in the extent to which the active chemical moiety contacts the

10 matrix. These factors include (1) the form of the modifying agent (in particular the size of
the particles thereof), (2) the nature of the bond between the polymeric moiety and the
active chemical moiety (which is a covalent, ionic, mixed covalent-ionic, or ligand-
attached bond, preferably a covalent bond), (3) the temperature range over which the
crystalline moiety melts (which is preferably less than 10°C between onset of melting and

15 peak on a DSC curve), (4) the extent and rapidity of the heating which is carried out in
order to promote the chemical reaction of the matrix and (5) the presence of coadditives.
Preferably, the combination of these factors results in an increase in the effective
concentration of the chemical moiety by a factor of at least 500, particularly at least 1000,
especially at least 2,000, with substantially greater increases, e.g. at least 3,000, being

20 obtainable in many cases.

The surface of the solid particles or film of the modifying agent will normally be
directly contacted by the matrix material. However, the invention includes the possibility
that the modifying agent will be at least partly encapsulated by a material which can be

25 removed before or after the modifying agent is activated, e.g. a polymeric coating having a
melting point below To.

One method of making a temperature-sensitive modifying agent suitable for use in
this invention comprises
30 (A)  melting the modifying agent, and
(B) forming the molten modifying agent into particles having an average
diameter of 0.1 to 150 microns.
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then added to the reaction m xture, and the m xture nmaintained at
- 40-50[err]C with stirring for about 18 hours. After the m xture had
cool ed to room tenperature, nmet hanol (3 1) was added to it The
resulting precipitate was isolated by centrifuging, _ extraction with
met hanol , and drying at roomtenperature under reduced pressure. 5 The
product was a light yellow solid (290 g) contai ning no extractable AMZ by
t he detection nethod used (ie. it cébntained | ess than 400 ppm free
AMZ) and havi ng an el emental analysis of C = 63.97%, H = 9.68% and
N = 9.33% Thus,the product S a.pal ynmer, conpt ai ni about 51% units
derived from Af“ﬁﬁﬂﬁf%f‘?é“%‘&?wéﬁ"ﬂgagm“ﬁ%m@ d, O fge 48 22%
uni ts deri vedmbdifyingligEntaxanbewmixed withiasaithblerheated metrix aod thefi 0oolebsuthatiBéo The
initial value : L } 3 | d be
ﬁo&ﬂr}rtn;g‘ﬁ%@ﬁt_ ofififidslin the ?oﬁr?df%&&ﬁﬂs bpel R ifthd mafiBY

i ncreased substantially by annealing the product, eg. by nmaintaining it at

40-45[err] C for about 48 hours, or by increasing the tenperature from
30 to 45[esr] C over aboutD BESCRIPTION ANTENTIONpr oduct (20 g)
was dissolved in 100 g of a 10:1 m xture of CHCl[err] and THE, and

the solution was s ragl dried to yield particles of ,siaze |l ess than, 5 15
mi crons (0.05 mn) .Inthis specification, parts pnd pegecmizges a5° b WEERfompglRiUfes ARing Gre
procedure as #ud Fex Tpphdheat obfysipmare detsonined using aRTG celodmeter(grandteaft s shown

|0 fable 1. @lhperature chahdb SP10Mgy ibf P i lsdl fo BhofeZh-4u57 9) -
DVAEA (25 g), “APEREY )1 ThE ok psed @

G SN Al U s A N e R
resul ting pol yswéherétazo fémes 4 d-alkyl grduy whikhi dohtains Ricarbbinaoms, andthe filtered,

Subst ant 1 i 1y PHSEGPCE TR, i, 230 PO bR o B me el L o

6, W e n-alkyl group contains x carbon atoms.
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25 using the ingredients show in Table 1. In Example 7A, a
nmonorer sol ution of C22A (58.61 g), CIM (8.60 g), MA (15.67 g) in
toluene (67.12 g) was prepared at 50[err] C under a nitrogen atnosphere and
sparged with nitrogen for fifteen mnutes. A stainless steel reactor was
heated to 30 110[err]C and sparged with pitrogen far 20 m nut es.

The nononer sol ution was added to the steel reactor over a period of 15

m nutes, while at the sane’tine TAP (0.60 g) was punped into the reactor to

initiate Mk edteriald i on. After two hours the solvent was renoved under
reduced pressure. 35
27 A 500 m three necked rqund bottom fl ask was eqU| pped

with a- nmechani cal The terms "matrix" and "matrix material” are used in this specification to

denote any material or mixture of materials with which the modifying agent is
s  contacted. The matrix often-comprises at least one solid or liquid material which
provides a continuous phase in which the modifying agent is distributed. Sucha
. matrix can include, in addition to the modifying agent, one or more other materials
which are distributed in the continuous phase of the matrix, for example dissolved or
dispersed in the form of particles in the continuoys phase. Alternatively, for example,
10 the matrix can be in the form of particles, ¢.g. a fine powder, which is blended with
particles of the modifying agent, or in the form of a liquid or gas or solid which is
contacted with the modifying agent, for example with one or both surfaces of a film of _
the modifying agent (the term "film" is used herein to include a layer of the modifying
agent which is supported on a substrate). A matrix in the form of particles may melt
15  at a temperature above or below the melting point of the modifying agent.

The invention is particularly useful for matrix materials which are polymerized
and/or crosslinked when they are exposed to the active chemical moiety in the
modifying agent. These matrix materials include for example cyanoacrylates, epoxy

20  resins, epoxy novolacs, unsaturated polyesters, cyanates, urethanes, acrylics and
phenolics. Compositions comprising such polymerizable materials are well known
and are disclosed for example in:

(a) Handbook of Epoxy Resins by Henry Lee and Kris Neville; 1967,

McGraw-Hill Inc.
25 (b)  Epoxy Resins, Chemistry and Technology 2nd Edition, edited by
Clayton A. May; 1988; Marcel Dekker, Inc.
(c)  Polyurethanes, Chemistry, Technology and Applications by Z.

Wirpsza; 1993; Ellis Norwood Lid.
" (d)  TheICI Polyurethanes Book by George Woods; 1987; John Wiley &
30 Sons, Inc.
(e)  Structural Adhesives, Chemistry and Technology, edited by S. R.
Hartshort; 1986; Plenum Press

(®  Test Methods for Epoxy Compounds; published by the Society of the
Plastics Industry, Inc., Epoxy Resin Formlations Division
35 (g  Thermal Characterization of Polymeric Materials, edited by Edith A.
Turi; 1981; Academic Press, Inc., and
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stirrer and a Dean-Stark water separator. The flask was charged with 36.3 g
of the copol yner and 150 m oftoluene and heated to about 50[err]C.
AMZ (8.76 g) was added dropwi se to the copol ymer solution. The
reaction m xture was heat ed under s reflux, distilling the tol uene-water
azeotrope, for about 18 hours. The react® on mxture was added sl owy
to one liter of ethyl alcohol to coagulate the polynmer. The solid was
col l ected by fi Itration vvashed with ethyl alcohol and dried under vacuum

Iegt|5?£ierr] C for 1Gn ot o eﬁfbﬂ' by Witso FOGash et 4l aRGsdr I Wzol e.

0 ocosan at e-.c :

10 ynet hyl)lyﬁk‘ﬁg“%‘f}mt)fﬁ‘g‘?"&eafﬁ‘é@ Egl%i‘gt %@ﬁéé&ﬁgﬁm abl e 1.
The nodi fyi ngsuslyaniateriakis thecpoxyresin available hellCarp. wnderr the radeenapiec| e si ze -
UL 20 21 Bl 0 VI8 e oo i 6 i i o 0
per f or med ’oel’d’ﬂﬁée‘f"@“ @Wx%iwﬁgg Pﬁ"l"%a dlﬁb]??cgg?"ﬁew)t ani ¢
acid. Then tmummmmd@rmmmmmhmmmmmmm was
dried under redy Ry ng! Qe B bsall i Ridfio15, &%Hg&éﬁbﬁém%ha” the

mat eri al rom and el ds gl ossier .cu cl mens, when
st orage st abigf fugh %Mﬁf@d&'g §ﬁ"d‘? gﬁ 5@‘%@‘? e prapsdiedd wit h
a particle md‘eﬁmfcmmentsmmm Forexantp}e,*usmcpbmmamxcmnaimng
I n Exanpl g (h,gg didaide gd,gfmé%o%ﬁ{ M%@k .
pr epar ed. In this exanﬁ? r ee- nec xﬁ un tt was char ged
with 17.3 25 wgipwﬂqm'ecwﬁbﬁg‘mf Apd/og at 1‘%?%@ Qther mateix o about
SQ[ err] C . Ahhatérialsldéie ggmpusitions which comprise enzymes and other blologxcally active . ‘
’ materials, e.g. liquid or solid samplés obtained from mammals or.compositions
containing or derived from such samples, which may be contacted with the modifyihg
15  agent, e.g. a modifying agent in the form of a film, for example, as part of a medical
diagnostic test.

The matrix may be the sole material which takes part in the chemical reaction

which is promoted by the chemical moiety, or the chemical reaction can
20  involve an additional material, including the coadditives discussed below, which is added
before or after the modifying agent is treated to change the extent to which the active
chemicalgnaicty is exposed to the matrix.
Pol ic Moieti

The polymeric moiety in the modifying agent can be derived from a single

polymer or from a mixture of polymers, and the polymer can be a homopolymer, or a
copolymer of two or more comonomers, including random copolymers, graft
copolifmers, block copolymers and thermoplastic elastomers. Preferably at least part
30 of the polymeric moiety is derived from a side chain crystallizable (SCC) polymer.

The SCC polymer may for example be derived from one or more acrylic, methacrylic,

olefinic, epoxy, vinyl, ester-containing, amide-containing or ether-containing

monomers. The molecular weight of an SCC polymer is relatively unimportant to its

Tp, but is generally an important factor in determining the Tp of other polymers. The

35 preferred SCC polymeric moieties are described in detail below. However, the
invention includes other crystalline polymers having the desired properties. Such
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added dropwi se to the copol ynmer solution. Elenental analysis showed 1 8%

active I m dazol e. Pol y(docosanyl acryl ate-co-nethyl

met-hacryl at e- co- N(propyl -3-(1I - i i dazol i no)) mal ei m de)
characteristics are provided in Table 1. 30 - The nodi fyi ng agent
was reduced in size to 5 micron average farticle size using an air
mlling process. - . . In Exanple 9, a solution of C22A (62 g), VDP
(25 g), BPB (1.74 g) in 100 g t ol uene was prepared under a nitrogen

at mosphere andmmﬁﬂdshﬂmﬁ)r%pﬁpﬁlpmadﬁﬁmcbﬁdwyﬁdﬁﬁqkwukﬁh a stirrer.
The m xture was., nlv@‘}e& e Wﬁg&&#%@%&é%&lﬁeﬁ%@ﬁ ﬁns Stl rred

under mtroger‘for reaction m xtu
liter containing 2 to 12, preferably 2 to 8, carbon atoms, e.g. polymers of monon;_egs of

rret hyl al cohohavivg the fir@aladlHs, CHR] where Rds hydrogenpinethyh) propyl, Ygl, peatite sol i d

£0! LSRR oL oPblh s S e bly20 ol i, 0NO! . and

polyamides, and polyalkyiene oxides, for example polytetrahydrofuran.

1

drled unde

Even with SCC polymers, the molecular weight of the polymeric moiety is an

important factor in determining therate at which<the modifying agent diffuses through

10 the matrix, especially after it has been heated or otherwise treated to increase the
availability of the reactive moiety. Thus in general a low molecular weight is to be
preferred; however, too low a molecular weight may resuit in excessive exposure of
the reactive moieties at temperatures below Tp. We have obtained good results with
modifying agents having an Mn of 1,000 to 100,000, preferably 1,000 to 50,000, more

1s  preferably 1,000 to 20,000, particularly 1,000 to 10,000. Another factor in
determining the rate at which the modifying agent mixes with the matrix is the
difference between the solubility parameters of the matrix (31) and the modifying
agent (82). Preferably the difference between 81 and &2 is not more than the
difference between the solubility parameters of Epon 828 and the homopolymer of

20 C22 acrylate. Another factor in determining the rate at which the modifying agent
mixes with the matrix at temperatures below Tp is its crystallinity; the greater the
crystallinity, the lower the rate. Thus an increase in crystallinity generally increases
the stability of the composition at temperatures below Tp, but generally does not
change the reactivity or catalytic activity of the modifying agent at temperatures

25 above Tp. A crystallinity such that the DSC heat of fusion is at least 10 J/g,
particularly at least 20 J/g, is preferred. The steric nature of the polymeric moiety can
also be significant in determining the availability of the active moiety, especially
when it is a stereospecific catalyst.

30 It is important that the polymeric moiety should melt over a relatively small
temperature range, so that the extent to which the matrix is contacted by the active
chemical moiety changes sharply when the composition is heated or cooled through
the temperature range To to Tp. The closer Tp is to room temperature (which for
most compositions is the expected or preferred storage temperature), the more rapid

35 the transition should preferably be. Thus Tp - To is preferably less than Tp0-7,
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50[err]C. Elenental analysis showed 2. 7% active phosphi ne. Pol y(docosanyl
acryl ate-co- vi nyl di phenyl phosphi ne) characteristics are provided in
Tabl e 1. 5 In Exanple 10, a solution of C22A (158 g), HEA
(41.6 g), C12SH (8 9), AIBN (4 g) and 200 g toluene was charged into -
alliter screw capped glass bottle 10 contai ning a nmagnetic stirring

bar and sparged with nitrogen for 20 m nutes. The bottl e was pI aced
in a water bath and stirred for 20 hours at 60[err]C. The reactlon

m Xt ure was a;%?&%la? 0.6
precipitate t iy‘ﬂ@s% 5’?&@‘3 h!d ]f‘bgg{%k Wash%?JZ dr| ed as
descri bed i n BestrRd y preferred “ﬁs u %°6f’a’1‘3’6" ugs ol A/ HEA and

300 m dry tetrahydrofuran was charged into a 500 mM round bottom

fl ask under nitrogen atnosphere. The £l s 15 imersed in a water bath
to maintain the mxture at near room : ture. To the m xture was
added viasyringe 135 m_of 2.0 MLDA (Al drich Chem' cal Co.). The

m xture was gtirred room t enper at urs h.gq f5 (99.5 0)
chP - wals_added_viPy syringed and f&\i°mq>rpr ure st LrLex;lI P hours.i A
smal | anpunt] of colorlesd solid was renpved Hromthe ni xture by

Buchner fitrjation. TH filtratdq was 20 <l8&ded sloWy to 1 €1.6er of ndgthyl -
al cohol with stirringto preciditate tha3@oltvynmer. |The <930l 1d wa

col | ect ed, SNEed andsgdr 1 €d as {descri bekislsn EXanplje 9. El g al  anatjysi s
showed 2. 7% ' e, =TO- I = .
AR iAo AP B A Wl it NS
50 <233 7 199 )
120 <28.5 - <17.7
150 <33.3 <20.2

Tp can vary-widely, depending on the conditions under which the composition is to be
stored and the temperature to-which it can conveniently be heated in order to promote
exposure of the matrix to the active chemical moiety. Thus in general, Tp may be for

10 example 10 to 150°C. For compositions which are to be stored at room temperature
(typically 20-30°C), Tp is preferably at least 40°C, particularly at least 45°C, but not
more than 100°C, particularly not more than 85°C, so that the modifying agent can be
activated by moderate heating above room temperature. Tp-T is preferably less than
10°C, particularly less than 8°C, more particularly less than 6°C, especially less than 4°C.

15

SCC polymer moieties which can be used in this invention include moieties

derived from known SCC polymers, e.g. polymers derived from one or more monomers

20  such as substituted and unsubstituted acrylates, meihacrylates; fluoroacrylates, vinyl
esters, acrylamides, methacrylamides, maleimides, a-olefins, p-aiky! styrenes,
alkylvinyl ethers, alkylethylene oxides, alkyl phosphazenes and amino acids;
polyisocyanates; polyurethanes; polysilanes; polysiloxanes; and polyethers; all of such
polymers containing long chain crystallizable groups. Suitable SCC polymers are

25 described for example in J. Poly. Sci. 60, 19 (1962), J. Poly. Sci, (Polymer Chemistry)
7, 3053 (1969), 9, 1835, 3349, 3351, 3367, 19, 1657, 3347, 18, 2197, 19, 1871, J. Poly.
Sci, Poly-Physics Ed 18 2197 (1980), J. Poly. Sci, Macromol. Rev, §, 117 (1974),
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net hacryl ate, 4 g dodecyl nercaptan, and 0.5 g AIBN was placed in a 1 liter

gl ass : reactor wiwth a magnetic stirrer. The solution was sparged with
nitrogen for 20 m nutes. The reactor was seal ed and was placed in a
bath for 70[err]C for 16 hours with stirring. The reaction was added

slowy to 1.5 liters of acetone with viggrous stirring 30 to precipitate
the polyner. The solid was collected by filtration, washed with acetone,
and dried under vacuum at approximately 50[err]C for 12 hours. El enental
anal ysi s MabBdl _ \ 4 t . I nyl
acryl ate-co-tr| - nh%%%? tilir;l% (1@‘)@)@ ﬁgg?ﬂ%@lf‘gﬁﬁf gglt’ggFg??‘c%é(zg?gﬁgﬁovi ded
in Table 1. olymen-d b7, @9b( m%@yeﬁ‘ §§R(%}a?ﬁ1i@?1?§* in grans,
except as indicated otherw se. The conpositions of the nodifying

ggé nts are shown afe%dtypolfthét'Hoieties which are preferably used in this invention can be
Y-

s broadly defined as moieties which comprise repeating units of the general formula |
X : Cy

where Y is an organic radical forming part of the polymer backbone and Cy comprises .
a crystallizable moiety. The crystallizable moictx may be connected to the polymer
backbone directly or through a divalent organic or inorganic radical, e.g. an ester,
carbonyl, amide, hydrocarbon (for example phenylene), amino, or ether link, or through

10 an ionic salt linkage (for example a carboxyalkyl ammonium, sulfonium or
phosphonium ion pair). The radical Cy may be aliphatic or aromatic, for example alkyl
of at least 10 carbons, fluoralkyl of at least 6 carbons or p-alkyl styrene wherein the
alkyl contains 6 to 24 carbons. The SCC moiety may contain two or more different
repeating units of this general formula. The SCC may also contain other repeating .

15 units, but th¢ amount of such other units is preferably such that the total weight of the
crystallizable groups is at least equal to, e.g. twice, the weight of the remainder of the
block.

Preferred SCC moieties comprise side chains containing in total at least 5
20  times as many carbon atoms as the backbone of the moiety, particularly side chains
comprising linear polymethylene moieties containing 12 to 50, especially 14 to 22,
carbon atoms, or linear perfluorinated or substantially perfluorinated polymethylene
moieties containing 6 to 50 carbon atoms. Polymers containing such side chains can
be prepared by polymerizing one or more corresponding linear aliphatic acrylates or
25  methacrylates. or equivalent monomers such as acrylamides or methacrylamides. A
number of such monomers are available commercially, either as individual monomers
or as mixtures of identified monomers, for example C12A, C14A, C164, C184A,
C22A, a mixture of C18A, C20A and C22A, a mixture of C26A to C40A, fluorinated
C8A (AE800 from American Hoechst) and a mixture of fluorinated C8A, C10A and
30 C12A (AEI12 from American Hoechst). The polymers can optionally also contain
units derived from one or more other comonomers preferably selected from other
alkyl, hydroxyalkyl and alkoxyalkyl acrylateé, methacrylates (e.g. glycidal
methacrylate), acrylamides and methacrylamides; acrylic and methacrylic acids;
acrylamide; methacrylamide; maleic anhydride; and comonomers containing amine
35 groups. Such other co-monomers are generally present in total amount less than 50%,




TABLE 2 Exanpl e 1 2 3 4 5A 5B 5C 6 7A&B 8

9 10 11 I ngredi ents C12A 75 85

70 - - - 50 C18A .

70 - - - 70 - C22A 180 . 240 75 85

58.61 58.61 62 158 C1M 12 .

8.60 8.60 - M - 15. 67
15.67 - HEA

15 Zgl' ° . ENA culagly lessthanj%zl especially lesigzynﬁyo,e%'%%. They may be ~ 25
8.76 AP added to modify the melting point or other physical properties of the polymers. The4. 16 -
&:?é (2M melting point of a polymer containing such polymethylene side chains is influenced -

by the number of carbon atoms in the crystallizable side chains. For example,
5  homopolymers of C14A, C16A, C18A, C20A, C22A, C30A, C40A and C50A
respectively typically have melting points of 20, 36, 49, 60, 71, 76, 96 and 102°C,
while the homopolymers of the corresponding n-atkyl methacrylates typically have
melting points of 10, 26, 39, 50, 62, 68, 91 and 95°C. Copoiymezs of such monomers
generally have intermediate melting points. Copblymers with other monomers, e.g.
10 acrylic acid or butyl acrylate, typically have somewhat lower melting points,

. Other polymers which can provide SCC moieties for use in this invention
include atactic and isotactic polymers of n-alkyl a-olefins (e.g. the atactic and
isotactic polymers of C1¢6 olefin, having Tm's of 30° and 60°C respectively);

15 polymers of n-alkylglycidyl ethers (e.g. the polymer of C 8 alkyl glycidylether);
polymers of n-alkyl vinyl ethers (e.g. the polymer of C18 alkylvinylether baving a Ty,
of 55°C); polymers of n-alkyl-a-epoxides (e.g. the polymes of the Cyg alkyl a-
epoxide having a Ty of 60°C); polymers of n-alkyl oxycarbonylamido-
ethylmethacrylates (e.g. the polymers of C18 IEMA, C22 IEMA and C30 IEMA

20  having Tm's of 56°, 75° and 79° respectively); polymers of n-fluoro alkyl acrylates
(e.g. the polymers of Cg hexadecafluoroalkylacrylate, and of a mixture of Cg.17 alkyl
fluoroacrylates having Tm's of 74° and 88°C respectively), polymers of n-
alkyloxazolines (e.g. the polymer of C}6 alkyl oxazoline having a Tm of 155°C);
polymers obtained by reacting an hydroxyalkyl acrylate or methacrylate with an alkyl

25  isocyanate (e.g. the polymers obtained by reacting hydroxyethyl acrylate with C1g or
C22 alkyl isocyanate and having T's of 78° and 85° respectively); and polymers
obtained by reacting a difunctional isocyanate, a hydroxyalkyl acrylate or
methacrylate, and a primary fatty alcohol (e.g. the polymers obtained by reacting
hexamethylene diisocyanate, 2-hydroxyethyl acrylate, and C18 or C27 alcohols, and

30  having Ty's of 103° and 106°C respectively). .

Preferred SCC polymer moieties used in this invention comprise 30 to 100%,
preferably 40 to 100%, of units derived from at least one monomer selected from the
group consisting of alkyl acrylates, alkyl methacrylates, N-alkyl acrylamides, N-alky}

35  methacrylamides, alkyl oxazolines, alkyl vinyl ethers, atkyl vinyl esters, a-olefins,
alky! 1,2-epoxides and alkyl glycidyl ethers in which the alky! groups are n-alkyl
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CDP 59.5 VDP

25 . - "TBT -
50 TAP ’ 0. 60 0.60

0.80 - BPB B L . |
1.74 - AIBN 3 3 1 113 1 1 °'+1 1

: 4 0. 5. CBr[err] . 10 10 10 ' _
4 Cl12SH ' 11 1 1 1

8 45 , PE{%EB:& tag{@g? 0 50 carbéxlatoms]ahd the/corresponding ﬂuoroalkyl

?7 % EMA monomers in ‘Y‘G‘ch the %wrmo l groups are n-ﬂuoroaﬂ%t m@oon&xmng 6 to8

15 12 50 carbon atoms; 0 to 20% of units derived from at least one moncuet kélected from
grouf conswtmg of alkylBci¥lates, Sk methacrﬁ/ﬁtéé,A‘N-alkyl acrylamides,

1 vmy ers, and alkyl vinyl esters in which the alkyl groups are n-alkyl groups
containing 4 to 12 carbon atoms; and 0 to 15% of units derived from at least one polar
monomer selected from the group consisting of acrylic acid, methacrylic acid, itaconic
acid, acrylamide, methacrylamide, acrylonitrile, methacrylonitrile, vinyl acetate and N
viny! pyrrolidone. Such SCC moieties may also contain units derived from other
10  monomers to change compatibility with the matrix, or to raise the modulus of a

reaction product containing the modifying agent; such monomers include styrene,
viny! acetate, monoacrylic functional polystyrene and the like.

92

- 15

The number average molecular weight of the SCC polymer moiety is preferably

15 less than 200,000, more preferably less than 100,000, particularly less than 50,000,
more particularly 1,000 to 20,000. The molecular weight of the SCC polymer moiety
can be adjusted (for example through choice of the reaction conditions and addition of
chain transfer agents) so as to optimize the reactivity of attached moieties without
substantial change in Tp.

20

When the polymeric moiety becomes incorporated in the final product,

especially when it becomes chemically linked to the matrix, e.g. incorporated in a
crosslinked polymeric structure, its presence often has an effect on the properties of
the final product. Preferably, therefore, it is seigcted s0 as to provide improved

25  properties, for example an improvement in tensile strength, elongation, toughness,
flexibility, adhesion (e.g. to steel, glass, wood or polyethylene or other organic
polymer), or resistance to degradation by moisture or other chemicals, pests, mildew,
fungus, light or other electromagnetic radiation, heat or buming. For example, we
have found that when a crosslinked epoxy resin is prepared using a modifying agent in

30  which the crystalline moiety is an SCC polymer, the toughness and/or adhesive
strength of the resin can be enhanced. In one embodiment, the modifying agent .
comprises, in addition to a crystalline moiety, a second polymeric moiety which
becomes covalently linked, through the reactive moiety, to a polymer, e.g. crosslinked
polymer, and which imparts desired properties to the final product. The second

35  polymeric moiety may be for example an amorphous moiety or a crystalline moiety
having a melting point higher or lower than Tp. In one embodiment, the polymeric
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30 YBPB

17 % HEA -

15 - YAMZ 22 13 19.5
YAPI : . . 19 -
woP - 14 .~ 21
% CDP

29 % TBT

40.7 53 4 5BO gf‘y(‘lz? u;‘liﬁ’j‘gf%} ?3]"”“%9(5%6%9‘?"'%%“’*‘%“@"“ 0 4;17

58 62. 7 6dhepicabmoiety i5 tot{l@harqlbloel&/ags\thesg%biocwhavsstomemm 10 -
- 38 46 effecigiithe Sihal prétidict. For exaniphé, ltﬂeTPEcamﬂ&u&scﬂcﬁhar&bﬁck@anh 5.4 5.8

2.02,0, 3260 ToE ok e i ok e %Hmvlebeseep f% Sed- 0 0
In Exanpl e5 Apalyyngts asdaseribed above. Fhermoiphous98 blacks,can for example haveadiges 1 to
11 wer e Wt&meﬁ?ﬁ‘éﬁbﬁmﬁ' 120%C.ISRAbK B block&inTor examiplebeanpl es A
toJ, thein % ec\irefgom one or more of butyl acrylate, ethyl hexylacrylate, and butadiene,

Suitable SCC TPE's to which active chemical moieties can be attached are disclosed

for example in commonly assigned US Patent Application Serial Nos. 07/773,047,

10 07/957.270 and 08/048,280 (Docket Nos. 9213, 9213-1 and 9213-2) and in published
PCT Application Nos. PCT/US92/08508 and PCT/US94/04138 (pockgi Nos. 9213-1-
PCT and 9213-2-PCT), the disclosures of which are incorporated herein by reference.

sctive Chemical Mojeti

15
The selected active chemical moiety can be a catalytic moiety, a reactive

moiety, or an inhibiting moiety . The way in which a2 moiety behaves (i.e. as a
catalytic, reactive, or inhibiting moiety) may depend upon the matrix material: for
example, an amine group may be catalytic in some circumstances and reactive in other

20 circumstances. The modifying agent preferably contains at least 5%, particularly at
least 10%, of the active chemical moiety. The modifying agent can contain two or
more different active chemical moieties, in which case each can be a catalytic moiety,
or each can be a reactive moiety, or one or more can be a catalytic moiety and the
other or others a reactive moiety. The active chemical moiety can contain, for

25  example, nitrogen, e.g. as a primary, secondary, tertiary or quaternary amine, or as an
imidazole or other cyclic structure containing nitrogen; phosphorus, e.g. as a -PR3
group, where R is an organic radical; oxygen, e.g. as a carboxyl, ester or amide group;
or a metal or metal-containing group, e.g. a transition metal such as rhodium or a main
group metal such as aluminum or tin, or a metal alkoxide, attached to the polymeric

30 moiety through one or more ligand groups.

Chemical moieties which are particularly useful in this invention include
amines (including primary, secondary, tertiary and quaternary amines, and
heterocyclic amines such as imidazoles); carboxyl groups; sulfonate groups;

35  phosphines; main group metals, including tin; transition metals, including titanium
and rhodium, e.g. as [(C2H4)2 RhCIl2, and acetylacetonate esters of transition
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used, and the properties of the resulting products, are sumrari zed in Table

3. 5 In Exanple A, the nodifying agent of Exanple 2
(contai ning C22A, | EMA and AMVZ, 13% was hand m xed with DGEBA to give
5 parts (phr) of AMZ per hundred parts of DGEBA. The resulting mxture

could be stored (did not double in viscggity) at . 25[err]C for nore
than 120 days and at 40[err]C for nore than 60 days. Wen heated at
90[err], 10 100[err] and 100[err]C t he corrposition reached the isogel

point in |esg, %&@%ﬁm@s é"ﬁééc ides; , 411 NuUt es
respectively. at ed &%32 to %ﬁg {!C at hea‘t’%ﬁ 14 rate of
10[ err] C per VWH’&P@ ?P°3°’M\$ § Kotone BE‘EWSPFE h agep o

conposi tion conver&émﬁdmdhgmupdx&hdmthemdiﬁ}mag;htm&d than 10[err] dyn/cn?

and a vi scous nodul us of nore than 10[err] dyn/cnferr] within 15

m nut es. \Wen he:edfro40 err . L€.at 10[err]C/ mnute 15 on a
DSC, the 6&ur AQUUIINRLEHIS AUBU e F PSPANEYE  had a peak at 146[err]C
and had a heat of reactlon of 350J/g In Exanple B, the
procedure of Exanmpe; aﬁéf{l agent of
Exanmple 1 (containi nm % 8‘9%%9 %wmghla%{yh&ggum 3
parts of AI\/Za‘Eﬂé’Pc!!EB‘ zﬂ“t‘%‘yéﬁ ?ﬁ“h‘f}ﬂ?? SHCEQIEY- ot

double in VI aemhywhit:h é’di{hercm]alg‘;zécbby smhmtﬂifwngiéﬁhuinqlade polymérizafibey r ] C f or
60 days. mq&g]ae&g%%né&%a%ﬁhﬁanﬁmwﬁo&uw@m he DSC
data are showﬁ P9
one or more olefins, optionally with one or more substituted oleﬁns), and'ring-
opening polymerizations, hydrogenations, hydroformylation reactions, enzyme-
catalyzed reactions (e.g. in the production of foods, including cheese, and
pharmaceuticals, in medical diagnostic procedures, and in the treatment of waste
15 products), oxidations, reductions, etc. The catalytic modifying agent can remain in
the catalyzed reaction mass, or, in a preferred embodiment, the catalyzed reaction
- mass is gpe which is fluid while the reaction is taking place and remains fluid when it
is cooled and/or treated in some other way, e.g. by addition of another ingredient, so
that the catalytic modifying agent precipitates out as a solid and can be removed, e.g.
20 by filtration or centrifuging. The recovered catalytic modifying agent can then be
used again. The modifying agent can optionally be retained in the reaction vessel by
filtration within the vessel, to which fresh matrix material is then added before heating

(or otherwise treating) the modifying agent to reexpose the catalytic moieties.

25 One example of a catalytic modifying agent is one obtained by attaching
rhodium (a transition metal) to a polymer prepared by the technique disclosed in
JACS 100 264 (1978), Stille et al, the disclosure of which is incorporated by
reference, using a monomer like C18A or C22A (or other SCC polymer precursor) in
place of the styrene or hydroxyethyl acrylate used by Stille. The resulting modifying

30 agent could be used, at a temperature above T, to catalyze a reaction, for example the
hydrogenation of an alkene, e.g. hydrogenation of a-N-acylaminoacrylic acid to the
corresponding amino acid.

Another example of a catalytic modifying agent is one containing an enzyme,
35  for example an enzyme attached to the polymeric moiety through formation of a
Schiff base (e.g. through reaction of a primary amine on the enzyme with an aldehyde
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31 In Exanple C, which is a conparative exanple, DGEBA was

m xed with AMZ (5 parts per hundred). Wien naintai ned at 25[err]C,
the m xture solidified in |ess than 2 days. The DSC data are shown in
Tabl e 2. In Exanples D and E, DGEBA was m xed with the :
nodi fyi ng agents of Exanpl es 3 and 146 respectiwely. The resulting
m xture did not double in viscosity at 25[err]C for nore than 120
days, or at 40[err]C for 60 days. The machanl cal spectrometer data at

15 mnutes and the ata are shown in.T,
Exanpl es F, CPRHBORE °\mY81F£a éﬁnaﬁ"?‘%tef "é@ﬁ”ﬂf‘?ﬁ’&fmmdg) and
| sonate (5 g)mtbpaemmedSCSQEmorm@n%) tAqem letenzyanens forexample B-)

Exanpl e F, MWO ﬂtu@tﬂ and (|||)
e e ot oL B oy 20, 200
cont ai ns 18. 4%am“?ﬁitetcrbiwl ts of storage at 25 C are shown in
Tabl e 2. _
Another example of a catalytic modifying agent is one containing a free
radical initiating group, or a group which becomes a free radical initiating group (a)
through reaction with an ingredient of the matrix‘inaterial or (b) as a result of (i) the
10 treatment which exposes the active chemical moiety or (ii) a further treatment. For
example, the matrix material can be a photopolymerizable polymeric composition and
the active chemical moiety can be a free radical initiator. Such a composition will not .
polymerize when exposed to light while the modifying agent is insolid particulate
form, or when the composition is heated in the absence of light, but will polymerize
15 rapidly when exposed to light while it is being heated or after it has been heated. The
modifying agient can contain only the active chemical moiety which is needed to
initiate the reaction or it can in addition contain a reactive group so that it becomes
chemically bonded to the matrix material.

20

This invention can make use of any modifying agent in which a reactive
chemical moiety is bonded to a temperature-sensitive polymeric moiety. The reactive
moiety reacts, and forins a permanent chemical bond, with at least one ingredient of

25 the matrix in which the modifying agent is distributed.

Examples of reactive chemical moieties, and monomers from which they may
be derived, include (a) isocyanato [as in isocyanatoethylmethacrylate IEMA),
methacryloylisocyanate (MAI) and isopropenyl dimethyl benzyl isocyanate (TMI)];

30  (b) anhydride [as in maleic anhydride and itaconic anhdride]; (c) acyl halide fas in
methacryloyl chloride and acryloyl chloride}; (d) aldehyde [as in acrolein and
methacrolein}; (¢) hydroxyl [as in hydroxy ethyl acrylate (HEA) or methacrylate and
hydroxy butyl acrylate or methacrylate]; () alkyl or aryl halide [as in vinyl benzyl

_chloride (VBC)}; (g) amide [as in acrylamide and methacrylamide]; (h) amine,

35 including saturated and unsaturated heterocyclic amine [as in dimethyl aminoethyl
acrylate or methacrylate, vinyl imidazole and 1-(2-aminoethyl)imidazole attached
through IEMAJ; (i) carboxyl [as in acrylic or methacrylic acid]; (j) primary or
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In Exanple |, 15 parts of the nodifying agent of Exanple 7, corresponding
to 2.6 parts AMZ, were m xed with 100 parts of Epon 828 epoxy resin
and naintained at 20 40[err]C for 23 hours to test the | atency of the

pol ymer bound catal yst for use in curing. The pol yrer bound cat al yst
was tested for use in curing the epoxy ragisn by heating t he
formulation at 0[err]Cmn from30 to 300 [err]C. The C22A/ CIM MA-AMZ in
Epon 828 exhibited less than a 10 percent increase in viscosity after

Zt ﬁrggedat 40E§bﬁdaﬁixﬁihe asmmemyﬁm&&am&%whﬁe&mamo ar'G"m%@rSZg 25 f
nhydri de cured, e | go
t he nodi fyi ng Qn@ ’&%’%“@8@‘%%@’?&@% 5?‘%{11‘ ltetra-
hydr opht hal i cnmnm 4hvezpbBA and 1 g
AVZ Bot h syst eqgy, oim'%tﬁsmybm@uebdwem&ymwﬂﬁo heati ng

as 30 denpns ed DSC. ver ouble in
Vi scosi ty”?o iﬁt} 3?&"5&?@&3&?% %“%gm%% é%dé%\bdﬁ}?qwﬁ% a bared
gl ass in | esscompoynds;egdb2- ammoethyl)mndazole le gmé%rovenent in
casting cl ari gdhnb@sd Gijugh EMAEn the nmodi fyi ng agent was prem xed with
the MeTHPA prior to mxing with Epon 828 over 35 nixing the nodifying
agent into the Epon 828 alone or into the Epon 828/ MeTHPA m xt ure.

The present invention is particularly useful for the provision of compositions

10  comprising two or more ingredients which will react with each other at a rate which is
comparatively slow (and preferably negligible for practical purposes) below a particular
temperature, but which will react with each other rapidly when the composition is )
heated to a temperature which is above, but not necessarily far above, that temperature.
Such compositions can be stored for extended periods below that temperature, but will

15 react rapidly when heated above that temperature. Compositions of this kind are often
referred to gs "latent", "one part" or "one package" formulations. Preferred
composmons of the prcscnt invention (whether the modxfymg agent contain a reactive
ora catalytxc chemical moxety) can be stored for at least 1 month, and preferably at least
6 months, at 40°C without doubling in viscosity, but will care, preferably at a rate such

20 that they do not flow in at most 1 hour, when heated to a temperature substantially over
T, They are particularly useful as adhesives, coatings, compositions for impregnating
fabrics, e.g. glass fiber fabrics, to produce materials often referred to as "prepregs”,
compositions for creating foams, and compositions for use in reaction injection molding
(RIM) and sheet molding compound (SMC) applications. The matrix materials in one-

2s  part formulations may be for example epoxies, epoxy novolacs, cyanates, isocyanates,
‘urethanes, acrylics, phenolics, cyanoacrylates, silicones, unsaturated polyesters,
polysulfides, and other precursors for thermoset polymers.

" The reactive modifying agent may alternatively or additionally produce a color
30 change in the matrix, by bleaching it or by reacting to form a leuco dye or other
colored product, e.g. as part of a medical diagnostic system, for example a system in
which an enzyme reacts with an active chemical moiety, or an enzyme (as the active
chemical moiety) promotes or inhibits a reaction of the matrix. For example, the
. active chemical species may react to form an intensely colored species, as in leuco dye
35 formation as applied to colorimetric indicating systems.
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32 When the nodi fying agent of 7B was enpl oyed in

formul ations with the Epon 828 resin, the fornulation yielded higher
qual ity coatings and adhesives, higher gl oss retention and less tine
was required for nodi fying agent particle/ resin wetting than the
formulation with the ring-closed mal ei mde. This observation nmay be

attriibuted to an inproved ability of the carboxyl functional group of
t he pol yner to contact and wet the pgsin faster than the I ess polar
anal og. In Exanple J, a fornulation of 6.2 parts of nodifying

agent of Exanple 8, 10 corresponding to 1.1 parts of API, was mixed with
100 parts of Epon e LN and t ai d at 4 for 43 hours
to test the. Iatenc‘gﬁgq ggﬁ?ytﬁ‘ﬁﬁmag%tﬁ % M OPSPAtse in curing.
The nodi fyi ngfmalaubnsememvmumdmthmtusgsepm@nnn@mbytleaatomgfthe t he

conposi tion a | adcH g bEanch bl WARIOT 15 part s
of C22A/ Ené#%j&ﬁg"] ﬁhi’gh 6%9155 % 828 exhibited less than a 10

per cent |ncre§'§@a$@ﬁﬂ5??va‘\§qb§%g Qe 40[err]C for 3 nonths.
s

20 ¥y
Two or more modifying agents can be used together, differing in the active

chemical moiety or the polymeric moiety or both. When the polymeric moieties
differ, the reaction can be carried out in one step at a temperature above the activation
temperature of both (or all of the) modifying agents, or in two or more steps at

25  increasing (or decreasing) temperatures selected to activate one or more desired
modifying agents. In this way, for example, a first step can be carried out with one
catalyst or reactant at a desired concentration, and a second step with the same catalyst
or reactant at a higher (or lower) concentration, or with the first catalyst or reactant
and a second catalyst or reactant. When a catalyst is used, the second catalyst can

30  catalyze the same reaction as the first catalyst or a different reaction; in the latter case,
the second catalyst can be at a concentration such that the reaction catalyzed by the
first catalyst is inhibited. We believe that such mixtures may be particularly useful in
medical diagnostic kits.
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D
Yes
Yes

E
Yes
Yes

| sonat e

Ex 1
Yes
Ex 7

TABLE 3 EXAMPLE A B C
F G H J Ingredients DGEBA Yes Yes
Yes - Epon 828

Pl ur acol = = .= 21 21 21

10

15

20

25

19 5 5. 5

- Ex 4 , Yes
. A; A [ [y ) p HFoino Aoe Ex8

The strength of the bond between the polymeric moiety and the active
chemical moiety is an important factor in determining the rate at which the matrix is
contacted by the active moiety. Generally, the stronger the bond, the less the contact
at temperatures below T,, and the better the storage stability (or "latency"). On the
other hand, weaker bonds may promote rapid reaction near and above Tp. Covalent
bonds are generally preferred, particularly those having a bond strength of at least 10
Kcal/mole, because they do not undergo reversible disassociation (as do ionic and
Van der Waal bonds), and, therefore, provide better storage stability. However,
modifying agents in which the bonds are partially covalent and partially ionic, or
jonic, can also be useful, especially if the required latency period is short.

Physical Form of the Modifying A

The.modifying agent is " in the form of solid particies which are
uniformly dispersed in a solid or liquid matrix. The smaller the particles are, the
easier they are to dispers'e"and maintain in a uniformly dispersed state. On the other

“hand, the smaller the particles, the lower the ratio of active chemical moieties hidden
within the particles to those exposed on the surface of the particles, and the less the
potential storage stability of the composition. This ratio decreases as the size of the
particles decreases and also is higher for spherical particles than for particles of other
shapes. It is, therefore, preferred to use substanﬁally' spherical particles having an
average size of 0.1 to 50, particularly 0.1 to 25, especially 0.1 to 10, microns.
Preferably each of the particles is within these ranges. Suitable particles can be
produced by known techniques, including spray drying, impact pulverizing, and
agitation in a fluid followed by cooling to freeze the particle size. If the particles
employed are not spherical, preferably their ratio of external area to volume

corresponds to these ranges.
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AMZ - Yes DABCO 33LV -

1.6 - C22A/ AA/ DABCO - - - 4 -

AVZ (phr) 5 3 5 2.6 - APl
(phr) - - - - o 2.7 DVAEA
(phr) 5 5 2X0Viscosity (days) at 25C >120
>120 <2 >120 >120 >1 <1 20 - " mn mn mn
at40[err]C >60 >60 >14 >14 >360
>360 | sogel &R RS Amath ifvine Adanba atri - at 100[err]C
5 Elastic Mdulus [ \/ S‘cous I\/bdul us >10[err] >10[err]
DSC data Onset [err]C) T[err] 132 114 99 135 150

135 136 Peak ((JheTélativejlamountso§modifying agent a8l matpig@nay vanowidely, 151 153
Heat of ReaCtdeBEhdmg otrfle concémtbhtion 8ffhe activeThemi®l moiety in the modifyiSayent, 229
" Conparat| ve tﬁ rH?iluons to which the composition is subjected, and the desired result.
Generally the composition contains 0.01 to 50% of the modifying agent. When the
. active chemical moiety is a catalytic moiety, the modifying agent preferably contains -
1 to 40% thereof, particularly 1 to 10% thereof. When the active chemical moiety is a
reactive moiety, preferably the modifying agent €ontains at least 5%, more preferably
10 atleast 15%, particularly at least 20%, e.g. 15 to 40%, especially 20 to 35%, thereof. .

P . -

The modifying agent can be contacted with the matrix in any desired way.
15 The resulting composition is then maintained at a temperature below Tp until the time

comes to promote the chemical reaction. Other measures can be

used in addition to heating to promote the chemical reaction.

For example, a solvent can be added, the concentration of a

20 solvent can be changed (including the addition of a non-solvent), or an ingredient can
be added to raise or lower the pH of the composition, or the composition can be
exposed to ultra-violet light or other suitable ¢lectromagnetic radiation, or to
ultrasonic radiation. Heating can be effected by external heating, e.g. by radiant heat
or with a hot air gun, or by heat generated internally, e.g. radio, frequency, ultrasonic,

25 - resistance or induction heating. The composition may contain, or be placed adjacent
to, a material which is selected to provide or enhance such heating, e.g. graphite or
carbon black dispersed in the composition, or electrical resistance heating means, e.g.
metal or graphite wires, plates or other members within the thickness of, or adjacent
to, the composition. The composition is preferably heated to at least Tp, particularly

30 atleast (Tp + 5)°C. If desired, the composition can be agitated or otherwise treated
during or after the heating, in order to increase the rate at which the active chemical
moiety is exposed to the matrix.
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34 Example K I n Exanpl es KA, KB, KC and KD , DGEBA
was m xed with equival ent anounts of a tertiary am ne reactant as
specified below, and the m xture was used to 5 bond together two
alumnumstrips 3 x 0.5 x 0.125 inch overl apped by-0.5 inch, the

m xture being cured at 95-100[err]C for 1f hours. The |lap shear strength of

t he bond was measured using an Instron Load Cell-at 25[err]C and at a
rate of 0.05 inch/mn. The. tertiary am ne reactants and the |ap shear
strengt hs ar e Coadditivasn Tabl e 4 bel ow, and denonstrate the toughening

effect of the SCC pol ymer conponent 10

TABLE 4 The compositions of the first ;arefexred aspect of the invention, which comprise
the matrix material and the modifying agent, can contain one or more other
s ingredients which have a useful effect, and which are referred to herein as coadditives.
For example, such an ingredient can () help to achieve good distribution of the solid
. modifying agent in the matrix material and/or reduce the time needed to distribute the -
solid modifying agent in the matrix; (b) help to stabilize the composition before the
treatment which exposes the active chemical moiety; (c) have a desired effect on the
10 manner or extent to which the active chemical moiety is exposed by such treatment;
(d) have a desired effect on a chemical reaction which takes place after stich
treatment, e.g. to increase the rate of reaction and/or to lower the temperature at which
the reaction takes place; or (e) have a desired effect on the product of such a chemical
reaction, e.g. on its stability or its physical characteristics such as strength, toughness,
15 flexibility, color or surface smoothness. A single coadditive can perform two or more
of these fungtions. The total amount of coadditive is preferably 0.05 to 50%, based on
the “formula weight”. The term “formula weight” is used herein to denote the
combined weight of the modifying agent and the matrix, but excluding any non-
reactive, e.g. inorganic, fillers. .
20
Specific examples of useful coadditives are (a) partial salts of acidic
polyesters, e.g. the material sold under the trade name W-990 by Byk Chemie; (b)
methylalkyl polysiloxanes modified by polyethers, e.g. the material sold under the
trade name A-530 by Byk Chemie; (c) phenols, including n-alkyl phenols in which
25 . the n-alkyl group contains 6 to 20 carbon atoms, ¢.g. nonyl phenol, 3-pentadec-8-ene-
1-yl phenol, e.g. the material sold under the trade name NC-700 by Cardolite, and
bisphenol A, (d) glycidyl ethers of phenols, including the phenols just noted,
including. 3-pentadec-8-ene-1-yl pheny! glycidy! ether, e.g. the material sold under
the trade name NC-513 by Cardolite, and nonyl phenyl glycidyl ether, e.g. the
30  material sold under the trade name Heloxy Modifier 64 by Shell Chemical; (e)
polyfunctional epoxy resins, including oxirane, 2,2’-((1-methylethylidene)bis(4,1-
phenyleneoxy(1-(butoxymethyl)-2,1-ethanediyl) oxymethylene))bis-, e.g. the material
sold under the trade name XB-4122 by Ciba-Geigy, 4-(8-(4-glycidyl phenyl)
pentadecanyl) phenyl glycidyl ether, e.g. the material sold under the name NC-514 by
35 Cardolite, 4-(pentadecan-8,9,0x0-1-yl) phenyl glycidyl ether, e.g. the material sold
under the trade name NC-551 by Cardolite, and the polyglycidyl ether of an alkenyl
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React ant Anmount Equi val ent Lap Shear

(phr) Wei ght Strength KA Triethylam ne

7.9 101 1000 KB Ancam ne K54

5.9 89 1000 KC Exanple 6. (Cl8A, DMAEA) :
37 477 2000 KD ,Exanpl e 5C (\C12A, DMAEA) 37
477 2000 Exampl e | A curable
pressure-sensitive ahesive was prepared by m xing 75 parts of a | ow Tg

ol yne 016 :ﬁé@l nE:%:E ith 24
Bar%/s {)f(a cﬂ@%{d&? ‘;7)0 ﬁ’q{%gﬂe(ﬁ%fggd V\%err = E@) \glnd
Merr]/Merrp4lb Y jte; (D S“Q‘H’éﬁ @é ¢ matetiplsoldynderthe heat ed to
3_0[ err]C, st Itﬂh&éﬂamﬂgﬁ&&ﬂ-seﬁlbp@hipnmé@i (Qquatemaiybdlkyl atmrsontumt m ngTa

i spersion o 06 hidh ggﬁg

pol 5rrer To t e pas ‘e Wy % wasxgggedé@ a&% v

tris(di netshy|ammomum
fornul ation Wao&he&%agaubm listed usMabh@ews mmﬂoﬂmemﬂermaor gr eat er

t han 60 days Eil,ée%%rerr]c The system was shown to be greater than 100
times nore s 50[err] C than predicted by Arrhenius kinetics 25 from
cure at 90, 110 and 130[err] C. Exanple M An SCC pol ymer,

CL8A/ AA (95/5 Wt AManyiRfthé QsdfilCodiitived artis0rfpipaave dpaitis Bgmprisidy (ayosl G si ze
of 33 M G ONg o Lo ARR L SY cOpdlintd ith e SRodtt R agtht Und'(BY biie of ok ' 0N ©Of 2
groups which are compatible with the matrix or with a product of a chemical reaction
of the matrix after the modifying agent has been exposed. Such coadditives can be .
small molecules, oligomers or polymers, e.g. block copolymers. Groups of type (a)
include non-polar groups such as alkyl, fluoroalkyl, and alky] styrene groups wherein
15 the alkyl group contains at least 6, preferably at least 9, e.g. 9 to 50, carbon atoms and
is preferably an n-alkyl group. Groups of type (b) include groups in the matrix
material, e.g. the group or, groups which take part in a polymerization or crosslinking
reaction when the solid mbdifying agent is exposed, for example a polar group such as
an epoxy, hydroxyl, carboxyl, amine, ammonium, ether este;j, amide, sulfonamide,
20  sulfonic acid, sulfonic acid salt or phosphate group. For matrix materials which are
epoxy resins, preferred surface active agents have an HLB ratio (the ratio of
hydrophilicity to lipophilicity) less than 10.

One class of coadditives can be classified as viscosity-reducing additives.

25 These reduce the viscosity of the matrix material so that dispersion of a modifying
agent therein is achieved more rapidly and/or more efficiently. The improved
dispersion can be achieved when the solid modifying agent is dispersed in the matrix
material and/or when the solid modifying agent is heated (and/or otherwise treated) to
increase the exposure of the active chemical moiety. The amount of viscosity-

30  reducing agent is preferably 1 to 50%, based on the formula weight. For matrix
materials which are epoxy resin precursors, suitable viscosity-reducing agents include
alkyl, preferably C,.,4 alkyl glycidyl ethers, nony! pheny! glycidyl ether and dimer
fatty acid diglycidyl ester, e.g. the materials sold under the trade names Heloxy
Modifier 8, Heloxy Modifier 64 and Heloxy Modifier 71 respectively by Shell

35  Chemical; epoxidized alpha olefins, e.g. the materials sold under the trade names
Vikolox 14 and Vikolox 18 by EIf Atochem North America; oxirane, 2,2°-((1-




suspension of the mcrospheres in a 'poor sol vent for the polyner (ethanol)
yi el ded no det ect abl e carboxyl functionality, while titration of a

suspension in a good sol vent (THF)

35 yi el ded 4.75 wt % carboxyl . This denonstrates that the SCC

pol ymer noiety, so long as it is 9i1d, shields the carboxyl groups
fromthe surroundi ng nmedium .A suspensi on of ‘the mcrospheres in a
30/ 70 m xture of THF/ ethanol was titrated first at a tenperature

gﬁldmt/vhte Eealtoome letﬂyﬁu&neymerpa&grlaxeomwmmﬁbml- groups were detect ed,
4. 6% car boxyFthﬁ?%Ub?%?@lg{ ?)bﬁ Ovethe%é&&km W%%?(ra 2%0‘9’*;32' te
was pr epar ed by SitagGeigy aad bripentadecdraneJoyl @glyyldgte&eg,rﬁﬂ.éhe material sold
under the trade name NC-513 by Cardolite and 4-(8-(4-glycidyl phenyl)
. 5 pentadecanyl) phenyl glycidy! ether, e.g. the material sold under the name NC-514 by
Cardolite; and 4-(pentadecan-8,9,0x0-1-y1) phenyl glycidyl ether, e.g. the material
sold under the trade name NC-551 by Cardolite.

Another class of additives can be classified as melt flow agents. These

10 associate with the modifying agent so that it flows more easily after it has been treated
to expose the active chemical moiety. The melt flow agent can for example plasticize
the polymeric moiety so that the polymeric chains are more mobile. In one
embodiment, the polymeric moieties tend to form hydrogen bonds with each other,
and the melt flow promoting agent is a compound which forms hydrogen bonds with™

15 the polymeric moieties, thus reducing the extent of the hydrogen bonding between
them. Melt flow agents can be used in amount 1 to 50%, e.g. 5 to 20%, based on the
formula weight. Examples of melt flow agents are dioctyl phthalate, dioctyl adipate,
stearamide, butyl acetate, epoxidized soybean oil (¢.g. the material sold under the
trade name Vicoflex 7170 by Atochem), n-ethyl-o,p-toluene sulfonamide (e.g. the

20  material sold under the trade name Santicizer 8 by Monsanto, and the material sold
under the trade name NC700 by Cardolite. T ‘

Another class of additives can be classified as compatibilizers. These improve

the compatibility of the modifying agent and the matrix material, and thus allow more

25  intimate contact and mixing. Compatibilizers are preferably used in amount 1 to 50%,
based on the formula weight. Examples of compatibilizers are block copolymers
comprising units derived from one or more alkyl acrylates and one or more glicidyl
ethers, e.g. a block copolymer of tetradecylacrylate and phenyl glicidy! ether; block
copolymers comprising units derived from one or more alkyl acrylates and styrene,

30 e.g. a block copolymer of tetradecyl acrylate and styrene; and epoxy noyolacs, e.g.
that available under the trade name NC-547 from Cardolite. '

The effect produced by a particular coadditive will depend upon the amount
thereof, the matrix material and the modifying agent. However, those skilled in the
35 art will have no difficulty, having regard to their own knowledge and the disclosure in
this specification, in selecting suitable coadditives.
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Fi bers, Inc. of Lowell, Massachusetts (PANEX hi gh nodul us, high strength

car bon fi ber reinforcement #CFP30-05). The cloth was inpregnated with
the | atent epoxy (SCC/ tertiary ami ne) mxture prepared in Exanple-B.
The cloth was heated to 100[err]C by passing DC current through it,
thus curing the resin to yield an anber-&sl ored 15 .conposite product.
Exanple Q Two curabl e m xt dfes (A) and (B) were prepared by
m xing at 25[err]C (A 13.7 g 20 of liquid EPON 828 with 0.7 g of liquid
EM-24 and (B) 9.2 g of EPON 828 with 0.92 g of 5 mcron spherical
particles, the sherlcal particles con5|st|ng of a 50:50 m xt ure of
EM - 24 and SCoYpSfatres Modifying Agou 25). Mxture A containing free

EM - 24, increased |n Vi scosity at 25[err]C from 76 to 4132 poise in 24

ggﬁlr?n t\ggl gﬁ i ncrease F{ﬁ% gﬁmcos %ga#%[l%%m 1%%6{[ gr :)Ioidsgsi’ n

24 hours. $§ invegtiepgsnde A curable m xture was prepared by
m xi ng 50 g of pol yb&p!étﬁﬂ?kdﬂﬁﬂés&df@ﬁxﬁbﬂﬁyn&whe%ﬂo%m%dlikﬁhpl@%ﬁm
Conmpany, 20 g of tripropyleneglycol diacrylate, 22 g of octyl .
acrylate, 1 g_of benzoy| perOX| de and 7 g of C22A/ DNAEA pol yner from
Exan-p|e 3. ThasSakina MOoCHX ‘e La»n-u YBUIESIS S LA .s;-. ARIpQNNds nbhi ent

t enperature and cured to a crossli nked 4 xture in one hour at
70[err] C 10 ' The present invention provides a new route for the preparatlon of chemical

compounds, many of which are themselves novel chemical compounds or are novel in
the particular form in which they are prepared. Examples of final products which can
be prepared by the present invention include (i) a coating for a printed circuit board;
(if) an encapsulant for an electrical component; (jii) a resist on a substrate which isto

15 be plated or etched, especially a photoresist; (iv) a foam (flexible or rigid); (v) a
polymeric fiaterial having covalently linked thereto a group which will act as an
antioxidant, herbicide, mildewcide, fungicide, bactericide, disinfectant, deodorizer,
insecticide, fertilizer, flame retardant, ultraviolet stabilizer, or catalyst; (vi) a medical
diagnostic material; (vii} an ion exchange membrane; (viii) a filtration medium;

20  (ix) anadhesive; (X) a semi-permeable membrane; (xi) an imaging film; (xii) an
information storage medium; (xiii) an orthopedic cast; (xiv) a reinforcing member;
(xv) acomposite, e.g. an epoxy graphite composite; (xvi) a paint or a coating
(including an enamel paint); (xvii) a powder coating; or (xviii) an electrically
insulating coating on a conductor, €.g. an epoxy or polyester coating on a wire or a

25 coil.

-

These final products, and their heat-activatable precursors, form part of the

present invention. Of particular interest are the mynad known uses for epoxy resins,
e.g. as adhesives and prepregs, and for foamed polyurethanes or the like. Such known

30 uses include use as adhesives in the manufacture of automobiles, and use of prepregs
to reinforce concrete structures against earthquakes or against weakness caused by
corrosion of reinforcing bars. Also of particular interest are unsaturated polyester
thermoset resins useful for structural and functional parts in automobiles, household
appliances, furniture, tools and office machines, and as building panels. The

35  compositions are also valuable in heat-curable orthopedic casts and pressure-sensitive
adhesives.
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35 Exanpl es Q and R show the preparation of pol ynefs whi ch can be

used, e.gQ. as described in Exanples S and T, to produce nodifying
agents which contain phot oacti vat abl e chemi cal noieties and are useful
photoresist materials. :

36 Exanmpl e Q Pa5/oct adecyl acryl ate (POD) was
prepared by reacting together. under nitrogen 11000 g of octadecyl
acrylate, 25 g nmercaptoethanol and 3 g AIBNin 2 liters of t ol uene
at 65[err]C for 16 hours The sol uti EXAMPLES8at ed at 80[err]C for. 2 hours,

t hen cooled to 40[err]C. At this time 60 g of isocyanatoet hyl

met hacryl ate and 4 dyops, of . dié%‘f | tin dilaurate re, added and
stirred for 6 houlheinyemtiop isjfiystrated by %ﬁpmng%x@apl%s. xamples 1-11 show
the preparation of modifying agents, and are summarized in Table 2 below. Examples
s A-X show the use of the modifying agents (Examples C, F, G, H, JA and IB being
comparative Examples), and Examples A-J are summarized in Table 3 below.

The ingredients (and amounts thereof in grams) used in Examples 1-6, and the
properties of the products, are shown in Table 1. The following abbreviations are
10 used in the description below and in Tables 1 and 2. C22A is docosanyl acrylate;
C18A is octadecyl acrylate; C12A is dodecyl acrylate; HEA is 2- .
hydroxyethylacrylate; C1M is methyl methacrylate; MA is maleic anhydride; AA is
- acrylic acid; IEMA is isocyanatoethyl methacrylate; DMAEA is NN-
dimethylaminoethyl acrylate; VDP is vinyldiphenyl phosphine; LDA is lithium
15  diisopropylamide; CDP is chlorodiphenyl phosphine; TBT is tri-n-butyl methacrylate;
AMZ is 1-(2-aminoethyl)-2-methylimidazole; API is 1-(3-aminopropyl) imidazole;
DABCO 33LVisa33% §olutjon of diazabicyclooctane (DA;BCO) in an oil carrier
available from Air Products under the trade name DABCO 33 LV;AIBN is azo bis
(isobutyronitrile); TAP is t-amyl peroxy 2-ethyl hexanoate; BPB is t-butyl
20  peroxybenzoate; CBr4 is carbon tetrabromide; C12SH is dodecane thiol; My is
" weight average molecular weight; My, is number average molecular weight; DGEBA
is the diglycidyl ether of Bisphenol A available from Sheil under the tradename Epon
828; Pluracol is a hydroxy-terminated polyether available from BASF under the
tradename Pluracol P1010; Isonate is 4,4'-methylene bis(phenylsocyanate) available
25 from Dow Chemical under the tradename Isonate 143L; DICY is dicyandiamide; Ex 1
is the spray-dried product of Example 1; similarly Ex 2, 3 and 4 are the spray-dried
products of Examples 2, 3 and 4, respectively; 2X Viscosity is the time (in days unless
otherwise noted) which the composition takes, at the indicated temperature, to double
in viscosity. ' .
30
In Example 1, a reaction mixture of C22A (180 g), IEMA (120 g), CBr4 (10 g)
and AIBN (3 g) in toluene (700 ml) was maintained at 80°C for 16 hours under
nitrogen, with stirring. Excess AMZ (107 g) toluene (350 mi) and THF (100 ml) were
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from et hanol and dried under reduced pressure 10 351 g POD,
504 g butyl acrylate, 150 g acrylic acid in 2 liters of toluene were
purged under nitrogen and polynerization initiated by addition of 10 g

Al BN. The reacti on proceeded at 59[err]C for .sixteen hours, followed
by heating at 80[err]C for two hourxg. The pol'yweric material was
preci pitated from nethanol. Characteristics of the 15 copolyner,

pol y(butyl acryl ate-co- acryl i ¢ aci d-co- pol yoct adecyl acryl at e) ( PBAPQD)

are shown in Ig&h*g%w ed onto a
substrate andaggu betherer?ﬁmd *rorr’rzmI the substrate %y heati ng the
substrate to SBg foreboyt 13 r A8ernthe mbytuzg had cogledtg seom tNGFAtYe  hydr oxi de.
Exanmpl e r methanol (3 [) waﬁaﬂdudwkr The resuiting paelptwepas isolated dycéitrifuging,

?Ic’;l;[ gldeg%ld gc[l& [ers %%P ace‘{l%d%%\%n#gpwpgdé%% norrg?decyl

m xture was amve‘;tm%a ghtyellow salid e The
rteLra: Eder oftwmmmaMuﬁm%dMJMMFm&é?Mxml QAKY - 2- %
e exanoa r $ e over
i nﬁt es. Eie:%x%:%f{a\%l %‘?éﬁ‘é&éﬁ ﬁ@d?ﬂ-bgsx; g?fof@?’#f%p ét1
Esper ox 5100 {polymgtgeataining abopt S1fennitsderived a yniéseriyed he .
vessel and heﬂéﬂdEMa&DWﬁ&mvaé&ﬁ&htMmdwasmmayﬂM

acryl at e- ¢p- "By ¥304.C né{: dohfielinder .
reduced pressure awg Wéﬁ{ﬁ%{g%ul ?g daﬁl’fﬁ ar acterl stlcs of the polyner
are shown i n increased snbstanua!ly by annealmg the product, e.g. by maintaining it at 40-45°C for

about 48 hours, or by increasing the temperature from 30 t0-45°C over about 25 hours. -
A sample of the product (20 g) was dissolved in 100 g of a 10:1 mixture of CHCI3
and THF, and the solution was spray dried to yield particles of size less than §

15 microns (0.05 mm).

-
-

In Example 2, substantially the same procedure as in-Example 1 was followed,
using the ingredients shown in Table 1.

20 In Example 3, a reaction mixture of C22A (75 g), DMAEA (25 g), AIBN (1
g), and C12SH (1 g) in toluene (200 ml) was maintained at 60°C for 16 hours under
nitrogen with stirring. The resulting polymer was precipitated by addition of ethanol,
filtered, dried under reduced pressure, redissolved in CHCl3, and spray dried.
Substantially the same procedure was followed in Examples 4, 5A, 5B, 5C and 6,

25  using the ingredients shown in Table 1.

In Example 7A, a monomer solution of C22A (58.61 g), CIM (8.60 g), MA
(15.67 g) in toluene (67.12 g) was prepared at 50°C under a nitrogen atmosphere and
sparged with nitrogen for fifteen minutes. A stainless steel reactor was heated to
30 110°C and sparged with nitrogen for 20 minutes.

The monomer solution was added to the steel reactor over a period of 15
minutes, while at the same time TAP (0.60 g) was pumped into the reactor to initiate
polymerization. After two hours the solvent was removed under reduced pressure.

35 '
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Table 5. 35 The pol yner was easily coated onto a substrate and

coul d be renoved from the substrate by heating the substrate to
50[err]Cin the presence of 0.5 N aqueous sodi um hydr oxi de.

37 : TABLE 5

To [err] C Tp [err] © Mv 24 "M PBAPQOD
42- 45 71, 000 17,000 POVA

41 85, 000 . 15,800

A 500 ml threé-necked round bottom flask was equipped with a mechanicat
stirrer and a Dean-Stark water separator. The flask was charged with 36.3 g of the
copolymer and 150 ml of toluene and heated to about 50°C . AMZ (8.76 g) was
added dropwise to the copolymer solution. The reaction mixture was heated under

s reflux, distilling the toluene-water azeotrope, for about 18 hours. The reaction
mixture was added slowly to one liter of ethyl alcohol to coagulate the polymer. The
solid was collected by filtration, washed with ethyl alcohol and dried under vacuum -
at 50°C for 16 hours. Elemental analysis showed 17% active imidazole.
Poly(docosanyl acrylate-co-methyl methacrylate<co-N{ethyl-2-(1-methyl-(2-
10 methyl)imidazolino))maleimide characteristics are provided in Table 1.

The modifying agent was reduced in size to 5 micron average particle size
using an air milling process.

15 In Example 7B, the same method was used as in Example 7A except that the
addition of AMZ was performed below 50°C with stirring for 2 hours to form the
amic acid. Then the polyp_aei'.was precipitated from methanol. The material was
dried under reduced pressure. This material wets the matrix faster than the material
from Example 7A and yields glossier cured specimens when storage stability

20 requirements are short. Particles were prepared with a particle size of about 5 microns
by use of an air miil. '

In Example 8, the same copolymer consisting of C22A/CIM/MA was
prepared. In this example the three-necked round bottom flask was charged with 17.3
25 gofthe copolymer and 95 ml of toluene and heated to about 50°C . API (4.16 g) was
added dropwise to the copolymer solution. Elementai analysis showed 18% active
imidazole. Poly(docosanyl acrylate-co-methyl methacrylate-co-N(propyl-3-(1-
imidazolino))maleimide) characteristics are provided in Tabie 1.

30 The modifying agent was reduced in size to S micron average particle size
using an air milling process.

In Example 9, a solution of C22A (62 g), VDP (25 g), BPB (1.74 g) in 100 g
toluene was prepared under a nitrogen atmosphere and charged into a 500 ml round
35  bottom flask with a stirrer. The mixture was placed in a heating oil bath at 110°C, and
stirred under nitrogen for 12 hours. The reaction mixture was added slowly to 1 liter
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The pol yner of Exanple R is used to prepare a nodifying agent containing a
phot oacti vat abl e group, M chler's ketone

(4, 4" -di met hyl - am no- benzophenone). 10 A reaction mxture is
prepared consisting of POVA and Mchler s ketone in a ratio
corresponding to 1 equival ent of POVA cagboxyl group.to 1/2 equival ent of

M chler's ketone. Solvent is renoved by drying in vacuo. The dried pol yner
S formed into particles by use of an air mll. 15 Then

about 3 part s Qf . Jixed With

éggngi;ts of t 7] gﬁ% Ya %‘{coé |a§‘iri/§pate \{%8 S?e ong1 %véa}*r&glggeparts

presence of |50 Bi&mexitdramlyﬂpsﬂopwé 2.7% active phosEhma:dey(ﬂo&&anyl acrylateco- A

pol ymer is pr ﬂen9 Qﬁﬁﬁ&e@u wégl ng oct adecyl
acryl ate, E@i J‘i‘gcry}/ te an ydroxy et hyI acry ate ‘and dodecyl nercaptan
in the 5 rati o of 70:10:20:1. The resulting polyner (POVHA) exhibited a

nmel ti ng point of InExampledo, 8&1&M@Mﬂﬂ:§uw1§@,mm 100 grans

of dried P E*Qg% ;Aq:ragéw gpled.to 5 C
and 0.9 equiva en{?a?g%&f%d&qe eﬁ'mt@% lﬁ%fsg% hy gi groups S
added dropwi SeniAinga magnstia stiripg bansad sPargedt"@ﬁb‘H e fer Hbmuiptesg The £ o) | owed
by the dr opwi tpeleaskitplaed maam&mumahaaaﬁna@héamtwc. The reaction

10 mixture was added slowly to 1.5 liter of methyl alcohol with stirring to precipitate the
polymer. The sofid was coliected, washed and dried as described, in Example 9.

A mixture of 150 g of C22A/HEA and 300 ml dry tetrahydrofuran was
charged into a 500 ml round bottom flask under nitrogen atmosphere. The flak was
15 immersed in a water bath to maintain the mixture at near room temperature. To the
mixture was-added via syringe 135 ml of 2.0 M LDA (Aldrich Chemical Co.). The
mixture was stirred at rogm temperature for two hours. Then, 50 ml (59.5 g) CDP
was added via syringe and the mixture stirred for 12 hours. A small amount of
colorless solid was removed from the mixture by Buchner fitration. The filtrate was
20  added slowly to 1 liter of methy! alcohol with stirring to precipitate the polymer. The
solid was collected, washed and dried as described in Exampie 9. Elemental analysis
showed 2.7% active phosphine. Poly(docosanyl acrylate-co-2-(diphenyl-
~ phosphinoxy)ethyl acrylate) characteristics are provided in Table 1.

25 In Example 11, a solution of 50 g docosanyl acrylate, 50 g tri-n-butyltin
methacrylate, 4 g dodecyl mercaptan, and 0.5 g AIBN was placed in a 1 liter glass
reactor with a magnetic stirrer. The solution was sparged with nitrogen for 20 .
minutes. The reactor was sealed and was placed in a bath for 70°C for 16 hours with
stirriné. The reaction was added slowly to 1.5 liters of acetone with vigorous stirring

30 to precipitate the polymer. The solid was collected by filtration, washed with acetone,
and dried under vacuum at approximately 50°C for 12 hours. Elemental analysis
indicated that the tin content was 14.9%. Poly(docosanyl acrylate-co-tri-n-butyitin
methacrylate characteristics are provided in Table 1.

35 Table 2 shows ingredient quantities in grams, except as indicated otherwise.
The compositions of the modifying agents are shown as % by weight.
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br onobenzophenone. The m xture is allowed to stir for 12 hours and

filtered.
by precipitation 30

of mal ei ¢ anhydri de

from et hanol
A heat and light activated filmformng resin systemis prepared by
conbining 35 20 parts of POVHA, 50 par2® of nethyl wethacrylate, 10 parts

38 and 20 parts

subsequent |y cooling

dissolved in 20 nl of tol

to

Pol ymer containing attached benzophenone (POVBP) is isélated
and dri ed.

Exanpol e U

of TPGDA at 50 C in the absence of | i ght - and
r oom TABDERAt ur e.

uene and coat ed
. L.

10 parts of this resinis
onto a polyester filmat a

dry filmthi gkress—oefr48reronsg—=at aﬁuarquﬁﬂtiy‘bw'c{c
Example 1 2 |3 j4 |5A |5B |sC |6 |7AsB |8 9 10 |1
Ingredients
CI2A . - {- - 5 |85 Jw0 |- |- - - . 50
CISA . - - - - - - q70 |- - - . -
C2A 180 J240 |75 |8s-1- j- }- }- 15861 |ss61 {62 Jis8 }-
CIM - - - t- f- i |- |- [se0 [s860 |- . .
MA - - 4~ 1- f- b e -el- clise7 41567 |- - .
HEA - R O R - - 416 |-
IEMA 120 §jé0 |- (- (- |- {- {- [- . - - -
DMAEA - - 125 115 J25 {15 |30 j30 |- - - - .
AMZ 107 |- - |- 1- |- 1- |- |83 |- - - -
API | S S O O M PO N O 416 |- |- |-
LDACM) |- PO U P P PO N U Ol - 135 |-
CDP - SO PSR P PR S PR DU . - 595 |-
VDP - - e 1 - 4 1- 1- - . 25 |- -
TBT - - e - - e - -t - . - 50
TAP - < 4- - - |- |- {- 1jos0 loso joso |- -
BPB - - - f- - f- - - - - 174 |- -
AIBN 3 §3 |t I 1y v 1 o - - - 4 0.5.
CBr4 0 Jw - |- |- - |- |- |- - - b4
C12sH A I I R IR IR I T . - s
Product
%C22A st |m ofws lss |- |- |- 1- {51 st le2 |s6 |so
%CI12A - - - 1- iss j92 |- |- - - - - -
% IEMA 27 Jwe |- - |- {- f- {- }- - - - -
%DMAEA |- - {25 {15 {12 {8 |- |- |- . - - -
% CIM - - k- - e - - - 183 |s3 |- - .
% MA " = 1- 1- §- |- |- - 1152 {is3. |- - -
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with a 38 micron filmof polyethylene to produce a | am nat abl e photoresi st.
Exanple V A m xture consisting of 3 g RF713 (conductive
silver epoxy resin from Resin Forrmul ators Division of EV Roberts,
Inc.) and 0.16 g of the latent curing agent |10 prepared in Exanple 7 was"
prepared. A second m xture consisting 0§,3 g RF713 and 0. 03g of
2-ethyl -4-nmethyli m dazole (EM -24 avai l a%l e fromAir Products) was
prepared. Each m xture was heat ed in a hot press between al um num pl at es at

177[ err] C aRtregsles-npretforped6—-6 ALY LY SH-arretet -
t hi ckness. ] - ~multifgeter- tlhe @i shs ekhibilt-ed diuval eni-
resi stance b_ohfgs. |.15f. |.» ExampleiWw |. - . heanple W
shows how t TP off & fo-qudr{rveg tofa arjgr agernt? resin
m xture red irad for tile Lr"nr{' férl_l zg 3nt t15 ecf¥fectivel
wet the 20 . Alni xtlur ef-of {13. 6 g fof {he|aod]fyi g9agent of- Exhnpl ¢ 1,
4% by wei ghtqy W i 990} Baﬁ ed pn tjne yel g;W pf  t e nogLiying apen
and 100 g off—Fpenr—82$ ef;\my st werp—pepar-et—ane—ta5t-edi—+A—h—thi n
filmconsis{¥%@PPof al250ii ck-on thl LK hebi vé- bajrd - ljrne.j2%hel-
nodi fyi ng aggrgrwet {he fesip if.4 fayg.at{40ferr{.C cqnpargqd wif.h 3| pgon{hs
at the T _TNE_a N LY 1) (YNL —P5—1 -
To(Q) - ’5“@ St 56 |5 |5 J-& 47 1407 - 5?.9%57 4
Tp (C) 60 |67 is6 |59 Jo o o j4a7 Iss 627 -l619 |59a |s2
AHQU/) |53 fa7 lss Jo7 |10 Jro |- |- |38 46 138 l617 |43
Y 386 116 |98 |90 |54 |58 |20 |20 328 328 |23 |74 [0
(x 1000) : ” .
Mp ] 173 |85 165 |60 (3.1 {3.7 |- - 12.3 1233 |18 |50 |86
(x 1000)

In Examples Ato X, some of the modifying agents prepared in Examples 1 to 1 l
were used to prepare crosslinked polymeric resins. For Examples A to J, the ingredients
used, and the properties of the resulting products, are summarized in Table 3.

In Example A, the modifying agent of Example 2 (containing C22A, IEMA and
AMZ, 13%) was hand mixed with DGEBA to give 5 parts (phr) of AMZ per hundred
parts of DGEBA. The resulting mixture could be stored (did not double in viscosity) at
25°C for more than 120 days and at 40°C for more than 60 days. When heated at 90°,
10 -100° and 100°C, the composition reached the isogel point in less than 7.5, less than §,
and less than 2.5, minutes respectively. When heated from 30° to 120°C at a heating
rate of 10°C per minute on a Rheometrics mechanical spectrometer, the composition
reached an elastic modulus of more than 10 dyn/cm? and a viscous modulus of more
than 10° dyn/cm? within 15 minutes. When heated from 40° to 300°C at 10°C/minute
15 onaDSC, the cure exotherm peak commenced at 132°C, had a peak at 146°C and had
a heat of reaction of 350J/g. . '

In Example B, the procedure of Example A was followed except that the
modifying agent of Example 1 (containing C22A, IEMA and AMZ, 22%) was used in
20 amount 3 parts of AMZ per 100 parts of DGEBA. The resulting mixture did not
double in viscosity at 25°C for more than 120 days, or at 40°C for 60 days. The
mechanical spectrometer data at 15 minutes and the DSC data are shown in Table 2.
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Exanmpl e X shows how the addition of a co-additive inproves the aesthetic

and - mechani cal characterisitics of a thernoset resin. The system of
exanple | was evaluated 30 with and w thout nonyl phenol. 14 parts nonyl
phenol yielded gl ossy, clear thernosets at 80[err]C. Curing at 120C
required | ess than 3 parts of nonyl phen%Jr to achi exe the sane hi gh
gl oss, clear, uniformthernosets. Wthout nonyl phenol the systemcured to
a flat finish at 120[err]C, between 80-120C the systemcured to a
phase separated thernpset that had poor gl oss and poor clarity. 35
39 In Example C, which is a comparative example, BGEBARas mixed with

AMZ (5 parts per hundred). When maintained at 25°C, the mixture solidified in less
than 2 days. The DSC data are shown in Table 2.

In Examples D and E, DGEBA was mixed with the modifying agents of
Examples 3 and 4, respectively. The resulting mixture did not double in viscosity at
25°C for-more than 120 days, or at 40°C for 60 days. The mechanical spectrometer
data at 15 minutes and the DSC data are shown in Table 2.
10
In Examples F, G and H, which are comparative examples, Pluracol (21 g) and
Isonate (5 g) were mixed together, and to the mixture was added (i) in Example F,
nothiﬁg, (if) in Example G, 1.6 g of DABCO 33LYV, and (jii) in Example H, 4g of a
spray-dried mixture of a copolymer of C22A and acrylic acid (85/15), 67 g, and
15 DABCO 33LV, 46 g, so that the mixture contains 13.4% DABCO. The resuits of
storage at 25°C are shown in Table 2.

In Example I, 15 parts of the modifying agent of Example 7, cotresponding to
2.6 parts AMZ, were mixed with 100 parts of Epon 828 epoxy resin and maintained at
20 40°C for 23 hours to test the latency of the polymer bound catalyst for use in curing.
The polymer bound catalyst was tested for use in curing the epoxy resisn by heating
the formulation at 10°C/min from 30 to 300°C. The C22A/ CIM/ MA-AMZ in Epon
828 exhibited less than a 10 percent increase in viscosity after storage at 40°C for 3
months. Results are shown in Table 2.°

Anhydride cured epoxy resin systems were prepared from either (1) 5.9 g of
the modifying agent of Example 7 and 102 g Epon 828 and 80 g methyltetra-
hydrophthalic anhydride (MeTHPA) or (2) 100 g Epon 828, 30 g MeTHPA and 1 g
AMZ. Both systems were shown to cure to hard thermoset plastics on heating as

30  demonstrated by DSC. However, whereas system (1) did not double in viscosity for
at least four days at 40°C, system (2) was a bared glass in less than one day.

Furthermore, some improvement in casting clarity was obtained when the
.modifying agent was premixed with the MeTHPA prior to mixing with Epon 828 over
35 mixing the modifying agent into the Epon 828 alone or into the Epon 828/ MeTHPA
mixture,




1. A |l atent conposition which conprises (1) a matrix

material; and 5 (2) distributed in the matrix material, a

| at ent nodi fyi ng agent which, when the conposition is
heat ed, pronotes a chemical reaction of the matrix.material, :
characterized in that the latent nodifyigg agent . (a)

Is present in the formof solidparticles which have ‘an average

dianeter of 0.1 to 150 microns, and 10 (b) conpri ses

(i) a polymeric noiety which conprises a crystalline pol ymeri c
noi ety having an et of lLting te ratur eak
nel ting tenperat uﬁgﬁ"&fh% & b°% q@?@“??ﬂﬂ%ﬁ ogs vyith the Epon
(ii) an acti v828absimi thafomnlaemyyxddbdlnghsmwathgs abadhediyesphigher pfoss
moi ety thr Ou%teaua%m&a Gya? rétfulréd i1/ i\ WelRlghan
and whi ch, when_the ¢o |t|pné# PFﬁied ﬂgﬂ$ er.ature
above Tp, §'s BWQH'P“? P ign may be attriibuted
pranot es a chewan improvedabilitpof thé carhexylfitnctionahptoap bfithe polfier & contactfand
conposi tion agg QH§%§9ﬁ£Q¥ Q@&@?%Frlzed in that (a) the nodifying
agent has a heat o &%ﬁ5|on 8? at ast 20 J/g and (b) the polymeric
noi ety has a crystalline nelting point of 50 to 100[err]C and .
conprises a side diExample §,aifoinhilstionndi6y2 parts of modifyiyg ageapof Exangple 8,  units
de“ ved f@gmogﬂ'gsg%daﬂ%{oel iig@&@%ﬁ@@%&h%ﬂﬂ%% §Ppod838 Rp&/tbdh N1 N9 12

and maintained at 40°C for 43 hours to test the latency of the polymer bound catatyst

for use in curing. The modifying agent/resin was tested ﬁnwmetncunngbyhanmg

the composition at 10°C/min from 30 to 300°C. A formulation of.15 parts of C22A/

CIM/ MA-API in 100 parts of Epon 828 exhibited less than a 10 percent increase in’

15 viscosity after storage at 40°C for 3 months.

iy

FHTe meaee
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3. A conposition according to claim1 or 2, characterized in that the
matrix materi al Is a precursor for a crosslinked pol yner. 4.

A conposition according to claim 3, characterized in that the active
chemcal 30 noiety (i) is covalently bonded to the polyneric noiety of the
nodi fying agent, and (ii) is a nojety which, when conposition is
heated to a tenperature above Tp, reacts chemcally" with the matrix
material to forma crosslinked pol yner.

40 5. A conposi ti on according to claim3 or 4, characterized in
that the matrix material conprﬁgﬂgﬁéﬁ epoxy resin or an epoxy novol ac.
6. A conpgsition according to claimb, characterized jipn that the matrix

mat eri al EXAMPLE A B Cc* D E F* {G* {H* |I J
Ingredients :

DGEBA Yes Yes |Yes }Yes |Yes |- - -
Epon 828 - - - - - - - - Yes |Yes
Pluracol - - - - - 2 |21 21 |- -
Isonate - 1 - S 5 15 I5 |- - L
Ex 1 - Yes |- - - - - q- - -
Ex2 Yes - - - - - - - - -
Ex3 - - - Yes |- - o« |- - - -
Ex 4 - - - - Yes |- |- |- |- |-
Ex7 - - - - - - ] - Yes |-
Ex8 - - - - - - - - - Yes
AMZ - - Yes |- - - - - 1. |-
APl . A R . ; N N N i N -
DABCO33LV |- = {~ - - - t- 1.6 |- - -
CRA/AA/DABCO |- - - - - g R - 4 - -
AMZ (phr) 5 3 5 - - - - - 26 |-
API (phr) - - - - - 4 1= - - 2.7
DMAEA (phr) |- - - s 5 SRR TR O P

Zx Viscosity (days)
at25°C >120 1>120 |<2 >120 |>120 |>1 |<t 120 |- -

at 40°C >60 [>60 |- >4 |>14 |- |- {- [>360 |>360
Isogel (mins) |
at 90°C <15 - - - - - - - - -
at 100°C 5 - - - . - - - - -
Flastic Modulus {>107  [>107 |- |- - S P P PO
Viscous Modulus |>106  |>106 |- - - N D e -
DSC data
Onset°C)T, (132 {114 [99 {135 {150 |- |- |- {135 |136
Peak (°C)T, |146 |137 {130 j200 195 |- |- I- 151 [is3

g;ga;“ Reaction 1350 350 [sso0 |75 |50 |- |- |- |385 |229

*Comparative example




S. conprises an epoxy resin and di cyandi am de or an anhydri de. 7.
A conposition according to claim 3, characterized in that the matrix

mat eri al conprises an unsaturated polyester. 10 8. A conposition
according to any one of clainms 1 to 7, characterized in that the
active chem cal noiety contains nitrogengy, 9. . -A conposition

according to any one of clains 1 to 3, characterized in that the
active chem cal noiety is a noiety which, when the conposition is heated to

a tenperature_15 Iagove Tp, catalyzes a chemical reaction of the matrix
mat eri al . A conposition according to claim9, characterized

in that the active chem cal noi:ety conprises an enzyne. 20 11. A
cofposi tion accor dmrﬁ;anzplesm lﬁmKQ::mdrIéB,tEGEBAdvasmnxmmbmumentve cheni cal

ol ety conbrl af as bR BN A RERBIHE Wls Lkadgy one of

t he preced| ng al s, charlyact eri zed nat.er.| al

provi des a5 coﬁ’ﬂ regsthier ‘hﬂ %Bﬁa@i‘%ﬂwﬁmﬂ’yﬁé&%m is 25
present in thaidee briof cared atDSpH0PC Edrel$ hohisc Tha tapeshean swangtipgfithelbandovar  of
0.1 to 50 m CLORGred using an Instron Load Cell at 25°C and at a rate of 0.05 inch/min. The

tertiary amine reactants and the lap shear strengths are shown in Table 4 below, and

demonstrate the toughening effect of the SCC polymer component.
10

TABLE4
Reactant Amount Equivalent Lap Shear }
. (phr) Weight , Strength
KA | Triethylamine 7.9 101 1000 -
KB | Ancamine K54 59 89 1000
KC |Example 6 (C18A, DMAEA) 37 477 2000
KD jExample SC (C12A, DMAEA) 37 477 2000

Example L

15
A curable pressure-sensitive ahesive was prepared by mixing 75 parts of a low
Tg polymer (CI6A/EHA/AA; 30:63:7, Mw=21,400 and Mw/Mn=2) with 24 parts of a

crystalline polymer (C22A/GMA 80:20, Mw=17,400 and Mw/Mp=1.7, and

Tm=63°C). The mixture was briefly heated to 80°C, stirred, and then quickly cooled
20  to 25°C, thus forming a dispersion of particles of the crystalline polymer in the low

Tg polymer. To the paste obtained in this way was added one part tris(dimethyl-

aminomethyl)phenol (K54 from Air Products). The formulation was shown to be

stable by DSC and viscosity for greater than 60 days at 25°C. The system was shown

to be greater than 100 times more stable at 50°C than predicted by Arrhenius kinetics
25 from cure at 90, 110 and 130°C. '

Example M

An SCC polymer, C18A/AA (95/5 wt%), was formed into microspheres having a

30 median size of 33 microns, with 90% having a size less than 50 microns. Titration ofa
suspension of the microspheres in a poor solvent for the polymer (ethanol) yielded no

detectable carboxyl functionality, while titration of a suspension in a good solvent (THF)
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13. A conposition according to claim 12, characterized in that the

nodi f.yi ng agent is present in the formof particles having an average
di aneter of 0.1 to 10 microns. 30 14, A conposition according to any
one of the preceding clains, characterized in that- t he conposition

al so contains a coadditive which contairg (i) one Or nore non-pol ar
groups which are al kyl, fluoroal kyl or alkyl styrene groups in which the

al kyl groups contains at |east 6 carbon atons, and (ii) one or nore
22' ar groups ¥Y§ 4?5% 1. 'I'lusdemonsuatesthattheSCCpoiymermomg solongas

: a Xyl , |um ester
sul f onani de %3 ﬁ,sﬁx&@ ¢ boxyTgrgx@fs m® $f“°5‘l“mp w&m@foups
15. A corrpo&ehuansphenemmk 30470t mixtune ofSTHF fothandl svap titratedifirstjatcl teinperature
Char act eri edyddly ildHbiymep melt enfiREhne, Wil balbiyl Broups Hiefe RRE1H M tndhat

4 h
Oferr]c V\g t gt%gnperamreabo etlhgpgyrsn%?:%ltt&mperamre when 4.6% carboxyl groups were
detected.
Exampie N
f\'
10 A cured composite was prepared using a graphite cloth supplied by Stackpole

Fibers, Inc. of Lowell, Massachusetts (PANEX high modulus, high strength carbon
fiber reinforcement #CFP30-05). The cloth was impregnated with the latent epoxy
(SCCltertiary amine) mixture prepared in Example B. The cloth was heated to 100°C
by passing DC current through it, thus curing the resin to yield an amber-colored

15  composite product.

e

Two curable mixtures (A) and (B) were prepared by-mixing at 25°C (A) 13.7 g
20 of liquid EPON 828 with 0.7 g of liquid EMI-24 and (B) 9.2 g of EPON 828 with
0.92 g of 5 micron spherical particles, the spherical particles consisting of a 50:50
mixture of EMI-24 and SCC polymer (C22A/AA; 95/5). Mixture A, containing free
EMI-24, increased in viscosity at 25°C from 76 to 4132 poise in 24 hours, while
Mixture B, containing the thermally triggered particles, exhibited an increase in
25  viscosity at 25°C from 146 to 650 poise in 24 hours.

-
A

Example P

*. A curable mixture was prepared by mixing 50 g of polybutyl methacrylate
30  supplied by Aldrich Chemical Company, 20 g of tripropyleneglycol diacrylate, 22 g
of octyl acrylate, 1 g of benzoyl peroxide and 7 g of C22A/DMAEA polymer from
Example 3. The mixture was storage stable for one week at ambient temperature and
cured to a crosslinked mixture in one hour at 70°C.

35 Examples Q and R show the preparation of polymers which can be used, e.g.
as described in Examples S and T, 1o produce modifying agents which contain
photoactivatable chemical moieties and are useful photoresist materials.
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16. A nmet hod of making a chem cal conpound which conpri ses
(A heating a conposition as clainmed in any of clains 1 to 15 to a

t enperature of at least Tp, thereby increasing the -
extent to which the matrix material is 10 contacted by
the active chem cal noiety; and 36 (B) surul taneously with step
(A), or after step (A), subjecting the matrix ' mat eri al
and the nodifying agent in contact therewith to conditions which

cause the chem cal reaction of the matrix material. 15 17. A et hod

according to claim 16, characterized in that the reaction in step (B)
produces a poIB}nEﬁk‘-iQ\ a liquid phase reaction mxture, and the nethod al so

i ncludes, after step (B), the st eps of (O subj ecti ng
the reaction m Xt upgly eyhﬂ&rmm gen

&&MRPO
ggent to be IQO&) SO%I% ghals X\Qe fs m reaclslo?agdsmﬁ]er@bns gogll‘lyﬁﬁlgd
agent fromth@luenqatéﬁ"ﬁiquléhours. Thesglsnonwasmudﬁt&fcdbﬂﬁ)mm&mde by a
method as. cl aaget fo0et. Aufuisin 60'd of iséyanatdcthyl methabGIHRCHA' WufpS BFS| 11 ve

nodi fyi ng age | s suitahle a co 05|t|on . s clai ned
in any of cl a%% g‘ B’e\/ﬁaf‘% egfor%hours( e productyyas precipitated .
(i) a pol ymmmmmmmmeat of fusion of at |east 20J/g
and whi chieonpri ses a crystalline polyneric noiety having an onset

351 g POD, 504 g butyl acrylate, 150 g acrylic acid in 2 liters of toluene were
purged under nitrogen and polymerization initiated by addition of 10 g AIBN. The
reaction proceeded at 55°C for sixteen hours, followed by heating at 80°C for two
hours. The polymeric material was precipitated from methanol, Charactenshcs of the
15 copolymer, poly(butyl acrylate-co-acrylic acid-co-polyoctadecyl acrylate) (PBAPOD)
are shown in.Table 4.

The polymer waseasily coated onto a substrate and could be removed from
the substrate by heating the substrate to 50°C in the presence of 0.5N aqueous sodium
20  hydroxide.

Example R

A monomer mixture was prepared from 1925 g octadecyl acrylate, 412 g methyl

25 acrylate, 412 g acrylic acid, dodecyl thiol and 3 liters butyl acetate. Twenty percent of
the monomier mixture was added to the polymerization vessel heated to 100°C. The
remainder of the monomer mixture and 13.8 g Esperox 570 (t-amylperoxy-2-
ethylhexanoate from Witco) were added to the polymerization vessel over 90 minutes.
The temperature was then raised to 110°C and 13.8 g Esperox 5100 (t-amylperoxy-

30  benzoate from Witco) was added to the vessel and heated for 90 minutes. The resulting
poly(octa-decyl acrylate-co-methyl acrylate-co acrylic acid) (POMA) was dried under
reduced pressure and a portion isolated. The characteristics of the polymer are shown in
Table 5.

35 The polymer was easily coated onto a substrate and could be removed from
the substrate by heating the substrate to 50°C in the presence of 0.5 N aqueous sodium
hydroxide.
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30 of melting tenperature To and a peak nelting

tenperature Tp such that Tp - To is less than
Tp 0.7, and (i) an active chem cal noiety which is
bonded to the polyneric noiety - t hrough a bond
having a strength of at |east 10 Kcal / m3i7e, and .

whi ch, when in contact with a. matrix material under selected 35-
conditions, pronotes a chem cal reaction of the matrix material;

42 (b) under goes a physi cal change when heated to a
tenperature of at |east Tp, TABLE S sai d physi cal change
changi ng t he extent to mhlch the natrlx material is

cont act ed by t+re—ctrem atY Jb) fras—pae—er—bot h of
the fol | owi ns ?*’4(;(:) L ther i s Tchen cal
noi ety conpr jzyne —and 2 2

POMA 41 85,000 15,800

The polymer of Example R is used to prepare a modifying agent containing a
pliotqactivatabie group, Michler’s ketone (4,4’-dimethyl-amino-benzophenone).

10 A reaction mixture is prepared consisting of POMA and Michler’s ketone in a
ratio corresponding to 1 equivalent of POMA carboxyl group to 172 equivalent of
Michler’s ketone. Solvent is removed by drying in vacuo. The dried polymer is
formed into particles by use of an air mill.

15 Then about 3 parts of the photoactivatable group bound to POMA is mixed with
100 parts of tripropylene’glycol diacrylate (available from PPG) and 50 parts phenoxy
ethyl acrylate. The mixture is heated at 50°C in the presence of light to form copolymer.

Example T

A polymer is prepared by the process of Example R unlxzmg octadecyl
acrylate, methyl acrylate and hydroxy ethyl acrylate, and dodecyl mercaptan in the
ratio of 70:10:20:1. The resuiting polymer (POMHA) exhibited a melting point of
.about 39 C and a molecular weight of 8,700. 100 grams of dried POMHA is

25  dissolved in 500 ml of tetrahydrofuran, cooled to 5 C and 0.9 equivalents of butyl
lithium, based on hydroxyl groups is added dropwise while maintaining the
temperature below 10 C followed by the dropwise addtion of 1.2 equivalents of 4-
bromobenzophenone. The mixture is allowed to stir for 12 hours and filtered.
Polymer containing attached benzophenone (POMBP} is isolated by precipitation

30 from ethanol and dried. :

20

Example U

A heat and light activated film forming resin system is prepared by combining
35 20 parts of POMHA, 50 parts of methyl methacrylate, 10 parts of maleic anhydride
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(ii) the nodifying agent is in the formof particles having an average
dianeter of 0.1 to 25 m crons. 20. A nodi fyi ng agent according to
claim19 which is in the formof particles having 10 an average size of
0.1 to 25 mcrons and wherein the active chem cal noiety conprises a

met al . W96/ 27641 38 T 43
9. A net hod of making a chem cal conpound which conpri ses
(A) subjecting a conposition as clainmed in any of clains 1 to 7 to a change

. ect | !
n a variabl e gieblRbeTPapA A0V Al fosefat E&raﬁ& kudy SRANER -

el ectromagnetic radiation, trasqni c ra
causing t he mEeRT FAHRGTRgE N0 Qa&sﬁiﬁ’éﬁ’ &}M plugps 40 coa

onto a polyester film at a dry film ﬁnckness of 48 microns and subsequently covered
with a 38 micron film of polyethylene to produce a laminatable photoresist.

Example V

A mixture consisting of 3 g RF713 (conductive silver epoxy resin from Resin

Formulators Division of EV Roberts, Inc.) and 0.16 g of the latent curing agent

10 prepared in Example 7 was prepared. A second mixture consisting of 3 g RF713 and
0.03g of 2-ethyl-4-methylimidazole (EMI-24 available from Air Products) was
prepared. Each mixture was heated in a hot press between aluminum plates at 177°C
and disks were formed 6.6 mm in diameter and 3.1 mm in thickness. Usinga
multimeter, the disks exhibited equivalent resistance of about 5 ohms,

15

Examnl:.%-..

Example W shows how the addition of a co-additive to a modifying agent/
resin mixture reduces the time required for the modifying agent to effectively wet the
20  resin. A mixture of 13.6 g of the modifying agent of Example 1, 4% by weight of W-
990 based on the weight of the modifying agent, and 100 g of Epon 828 epoxy resin
was prepared and tested in a thin film consisting of a 250 micron thick adhesive band
line. The modifying agent wet the resin in 4 days at 40°C compared with 3 months at
the same temperature in the absence of the wetting agent.
28
Example X
Example X shows how the addition of a co-additive improves the aesthetic and
mechanical characterisitics of a thermoset resin. The system of example I was evaluated
30 with and without nonyl phenol. 14 parts nonyl phenol yielded glossy, clear thermosets
at 80°C. Curing at 120°C required less than 3 parts of nonyl phenol to achieve the same
high gloss, clear, uniform thermosets. Without nonyl phenol the system cured to a flat
finish at 120°C; between 80-120C the system cured to a phase separated thermoset that
had poor gloss and poor clarity.
3s
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substantially increases the extent to which the matrix material is
contacted by the active-chem cal noiety; and (B)

simulta ' step (A), or after step (A), subjecting the matrix
mat er i a”mmn Jmﬁng agent in contact therewith to conditions 10
whi'ch causec d ¢ Weaction of the matrix material. 10. A
met hod according to claim9 wherein the_conposition conprises solid
particles of the nodifying agent di striBlted in the matrix material, and

step (A conprises heating the conposition to a tenperature of at

| east Tp. 15 11. A nmet hod according to claim9 or 10 wherein the
reaction in step (B) produces EAMMS ner in a liquid phase reaction
m xture, and the nmethod al so includes, after step (B), the steps of
(O subj ect {.ng tmﬁteﬁi%%j,%nwhﬁ%lﬂp a treatnment which causes the 20
nodi fyi ng agent tg,be in a sol i.g.i)gase Ile the reaction product

remains in a liquity phiBamx faigral; dn (D) renoving solid nodifying

agent fronfthe |i ¢k d distebuged in the matrikamateriala fateint/wredifying ngsnt whichy wheethe 2S
(A) flt r Islt _pol yrr:ar ic bJ:dh%_éiti?mk H&te&%ét@&&erﬁ@h?ﬁ@ﬁc{n?fﬂﬁh?ﬁﬂnﬁa@&ﬂt fising
a crystalline pol yppric on | . onset of nmelting tenperature

¥ mﬁm{t&?gyﬁgﬂ%@@'ﬁg%eg{ Tp - To is less than

To and a peak nelting {enpera

Tp 0.7, and (2) ( Bys presegt insthe fosm 1of slidparticlesydtich bare anlsvesras di f f er ent
fromthe first polynmeric diameter of 0.1 to 150 microns, and
10 ()  comprises

() a polymeric moiety which comprises a crystalline polymeric
moiety having an onset of melting temperature To and a peak
melting temperature Tp such that Tp - To is less than Tp 0.7. and

(i) an active chemical moiety which is bonded to the polymeric

15 moiety through a bond having a strength of at least 10 Kcal/mole,
and which, when the composition is heated to a temperature
above Tp, is brought into contact with the matrix material and

promotes a chemical reaction of the matrix material.

20 2. A composition according to claim 1, characterized in that (a) the modifying agent
has a heat of fusion of at least 20 J/g and (b) the polymeric moiety has a crystalline melting
point of 50 to 100°C and comprises a side chain crystalline polymeric moiety comprising
units derived from one or more monomers comprising an n-alkyl group containing 12 to
50 carbon atoms.

3. A composition according to claim 1 or 2, characterized in that the matrix material
is a precursor for a crosslinked polymer.

4. A composition according to claim 3, characterized in that the active chemical

30 moiety (i) is covalently bonded to the polymeric moiety of the modifying agent, and (ii) is
a moiety which, when composition is heated to a temperature above Tp, reacts chemically
with the matrix material to form a crosslinked polymer.
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30' bl ocks, t he pol yner having at |east one of the

-foll ow ng characte (D) the first polyneric blocks are
derived fr im “ﬁﬁ\ nt as clainmed in claimS8,;
(2) the formof a foam an el-ectrically insulating
coating 35 " on a conductor, a coatimg on a printed circuit
board, a'resist on a WD 96/ 27641 '

PCT/ US96/ 03023 40 44
substrate which is to be pl ated or etched, an epoxy graphite conposite,

or a powder coatin (3) the polymer is crosslinked;

(4) the sec®nd pgpgmmm@nm@r@méprmmmwedmheub@mmmmr

comprises an epoxy resin or an ¢poxy novolac.

6. A composition according to claim 5, characterized in that the matrix material
5  comprises an epoxy resin and dicyandiamide or an anhydride.

7. A composition according to claim 3, characterized in that the matrix material
comprises an unsaturated polyester. *'*

10 8. A composition according to any one of claims 1 to 7, characterized in that the
active chemical moiety contains nitrogen.

9. A composition according to any one of claims 1 to 3, characterized in that the

active chemical moiety is a moiety which, when the composition is heated to a temperature
15 above Tp, catalyzes a chemical reaction of the matrix material.

10. A composition according to claim 9, characterized in that the active chemical
moiety comprises an enzyme.

20 11. A composition according to claim 9, characterized in that the active chemical
moiety comprises a metal.

12. A composition according to any one of the preceding claims, characterized in that
the matrix material provides a continuous liquid or solid phase and the modifying agent is
25 present in the form of solid particles which have an average diameter of 0.1 to 50 microns.

13. A composition according to claim 12, characterized in that the modifying agent is
present in the form of particles having an average diameter of 0.1 to 10 microns.

30 14. A composition according to any one of the preceding claims, characterized in that
the composition also contains a coadditive which contains (i} one or more non-polar
groups which are alkyl, fluoroalkyt or alkyl styrene groups in which the alkyl groups
contains at least 6 carbon atoms, and (ii) one or more polar groups which are epoxy,
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~—-—=sel ected from epoxi des, oleins , and nononers contai ning

'a Vi nyl group substltut ed on an aronatic ring; and
(5) 't he l,"!{ﬁ &, & he first and second bl ocks is derived froma
secondary, ernary amne, a heterocyclic amne, a carbonyl
group, an ester, a fr_ee radi cal -generating group, or a Lew s acid.

41

hydroxyl, carboxyl, amino, ammonium, ether, ester, amide, sulfonamide, sulfonic acid,
sulfonic acid salt or phosphate groups.

15. A composition according to any one of the preceding claims, characterized in that
5 it can be stored for at least one month at 40°C without doubling in viscosity.

16. A method of making a chemical compound which comprises
(A)  heating a composition as claimed in any of claims 1 to 15 to a temperature
of at least Tp, thereby increasing the extent to which the matrix material is
10 contacted by the active chemical moiety; and _
(B)  simultaneously with step (A), or after step (A), subjecting the matrix
material and the modifying agent in contact therewith to conditions which
cause the chemical reaction of the matrix material.

15 17. A method according to claim 16, characterized in that the reaction in step (B)
produces a polymer in a liquid phase reaction mixture, and the method also includes, after
step (B), the steps of

(C)  subjecting the reaction mixture to a treatment which causes the modifying
agent to be in a solid phase while the reaction product remains in a liquid

20 phase, and

(D)  removing solid modifying agent from the liquid phase.

18. A chemical compound made by a method as claimed in claim 16 or 17.

25 19. A temperature-sensitive modifying agent which is suitable for use in a composition
as claimed in any of claims 1 to 15 and which
(@) comprises
@ a polymeric moiety which has a DSC heat of fusion of at least 20)/g
and which comprises a crystalline polymeric moiety having an onset
30 of melting temperature Tg and a peak melting temperature Tp such
that Tp - To is less than Tp 0.7 and

(i)  an active chemical moiety which is bonded to the polymeric moiety
through a bond having a strength of at least 10 Kcal/mole, and
which, when in contact with a matrix material under selected

35 conditions, promotes a chemical reaction of the matrix material;
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(b)  undergoes a physical change when heated to a temperature of at least Tp,
said physical change changing the extent to which the matrix material is
contacted by the chemical moiety; and

(c)  hasone or both of the following characteristics

5 { the active chemical moiety comprises a metal or an enzyme, and
(ii) the modifying agent is in the form of particles having an average
diameter of 0.1 to 25 microns.
€,
20. A modifying agent according to claim 19 which is in the form of particles having
10  an average size of 0.1 to 25 microns and wherein the active chemical moiety comprises a
metal.
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