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in one part, one or more amido-borate compounds and in the second part, a liberating compound which reacts with the nitrogen atoms
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AMIDO-ORGANOBORATE INITIATOR SYSTEMS

Field of the Invention

[0001] This invention relates to amido-organoborate initiator systems,
polymerizable compositions containing such systems and further comprising compounds
containing moieties capable of free radical polymerization and adhesives based on such
compositions. In another embodiment the invention relates to a method of polymerizing
compounds containing moieties capable of free radical polymerization and to methods of
bonding substrates using such compositions containing the amido-organoborate initiator

systems of the invention.
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Backeround of the Invention

[0002] Organoborane based systems are known to initiate free radical
polymerization and promote adhesion to low surface energy substrates due to their ability
to generate radicals to polymerize compounds capable of free radical polymerization such
as compounds containing unsaturated moieties. The oxidation of organoborane based
systems with molecular oxygen forms energetic peroxides which are exothermic and can
be pyrophoric if not carefully controlled. Due to the high reactivity of organoboranes
with oxygen, systems have been developed which block the organoborane center to
stabilize the organoborane and which unblock the organoborane center to initiate free
radical formation. The role of the blocking group is to render the organoborane center

less susceptible to oxygen insertion and radical initiation.

[0003] EP 1,201,722 discloses the use of L-selectride and phenyl borate as
the borane precursors with hydride and phenyl anions as the blocking groups. A series of
patents issued to Skoultchi, U.S. Patent Numbers 5,106,928; 5,143,884; 5,286,821;
5,310,835 and 5,376,746 (all incorporated herein by reference) and to Zharov, et al., U.S.
Patent Numbers 5,539,070; 5,690,780; and 5,691,065 (all incorporated herein by
reference) disclose polymerizable acrylic compositions which are particularly useful as
adhesives wherein organoboron amine complexes are used to initiate cure. Pocius in a
series of patents, U.S 5,616,796; U.S. 5,621,143; U.S. 5,681,910; US 5,686,544; U.S.
Patent 5,718,977; and U.S. Patent 5,795,657 (all incorporated herein by reference)
disclose amine organoboron complexes using a variety of amines to complex the
organoboron, such as polyoxyalkylene polyamines and polyamines which are the reaction
product of diprimary amines and compound having at least two groups which react with a
primary amine. A series of patents by Sonnenschein et al. U.S. Patent Numbers
6,806,330; 6,730,759; 6,706,831, 6,713,578; 6,713,579 and 6,710,145, disclose amine
organoboron complexes wherein the organoboron is a trialkyl borane and the amine is
selected from the group of amines having an amidine structural component; aliphatic
heterocycles having at least one nitrogen in the heterocyclic ring; an alicyclic compound
having bound to the ring a substituent having an amine moiety; primary amines which in

addition have one or more hydrogen bond accepting groups wherein there are at least two

-
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carbon atoms between the primary amine and the hydrogen bond accepting group; and
conjugated imines. These patents disclose polymerizable compositions containing the
amine organoboron complexes, one or more of monomers, oligomers or polymers having
olefinic unsaturation which are capable of polymerization by free radical polymerization
and that the polymerizable compositions can be used as adhesive, sealant, coating or ink
compositions. Kendall et al., U.S. Patent Number 6,630,555 (incorporated herein by
reference) discloses useful boron containing compounds for initiating polymerization are
internally blocked organoborates, incorporated herein by reference. The term “internally
blocked” in reference to the organoborates is described as a four coordinate boron atom
being part of an internal ring structure bridged across two of the four boron coordinates or
valences. Kneafsey et al., U.S. Publication Number 2003/0226472 and Kneafsey et al.,
U.S. Publication Number 2004/0068067 disclose another class of organoborates useful in
initiating polymerization is tetrahydrocarbyl borates (also known as quaternary boron

salts), both incorporated herein by reference.

[0004] Low surface energy olefins such as polyethylene, polyf)ropylene
and polytetrafluroethylene have a variety of attractive properties in a variety of uses, such
as toys, automobile parts, furniture applications and the like. Because of the low surface
energy of these plastic materials, it is very difficult to find adhesive compositions that
bond to these materials. The commercially available adhesives that are used for these
plastics require time consuming or extensive pretreatment of the surface before the
adhesive will bond to the surface. Such pretreatments include corona treatment, flame
treatment, the application of primers, and the like. The requirement for extensive
pretreatment of the surface results in significant limitations to the designers of automobile

components, toys, furniture and the like.

[0005] There is a continued need for free radical polymerization initiator
systems that are stable under storage conditions, which initiate rapid cure once
polymerization is initiated and which are capable of bonding to low surface energy

substrates.
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Summary of Invention
[0006] In one embodiment, the invention is a system for initiating free

radical polymerization comprising:

a) in one part, one or more amido-borate compounds containing one or
more anionic amido-borate moieties comprising an organoborate
wherein the boron atom is bonded to at least one nitrogen atom of
ammonia, or an organic compound containing one or more nitrogen
atom, such as a hydrocarbyl amine, a hydrocarbyl polyamine, or an

-aromatic heterocycle containing one or more nitrogen atoms and
optionally one or more heteroatoms or heteroatoms containing

functional moieties, and one or more cationic counter ions; and

b) in a second part, a liberating compound which reacts with the
nitrogen atom(s) bound to the boron atom(s) upon contact with the

amido-borate to form an organoborane radical.

[0007] In another embodiment, the invention is a two part polymerizable
composition comprising in one part, one or more amido-borate compounds and in the
second part, a liberating compound which reacts with the nitrogen atoms bound to the
boron atom upon contact with the amido-borate to form an organoborane radical and one
or more compounds capable of free radical polymerization. The first part may further
comprise one or more compounds capable of free radical polymerization. This facilitates
formulating compositions that have commercially desirable volumetric ratios of the two

parts.

[0008] The invention is also a method of polymerization comprising
contacting the components of the polymerizable composition under conditions such that

the polymerizable compounds undergo polymerization.

[0009] In yet another embodiment, the invention is a method of bonding
two or more substrates together which comprises contacting the components of the
polymerizable composition together under conditions such that polymerization is

initiated; contacting the polymerizable composition with one or more of the two or more

4-
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substrates; positioning the two or more substrates, such that the polymerizable
composition is located between the two or more substrates; and allowing the
polymerizable composition to polymerize and to bond the two or more substrates
together. In yet another embodiment, the invention is a method of coating a substrate
which comprises contacting a composition according to the invention with one or more
surfaces of a substrate and initiating polymerization of the composition according to the
invention. In another embodiment, the invention is a laminate comprising two or more
substrates having disposed between the substrates and bound to each substrate a cured

composition according to the invention.

[0010] The polymerizable compositions of the invention are stable at, or
near, ambient temperature and can be cured upon demand by contacting the two parts of
the composition. Furthermore, the polymerizable compositions of the invention can form
good bonds to low surface energy substrates without the need for primers or surface
treatment. The polymerized compositions demonstrate excellent cohesive and adhesive
strength at elevated temperatures and thus demonstrate excellent stability at high

temperatures.
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Detailed Description Of The Invention

[0011] The two part system for initiating free radical polymerization
comprises in one part an amido-borate as described herein and in a second part a
compound capable of liberating an organoborane from the amido-borate. The amido-
borate comprises one or more amido-borate anions and one or more corresponding
cations which neutralize the amido-borate anion. A borate is a salt of a positive cation
and an anionic tetravalent boron. The amido-borates are organoborates wherein one of
the ligands on the boron atom is the nitrogen of ammonia or an organic compound which
contains a nitrogen atom and which may contain a heteroatom or a heteroatom containing
functional moieties wherein the nitrogen may be quaternary and cationic. In some
embodiments, the cation can be the nitrogen bonded to the boron in the form of a
quaternary nitrogen. This is especially true where the nitrogen compound used to form
the amido-borate has more than one nitrogen which is bonded to more than one boron
atoms of organoboranes to form the amido-borate. The organoborane bonded to the
nitrogen atom to form the amido-borate comprises a boron atom with three bonds to
hydrocarbyl moieties wherein the hydrocarbyl moieties may further comprise one or more
heteroatoms or heteroatom containing functional groups which do not interfere in the
described function of the amido-borate compounds. Preferred heteroatoms which may be
present in hydrocarbyl moieties described herein include oxygen, sulfur, nitrogen, silicon,
halogens, and the like with oxygen being most preferred. Preferred heteroatom
containing functional groups which may be present as part of hydrocarbyl moieties as
described herein include ethers, thioethers, amines, silanes, siloxanes and the like with
ethers being most preferred. The boron atom may be bonded to three separate
hydrocarbyl moieties or may be bonded to two hydrocarbyl moieties wherein one
hydrocarbyl moiety has two bonds to the boron atom thereby forming one or more cyclic
ring(s). The organoborane used to prepare the amido-borate is preferably a trialkyl

borane or an alkyl cycloalkyl borane.

[0012] In one embodiment the amido-borate is a compound comprising
one or more tetravalent boron anions and one or more of: i) an organic compound

containing a nitrogen atom and a cation or ii) an ammonium cation; wherein the each of

-6-
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the one or more tetravalent boron atoms is bonded to the nitrogen atom of an ammonium
cation or an organic compound containing a nitrogen atom. In another embodiment the
amido-borate is a compound comprising at least one tetravalent boron anion wherein the
boron anion is bonded to the nitrogen atom an organic compound which contains a
nitrogen atom and one or more cations and the number of borate anions and cations is the
same. In another embodiment the amido-borate is a compound comprising one or more
tetravalent boron anions bonded to an ammonium cation. In another embodiment the
amido-borates comprises two or more amido-borates each comprising a tetravalent boron
anion wherein at least one of the borates anions is bonded to the nitrogen atom of an
organic compound; and at least one of the borate anions is bonded to the nitrogen of an
ammonium cation; and one or more additional cations wherein the number of additional
cations is the same as the number of tetravalent boron atoms bonded to the nitrogen atom

of an organic compounds containing at least one nitrogen atom.

[0013] Preferably, such organoborane corresponds to the formula:
B—R')

wherein B represents boron; and R' is separately in each occurrence hydrogen, an alkyl or
cycloalkyl group, or two or more of R may combine to form a cycloaliphatic ring with
the proviso that only 1 or 2 of R! may be hydrogen. More preferably, none of R! is
hydrogen. Preferably R'is separately in each occurrence, a Cy.j alkyl, Cs.10 cycloalkyl, or
two or more of R’ may combine to form a cycloaliphatic ring. More preferably, R! is Cy.4
alkyl, and most preferably C;.4 alkyl. Among preferred organoboranes are tri-ethyl

borane, tri-isopropyl borane and tri-n-butylborane.

[0014] The nitrogen containing portion of the amido-borate may be
derived from ammonia any organic compound containing a nitrogen atom which is
capable of bonding to boron and is preferably derived from ammonia, a hydrocarbyl
amine or a polyamine. The nitrogen atoms of such compounds bonded to the boron
atoms to form the borates can be primary, secondary, or quaternary, preferably secondary
or tertiary or quaternary. In another preferred embodiment the nitrogen atom bonded to

the organoborane to prepare the amido-borate is a nitrogen located in or on the ring of a
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heteroaromatic cyclic compound. In those embodiments where the nitrogen is quaternary,
the quaternary nitrogen portion of the amido-borate is the cationic counterion for the
borate anion portion of the compound to which the quaternary nitrogen atom is bonded.
The hydrocarbyl amine or polyamine and the nitro gen containing aromatic heterocylic
compound may contain heteroatoms as described hereinbefore or be further substituted
with substituents which do not interfere with the functioning of such compounds in the
compositions of the invention as described hereinbefore. The hydrocarbyl amines

preferably correspond to the formula
H2-r"N - (Rz)r

wherein R? is independently in each occurrence an alkyl, cycloalkyl, aryl, alkaryl, or
aralkyl group; wherein such group may optionally contain one or more heteroatoms, one
or more heteroatom containing functional groups, as described hereinbefore, or a proton.
R?is preferably Cy.jo alkyl, Cs.jo cycloalkyl, Ce.12 aryl, Cq.09 alkaryl or C7.99 aralkyl;
wherein such group may optionally contain one or more heteroatoms of O or S, preferably
O, or one or more O or S containing heteroatom functional moieties. R? is more
preferably C,.4 alkyl or Cy_j0 alkoxyalkyl; even more preferably methyl, ethyl, propyl,
methoxypropyl, ethoxypropyl or propoxypropyl. In reference to alkoxyalkyl, the number
of carbon atoms refers to the total carbon atoms in the moiety. The hydrocarbyl

polyamines preferably correspond to the formula

Ry RY),

(H) g “L'R4‘1L'(H)2-q

wherein R? is as described hereinbefore;

R* is independently in each occurrence a divalent hydrocarbyl moiety which may contain
one or more heteroatoms or one or more heteroatom containing functional moieties as
described hereinbefore;

r is independently in each occurrence 0, 1 or 2; and

q is independently in each occurrence 1 or 2.
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The aromatic nitrogen containing heterocyclic compounds preferably correspond to the

formula

R,
S~z @Y,
HN | ,
\Z¢z ®R3),,
®)y,

wherein R® is independently in each occurrence hydrogen, an alkyl, an alkoxyl, aralkyl or
an aryl group; wherein such group may optionally contain one or more heteroatoms, one
or more heteroatom containing functional moieties, as described hereinbefore, or a
proton; Z is independently in each occurrence N, Si, P or C and w is 0 or 1 with the
proviso that where Z is N or P, w can only be 0, whereas when Z is C or Si; w can only be
1. Preferably Z is N or C. R3is preferably hydrogen, Cj.jo alkyl, Cs.19 cycloalkyl, Ce.12
aryl, Cy.00 alkaryl or C7.99 aralkyl; wherein such group may optionally contain one or more
heteroatoms of O or S, preferably O, or one or more O or S heteroatom containing
functional moieties. R is more preferably hydrogen, C.4 alkyl or a C.10 alkoxyalkyl
even more preferably hydrogen, methyl, ethyl, propyl and most preferably hydrogen.
Preferably R*is independently in each occurrence Cy 29 alkylene, Cs.o0 cycloalkylene, Cs.
20 arylene, Cy.o0 alkarylene or C;.59 aralkylene; optionally containing one or more
heteroatoms or heteroatom containing functional moieties; preferably Cy.»9 alkylene or C,.
20 alkylene groups containing one or more oxygen atoms; and even more preferably C;.4

alkylene. Preferred heteroatoms are O or S, with O most preferred.

[0015] The cation which forms the salt with the amido-borate can be any
cation which forms a salt with the amido-borate. The cation can be any group IA and
group ITA metal, any inorganic cation or organic cation. Preferably, the cation is an

onium ion or an alkali metal ion. More preferably the cation is sodium, potassium, a
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phosphonium or an ammonium ion. Preferred ammonium ions are tetraalkyl ammonium
ions, with tetramethyl ammonium ion being most preferred. Preferred phosphonium ions
are tetraalkyl phosphonium or tetraaryl phosphonium; with tetrabutyl phosphonium and

tetraphenyl phosphonium preferred.

[0016] The amido-borates preferably correspond to one of the formulas:

R\
2 XNz — @)y
®R')3-B-N |
N —®
@ s
x|
®)y
©
<R1>3-1§-N-<R2>2
® ;
X
(llz3>w
2Nz —®
®1)3-B- 4 | )
] ©
: N\ ,=B-R)
®)y
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R)q RY),

1 _e_ R4 __e_ 1
(RY)5B-N-R“N-B-R1);
o
(}ei)p (X)P

wherein R', R% R3, R* and w are as described hereinbefore;
X is independently in each occurrence a cation;
p is independently in each occurrence O or 1;

q is independently in each occurrence 1 or 2 wherein q is 2. The nitrogen atom is the

cation counter-balancing the borate anion;

with the proviso that the sum of p and q on each linked boron and nitrogen pair is 2; and
the sum of the p is 1 or 2. Where q is 2, the nitrogen to which it is bonded is quaternary
and carries a positive charge which balances the negative charge found on the boron of

the borate and a cation is not needed to neutralize the borate.

[0017] Preferably, X is independently in each occurrence an onium or an
alkali metal ion; more preferably X is an ammonium, phosphonium, potassium or sodium
cation; even more preferably X is a tetraalkyl ammonium, tetraalkyl phosphonium,
tetraaryl phosphonium or sodium and most preferably X is tetramethyl ammonium,

tetrabutyl ammonium, tetrabutyl phosphonium or tetraphenyl phosphonium.

{0018] In another embodiment the cationic species can have more than
one cationic species that form salts with the borate anions. Thus, the cationic species can
form a salt with more than one borate species. Preferably, the cationic species with more
than one cation have 2 to 4, preferably 2 or 3 cations and even more preferably 2. Among
preferred cationic species having more than one cation are compounds having 2 or more
ammonium or phosphonium cations, with compounds having two ammonium cations

being preferred. Examples of such compounds include 1,2(di(trimethylammonium))

-11-
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ethane. In the embodiment where the cationic species have more than one cation, the

amido-borates preferably conrrespond to the formulas:

Ry
Z 3
\Z — @Ry
®")3-B-N |
\ Z% Z— (R3)w
5

R t .
<T3>w
Z 3
IRz —®),
®R")s-B- |
H ©
(«EB N\ Z/%-B-(th
Ry | i
Ry ’
and
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®")g ®)
S
®R)B-N-R*N-E-®);

Rl é
) )

wherein R', R? R, R*, w, X, p and q are as described hereinbefore;

R’ is independently in each occurrence a t-valent hydrocarbyl group optionally containing
one or more heteroatoms or heteroatom containing functional moieties as described

hereinbefore;

Y is independently in each occurrence *Q—(Rz)g or —g R?);and

t is independently in each occurrence 2 or greater. Preferably, t is 2 to 4, even more

preferably 2 or 3 and most preferably 2.

Preferably R’ is independently in each occurrence a t-valent Cy.p9 alkylene; Csg
cycloalkylene; Cs.29 arylene; Cq.59 alkarylene; or Cy.59 aralkylene optionally containing one
or more heteroatoms or heteroatom containing functional moieties, preferred heteroatoms
are sulfur and oxygen with oxygen most preferred. More preferably R’ is a t-valent
alkylene group, and more preferably a t-valent Cs.¢ alkylene group. Most preferably R’ is

a divalent C,.4 alkylene group.

[0019] The amido-borates are used in the polymerizable compositions of
the invention in an amount sufficient to initiate polymerization when the amine is
liberated and to facilitate bonding of the polymerizable compositions where desired.
Preferably, the amido-borate is present in polymerizable compositions in an amount of
about 0.1 part by weight based on 100 parts by weight of the composition or greater, more
preferably about 0.5 parts by weight or greater and most preferably about 1 part by weight
or greater. Preferably, the amido- borate is present in polymerizable compositions in an

amount of about 30 parts by weight or less based on 100 parts by weight of the

-13-
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composition, more preferably about 20 parts by weight or less and most preferably about

10 parts by weight or less.

[0020] The amido-borates can be prepared from the base amines described
above, such amines are commercially available. The amine can be contacted with a base,
in a solvent and no solvent if the amine is liquid, resulting in a salt. Inert organic solvents
such as tetrahydrofuran may be used. A salt of the amine and the cation from the base is
formed. The resulting salt is contacted with a trivalent organoborane to form the amido-
borate. The contacting is preferably performed in a vacuum or under an inert atmosphere.
Preferably, the process is performed at ambient temperatures. If a solvent is used, it can

be removed in vacuo.

[0021] The amido-borate is capable of forming a trivalent organoboron
compound. The amido-borates are tetravalent in that they have four bonds to the boron.
The free radical generating species, the trivalent boron compound, is formed when the
amido-borate is contacted with a liberating compound. The trivalent borane generates
free radicals by reacting with environmental oxygen. The trivalent organoborane is
readily attacked by oxygen to form radicals which initiate free radical polymerization in
contact with compounds which polymerize in the presence of free radicals. Contacting
the amido-borate with the liberating compound causes the abstraction of one of the
ligands bonded to the boron atom to convert it to a trivalent borane. The liberating agent
can be any compound which reacts with the nitrogen atom of the amido-borate.
Generally the liberating agent has a greater affinity for the nitrogen of the amido-borate
than the boron atom has for the nitrogen atom. The liberation of the amine or ammonium
from the amido-borate can occur with any chemical for which the exchange energy is
favorable, such as mineral acids, organic acids, Lewis acids, isocyanates, acid chlorides,
sulphonyl chlorides, aldehydes, and the like. Preferred liberating compounds are acids
and isocyanates. In those embodiments where a compound having a heterocylic
compound capable of ring opening polymerization is present and the initiator for the ring
opening polymerization is a Lewis acid, the liberating compound may be omitted as
Lewis acids may also function as the liberating compound. If the Lewis acid is used as

the liberating compound and heterocyclic ring opening polymerization initiator, no
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additional amounts are needed over those amounts needed to initiate polymerization. The
compositions of the invention will comprise a sufficient amount of liberating compound
to initiate polymerization at an acceptable rate. Preferably, the liberating compound is
present in a molar equivalent basis, or greater, as compared to the amido-borate.
Preferably, the liberating compound is present in an amount of about 0.5 molar
equivalents or greater based on the molar equivalents of the organoborane, more
preferably in an amount of about 1.0 molar equivalents or greater and most preferably
about 1.5 molar equivalents or greater. Preferably, the liberating compound is present in
an amount of about 100 molar equivalents or less based on the molar equivalents of the
organoborane, more preferably in an amount of about 50 molar equivalents or less and

" most preferably about 25 molar equivalents or less.

[0022] Preferably, the compositions of the invention further comprise a
second amine which may further comprise polar functional groups. The second amine
can be any amine which stabilizes the compositions of the invention against undesired
polymerization. Preferred polar functional groups are ether groups, thioether groups,
secondary and tertiary amines and the like. Preferably, the second amine comprises an
alkoxy alkyl amine or a polyamine, that is, a compound having two or more amino
groups. The alkyl backbone of the second amine is preferably C,.g alkyl group and most
preferably C,. 4 alkyl. Preferably, the alkyl group on the alkoxy group is a C;. g alkyl,
more preferably a Cy_4 alkyl and most preferably a methyl group. Preferred second
amines correspond to the formula R°0-R”-NH, wherein R® is independently in each
occurrence alkyl and R is independently in each occurrence a divalent alkyl group.
Preferably, R® is Cy.10 alkyl, even preferably C ;4 alkyl, and most preferably methyl.
Preferably, R” is Cy.g alkylene (a divalent alkyl moiety) and most preferably C,.4 alkylene.
Preferred alkoxy alkyl amines include methoxypropyl amine, methoxyethylamine and
ethoxypropylamine; with methoxypropyl amine most preferred. The second amine is
present in a sufficient amount to stabilize the compositions of the invention to prevent
premature polymerization. Preferably, the second amine is present in an amount about 1
mole percent or greater based on the moles of the amido-borate present and more

preferably an amount of about 10 mole percent or greater. Preferably, the second amine
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is present in an amount of about 1,000 mole percent or less based on the moles of the

amido-borate present or less and more preferably of about 300 mole percent or less.

[0023] Compounds capable of free radical polymerization which may be
used in the polymerizable compositions of the invention include any monomers,
oligomers, polymers or mixtures thereof which contain olefinic unsaturation which can
polymerize by free radical polymerization. Such compounds are well known to those
skilled in the art. Mottus, U.S. Patent Number 3,275,611, provides a description of such
compounds at column 2, line 46 to column 4, line 16, incorporated herein by reference.
Preferred classes of compounds containing olefinic unsaturation are disclosed in
Sonnenschein et al., U.S. Patent Numbers 6,730,759 (column 9, line 7 to line 54);
6,706,831; 6,713,578; 6,713,579 and 6,710,145 relevant portions incorporated herein by
reference. Examples of preferable acrylates and methacrylates are disclosed in Skoultchi,
U.S. Patent Number 5,286,821 at column 3, lines 50 to column 6, line 12, incorporated
herein by reference and Pocius, U.S. Patent Number 5,681,910 at column 9, line 28 to
column 12, line 25, incorporated herein by reference. Also useful in these compositions
are acrylate crosslinkinking molecules including ethylene glycol dimethacrylate, ethylene
glycol diacrylate, triethyleneglycol dimethacrylate, diethylene glycol bismethacryloxy
carbonate, polyethylene glycol diacrylate, tetraethylene glycol dimethacrylate, diglycerol
diacrylate, diethylene glycol dimethacrylate, pentaerythritol triacrylate,
trimethylolpropane trimethacrylate, isobornylmethacrylate and tetrahydrofurfuryl
methacrylate. In the embodiment where the composition is used as an adhesive, acrylate
and/or methacrylate based compounds are preferably used as the compounds capable of
free radical polymerization. The most preferred acrylate and methacrylate compounds
include methylmethacrylate, butylmethacrylate, 2-ethylhexylmethacrylate,
cyclohexylmethylmethacrylate and (tetrahydrofurfuryl) methacrylate. Preferred amounts
of compounds capable of free radical polymerization are about 10 parts by weight or
greater based on 100 parts of the total formulation weight, more preferably about 20 parts
by weight or greater and most preferably about 30 parts by weight or greater. Preferred

amounts of compounds capable of free radical polymerization are preferably about 90
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parts by weight or less based on 100 parts of the total formulation weight, more
preferably about 85 parts by weight or less and most preferred 80 parts by weight or less.

[0024] In another embodiment, the compositions of the invention
comprise two part polymerizable compositions comprising in one part an amido-borate
and one or more compounds containing one or more ring opening heterocyclic moieties,
and in a second part, compounds capable of being polymerized by free radical
polymerization, a catalyst capable of polymerizing compounds containing ring opening
heterocyclic moieties and a liberating compound. Such compositions are disclosed in
Sonnenschein, U.S. Patent 6,762,260, relevant parts incorporated herein by reference.
The compound containing a heterocyclic ring opening moiety can be any monomer,
oligomer or prepolymer containing a heterocyclic moiety capable of a ring opening and
polymerization. The heteroatom in the heterocyclic moiety is preferably nitrogen, oxygen
or sulfur, with nitrogen and oxygen being preferred and oxygen being most preferred.
Preferably, the heterocyclic moiety is a 3 membered ring. Preferred heterocyclic moieties
are oxirane and aziridine moieties, with oxirane moieties being most preferred. Preferred
heterocyclic ring opening compounds are further described in Sonnenschein et al., U.S.
Patent Number 6,762,260 (column 10, line 34 to column 11, line 22), incorporated herein
by reference. A sufficient amount of the heterocyclic ring opening compound is used to
improve the bonding to higher surface energy substrates and to improve the high
temperature properties of the polymerized or partially polymerized composition. The
total polymerizable composition may contain about 2 parts by weight of heterocyclic
polymerizable compound or greater based on 100 parts of the total weight of the
formulation; more preferably about 5 parts by weight or greater and most preferred about
10 parts by weight or greater. The polymerizable composition may contain about 50 parts
by weight or less based on 100 parts by weight of the total weight of the formulation,
more preferably about 45 parts by weight of less and most preferably about 40 parts by

weight or less of heterocyclic polymerizable compound.

[0025] In some cases it may be useful to crosslink the free radical
polymerizable compound derived phase to the heterocyclic ring opening polymerizable

compound derived phase utilizing a compound which reacts with free radically
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polymerizable compounds and heterocyclic ring opening moiety containing compounds
as described in Sonnenschein et al, U.S. Patent Number 6,762,260 (column 11, line 53 to
column 1, line 11), incorporated herein by reference. The amount of crosslinker used is
that amount which gives the desired propertiés, that is, sufficient lap shear strength at
125°C or above, yet does not cause the room temperature adhesive strength to go below
the desired value. Preferred amounts of crosslinker are about 0 parts by weight or greater
based on 100 parts by weight of the polymerizable formulation, more preferably about 1
part by weight or greater; even more preferably about 3 parts by weight or greater and
most preferably about 5 parts by weight or greater. Preferably, the amount of crosslinker
used is about 20 parts by weight based on 100 parts by weight of the total polymerizable
formulation or less; even more preferably about 15 parts by weight or less and most

preferably about 12 parts by weight or less.

[0026] In some embodiments, where a heterocyclic ring opening
compound is present and is an oxirane, it may be desirable to include some aziridine
containing compound in the formulation as the aziridine enhances the stability of the
formulation. Generally, enough aziridine is added to improve the stability of the
formulation. Preferably, about 1 part by weight or greater of aziridine based on 100 parts
of the weight of the formulation is used and more preferably about 2 parts by weight or
greater. Preferably, about 10 parts by weight or less of aziridine based on 100 parts of the

formulation weight is used and more preferably about 7 parts by weight or less is used.

[0027] In another embodiment, the invention of the polymerizable
compositions may further comprise one or more compounds, oligomers or prepolymers
having a siloxane backbone and reactive moieties capable of polymerization, a catalyst
for the polymerization of the one or more compounds, oligomers or prepolymers having a
siloxane backbone and reactive moieties capable of polymerization as disclosed in U.S.
Patent Number 6,777,512, titled AMINE ORGANOBORANE COMPLEX INITIATED
POLYMERIZABLE COMPOSITIONS CONTAINING SILOXANE
POLYMERIZABLE COMPONENTS (column 12, line 66 to column 15, line 54),

incorporated herein by reference.
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[0028] The compositions of the invention may further contain a stabilizing
" amount of a dihydrocarbyl hydroxyl amine or stable nitroxy radicals such as those
disclosed in Jialanella, U.S. Patent Publication 2005/0004332, incorporated herein by
reference. Stabilizing as used herein refers to preventing polymerization until desired.
Generally this means that polymerization is inhibited under normal storage conditions.
Normal storage conditions mean storage at a temperature of about 0°C to about 40°C,
wherein the adhesive is stored in a sealed container. A stable composition is one that
does not experience undesired viscosity growth during a defined period. Viscosity
growth is evidence of polymerization of the monomers present. In a preferred
embodiment, a composition is stable if the viscosity does not increase more than 150
percent over a time period of 30 days when stored at temperatures of 40°C or less, more
preferably 100 percent or less over a time period of 30 days and most preferably 50
percent or less over a time period of 30 days. Preferred dihydrocarbyl hydroxyl amines
useful herein include any such compounds which, when included in the compositions of
this invention, improve the stability of the compositions as described herein. Preferred
dihydrocarbyl amines correspond to the formula (R%), N-OH wherein R® is independently
in each occurrence a hydrocarbyl moiety. Preferably, R%is independently in each
occurrence a Cy.39 alkyl, alkaryl or aryl moiety; more preferably a Cjg.50 alkyl, alkaryl or
aryl moiety; with Cio.20 alkyl moieties being even more preferred. Among preferred
dihydrocarbyl hydroxyl amines are hydroxylamine freebase from BASF, hydroxylamine
derivatives from Mitsui Chemicals America, Inc. and IRGASTAB™ FS Products from
Ciba Specialty Chemicals which contains oxidized bis(hydrogenate tallow alkyl) amine,
also described as bis(N-dodecyl) N-hydroxyl amine. The dihydrocarbyl hydroxyl amines
are utilized in sufficient amounts to stabilize the compositions of the invention.
Preferably, the dihydrocarbyl hydroxyl amines are used in an amount of about 1 part per
million by weight of the compositions of the invention or greater, more preferably about 2
parts per million or greater and most preferably about 5 parts per million or greater.
Preferably, the dihydrocarbyl hydroxyl amines are used in an amount of about 100,000

parts per million by weight of the compositions of the invention or less, more preferably
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about 50,000 parts per million or less, even more preferably about 25,000 parts per

million or less and most preferably about 10,000 parts per million or less.

[0029] The compositions of the invention may further comprise an
accelerator for the cure of the polymerizable compositions. The accelerators comprise at
least one compound containing a quinone structure or at least one compound containing
at least one aromatic ring and one or more, preferably two, substituents on the aromatic
ring selected from hydroxyl, ether and both. When a compound is used, the substituents
are located either ortho or para with respect to one another. In one embodiment, the
accelerator is any compound containing a quinone structure which compound accelerates
the cure of the polymerizable compositions, as described in Jialanella, U.S. Patent
Publication 2005-0004332, incorporated herein by reference. For adhesive compositions
preferred quinones also facilitate adhesion of the polymerizable compositions to substrate
surfaces. More preferred quinones include anthraquinone, benzoquinone, 2-
phenylbenzoquinone, orthoquinone and substituted benzoquinone. Most preferred
quinone containing compounds include benzoquinone. The amount of quinone used is
that amount which accelerates cure of the compositions and does not inhibit adhesion of
the composition to the substrate surface. If too little is used, there is no significant
increase in cure speed. If too much is used, the composition will not adhere to a substrate
surface. Preferably, the quinone is used in an amount of about 0.01 part by weight based
on 100 parts of the polymerizable composition or greater, more preferably about 0.02
parts by weight or greater, and most preferably about 0.04 parts by weight or greater.
Preferably, the quinone is used in an amount of about 0.1 part by weight based on 100
parts of the polymerizable composition or less, more preferably about 0.8 parts by weight

or less, and most preferably about 0.4 parts by weight or less.

[0030] In another embodiment, the accelerator comprises at least one
compound containing at least one aromatic ring and at least one, preferably two,
substituents on the aromatic ring selected from hydroxyl, ether and both, wherein the two
substituents are located either ortho or para with respect to one another. The substituted
aromatic ring containing compounds is used in conjunction with a compound having a

peroxy moiety as described in Jialanella, U.S. Patent Publication Number 2005-0004332,
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incorporated herein by reference. The substituted aromatic compound can contain any
aromatic moiety, including those with multiple ring structures. The substituted aromatic
compounds preferably contain two or more functional groups selected from hydroxy and
ether. Preferably, the substituted aromatic compounds contain at least one hydroxy and
another hydroxy or ether moiety. Most preferably, the substituted aromatic compound
contains at least one hydroxy and at least one ether moiety. Preferably, the substituted
aromatic compounds contain benzene, anthracene or naphthalene aromatic ring structures.
The substituted aromatic compounds may be substituted with any substituent which does
not interfere with the formation of free radicals or the reaction of the free radicals with
other compounds. Preferred substituents include alkyl, aryl, or aralkyl groups, and
oxygen or sulfur heteroatom containing groups. Most preferred substituents include aryl
groups and heteroatom containing groups. Among most preferred substituted aromatic
ring containing compounds are anthrahydroquinones, naphthahydroquinones, methyl
ether of hydroquinone and alkylethers of hydroquinone. The amount of substituted
aromatic ring containing compound used is that amount which accelerates cure of the
compositions, and which does not inhibit adhesion of the composition to the substrate
surface used. If too little is used, there is no significant increase in cure speed. If too
much is used, the composition will not adhere to a substrate surface. Preferably, the
substituted aromatic ring containing compound is used in an amount of about 0.1 part by
weight or greater of the polymerizable composition based on 100 parts, more preferably
about 1 part by weight or greater, and most preferably about 2 parts by weight or greater.
Preferably, the substituted aromatic ring-containing compound is used in an amount of
about 4 parts by weight or less of the polymerizable composition based on 100 parts,
more preferably about 3 parts by weight or less, and most preferably about 2.5 parts by

weight or less.

[0031] In conjunction with the substituted aromatic ring-containing
compound a peroxy-containing compound is used. Any peroxy-containing compound
that reacts with the substituted aromatic ring-containing compound to form free radicals
may be used. Preferred peroxy-containing compounds include dialkyl peroxides, diaryl

peroxides, diacyl peroxides, alkyl hydroperoxides, aryl hydroperoxides, and aryl
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hydroperoxides. More preferred peroxy-containing compounds include t-butyl peroxides,
benzoyl peroxide, t-butyl perbenzoate. Most preferred peroxy-containing compounds
include benzoyl peroxide and t-butyl perbenzoate. The amount of peroxy-containing
compound used is that amount which accelerates cure of the compositions. If too little is
used, there is no significant increase in cure speed. If too much is used, the adhesive does
not bond to polyolefins. Preferably, the peroxy-containing compound is used in an
amount of about 0.1 part by weight or greater of the polymerizable composition based on
100 parts, more preferably about 1 part by weight or greater, and most about 2 parts by
weight or greater. Preferably, the peroxy-containing compound is used in an amount of
about 4 parts by weight or less of the polymerizable composition based on 100 parts,
more preferably about 3 parts by weight or less, and most preferably about 2.5 parts by
weight or less. Preferably, the relative amount of peroxy containing compound to
substituted aromatic ring containing compound is selected such that the majority of the
resultant free radicals generated by the peroxy compound reacts with the substituted
aromatic ring compound. Thus, a molar ratio of peroxy containing compound to aromatic
ring containing compound is one or less. If the ratio is too high, then no adhesion to
polyolefins would be observed. If the ratio is too low, then the adhesive cure rate is not
increased. Preferably, the molar ratio of peroxy containing compound to substituted
aromatic ring containing compound is about 1:4 or greater, and most preferably about 2: 3
or greater. Preferably, the molar ratio of peroxy containing compound to substituted

aromatic ring containing compound is about 1:1 or less.

[0032] Preferably, the accelerator is located in the part that does not
contain the amido-borate. Often the part containing the amido-borate is referred to as the
hardener side, and the other part is referred to as the resin side because the largest part of

the polymerizable compound is found in this part.

[0033] Hydrocarbyl as used herein means any moiety having both carbon
and hydrogen atoms and includes saturated and unsaturated, branched and unbranched,
hydrocarbon chains and aromatic and non-aromatic ring structures. Alkyl refers to
branched and unbranched saturated hydrocarbon chains. Alkenyl refers to branched and

unbranched unsaturated hydrocarbon chains. Aryl means an aromatic hydrocarbon
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moiety. Alkaryl means an aromatic hydrocarbon moiety with a straight or branched
hydrocarbon chain attached. Aralkyl means a straight or branched hydrocarbon chain
with an aryl group attached. Acyl means a hydrocarbyl and carbonyl moiety. Alkylene
means a divalent alkyl moiety. Unless otherwise stated these moieties may be substituted
with any other substituent which does not significantly interfere in the function of the

compound to which the moiety is attached or bonded.

[0034] The two-part polymerizable compositions or adhesive
compositions of the invention are suited for use with conventional, commercially
available dispensing equipment for two-part compositions. Once the two-parts have been
combined, the composition should be used quickly, as the useful pot life (open time) may
be short depending upon the monomer mix, the amount of amido-borate, the amount of
catalyst and the temperature at which the bonding is performed. The adhesive
compositions of the invention are applied to one or both substrates and then the substrates
are joined together, preferably with pressure to force excess composition out of the bond
line. In general, the substrates should be contacted with the composition disposed
therebetween shortly after the composition has been applied, preferably within about 10
minutes. The typical bond line thickness is about 0.005 inches (0.13 mm) to about 0.03
inches (0.76 mm). The bond line can be thicker if a gap filling is needed as the
composition of the invention can function as both an adhesive and a gap filler. The
bonding process can easily be carried out at room temperature, and to improve the degree

of bonding, it is preferable to keep the temperature below about 55°C and more

preferably below about 40°C.

[0035] The compositions may further comprise a variety of optional
additives. One particularly useful additive is a thickener such as medium to high (about
10,000 to about 1,000,000) molecular weight polymethyl methacrylate which may be
incorporated in an amount of about 10 to about 60 weight parts, based on 100 parts of the
composition. Thickeners may be employed to increase the viscosity of the composition to

facilitate application of the composition.
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[0036] Another particularly useful additive is an elastomeric material.
The materials may improve the fracture toughness of compositions made therewith which
can be beneficial when, for example, bonding stiff, high yield strength materials such as
metal substrates that do not mechanically absorb energy as easily as other materials, such
as flexible polymeric substrates. Such additives can be incorporated in an amount of
about 5 parts to about 35 parts by weight, based on 100 parts of the composition. Useful
elastomeric modifiers include chlorinated or chlorosulphonated polyethylenes such as
HYPALONT™ 30 (commercially available from E. I. Dupont de Nemours & Co.,
Wilmington, Delaware) and block copolymers of styrene and conjugated dienes
(commercially available from Dexco Polymers under the Trademark VECTOR, and
Firestone under the Trademark STEREON). Also useful, and even more preferred, are
certain graft copolymer resins such as particles that comprise rubber or rubber-like cores
or networks that are surrounded by relatively hard shells, these materials often being
referred to as “core-shell” polymers. Most preferred are the acrylonitrile-butadiene-
styrene graft copolymers available from Rohm and Haas. In addition to improving the
fracture toughness of the composition, core-shejl polymers can also impart enhanced
spreading and flow properties to the uncured composition. These enhanced properties
may be manifested by a reduced tendency for the composition to leave an undesirable
“string” upon dispensing from a syringe-type applicator, or sag or slump after having
been applied to a vertical surface. Use of more than about 20 parts of a core-shell
polymer additive is desirable for achieving improved sag-slump resistance. Generally,
the amount of toughening polymer used is that amount which gives the desired toughness

to the polymer or the adhesive prepared.

[0037] Polymerizable compositions according to the invention may be
used in a wide variety of ways, including as adhesives, coatings, primers, to modify the
surface of polymers, and injection molding resins. They may also be used as matrix
resins in conjunction with glass and metal fiber mats such as in resin transfer molding
operations. They may further be used as encapsulants and potting compounds such as in
the manufacture of electrical components, printed circuit boards and the like. Quite

desirably, they provide polymerizable adhesive compositions that can bond a wide range
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of substrates, including polymers, wood, ceramics, concrete, glass and primed or
unprimed metals. Another desirable related application is their use in promoting
adhesion of paints to low surface energy substrates such as polyethylene, polypropylene,
polyethyleneterephthalate, polyamides, and polytetrafluoroethylene, and their co-
polymers. In this embodiment, the composition is coated onto the surface of the substrate
to modify the surface to enhance the adhesion of the final coating to the surface of the

substrate. Thereafter the coating can be applied to the treated surface.

[0038] The compositions of the invention can be used in coating
applications. In such applications the composition may further comprise a carrier such as
a solvent. The coating may further contain additives well known to those skilled in the
art for use in coatings, such as pigments to color the coating, inhibitors and UV
stabilizers. The compositions may also be applied as powder coatings and may contain

the additives well known to those skilled in the art for use in powder coatings.

[0039] The compositions of the invention can also be used to modify the
surface of a polymeric molded part, extruded film or contoured object. Compositions of
the invention can also be used to change the functionality of a polymer particle by surface

grafting of polymer chains onto the unmodified plastic substrate.

[0040] Polymerizable compositions of the invention are especially useful
for adhesively bonding low surface energy plastic or polymeric substrates that historically
have been very difficult to bond without using complicated surface preparation
techniques, priming, etc. By low surface energy substrates is meant materials that have a
surface energy of about 45 mJ/m” or less, more preferably about 40 mJ/m? or less and
most preferably about 35 mJ/m? or less. Included among such materials are polyethylene,
polypropylene, acrylonitrile-butadiene-styrene, polyamides, syndiotactic polystyrene,
olefin containing block co-polymers, and fluorinated polymers such as
polytetrafluoroethylene (TEFLONT™) which has a surface energy of less than about
20 mJ/m®. (The expression “surface energy” is often used synonymously with “critical

wetting tension” by others.) Other polymers of somewhat higher surface energy that may
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be usefully bonded with the compositions of the invention include polycarbonate,

polymethylmethacrylate, and polyvinylchloride.

[0041] The polymerizable compositions of the invention can be easily
used as two-part adhesives. The components of the polymerizable compositions are
blended as would normally be done when working with such materials. The liberating
compound for the amido-borate is usually included with the free radical polymerizable
component so as to separate it from the amido-borate, thus providing one-part of the two-
part composition. The amido-borates of the polymerization initiator system provides the
second part of the composition and are added to the first part shortly before it is desired to
use the composition. Similarly, the Lewis acid catalyst where used for the heterocyclic
ring opening compound polymerization is kept separate from the heterocyclic ring
opening compound. The Lewis acid catalyst may be added to the first part directly or it
may be pre-dissolved in an appropriate carrier such as a reactive olefinic monomer, i.e.,

methyl methacrylate or a methyl methacrylate/polymethylmethacrylate viscous solution.

[0042] For a two-part adhesive such as those of the invention to be most
easily used in commercial and industrial environments, the volume ratio at which the
two-parts are combined should be a convenient whole number. This facilitates
application of the adhesive with conventional, commercially available dispensers. Such
dispensers are shown in U.S. Patent Numbers 4,538,920 and 5,082,147 (incorporated
herein by reference) and are available from Conprotec, Inc. (Salem, New Jersey) under
the trade name MIXPAC. A single dispenser is often intended for use with a variety of
different two-part adhesives and the plungers are sized to deliver the two parts of the
adhesive at a convenient mix ratio. Some common mix ratios are 1:1, 2:1, 4:1 and 10:1,

but preferably less than about 10:1 and more preferably less than about 4:1.

[0043] The adhesive compositions of the invention may be used to bond
two or more substrates together by contacting the parts of the composition together,
contacting one of the substrates with the adhesive composition, contacting the substrates
with the adhesive composition disposed between the substrates and allowing the adhesive

composition to cure. In another embodiment, the invention is a laminate which
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comprises two or more substrates having the cured composition of the invention disposed
between the substrates. The cured adhesive composition contains the residue of the

organoborane derived from the amido-borate as described herein.

[0044] Preferably, the mixed two-part compositions of the invention have
a suitable viscosity to allow application without dripping. Preferably, the viscosities of
the two individual components should be of the same order or magnitude. Preferably, the
mixed compositions have the viscosity of about 100 (0.1 Pa.S) centipoise or greater, more
preferably about 5,000 (5.0 Pa.S), centipoise or greater and most preferably about 10,000
(10.0 Pa.S) centipoise or greater. Preferably, the adhesive compositions have a viscosity
of about 500,000 (500 Pa.S) centipoise or less, more preferably 150,000 (150 Pa.S)
centipoise or less, even more preferably about 100,000 (100Pa.S) centipoise or less and
most preferably about 50,000 (50 Pa.S) centipoise or less. Viscosity as used in this
section is measured using a Brookfield viscometer according to ASTM D2196 using the

conditions of a number 7 spindle, 20 RPM and 25°C.
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Specific Embodiments

[0045] The following examples are included for illustrative purposes only
and are not intended to limit the scope of the claims. Unless otherwise stated all parts

and percentages are by weight.

Ingredients

[0046] The following ingredients were used in the examples provided

hereinafter:
methyl methacrylate available from Rohm and Haas;

poly(methylmethacrylate) (270,000 mw) available from Rohm America Inc. under the
trademark and designation, DEGALON LP51/07;

poly(methylmethacrylate) 996,000 mw available from Aldrich;

fumed silica available from Cabot Corporation under the trademark and designation

CAB-O-SIL™ TS-720;
acrylic acid available from Sigma Aldrich;

PARALOID™ BTA 753 (ER) methacrylate butadiene-styrene and copolymer, available
from Rohm & Haas Company;

HYPALON™ 20 chlorosulfonated polyethylene available from Dupont-Dow Elastomers;
SCOTCHLITE™ VS5500 glass bubbles available from 3M.

Amido-borate 1
e
(CH;CH,)3-B-N-(CH3),
]

ol
Li
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Amido-borate 2

e —~
(CH;CH,)3-B-N
i \=N
@
Li
Amido-borate 3
) o
(CH3CH2CH2CH2)3-]I3" N (<)
e’a —_— g -B-(CH,CH,CH,CHj3)3
Na
Amido-borate 4
© —
(CH3;CH,CH,CH,)3-B-N ©
' \/N—B-(CH2CH2CH2CH3)3
| @
@
N(CHs)4

Amido-borate 5

o / =
(CH3CHy)3-B-N, )

& \%g—B—(CHZCHm
Na

Amido-borate 6 was amido-borate 5 mixed with 30 mole percent of methoxypropyl

amine based equivalents of boron present.
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Amido-borate 7

o /ﬁ
(CHsCHy)s-B-N

=N

Amido-borate 8

o / 3
(CH;CH,)3-B-N, o
é —==N-B-(CH,CHy);
N(CHs)q4

Amido-borate 8 was mixed with 30 mole percent of methoxypropyl amine based on the
equivalents of boron present.
Amido-borate 9

© /ﬁ
(CH3CH,);-B-N ©

p— N-B-(CH2CH3)3

Amido-borate 10

) -~
CH;CH,);-B-N ©
(CH3 2)3' _—N_B.(CH,CHy);

®
@
N((CH2)3CH3z)4

Amido-borate 10 was mixed with 30 mole percent of methoxypropyl amine based on the

equivalents of boron present.
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Amido-borate 11
e /ﬁ
(CH;CH,);-B-N ©
t \_=N-B-(CH,CHy)3
@

@
P((CH,)sCHs)

Amido-borate 11 was mixed with 30 mole percent of methoxypropyl amine based on the

equivalents of boron present.

Amido-borate 12

© ~
(CHsCH,);-B-N ©
CN\=" @-B-(CH2CH3)3

Amido-borate 12 is mixed with 30 mole percent of methoxypropyl amine based on the

equivalents of boron present.

Amido-borate 13

S
(CH3CH,)3-B-NH-CH,-CH,-CH,-OCH

ONa
Amido-borate 14
©9 Q@ A@ ©
o
(CH,CHy BN N _B(CH,CHy), (CHsCH,):B—N"" \N—B
= N\ o ),
N-CH,-CH,-N

(CHz); (CHz)s3

Amido-borate 14 is mixed with 30 mole percent of methoxypropyl amine based on the

equivalents of boron present.
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Synthesis of Amido-borates

[0047] It is understood that the present invention is operable in the
absence of any component which has not been specifically disclosed. Unless stated to the
contrary, all parts and percentages are expressed on a weight basis. The term “overnight”,
if used, refers to a time of approximately 16-18 hours, “room temperature”, if used, refers

to a temperature of about 20-25°C.

[0048] All reagents were purchased from Aldrich and all solvents were

purified using the technique disclosed by Pangborn et al, Organometallics, 15, 1518-

1520, (1996). All compounds, solutions and reactions were handled under an inert
atmosphere (dry box). 'H and >C NMR shifts were referenced to internal solvent

resonances and are reported relative to TMS.

Example 1

Preparation of Amido-borate 1 Lithium Dimethylamidotriethylborate

[0049] To a slurry of the solid, lithium dimethylamide (2.55 g, 50 mmol)
in 30 mL of THF was added triethylborane (4.90 g, 50 mmol) slowly via syringe and the
resulting mixture was stirred for 5 hours at room temperature. The solvent was removed
in vacuo to afford a white solid. The crude product was further washed with hexane and

dried under vacuum for 2 hours to give the desired product (86 percent yield).

[0050] Spectroscopic data are as follows: 'H NMR (CgDg, 23°C): 6 3.89
(s br, 6 H), 1.90 (t, 9 H, CH;Me), 0.42 (q, 6 H, CHMe).

Preparation of Amido-Borate 5

[0051] To a slurry of the solid, sodium salt of imidazole (4.5 g, 50 mmol)
in 30 mL of THF was added triethylborane (9.80 g, 100 mmol) slowly via syringe over 45
minutes and the resulting mixture was stirred overnight at room temperature. The solvent
was removed in vacuo to afford brown oil. The crude product was used without further

purification (98 percent yield).
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Preparation of Amido-borate 8

[0052] To a slurry of sodium salt of imidazole (9.006 g, 100 mmol) and
tetramethylammonium chloride (10.96 g, 100 mmol) in 200 mL of THF was added
triethylborane (19.6 g, 200 mmol) slowly via syringe over 60 minutes and the resulting

mixture was stirred overnight at room temperature.

[0053] The salts formed were filtered and washed with 25 mL of THF
twice. The solvent of the filtrate was removed in vacuo to afford the desired product as

brown oil. The crude product was used without further purification (88 percent yield).

Preparation of Amido-borate 9

[0054] To a slurry of the solid, sodium salt of 2-methylimidazole (5.205 g,
50 mmol), prepared by reacting 2-methylimidazole with stoichiometric amount of NaH in
THF, in 30 mL of THF was added triethylborane (9.81 g, 100 mmol) slowly via syringe
over 45 minutes and the resulting mixture was stirred overnight at room temperature.
The solvent was removed in vacuo to afford brown oil (14.35 g, 95.6 percent yield). The

crude product was used without further purification.

Preparation of Amido-borate 10

[0055] To a slurry of sodium salt of imidazole (9.006 g, 100 mmol) and
tetrabutylammonium chloride (27.90 g, 100 mmol) in 200 mL of THF was added
triethylborane (19.6 g, 200 mmol) slowly via syringe over 60 minutes and the resulting
mixture was stirred overnight at room temperature. The salts formed were filtered and
washed with 25 mL of THF twice. The solvent of the filtrate was removed in vacuo to

afford the desired product as brown oil (43.9 g, 86.7 percent).

Preparation of Amido-borate 11

[0056] To a slurry of sodium salt of imidazole (9.006 g, 100 mmol) and
tetrabutylphosphonium bromide (34.1 g, 100 mmol) in 200 mL of THF was added
triethylborane (19.6 g, 200 mmol) slowly via syringe over 60 minutes and the resulting
mixture was stirred overnight at room temperature. The salts formed were filtered and

washed with 25 mL of THF twice. The solvent of the filtrate was removed in vacuo to
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afford the desired product as brown oily solids. The crude product was used without

further purification (46.6 g, 89.1 percent yield).

Preparation of Amido-borate 12

[0057] To a slurry of sodium salt of imidazole (4.5 g, 50 mmol) and
tetraphenylphosphonium bromide (21 g, 50 mmol) in 200 mL of THF was added
triethylborane (9.8 g, 100 mmol) slowly via syringe over 60 minutes and the resulting
mixture was stirred overnight at room temperature. The salts formed were filtered and
washed with 25 mL of THF twice. The solvent of the filtrate was removed in vacuo to
afford the desired product as brown solids. The crude product was used without further

purification (27.47 g, 91.2 percent yield).

Preparation of Amido-borate 13

[0058] To a solution of triethylborane (4.9 g, 50 mmol) in 30 mL of THF
was added 3-methoxypropylamine (4.5 g, 50.5 mmol) slowly via syringe over 15 minutes
and then sodium hydride (1.22 g, 50.8 mmol) was added to the resulting mixture. The
slurry was then gently refluxed over night. The solvent was removed in vacuo to afford
an off white solid which was washed with hexanes and dried (9.32 g, 89.1 percent yield).

The crude product was used without further purification.

Preparation of Amido-borate 14

[0059] To a slurry of sodium salt of imidazole (4.5 g, 50 mmol) and
hexamethyl-1,2-ethanediaminium diiodide (10.1 g, 25.2 mmol), prepared by reacting
tetramethyl ethylenediamine with excess of methyl iodide, in 200 mL of THF was added
triethylborane (9.8 g, 100 mmol) slowly via syringe over 60 minutes and the resulting
mixture was stirred overnight at room temperature. The salts formed were filtered and
washed with 25 mL of THF twice. The solvent of the filtrate was removed in vacuo to
afford the desired product as brown solids. The crude product was used without further

purification (13.3 g, 79.2 percent yield).
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Preparation of Adhesive Compositions

[0060] Two part formulations were prepared by mixing the ingredients for
each part, which were then placed in separate containers. Several different part B

(hardener side) formulations were made.
Part A-Resin

[0061] The following ingredients were added to a 1 gallon (3.79 liters)
metal can and rolled on a ball roll mill for 24 to 72 hours. For amido-borates 1 to 8, the
ingredients were 63 parts of methyl methacrylate, 18 parts of polymethyl methacrylate
(270,000 mw), and 5 parts of chlorosulfonated polyethylene (HYPALON™20 mw). 86
parts of the blended ingredients were added to an 8 oz. (236 mL) plastic cup. The
ingredients were completely mixed by hand using a tongue depressor for 3 minutes. Two
parts of glass bubbles and two parts of fumed silica were added and the ingredients were
completely mixed by hand using a tongue depressor for 3 minutes. Ten parts of acrylic
acid were added and the ingredients were completely mixed by hand using a tongue
depressor for 3 minutes. The resulting mixture is packaged in an 8 oz. (236 mL) plastic

cup.

[0062] For amido-borates 9 to 14, the ingredients were 58.7 parts of
methylmethacrylate, 16.3 parts of methacrylate-butadiene-styrene copolymer, 15.2 parts
of chlorosulfonated polyethylene 0.25 parts of methyl ether of hydroquinone and 9.5 parts
of methacrylic acid. All resin formulations were mixed using a dual asymmetric
centrifugal FlackTek SpeedMixer™ DAC 400 FVZ by Hauschild Engineering. The
chlorinated polyethylene was combined with methyl methacrylate (MMA) intd a preblend
in a 40 percent chlorosulfonated chlorinated polyethylene to 60 percent MMA ratio using
aroller mill. The chlorosulfonated chlorinated polyethylene MMA preblend was added
to a speed mixing cup followed by methyl methacrylate and methoxyphenol (MEHQ™).
The methacrylate-butadiene-styrene copolymer was then added to the speed mixing cup
and immediately incorporated with the other ingredients by hand using a tongue
depressor. The speed mixing cup was placed into the speed mixer and mixed three times

consecutively for one minute at a speed of 1,800 rpm. The temperature of the sample was
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checked after each mix using an infrared temperature probe and visually evaluated for
homogeneity. If the sample was not visually homogeneous, additional one minute 1,800
rpm mixing cycles were utilized until visual homogeneity was achieved. The temperature
of each sample was kept below 130°F (54°C) by letting the sample sit at room
temperature between additional mixes. After each sample was cooled to room
temperature, methacrylic acid was charged into the speed mixing cup and immediately
incorporated by hand using a tongue depressor. The speed mixing cup was then placed

into the speed mixer and mixed twice for 1 minute at 1,800 rpm.

Part B Hardener

[0063] For amido-borates 1 to 8, Part B (hardener side) comprised 633
parts of methyl methacrylate, 180 parts of poly(methylmethacrylate), 45 parts of styrene
butadiene styrene block copolymers were placed in a half gallon paint can and rolled on a
roller mill overnight. Once the polymers dissolved to a homogeneous blend, 85.8 parts
were placed in an 8 oz. (236 mL) plastic container and 2 parts of fumed silica and 2 parts
of glass beads were added and mixed by hand using a tongue depressor. Finally 10 parts
of amido-borate were added to the container and mixed. For amido-borates 6 and 8, 30
mole percent of methoxy propyl amine, based on the moles of amido-borate present, was
added to the hardener side. For amido-borates 9 to 14, Part B comprised 65 percent
methyl methacrylate, 25 percent of methacrylate-butadiene-styrene copolymer, 0.25
percent of IRGASTAB™ FS301 FF which is IRGASTAB™ FS301 FF- a mixture of
oxidized bis (hydrogenated tallow alkyl) amines (IRGASTAB™ FS042) and tris (2,4-di-
tert-butyl phenol)phosphate trademark of Ciba Specialty Chemicals and 10 parts of a

complex of tri-n-butyl borane and methoxypropyl amine.

[0064] Several Part A formulations were prepared using the procedures

described above. The formulations are described below in Table 1.

[0065] Adhesives as described above were tested for Lap shear strength
according to ASTM D3165-91 on the substrates listed below at several times from
application as listed below. The surface area covered and overlapping was 1 inch (2.54

cm) wide by 1/2 inch (1.27 cm) long. The bond thickness of 30 mil (0.76 mm) was
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maintained using 30 mil (0.76 mm) glass beads. The samples were pulled on an Instron
5500 at a rate of 0.5 inches (1.27 cm) per minute until failure and the stress at failure
were recorded in pounds per square inch. The results are compiled in Table 1 below.
The surfaces of the substrates were not pretreated. The samples were cured for 3 days at
room temperature and tested at room temperature (about 23°C). The polypropylene
substrate was 30 percent long glass filled polypropylene available from the Dow
Chemical Company under the designation, DLGF 9310.00Z (30 percent long glass fiber
filled). The e-coat substrate is ACT cold roll steel, ED 6100 from ACT Laboratories,
Inc., Hillsdale, Michigan. Relative to the mode of failure: Cohesive failure means that
the break occurred in the adhesive; and Adhesive failure means the adhesive pulled away
from the substrate. Substrate failure means that the substrate adhesive broke before the
adhesive bond failed or the broke cohesively; and SD stands for substrate delamination,
and it means a layer of the substrate was pulled off. The viscosities or some of the
formulations were tested according to the procedure ASTM D2196 Brookfield
viscometer, 20 rpm, and spindle number 7 at 25°C. The results are compiled in the

Table.
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Amido- PP PP Failure mode E-Coat E-Coat Failure mode

borate Break Load Break Break Load Break

Ibf (N) psi (MPa) 1bf (N) psi (MPa)

1 178 (792) adhesive

2 504 (2242) substrate

3 495 (2209) substrate

4 409 (1819) 817 (5.63) Adhesive/SD 706.3 (3140) 1413 (9.74) cohesive

5 308 (1370) 615 (4.24) Adhesive/SD 518 (2304) 1036 (7.14) cohesive

6 557 (2473) 1114 (7.68) | substrate 806 (3585) 1611 (11.1) cohesive

7 551 (2451) 1102 (7.60) | substrate 1025 (4559) 2049 (31.4) cohesive

8 279 (1241) 557 (3084) cohesive/ 230(1023) 459 (7.05) cohesive/

not cured
9 N/A 10.52 (7.2) substrate N/A 15.88 (10.95) cohesive
53

10 N/A 781 (5.38) thin film N/A 1215 (8.377) cohesive
cohesive

11 N/A 803 (5.54) thin film N/A 1527 (10.53) cohesive
cohesive

12 N/A 500 (3.45) adhesive N/A 1712 (11.80) cohesive

13 N/A 864 (5.96) substrate N/A 1625 (11.20) cohesive

14 N/A 1040 (7.171) | substrate N/A 1373 (9.467) cohesive

SD means substrate delamination. PP means polypropylene is the substrate.

E-Coat means that the substrate is an e-coated metal panel.

[0066] The examples illustrate that the amido-borates are capable of

curing acrylic adhesives and bonding to low energy substrates.
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WHAT IS CLAIMED IS:
1. Systems for initiating free radical polymerization comprising

a) inone part, one or more amido-borate compounds containing one
or more anionic amido-borate moieties comprising an organoborate
wherein the boron atom is bonded to a nitrogen atom of ammonia
or an organic compound containing one or more nitrogen atoms,

and one or more cationic counter jions; and

b) in asecond part, a liberating compound which reacts with the
nitrogen atom(s) bound to the boron atom(s) upon contact with the

amido-borate to form an organoborane radical.

2. The system according to Claim 1 wherein the boron atom is bonded to
a nitrogen atom of ammonia, a hydrocarbyl amine, a hydrocarbyl polyamine or an
aromatic heterocycle containing one or more nitrogen atoms wherein the amines may
optionally contain one or more a heteroatom or heteroatom containing functional

moieties.

3. Systems according to Claim 1 or 2 wherein the amido-borate

corresponds to one of the formulas:
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and

®)q ®),

9 o
R')-B-N-R-N-B-®)3

5 i i
R o & t
Y Xp

wherein:

R'is independently in each occurrence hydrogen an alkyl or cycloalkyl group, or two or
more of R! may combine to form a cycloaliphatic ring;

R?is independently in each occurrence an alkyl, cycloalkyl, aryl, alkaryl, or aralkyl group
optionally containing one or more heteroatoms or heteroatom containing functional
moieties or protons;

R%is independently in each occurrence hydrogen, an alky! or an aryl group which may
optionally contain one or more heteroatoms or heteroatom containing functional moieties;
R*is independently in each occurrence a divalent hydrocarbyl moiety which may

optionally contain one or more heteroatoms or heteroatom containing functional moieties;

R’ is independently in each occurrence a t-valent hydrocarbyl group optionally containing

one or more heteroatoms or heteroatom containing functional moieties;
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X is independently in each occurrence a cation;

t is independently in each occurrence 2 or greater;

Y is independently in each occurrence —I@—(Rz);; or —9 (RZ)3 .

Z is independently in each occurrence N, P, Si or C;

p is independently in each occurrence O or 1;

q is independently in each occurrence 1 or 2;

with the proviso that the sum of p and q on each linked boron and nitrogen pair is 2;

wherein q is 2, the nitrogen atom is the cation counter-balancing the borate anion; and
w is independently in each occurrence either O or 1.
4. Systems according to Claim 3 wherein:

R!is independently in each occurrence a Cy.jg alkyl, Cs.jo cycloalkyl, or two or more of R!

may combine to form a cycloaliphatic ring;

R2is independently in each occurrence Cj.1g alkyl, Cs.10 cycloalkyl, Ce.12 aryl, C7.9 alkaryl
or Cy.99aralkyl optionally containing one or more heteroatoms of O or S or functional

moieties containing a O or S;

R?is independently in each occurrence hydrogen, Cj.io alkyl, Cs.io cycloalkyl, Cs.12 aryl,
Cr.20 alkaryl or Cy9 aralkyl optionally containing one or more of O or S or functional

moieties containing O or S;

R*is independently in each occurrence Cs.o9 alkylene, Cs.g9 cycloalkylene; Ce.20 arylene;
Cr.20 alkarylene or Cy.o9 aralkylene optionally containing one or more heteroatoms or

heteroatom containing functional moieties;
R’ is independently in each occurrence a t-valent Cy 39 alkylene, Cs.20 cycloalkylene;

Cg.00 arylene; Cy.99 alkarylene or Cyy9 aralkylene optionally containing one or more

heteroatoms of heteroatom containing functional moieties;
Z is independently in each occurrence N or P;

X is independently in each occurrence an onium or alkali metal ion; and
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t is independently in each occurrence 2 or 3.

5. Systems according to Claim 3 wherein the amido-borate corresponds

to one of the formulas:
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R'is independently in each occurrence an alkyl or cycloalkyl group, or two or more of R!
may combine to form a cycloaliphatic ring;

R?is independently in each occurrence an alkyl, cycloalkyl, aryl, alkaryl, or aralkyl group
optionally containing one or more heteroatoms or heteroatom containing functional
moieties or protons;

R? is independently in each occurrence hydrogen, an alkyl or an aryl group which may
optionally contain one or more heteroatoms or heteroatom containing functional moieties;
R*is independently in each occurrence a divalent hydrocarbyl moiety which may

optionally contain one or more heteroatoms or heteroatom containing functional moieties;
X is independently in each occurrence a cation;

Z is independently in each occurrence N, P, Si or C;

p is independently in each occurrence 0 or 1;

q is independently in each occurrence 1 or 2;

with the proviso that the sum of p and q on each linked boron and nitrogen pair is 2;

wherein q is 2, the nitrogen atom is the cation counter-balancing the borate anion; and
w is independently in each occurrence either O or 1.
6. Systems according to Claim 3 wherein:

R'is independently in each occurrence a C.19 alkyl, Cs.io cycloalkyl, or two or more of R!

may combine to form a cycloaliphatic ring;

R?is independently in each occurrence Ci.joalkyl, Cs.1o cycloalkyl, Cs.12 aryl, C.20 alkaryl
or C7.99 aralkyl optionally containing one or more heteroatoms of O or S or functional

moieties containing a O or S;

R?is independently in each occurrence hydrogen, Cj.10 alkyl, Cs.1o cycloalkyl, Ce.12 aryl,
Cr.20 alkaryl or Cr.99 aralkyl optionally containing one or more O or S or functional

moieties containing O or S;

R*is independently in each occurrence Cy.o9 alkylene, Cs.oo cycloalkylene; Ce.20 arylene;
Cq.90 alkarylene or C7.o aralkylene optionally containing one or more heteroatoms or

heteroatom containing functional moieties;
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R’ is independently in each occurrence a t-valent Cy.90 alkylene, Cs.5 cycloalkylene;

Ce.0 arylene; Cy.o alkarylene or Cy.0 aralkylene optionally containing one or more

heteroatoms or heteroatom containing functional moieties;
Z is independently in each occurrence N or P; and
X is independently in each occurrence an onium or alkali metal ion.

7. Systems according to any one of Claims 1 to 6 wherein the part

containing the amido-borate further comprises a second amine.

8. Systems according to Claim 7 wherein the second amine is present in
an amount of about 1 to about 1,000 mole percent based on the amount of the amido-

borate present in the system.

9. A two part polymerizable composition comprising the system
according to any one of Claims 1 to 5 wherein the second part further comprises one or

more compounds capable of free radical polymerization.

10. Two part polymerizable compositions according to Claim 9 wherein
the composition comprises:
a) in part one
i) from about 0.1 to about 30 parts by weight of amido-borate;
ii) from about 0 to about 1,000 mole parts based on 100 moles of amido-borate of a
second amine; and
b) in part two
iii) from about 10 to about 90 parts by weight of one or more compounds capable of free
radical polymerization; and
iv) from about 0.5 to about 100 molar equivalents of a liberating compound based on of
amido- borate;

wherein the parts by weight are based on 100 parts by weight of the composition.

11. The two part composition according to Claim 9 or 10 where the one or
more compounds capable of free radical polymerization comprise acrylate or

methacrylate monomers, oligomers, polymers or a mixture thereof.
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12. A method of polymerization comprising contacting the components of
the polymerizable composition of any one of Claims 9-11 under conditions such that the

one or more compounds capable of free radical polymerization undergo polymerization.

13. The method of Claim 12 wherein the contacting occurs at, or near,

ambient temperature.

14. A method of bonding two or more substrates together which

comprises:

contacting the components of the composition of any one of Claims 9-11 together under

conditions such that polymerization is initiated;
contacting the composition with the two or more substrates;

positioning the two or more substrates such that the composition is located between the

two or more substrates wherein they are in contact with one another; and
allowing the composition to cure so as to bind the two or more substrates together.

15. A method of modifying the surface of a low surface energy polymer by
contacting a composition according to any one of Claims 9-11 wherein the two parts have

been combined with at least a portion of the surface of the low surface energy polymer.

17. A method of coating a substrate which comprises contacting the
components of the composition of any one of Claims 9-10; contacting the contacted
composition with one or more surfaces of a substrate; and allowing the coating

composition to cure.

18. A coating composition which comprises the composition of any one of

Claims 9-11.

19. A laminate comprising at least two substrates having disposed between
the substrates and bound to each substrate a composition according to any one of Claims

9-11 wherein the two parts have been combined.
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