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(57) ABSTRACT 

Disclosed are internally blocked borates useful for polymer 
izable compositions, and polymerizable adhesives made 
therewith. The internally blocked borates have general struc 
tureS: 

1/m M" - B 

1/m M" - BN N 

wherein X represents -CHR-, oxygen or Sulfur; n is an 
integer, R, R2, R., R., Rs, and Rs are independently 
Selected, for example, from unsubstituted and Substituted 
C-Clio alkyl, alkylene groups, or aryl groups, including 
other embodiments further defined, and M is a counter ion 
with positive charge m. 
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FIG 2. 
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INTERNALLY BLOCKED ORGANOBORATE 
INITIATORS AND ADHESIVES THEREFROM 

FIELD OF THE INVENTION 

0001. The invention is directed to novel internally 
blocked organoborates having utility in the initiation of 
addition polymerizable monomers. The invention pertains 
also to adaptations for adhesives, with particular reference to 
polymerizable acrylic adhesive Systems. 

BACKGROUND OF THE INVENTION 

0002 Typical conventional reactive acrylic adhesives uti 
lize well known non-borate free radical initiators. U.S. Pat. 
No. 4,348,503 discloses acrylic adhesives initiated by a 
dibasic acid perester and a metal ion. U.S. Pat. No. 4,081, 
308 discloses an acrylic adhesive initiated with a Saccharin 
salt and O-hydroxysulfone. U.S. Pat. No 4,331,795 discloses 
an acrylic adhesive cured with hydroperoxide, thiourea and 
a metal salt. The non-borate initiated reactions for the above 
adhesives are inhibited by Oxygen. 
0.003 Organoborane free-radical initiation has been 
reported in the literature. See, for example, Bawn, C. E. H., 
Margerison, D. and Richardson, N. M., Proc. Chem. Soc., 
1959, 397-398; Furukawa, J., Tsuruta,T., J. Polym. Sci., 
1958, 28, 727-729; Dotty, P. M., Fouss, R. M., Mark, H., 
Overberger, C. G. and Smets, G. J. Polym. Sci. 1958, 33, 
502-504. Two mechanisms of the oxygen-organoborane 
reaction have been postulated. Mirviss, S. B., J. Am. Chem. 
Soc. 1961, 83, 3051-3056; Davies, A. G., Roberts, B. P. J. 
Chem. Soc. B., 1969, 311-317; Allies, P. G., Brindly, P. B., 
J. Chem. Soc. B. 1969, 1126-1131. One mechanism involves 
the homolytic cleavage of the oxygen-oxygen bond to 
generate an alkoxy radical and a dialkyl boratoxy radical. 
The other major pathway is believed to involve homolytic 
cleavage of the alkyl-oxygen bond to form an alkyl radical 
and a dialkylboraperoxy radical. The alkyl radical may react 
with more oxygen to produce an alkylperoxy radical, which 
may then react with organoborane to regenerate the alkyl 
radical and the borane peroxide. Thus one of the advantages 
in the use of organoborane initiated reactions is that atmo 
Spheric oxygen can be used as the Source for the co-initiator 
in the formation of radicals. 

0004. Approaches to control the reactivity of organobo 
ranes are known. E. Frankland reported the Synthesis of 
triethylborane and its air-stable complex with a Lewis base, 
e.g., ammonia. Phil. Trans. Royal Soc. Vol.152, pp. 167-183 
(1863). The air-stable amine complex is believed to slow 
down the oxidation of organoboranes by blocking the borane 
open Site for oxygen binding, which is the first Step in the 
reaction of organoboranes with oxygen. The initiator can 
thus be stored in the blocked state and then de-blocked with 
an appropriate de-blocking or de-complexing agent, Such as 
a stronger Lewis acid. 
0005 British Patent Specification No. 1,113,722 entitled 
“Aerobically Polymerisable Compositions,” published May 
15, 1968 discloses a polymerizable composition adapted as 
a structural adhesive and containing acrylic monomer(s) and 
an peroxide-activated triaryl, e.g., triphenylborane, complex 
with hydroxide, ammonia, benzene, or an amine. The poly 
merization is activated by heating or the addition of an acid. 
The resulting compositions are reportedly useful as adhe 
SVCS. 

0006 Japanese Patent App. 69-100477 discloses a simple 
adhesive containing methyl methacrylate, tributylborane, 
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and PMMA for use in the bonding of polyolefins or vinyl 
polymer articles. Excellent tensile shear Strengths of over 
1800 p.s. i. were reported. Acrylic adhesives polymerized 
with tributylborane and other trialkylboranes were reported 
during the 1970's. (See, U.S. Pat. No. 3,527,737 to Masu 
hara, et al. and GDR Pat. No. 2,321,215 to Masuhara, et al.) 
0007 Two-part adhesives utilizing in one part trialkyl-, 
triphenyl-, or alkylphenylborane blocked with a primary or 
Secondary amine and in the other part an organic acid or 
aldehyde are reported in U.S. Pat. No. 5,106,928, Can. Pat. 
2,061,021, U.S. Pat. No. 5,143,884, U.S. Pat. No. 5,310,835, 
and U.S. Pat. No. 5,376,746. 

0008 U.S. Pat. Nos. 5,539,070, 5,690,780 and 5,691,065 
disclose polyoxyalkylenepolyamine-blocked organoborane 
initiator, with a nitrogen to boron ratio of 1:1 to 1.5:1 useful 
for adhesives to bond low Surface energy materials Such as 
polyolefins and polytetrafluoroethylene. 

0009 Organoborane alkoxide complexes are known but 
there is little reported literature. See, Ludman, C. J.; Wad 
dington, T. C. J. Chem. Soc. A 1966, 1816-1819 and Angew. 
Chem. Int Ed. Engl. 1972, 11, 48-49. A combination of 
potassium methoxide with triethyl borane resulted in the 
isolation of the hygroscopic white Solid potassium triethyl 
methoxy borate(III). Similarly, the synthesis of tetraalky 
lborates, Such as Sodium tetraethylborate(III) are known. 
Honeycutt, Jr.. J. B., Riddle, J. M., J. Am. Chem. Soc. 1961, 
83, 369-373. The present inventors have shown that these 
tetraalkylborates are effective as initiators for acrylic adhe 
Sives with or without a deblocking agent. The particular 
advantage of these initiators over amine-blocked boranes is 
their tendency to remain colorleSS after cure. In contrast, 
amine-blocked borane initiated acrylic adhesives yellow 
with time. 

0010 Hydroxy and/or alkoxy complexing agents for 
organoborane initiators are described in WO 01/32716, 
published May 10, 2001. The complexed initiator has the 
following Structure: 

M 
R 

w 

0011 wherein R is alkyl Co., R and R are alkyl or 
phenyl and CX is an alkoxide, or hydroxide and the value of 
V is Selected So as to provide an effective ratio of oxygen 
atoms of the alkoxides and/or hydroxides to boron atoms in 
the complex. Mixtures of hydroxide complexes with alkox 
ide complexes are Suggested. One alkoxide blocking group 
is illustrated as 

0012 where R is independently selected from hydrogen 
or an organic group, e.g. alkyl or alkylene, M" is a group 
IA, IIA, or ammonium countercation, n is an integerd 0, and 
m is an integers 0. An organoborane complex having the 
following structure follows from this: 

w 
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0013. It has been observed that cured polymerizable 
adhesives initiated with amine-blockedboranes begin to turn 
yellow due to the presence of the amine group. In contrast, 
the decomposition products of alkoxy-blocked organobo 
rates (alcohols) and alkyl-blocked organoborates (alkanes) 
do not undergo the unfortunate yellowing with time. The 
avoidance of discoloration of the cured bond line is impor 
tant where a bond line must appear on a visually accessible 
Surface of a bonded article for acceptable aesthetics. 
0.014. There are numerous considerations in the replace 
ment of mechanically fastened articles with adhesive bond 
ing. It has been observed that conventional alkoxyborates 
have relatively poor air stability. For example when sodium 
ethoxotriethylborate(III) is exposed to air for 24 hours, the 
borate loses 46% of its mass and becomes inactive, unable 
to initiate the polymerization of methacrylate monomerS. Air 
Stability is important for meeting the practical problems in 
the commercial manufacturing and packaging of formulated 
borane-containing adhesive Systems. 
0.015. Another requirement for practical application of 
adhesives Systems is the control of open time. Open time 
refers to the ability of an adhesive to cure providing Strong 
bonds after exposure to air. Amine blocked boranes are 
known to have open times of a matter of minutes. A blocked 
boron-based initiator having an open time beyond a few 
minutes would be of industrial importance. 
0016. The inventors have discovered a class of 4-coor 
dinate borates where at least two of the coordinates form part 
of a ring and have Surprisingly good air Stability enabling 
their use in packaged two-part polymerizable adhesives. AS 
illustrated below, internally blocked borates exhibit stability 
in air of Several days and retain an ability to cure methacry 
late monomers. Moreover, the internally blocked borate 
initiators of the present invention remain colorless after 
curing, whereas conventional amine complexed borates are 
known to exhibit yellowing after curing. 

SUMMARY OF THE INVENTION 

0.017. In accordance with one aspect of the invention, 
novel 4-coordinate internally blocked borates are disclosed. 
The heterocycles have as part of the internal ring structure 
boron and oxa- or thia- moieties. These borates exhibit 
unexpected Stability in the blocked State, ready reaction with 
de-blocking agents, and rapidly initiate polymerization in 
the unblocked state. The novel internally blocked heterocy 
clic borates have the structures (I) and (I): 

(I) 

1/m M" - BN 

(I) 

1/m M" - B 

0018 wherein for (I) and (I) X is oxygen or sulfur; when 
X represents oxygen, n is the integer 2, 3, 4, or 5; when X 
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represents Sulfur, n is the integer 1, 2, 3, 4 or 5; R, R2, R, 
R, Rs and R are, independently, Substituted or unsubsti 
tuted alkyl or alkylene groups containing 1 to 10 carbon 
atoms, Substituted aryl groups having up to 7 to 12 carbon 
atoms, or unsubstituted aryl groups; R. R. Rs and Rein (I) 
can be hydrogen; R and R in (I) and (I) can be part of a 
Second unsubstituted or Substituted cyclic borate; R and R 
in (I) and (I) can comprise a spiro ring or a spiro-ether ring; 
R or R together with R or Rin (I) can be linked to form 
a cycloaliphatic ring, or R or R together with either R or 
R in (I) can comprise a cyclic ether ring; and M is any 
positively charged Species with m being greater than 0. 

0019. In another aspect of the invention, two-part addi 
tion curing adhesives are provided where one part contains 
a 4-coordinate internally blocked borate according to (II) 
and (II) 

(II) 

1/m M" - BN 

(II) 

B D 

1/m M 1N N 

0020 wherein for (II) and (II) X represents -CHR,-, 
oxygen or Sulfur, n is the integer 1, 2, 3, 4, or 5. R, R2, R, 
R, R, R and R, are independently selected from Substi 
tuted or unsubstituted alkyl or alkylene groups containing 1 
to 10 carbon atoms, Substituted aryl groups having up to 7 
to 12 carbon atoms, and unsubstituted aryl groups. R, R, 
Rs, Re and R7 can be hydrogen; R and R2 in (I), (I), (II) and 
(II) can be part of a second unsubstituted or substituted 
cyclic borate, or R and R can comprise a Spiro ring or a 
Spiro-ether ring, or R or R together with R or Rin (I) and 
(II) can be linked to form a cycloaliphatic ring; or R or R 
together with either R or R in (I) and (II) can comprise a 
cyclic ether ring, and M is any positively charged Species 
with m being greater than 0. 

0021 Internal blocking refers to the presence of boron 
being part of the internal ring Structure bridged acroSS at 
least two of the four boron coordinates or Valences. A critical 
requirement is met in that the internally blocked borates 
according to (I), (I), (II) and (II) have considerable stability 
of initiator activity after exposure to air. Additionally, they 
provide a rapid rate of polymerization of addition polymer 
izable monomers upon contact with a deblocking agent and 
the presence of air. The rapid polymerization rate enables 
improved formation of structural adhesive bonds. The unex 
pected Stability in the blocked State, ready reaction with 
de-blocking agents, and rapid initiation of polymerization in 
the unblocked state provide shelf stability so that adhesives 
can be packaged in conventional containers, for example 
multi-part or multi-chamber cartridges. 

0022. In accordance with the invention there is provided 
a two-part oxygen-promoted adhesive, where a first part 
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comprises a polymerizable component and an optional 
deblocking agent, an optional accelerator which is either 
another more reactive borane initiator or a non-borane 
initiator; and the Second part comprises the internally 
blocked borate (II) or (II) and a carrier liquid. The adhesive 
preferably contains monomer and/or oligomer or polymer 
components in either or both of the first and/or Second parts. 
The preferred optional accelerator is a non-borane contain 
ing free radical initiator. 
0023. In accordance with the adhesive methods accord 
ing to the invention there is provided a method for adhe 
Sively bonding two Substrates together to form a bonded 
composite, the method to form the composite comprising the 
Steps of: 

0024 (a) providing a first Substrate and a second 
Substrate that is the same material or a different 
material from the first Substrate; 

0025 (b) applying to the first and/or second sub 
Strate the following materials in a mixture: 
0026 (i) at least one polymerizable component; 
0027 (ii) an effective amount of an internally 
blocked organoborate (II) or (II); optionally (iii) 
an activating or deblocking agent, optional accel 
erator and/or optional non-borane free radical ini 
tiator; and 

0028 (c) mating the first and second substrates with 
the components of step (b) therebetween; and 

0029) (d) allowing the at least one polymerizable 
component to polymerize, at ambient conditions or 
with the optional application of heat, whereby the 
first and Second Substrates are adhesively bonded 
together. 

0.030. In another aspect the invention relates to applying 
a primer prior to a method of bonding comprising applying 
a solution of the internally blocked organoborate (II) or (II) 
in an inert organic Solvent followed by treatment of at least 
one Substrate with the polymerizable composition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.031 FIG. 1 is an illustration of the rise in adhesive lap 
Shear bond strength for polypropylene as a function of cure 
time using (a), a commercial amine borane complex, (b) an 
internally blocked alkoxyborate of the present invention, 
and (c) an accelerated internally blocked alkoxyborate. 
0.032 FIG. 2, is an illustration of the adhesive lap shear 
Strength of polypropylene as a function of adhesive open 
time using (a) a commercial amine borane complex, (b) 
internally blocked borate, and (c) an accelerated internally 
blocked borate. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0033. The term “internally blocked” in reference to the 
organoborates herein means a four coordinate boron atom 
being part of an internal ring Structure bridged acroSS two of 
the four boron coordinates or Valences. Internal blocking 
includes a Single ring or a two-ring Structure where boron is 
part of one or multi-ring Structures. An internally blocked 
organoborate is readily distinguished from known cyclic 
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borates where the ring Structure is bonded to boron through 
one coordinate atom. Cyclic amine complexed borates of 
this sort are disclosed in WO 01/44311 Al, published 21, 
June 2001. 

0034. The term “air stability” means not only that there is 
no pyrophoric tendency, there is an ability of the internally 
blocked borate to retain initiator function after exposure to 
ambient air over Several days to Several weeks in the blocked 
State. 

0035) In accordance with structures (I), (I), (II) and (II), 
wherein for (I) and (I) X=O, or S, and in structures (II) and 
(II) X=-CHR-, oxygen or sulfur, the substituents R, 
R2, R., R., Rs, Re and R7 in any instance are hydrocarbyl, 
including Substituted or unsubstituted C-Co alkyl, 
hydroxyhydrocarbyl, hydrocabyl ether groups containing 
one or more than one oxygen atoms; Substituted C-Co 
hydrocarbyl, oxyhydrocarbyl or hydrocarbyl ether groups. 
Specific examples include but are not limited to, methyl, 
ethyl, methoxybutyl-, ethoxyethyl-, propyl, butyl, butoxy 
butyl-, pentyl, hexyl, heptyl, octyl, nonyl, decyl; Such as 
isopropyl, isopropoxypropyl-, isobutyl, isobutoxyethyl-, 
methoxypropyl-, unsubstituted aryl groups, and Substituted 
aryl groups containing 7 to 12 carbon atoms. R and R can 
be part of an unsubstituted or Substituted ring Structure 
containing from 4 to 10 carbon atoms in the ring. At least 
two of R, R, and Rs in (I) and (II) can be linked in one or 
more ring structures (as in Example 11), or R, R, and Rs 
in (I) and (II) can be arranged with a spiro alkylene ring (as 
in Ex. 13); (CRR), in (I) and (II) can be part of the internal 
ring structure Such as illustrated in (I' and II") and shown in 
Example 13, 
0036 (CRR), in (I) and (II) can be part of a spiro 
ether ring Structure as in Example 14, and R or R and R 
or R. (I) and (II) can be linked in a ring structure linking R 
with either R or R or linking R with either R or R, and 
R or R and R or R. (I) and (II) can be linked in a cyclic 
ether ring Structure linking R with either R or R or linking 
R with either R or R. 
0037 Substituent groups on R,R,R,R,R,R, and/or 
R7 are preferably Selected So that they do not tend to 
de-complex the borate. Generally the Substituents for the 
hydrocarbyl, oxyhydrocarbyl and hydrocarbyl ether groups 
exclude groups known to attack borates, Such as Some acids, 
and acid halides. Exemplary Selected Substituents for R, R2, 
R. R. Rs, Re and/or R, include halo, esters, alkoxy, 
hydroxy, alkoxycarbonyl, alkoxyalkyl, alkoxyaryl, borata, 
and phenyl groups. In general, Smaller groups containing 1 
to 5 carbon atoms together with one or more than one N, O, 
or S atoms are preferred for the R and R groups. By 
independently Selected it is meant that the Substituent groups 
may be the same or that they may be different. Preferably R 
and R2 are identical. R and R2 can be part of an internal ring 
with the boron atom. The ring formed with B, R and R can 
contain a heteroatom Such as O or S. R and R2 are 
preferably ethyl, propyl, or butyl groups. 
0038 Alkylene structures represented by -(CRR), 
in (I) and (II) include but are not limited to -CH-, 
-CH(CH), -CHCH-, -CHCHCH-, 
-CHCHCHCH-, -CHCHCHCHCH-, 
-CHC(CH) , -CH2CHC(CH) , -CHCH-, 
-CH-CH(CH)CH-CH(CH)CH-, and the like as can be 
seen in the following illustrated embodiments where M is a 
counter ion having positive charge m. 
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1/m Mm 

/ 1. 
s l/m M Y 

0039. An exemplary reaction scheme in the synthesis of 
internally blocked alkoxy borate (where X=O) is: 

n 
-- 

Brn-1-N-OH 

Br 

Nat 

Br 

- 
es\ 
B 

c/ V-1 

Example 1 
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EXAMPLE 1. 

Sodium diethyl(1-propanolato(2-)-C.O)borate 

0040. The entire reaction is performed under a dry, inert 
atmosphere, with care taken to assure that oxygen and water 
are not allowed to contaminate the reaction or reagents. The 
reaction is conducted under an argon atmosphere in a 
jacketed vessel equipped with a stir bar, condenser with 
argon connection, Septum port, and thermometer. 

0041 Triethylborane (0.3 mol) in THF was charged to a 
500 ml glass reactor and heated to 60-65 C. Pivalic acid 
(0.005 mol) in toluene was added to the reactor and allowed 
to react for 15 minutes. Neat 3-bromo-1-propanol (0.3 mol) 
was added slowly and the reaction allowed to stir at 65-75 
C. under reflux for 90 minutes. The reaction was cooled to 

30-35 C. and a 30% sodium metal dispersion (0.65 mol) in 
toluene was added slowly while maintaining the reactor 
contents below 50° C. The reaction was heated to reflux and 
allowed to stir for 60 minutes, followed by cooling to around 
40° C. and the product mixture added to 5.5 moles of water 
with moderate Stirring, resulting in two phases. The isolated 
top organic phase was Stripped under vacuum at 60°C. The 
filtered product was obtained in high yield and purity as a 
yellow oil containing 20-40% residual water. H (proton) 
NMR (DO) & 3.35, 1.37, 0.58 and -0.03 ppm. 
0042. The syntheses of other exemplary internally 
blocked alkoxy borates are Summarized in the following 
tables. 

TABLE 1. 

Reactants/Step Example 

1. . Triethylborane + pivalic acid Example 1 
... 3-bomopropanol O 
... sodium - NeM 

B 
Na'- 1 

... triethylborane + pivalic acid Example 2 
4-bromobutanol O 

... sodium - NeM 
B 

Na'- 1 

... triethylborane + pivalic acid Example 3 

. 3-bromo-2-methylpropanol O 

... sodium NeM 
Na'- 1 B 

1. triethylborane + pivalic acid Example 4 
2.5-bromopentanol O 
3. sodium N/ 

Na'- 1 

1. triethylborane + pivalic acid Example 5 
2. 2-bromomethylphenol O 
3. sodium N./ 

Na' 1 
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0043. Examples 1-7 are illustrated by: 

(1) 
GE) Na (CHCH), OCH-CH(H, 

(2) 
N.CHCHFochschisch-H, 

GE) (3) 

Na CHCH.).5 octylch, 
CH 

(4) 
NoHCH):PoCHCHCHCH. H. 

(5) 
O 

GE) e/ 
Na (CH3CH2)2B 

C 
/ V 

H. H. 

(6) 

NoHCH):PCHC(CHJCHCCH-H. 
(7) 

GE) 
Na CHCH.).EPchchsch-H, 

0044) Internally blocked borates in which X is CH can 
be made by more than one route. The reaction of diborane 
with 2,4-dimethyl-1,4-pentadiene, followed by reaction with 
ethylene, and then ethyl Sodium results in Example 6 in 
Table 2. The intermediate cyclic hydroborane 

HB 

0.045 is known. This intermediate can be used in accor 
dance with the invention for Synthesizing a variety of 
bi-cyclic borates, for example, by reaction with an olefin and 
ethyl sodium as can be seen in Examples 11-15 below. The 
reaction of triethylborane with borane dimethylsulfide is 
known and results in the formation of diethylborane. Dieth 
ylborane can be reacted with 4-bromo-1-butene and then 
Sodium to produce the internally blocked Structure of 
Example 7. 
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0046) An internally blocked thioborate is formed by 
reacting triethylborane with borane dimethylsulfide fol 
lowed by reacting with 4-bromo-1-butene, and then with 
thiourea, followed by Sodium hydroxide, resulting in the 
internally blocked borate in which X is S, as in example 8. 

TABLE 2 

Reactants/step Example 

1. diborane + 2,4-dimethyl-1,4- Example 6 
pentadiene 
2. ethylene 
3. ethyl sodium 

n 
Nat 1 

1. triethylborane + Example 7 
borane-dimethylsulfide 
2.4-bromo-1-buteme nO 
3. sodium Nat - B 

1. triethylborane + Example 8 
borane-dimethylsulfide S 
2.4-bromo-1-buteme Ne/ 
3. thiourea B 
4. Sodium hydroxide Na' 1 

1. diborane + 6 allyl acetate Example 9 
2. sodium ethoxide/ethanol HO 

O 
e/ 
B 

HO 

EXAMPLE 9 

Sodium 
di(3-hydroxypropyl)(1-propanolato(2-)-C.O)borate 

0047 A 250-mL round-bottom flask was fit with a stir bar 
and Sealed with a Septum. The flask was purged with 
nitrogen for 30 min and placed in a Solid carbon dioxide 
-isopropanol bath. Borane (150 mL of a 1 M solution in THF, 
150 mmol) was added to the reaction flask via syringe. Allyl 
acetate (49.5 g., 495 mmol), which had been sparged with 
nitrogen, was added to the reaction flask via Syringe. The 
reaction was allowed to slowly come to room temperature 
overnight. The reaction was stirred at room temperature for 
4 days. The solvent was removed under vacuum. The 
reaction flask was taken into an argon box. A Solution of 4.08 
g (170 mmol) of sodium hydride in 40 mL of ethanol (thus, 
a Solution of Sodium ethoxide in ethanol) was added to the 
reaction flask. A white precipitate formed. The reaction flask 
was fitted with a distillation head and a receiving flask. The 
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apparatus was removed from the argon box and the reaction 
was heated with slow distillation of the solvent. Freshly 
distilled ethanol was added as needed. The distillation 
continued until the distillate no longer contained ethylac 
etate (checked by proton NMR). Some insoluble material 
was separated by filtration and the Solvent was removed 
from the filtrate at 0.4 torr and 80° C. The proton NMR of 
both the insoluble fraction and the Soluble fraction were 

taken in THF-ds. Both were consistent with the desired 
product. 

0.048. This synthesis of Example 9 is Summarized as: 

2n-1 B.H. 3 21 Y He 
O 

1.9 - BBN 
2. 4-bromobutene 
3. 2 Na 

1. diborane + 2,4-dimethyl-1,4- 
pentadiene 
2. 4-bromo-1-buteme 
3. 2 Na 

1. diborane + 2,4-dimethyl-1,4- 
pentadiene 
2. OAc 

3. EtONa/EtOH 

1. diborane + 2,4-dimethyl-1,4- 
pentadiene 
2. Br 

21 

3. 2 Na 

Na 

-continued 

y/ 
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TABLE 3-continued 

1. diborane + 2,4-dimethyl-1,4- 
pentadiene 
2. O 

Example 14 

3. EtONa/EtOH 

1. diborane + 2,4-dimethyl-1,4- 
pentadiene 
2. O 

G ---,1Na Nat O 
3. EtONa/EtOH O 

Example 15 

1) BH + Example 16 
H.C=CH-CH(CHOCOCH)-CH=CH, O 
2) NaOEt/EtOH 

G) 

/ 
O 3 Na 

Example 17 

2. 2 Et Na 

2 Nat 

0049. In Example 16, the starting diene alcohol in step 1 
is known. The alcohol is converted first to an ester by well 
known conversion methods. The diene ester derivative is 
then reacted with diborane followed by reaction with sodium 
ethoxide/ethanol to provide conversion to the bis borata 
compound. 

0050. The counterion M can be any Group IA (e.g., Li", 
Na', or K), Group IIA metal, ammonium, tetraalkylammo 
nium, phosphonium, or metal complex with a charge of from 
+1 to +7, preferably +1, +2, or +3. The preferred counterions 
are Na', K" and Li". The counterion can be ion exchanged 
after formation of the internally blocked organoborate. 
0051. In the use of any of the internally blocked orga 
noborate as an initiator in a polymerizable adhesive, an 
effective amount of the blocked organoborate is an amount 
that is enough to permit polymerization to readily occur after 
contact with the deblocking agent to obtain adhesive bond 
ing from the polymerizable component for the desired 
end-use. If the amount of internally blocked organoborate is 
too high, then the polymerization of the adhesive may 
proceed too rapidly to allow for effective mixing and appli 
cation of the polymerizable adhesive to the substrate(s). The 
useful rate of adhesive polymerization will depend in part on 
the method of applying the adhesive to the Substrate. Thus, 
the rate of polymerization for a high Speed automated 
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industrial applicator can be faster than if the composition is 
applied with a hand applicator or if the composition is mixed 
manually. 

0052 Generally an adhesive formulation will contain 
effective amounts of internally blocked organoborate, Such 
as from about 0.1 mol % to about 10 mol % based on the 
moles of free radical polymerizable component(s). This 
range provides useful results. Good adhesive bond Strength 
was obtained using acrylic polymerizable components with 
from 1.5 to 6 mol % of internally blocked organoborate 
initiator. 

0053 Suitable deblocking agents that liberate the active 
organoborane initiator include acids. Useful acids that de 
block the organoborate include Lewis acids (e.g., SnCl, 
TiCl, and the like) and Bronsted acids such as those 
monofunctional acids having the general formula 
R"-COOH, R'SOH, where R' is hydrogen, an alkyl group, 
or an alkenyl group of 1 to 12 and preferably 1 to 6 carbon 
atoms, or an aryl group of 6 to 10 carbon atoms. Carboxy 
lates having more than one acidic moiety can be used. The 
alkyl and alkenyl groups on a monofunctional carboxylic 
acid used as a deblocking agent may comprise a Straight 
chain or they may be branched. Such groups may be 
Saturated or unsaturated. The aryl groups may contain Sub 
Stituents Such as alkyl, alkoxy or halogen moieties. Adducts 
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of an anhydride and hydroxy-functional monomers are espe 
cially useful deblocking agents, for example an adduct of 
maleic anhydride and hydroxyethyl methacrylate (MA 
HEMA adduct). Specific examples as illustrative acids 
include acrylic acid, dimerized or oligomerized acrylic acid, 
methacrylic acid, acetic acid, benzoic acid, methaneSulfonic 
acid, and p-methoxybenzoic acid. Other useful Bronsted 
acids include HCl, HSO, HPO and the like. SnCl, 
acrylic acid, methacrylic acid and an MA-HEMA adduct are 
preferred acid deblocking agents. 

0.054 Non-acid deblocking agents which are known may 
be used, such as those disclosed in U.S. Pat. Nos. 5.286,821; 
5,376,746; 5,621,143; 5,684,102 incorporated herein by 
reference. Example deblocking agents include acylating 
agents, alkylating agents, aldehydes and Sulfonic acid chlo 
rides, to name a few of the known deblocking agents. 
Examples of acylating agents include acid chlorides, anhy 
drides, isocyanates and carbodiimides. Alkylating agents 
include f3-haloamines, f-halosulfides (mustards), benzyl 
bromide, and allyl bromide. The alkylating agent methoxy 
ethoxymethyl chloride has been shown to be effective for 
activating the blocked borate of example 1. 

0.055 The deblocking agent should be used in an amount 
effective to promote polymerization. If too little agent is 
employed, the rate of polymerization may be too slow. 
However, a reduced amount of acid may be helpful in 
Slowing the rate of polymerization. If too much acid is used, 
then the polymerization tends to proceed too quickly and, in 
the case of adhesives, tends to decrease open time. Within 
these parameters, the acid should, preferably, be provided in 
an adhesive in an amount of about 30 to 540 mole % based 
on the number of equivalents of internally blocked initiator 
functionality, more preferably about 80 to 350 mol %, and 
most preferably about 100 to 200 mol % based on the 
equivalents of initiator functionality of the borate. 

0056. Adhesives can contain optionally a non-borane free 
radical initiator which are well known in the art. A non 
borane free radical initiator can readily be contained in the 
polymerizable monomer part of a two-part polymerizable 
composition. Preferred non-borane free radical initiators are 
those which do not readily react with monomer under 
Shelf-aging conditions, or can be inhibited Suitably to pro 
vide desired shelf stability of up to several months, if 
needed. Illustrative examples of Suitable non-borane free 
radical initiators optionally employed in combination with 
the polymerizable monomerS described above include 
organic hydroperoxy initiators, particularly those organic 
peroxides and hydroperoxides having the formula R"OOR" 
and R"OOH, respectively, wherein R" is a hydrocarbon 
radical containing up to about 18 carbon atoms, preferably 
an alkyl, aryl, or arylalkyl radical containing from one to 12 
carbon atoms. Specific examples of Such hydroperoxides are 
cumene hydroperoxide, tertiary -butyl hydroperoxide, 
methyl ethyl ketone peroxide, and hydroperoxides formed 
by the oxygenation of various hydrocarbons, Such as meth 
ylbutene, cetane, and cyclohexene, and various ketones and 
ethers. Other examples of useful initiators include hydrop 
eroxides Such as p-menthane hydroperoxide, 2,5-dimethyl 
hexane, 2,5-dihydroperoxide and the like. Additionally, 
more than one non-borane free radical initiator may be 
employed, Such as a mixture of hydroperoxides with per 
esters, Such as t-butyl perbenzoate or t-butyl-peroxymaleate, 
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can be advantageously used. For reasons of economics, 
availability, and Stability, cumene hydroperoxide is espe 
cially preferred. 
0057 The invention is adapted to a variety of addition 
polymerizable compositions which are also referred to as 
curable compositions, such as described in U.S. Pat. Nos. 
2,981,650; 3,321,351; 4,223,115; 4,293,665; 4,467,071; 
4,452,944, and 4,769,419, the entire disclosure of each of 
which is hereby incorporated by reference. The addition 
polymerizable compositions of the invention polymerize in 
the presence of internally blocked organoborate when the 
blocking group is de-coupled from boron by the de-blocking 
agent. Addition polymerizable compounds include free radi 
cal polymerizable compounds Such as olefinic monomers 
which are characterized by the presence of a >C=C- group. 
Exemplary preferred olefinically unsaturated monomers 
include Substituted and unsubstituted acrylic acid, and their 
amides, esters, Salts and corresponding nitriles, as well as 
Substituted and unsubstituted Styrene, and the like. Repre 
Sentative free radical-polymerizable monomers include, but 
are not limited to, Styrene, Vinyl Styrene, Vinyl acetate, 
chlorostyrene, vinylidene chloride, 2,3-dichloro-1,3-butadi 
ene, 2-chloro-1,3-butadiene, methylstyrene, p-tert-butyl Sty 
rene, esters of fumaric and maleic acid which are capable of 
free radical polymerization, and mixtures thereof. The poly 
merizable compositions of the invention typically include at 
least one free radical polymerizable compound in an amount 
from about 10 to about 99, preferably about 20 to about 75 
weight percent based on the total weight of the polymeriz 
able composition. 
0058. The preferred free radical polymerizable com 
pounds are C, B-unsaturated esters, Such as acrylic and 
methacrylic moieties or chemical groups; that is, groups 
which have the general structure III: 

(III) 
H O 

0059 wherein R is H or an organic radical, and R and R' 
are Substituted and unsubstituted organic radicals that may 
be the same or different. 

0060. The polymerizable components can be monofunc 
tional and/or polyfunctional including a combination of 
monofunctional and polyfunctional monomers, oligomers 
and polymers, including mixtures thereof. There are widely 
available monofunctional acrylate and methacrylate esters, 
and the Substituted versions Such as hydroxy, amide, cyano, 
chloro, and Silane Substituted derivatives. Specific examples 
include methyl acrylate, methyl methacrylate, ethyl acrylate, 
ethyl methacrylate, butyl methacrylate, butyl acrylate, 
cyclohexyl acrylate, hexyl acrylate, 2-ethylhexyl acrylate, 
isobornyl methacrylate, hydroxyethyl methacrylate, hydrox 
ypropyl acrylate, hydroxypropyl methacrylate, n-octyl acry 
late, cyclohexyl methacrylate, hexyl methacrylate, 2-ethyl 
hexyl methacrylate, decyl methacrylate, dodecyl 
methacrylate, lauryl acrylate, tert-butyl methacrylate, acry 
lamide, N-methyl acrylamide, diacetone acrylamide, N-tert 
butyl acrylamide, N-tert-octyl acrylamide, N-butoxyacryla 
mide, gamma-methacryloxypropyl trimethoxysilane, 
dicyclopentadienyloxyethyl methacrylate, 2-cyanoethyl 
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acrylate, 3-cyanopropyl acrylate, tetrahydrofurfuryl meth 
acrylate, tetrahydrofurfuryl acrylate, glycidyl acrylate, 
acrylic acid, methacrylic acid, itaconic acid, glycidyl meth 
acrylate. Basic monomerS Such as dimethylaminoethyl acry 
late and dimethylamino methacrylate could be employed 
provided that Sufficient amounts of acidic deblocking agents 
are used. 

0061 Particularly preferred polymerizable components 
are mixtures of C-C alkyl acrylates (e.g., methyl, ethyl, 
propyl, and butyl acrylate) and C-C-alkyl methacrylates 
(e.g., methyl methacrylate, ethyl methacrylate, and the like), 
tetrahydrofurfuryl methacrylate and tetrahydrofurfuryl acry 
late, including mixtures of the preferred polymerizable com 
ponents. The polymerizable compositions according to the 
invention may broadly comprise, based on the total weight 
of the composition, about 10 to 80 wt.% (more preferably 
about 30 to 70 wt.%) of the alkyl methacrylate, and about 
0 to 50 wt.% (more preferably about 2 to 20 wt.%) of the 
alkyl acrylate. 

0.062 Another useful class of polymerizable monomers 
corresponds to the general formula IV: 

IV 

is \ . 
HC=C-C-O-(CH2) –o i-ch. 

R10 H O Ro 

0.063 wherein for structure IV, Rs may be selected from 
the group consisting of hydrogen, methyl, ethyl, -CH2OH, 
and 

Ro O 

0064 R may be selected from the group consisting of 
chlorine, methyl and ethyl. Rio may be Selected from the 
group consisting of hydrogen, hydroxy, and 

Ro O 
| 

0065. The value of “a” in IV is an integer greater than or 
equal to 1, preferably “a” represents 1 to 8 -CH2-groups. 
The integral value of “b' is greater than or equal to 1, 
preferably 1 to 20, and “c” is 0 or 1. 

0.066 The optional multifunctional monomers provide 
crosslinking. A Suggested amount of crosslinking monomer, 
if used, is 0.1 to 20 weight percent, and preferably 0.5 to 10 
weight percent, based on the weight of the composition, and 
can be predetermined depending on the physical properties 
of the cured material as is known and practiced in the art. 
Useful crosslinkers include glycol- and polyether- diacry 
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lates and dimethacrylates, Such as, ethylene glycol 
dimethacrylate, ethylene glycol diacrylate, diethylene glycol 
dimethacrylate, triethyleneglycol dimethacrylate, diethylene 
glycol bismethacryloxy carbonate, tetraethylene glycol 
dimethacrylate, diglycerol diacrylate, pentaerythritol tria 
crylate, trimethylopropane trimethacrylate, polyethylene 
glycol diacrylate, dimethacrylate of bis(ethylene glycol)a- 
dipate, dimethacrylate of bis(ethylene glycol)maleate, 
dimethacrylate of bis(ethylene glycol)phthalate, 
dimethacrylate of bis(tetraethylene glycol)phthalate, 
dimethacrylate of bis(tetraethylene glycol)Sebacate, 
dimethacrylates of bis(tetraethylene glycol)maleate, and the 
like. 

0067. Also useful are monomers that are the known and 
widely available isocyanate-hydroxyacrylate or isocyanate 
aminoacrylate reaction products. These may be character 
ized as acrylate terminated polyurethanes (also referred to as 
acrylourethane) and polyureides or polyureas. Such mono 
merS have the following general formula: 

O 

T-X-C-NH d L 

0068 where X is selected from the group consisting of 
-O- and >N-R', where R' is selected from the group 
consisting of hydrogen and lower alkyl groups (i.e., 1 to 7 
carbon atoms). T is the organic residue of an active hydro 
gen-containing acrylic ester the active hydrogen having been 
removed and the ester being hydroxy or amino Substituted 
on the alkyl portion thereof (including the methyl, ethyl and 
chlorine homologues). The integral value of “d” is from 1 to 
6. L is a mono- or polyvalent organic radical Selected from 
the group consisting of alkyl, alkylene, alkenyl, cycloalkyl, 
cycloalkylene, aryl, aralkyl, alkaryl, poly(oxyalkylene), 
poly(carboalkoxyalkylene), and heterocyclic radicals, both 
substituted and unsubstituted. Typical monomers of this 
class include the reaction product of mono- or polyisocy 
anates, for example, toluene diisocyanate, with an acrylate 
ester containing a hydroxy or an amino group in the non 
acrylate portion thereof, for example, hydroxyethyl meth 
acrylate. 

0069. Another class of monomers useful herein are the 
mono- and polyacrylate and methacrylate esters of bisphe 
nol-type compounds many of which are widely available. 
Representative monomers of the bisphenol type include 
dimethacrylate and diacrylate esters of 4,4'-bis-hydroxy 
ethoxy-bisphenol A, dimethacrylate and diacrylate esters of 
bisphenol A, etc. 

0070 Epoxy compounds can be included in the adhesive 
compositions of the invention in amounts from 0 to about 
40, preferably 0 to about 20, weight 9% based on the total 
weight of the composition. The addition of an epoxy com 
pound can impart heat resistance to the compositions. Epoxy 
compounds that are Suitable for use in the invention are 
described in U.S. Pat. No. 4,467,071, referenced above, and 
can be any monomeric or polymeric compound or mixture 
of compounds having an average of greater than one 1,2- 
epoxy groups per molecule. The polymeric epoxide com 
pounds can have a number average molecular weight from 
about 300 to about 10,000. Epoxy compounds are well 
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known, and disclosed in U.S. Pat. Nos. 2,467,171; 2,615, 
007; 2,716,123; 3,030,336 and 3,053,855. Useful epoxy 
compounds include the polyglycidyl ethers of polyhydric 
alcohols, Such as ethylene glycol, triethylene glycol, 1,2- 
propylene glycol, 1,5-pentanediol, 1,2,6-hexanetriol, glyc 
erol and 2,2-bis(4-hydroxy-cyclohexyl)propane; the polyg 
lycidyl esters of aliphatic or aromatic polycarboxylic acids, 
Such as Oxalic acid, Succinic acid, glutaric acid, terephthalic 
acid, 2,6-naphthalene dicarboxylic acid and dimerized lino 
lenic acid; and the polyglycidyl ethers of polyphenols, Such 
as bisphenol A, 1,1-bis(4-hydroxyphenyl)ethane, 1,1- 
bis(hydroxyphenyl)isobutane, 2,2-bis (4-hydroxy-t-bu 
tylphenyl)propane, 1,5-dihydroxynaphthalene and novolak 
CSS. 

0071. The compositions of the invention advantageously 
also include at least one optional polymeric material which 
can provide toughness, impact and shatter resistance to the 
resultant adhesive and to decrease the brittleness thereof. 
The polymeric material may or may not include an olefini 
cally unsaturated Structure that is capable of being polymer 
ized per Se or copolymerized with at least one of the free 
radical polymerizable monomers described above. The poly 
meric material can be, for example, polychloroprene as 
described in U.S. Pat. No. 2,981,650, referenced above; a 
polymer-in-monomer syrup as described in U.S. Pat. Nos. 
2,981,650; 3,321,351; and 4,223,115; various solid and 
liquid elastomeric polymeric materials like amine, or car 
boxy terminated butadiene-acrylonitrile, ie., ATBN, and 
CTBN, and in particular liquid olefinic-terminated elas 
tomers (e.g., olefin terminated polyalkadiene, butadiene 
based elastomers and urethane-modified butadiene-based 
elastomers as described in U.S. Pat. Nos. 4,223,115; 4,452, 
944; and 4,769,419, and 5,641,834; chlorosulfonated poly 
ethylene rubbers, as described, for example, in U.S. Pat. No. 
4,223,115, olefinic urethane reaction products of an isocy 
anate-functional prepolymer and a hydroxy-functional 
monomer, as described in U.S. Pat. Nos. 4,223,115; 4,452, 
944; 4,467,071, and 4,769,419, referenced above; and tri 
block copolymers of the general configuration A-B-A, 
wherein A is an alkenyl aromatic hydrocarbon polymer 
block and B is a conjugated diene hydrocarbon polymer 
block. Alkenyl aromatic hydrocarbons are useful as the A 
blocks and the B portion can be any four to ten carbon 
conjugated diene. Specific examples of A-B-Ablock copoly 
mers include polystyrene-polyisoprene-polystyrene, poly(C.- 
methylstyrene)-polyisoprene-poly(C.-methylstyrene) and 
polystyrene-polybutadiene-polystyrene. 
0.072 Polymer-in-monomer syrups, compositionally as 
well as their preparation, are well known in the art. Repre 
Sentative Syrups including precursor liquid monomer com 
pounds containing at least one olefinically unsaturated 
group, and their preparations are disclosed in U.S. Pat. NoS. 
3,333,025; 3,725,504; and 3,873,640, the entire disclosure 
of each of which is hereby incorporated by reference. 
0.073 Representative liquid olefinic-terminated elas 
tomers include homopolymers of butadiene, copolymers of 
butadiene and at least one monomer copolymerizable there 
with, for example, Styrene, acrylonitrile, methacrylonitrile 
(e.g., poly(butadiene-(meth)acrylonitrile) or poly(butadi 
ene-(meth)acrylonitrile-styrene) and mixtures thereof, as 
well as modified elastomeric polymeric materials, Such as 
butadiene homopolymers and copolymers as noted above 
modified by copolymerization there with of trace amounts of 
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up to about 5 percent by weight of the elastomeric material 
of at least one functional monomer (Such as acrylic acid, 
methacrylic acid, maleic anhydride, fumaric acid, Styrene, 
and methyl methacrylate, to give, for example, methacry 
late-terminated polybutadiene homopolymers and/or 
copolymers of butadiene). 

0074 As described in U.S. Pat. No. 4,769,419, refer 
enced above, the Second hydroxyl group of liquid butadiene 
based elastomers can be reacted with an isocyanate to form 
a liquid urethane-modified butadiene elastomer. Represen 
tative urethane-modified butadiene-based elastomeric poly 
meric compounds and processing for preparing the same are 
described in U.S. Pat. No. 4,769,419. 

0075 Such liquid olefinic-terminated elastomers can be 
present in the compositions of the invention in amounts from 
about 10 to about 80, preferably about 20 to about 50, weight 
percent based on the total weight of the composition. 

0076 Exemplary chlorosulfonated polyethylene rubbers 
are described in U.S. Pat. No. 4,223,115 and include chlo 
rosulfonated polyethylene and a mixture of sulfonyl chloride 
with chlorinated polyethylene. These compositions can have 
a chlorine content in the range of about 25 to about 67 
weight percent and from 3 to about 160 mmols sulfonyl 
chloride moiety per 100 grams of polymer. Further, the 
polyethylene from which the chlorosulfonated polyethylene 
is made preferably has a melt indeX in the range from about 
4 to about 500. 

0077 Representative olefinic urethane reaction products 
of isocyanate-functional prepolymers and hydroxy-func 
tional monomers having at least one unit of polymerizable 
unsaturation characterized by the presence of at least two 
units of unsaturation and the Substantial absence of free 
isocyanate groups are also well-known. Typically, Such 
prepolymers are adducts or condensation products of poly 
isocyanate compounds having at least two free isocyanate 
groupS and monomeric or polymeric polyols having at least 
two hydroxy groups, including mixtures of Such polyols. 
The reaction between the polyisocyanate and the polyols is 
effected employing an excess amount of polyisocyanate to 
ensure that the reaction product will contain at least two free, 
unreacted isocyanate groupS. Such olefinic urethane reaction 
products can be present in the compositions of the invention 
in amounts from 0 to about 40, preferably about 1 to about 
25, weight percent based on the total weight of the compo 
Sition. 

0078 Advantageously, the adhesive compositions of the 
present invention optionally include a phosphorus-contain 
ing compound having one or more olefinic groups and no 
fewer than one P-OH group. Phosphorus-containing com 
pounds, which have been found to enhance metal adhesion, 
are Selected from the group consisting of derivatives of 
phosphinic acid, phosphonic acid and phosphoric acid hav 
ing at least one P-OH group and at least one organic 
moiety characterized by the presence of an olefinic group, 
which is preferably terminally located. A listing of Such 
phosphorus-containing compounds is found in U.S. Pat. No. 
4,223,115, referenced above. Such phosphorus-containing 
compounds can be utilized in amounts of from about 0.1 to 
about 20, preferably about 2 to about 10, percent by weight, 
based on the total weight of the composition. 
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0079 A preferred phosphorus-containing compound has 
a structure that may be represented by the formula V 

V 
O O 

( ) HC=C-C-O-A P(OR) 
oH R11 

0080 wherein R is selected from the group consisting 
of hydrogen, an alkyl group having from 1 to 8, preferably 
1 to 4, carbon atoms, and CH=CH-; R is selected from 
the group consisting of hydrogen, an alkyl group having 
from one to 8, preferably one to 4 carbon atoms; A is 
Selected from the group consisting of -R-O- and (R 
O)n, wherein R is an aliphatic or cycloaliphatic alkylene 
group containing from one to 9, preferably 2 to 6, carbon 
atoms; R is an alkylene group having from one to 7, 
preferably 2 to 4, carbon atoms; n is an integer from 2 to 10, 
and m is 1 or 2, and preferably m = 1. 

0.081 Monoesters of phosphinic, phosphonic and phos 
phoric acids having one unit of vinyl or allylic, especially 
Vinyl unsaturation are preferred optional adhesion promot 
ing compounds includable herein. Representative phospho 
rus-containing compounds include, without limitation, 
2-methacryloyloxyethyl phosphate; bis-(2-methacryloxy 
loxyethyl) phosphate, 2-acryloyloxyethyl phosphate; bis-(2- 
acryloyloxyethyl) phosphate; methyl-(2-methacryloyloxy 
ethyl) phosphate; ethyl methacryloyloxyethyl phosphate; 
methyl acryloyloxyethyl phosphate, ethyl acryloyloxyethyl 
phosphate; compounds of the above formula wherein R' is 
hydrogen or methyl and R' is propyl, isobutyl, ethylhexyl, 
halopropyl, haloisobutyl or haloethylhexyl, vinyl phospho 
nic acid; cyclohexene-3-phosphonic acid; alphahydroxy 
butene-2 phosphonic acid, 1-hydroxy-1-phenylmethane-1, 
1-diphosphonic acid, 1-hydroxy-1-methyl-1-disphosphonic 
acid: 1-amino-1 phenyl-1,1-diphosphonic acid; 3-amino-1- 
hydroxypropane-1,1-disphosphonic acid; amino-tris (meth 
ylenephosphonic acid), gamma-amino-propylphosphonic 
acid, gamma-glycidoxypropylphosphonic acid; phosphoric 
acid-mono-2-aminoethyl ester; allyl phosphonic acid; allyl 
phosphinic acid; beta.-methacryloyloxyethyl phosphinic 
acid; diallylphosphinic acid; f-methacryloyloxyethyl) phos 
phinic acid and allyl methacryloyloxyethyl phosphinic acid. 

0082 The compositions of the invention can also option 
ally contain from Zero to about 10 percent by weight based 
on the total weight of the composition of at least one 
unsaturated polyester resin. Unsaturated polyester resins 
Suitable for use in the adhesive Systems described herein are 
well known in the art. Such resin esters are derived from 
polycarboxylic acids and polyhydric alcohols, preferably 
dicarboxylic acids and dihydric alcohols, at least one of the 
acid and alcohol components being unsaturated. Preferably, 
the unsaturated polyester resin component will contain a 
relatively large number of double bonds and be derived from 
Short chain aliphatic polyhydric polyols, Such as ethylene 
glycol and 1,3-propylene glycol, and short chain unsaturated 
polybasic acids, Such as fumaric acid and maleic acid. Such 
resins can contain quantities of longer chain polyols Such as 
1,6-hexanediol, as well as higher polybasic acids, Such as 
adipic acid and phthalic acid. 
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0083 Still further, the compositions of the invention can 
optionally contain from Zero to about 50 percent by weight 
based on the total weight of the adhesive composition of at 
least one polyvinyl alkyl ether. Polyvinyl alkyl ethers are 
well-known in the art. Such ethers will preferably contain 
1-8, more preferably 1-4, carbon atoms in the alkyl moiety 
of the ether. Likewise, Styrene-acrylonitrile polymers which 
are Suitable for use in the invention are also well known. 

0084. The compositions of the invention can also include 
up to about 60, preferably not more than about 30, percent 
by weight based on the total weight of the composition of a 
pre-formed polymeric component. Exemplary preferred 
polymeric materials include poly(methyl methacrylate), 
polystyrene, poly(methyl methacrylate/n-butylacrylate/ethyl 
acrylate) (90/5/5); poly (n-butyl methacrylate/isobutyl meth 
acrylate) (50/50); poly(n-butyl methacrylate), poly(ethyl 
methacrylate), and poly(tetrahydrofurfuryl methacrylate). 
0085. The compositions may further comprise a variety 
of optional additives. One particularly useful additive is a 
low (i.e., less than or equal to about 100,000) molecular 
weight poly(methyl methacrylate) which may be incorpo 
rated in an amount of about 20 to 40 wt.% (weight percent), 
based on the weight of the composition. Other thickeners 
Such as fumed Silica may be employed to increase the 
Viscosity of the composition to a more easily applied Viscous 
Syrup- or paste-like consistency. 
0086 Various known plasticizers may be added to 
improve flexibility and/or toughness. Other useful conven 
tional additives optionally included are non-reactive pig 
ments, colorants, fillers (e.g., carbon black), etc. The 
optional additives are employed in an amount that does not 
Significantly adversely affect the polymerization process or 
the desired properties of compositions made therewith. 
0087. The substrate which can be bonded together, or to 
other Substrate(s) in accordance with the present invention 
may be any substrate known to those of skill in the art. For 
example, the Substrate may be, but is not limited to, woven 
or nonwoven fabrics, fibers, Such as fiberglass, polyamides, 
polyester, aramids, e.g., Kevlar®, a trademark of E. I. du 
Pont de Nemours Co., (Inc.), of Wilmington, Del., glass, 
ceramics, metals, and especially thermoplastic and thermo 
Set polymers, and the like. Metals and their alloys include, 
but are not limited to, Steel, Stainless Steel, lead, aluminum, 
copper, brass, bronze, Monel metals, nickel, Zinc, and the 
like, including treated metals. Such as phosphatized Steel, 
galvanized Steel, and the like. 
0088. The invention is particularly useful for adhesively 
bonding together low Surface energy Substrates or in croSS 
bonding a low energy Substrate with different Substrates. A 
low Surface energy Substrate is defined as one having a 
surface energy of less than 45 m.J/m, preferably less than 40 
mJ/m or even less than 35 m.J/m. Included among the 
recognized low Surface energy Substrates are materials. Such 
as polyethylene, polypropylene, copolymers of C-olefins, 
acrylonitrile-butadiene-styrene, polyamide, and fluorinated 
polymerS Such as polytetrafluoroethylene. Other polymers of 
Somewhat higher Surface energy that can be structurally 
bonded with the adhesive compositions of the invention 
include polycarbonate and poly(methyl methacrylate). How 
ever, the invention is not so limited to bonding of low 
Surface energy materials, but is a distinctive feature. The 
compositions may be used to bond any thermoplastic as well 
as wood, ceramics, glass, concrete and non-primed and 
primed metals together or especially in bonding different 
Substrates, i.e., crossbonding one Substrate to a different 
Substrate. 
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0089. The polymerizable compositions of the invention 
are effective as contained and dispensed from two-part 
dispensers. A one-part embodiment can be made but is not 
preferred. The components of the polymerizable composi 
tion are blended as would normally be done when working 
with Such materials. An optional accelerator component of 
the polymerization initiator System can be included in this 
blend so as to separate it from the internally blocked 
organoborate, thus providing one part of the two-part com 
position. The internally blocked organoborate of the poly 
merization initiator System provides the Second part of the 
composition in a carrier. 

0090 The internally blocked organoborate may advanta 
geously be contained in one part as a mixture in a carrier. 
The carrier may be a liquid having low volatility that can be 
mixed directly, or those having film-forming properties by 
themselves. Any Suitable carrier can be chosen depending on 
the application techniques desired, and can be a simple inert 
solvent or diluent such as methylene chloride, or butyl 
benzyl phthalate, including mixtures of Such Solvents or 
diluents. The carrier can be a liquid polymer in addition to 
an inert solvent or diluent. The carrier is preferably substan 
tially inert with respect to the borate when present in the 
composition. A carrier vehicle may contain one or more 
film-formers. Among the polymeric film-former materials 
which can be employed in the carrier vehicle are, without 
limitation, polyalkylacrylates and methacrylates and copoly 
mers thereof, polystyrene and copolymers thereof, Vinyl 
polymers and copolymers, polyesters, polyketones, poly Sul 
fones, phenolic resins, polyvinyl acetals and butyrals, and 
polycarbonates. The carrier vehicle can contain, in addition 
to Solvent or Solvent and film-former, additives Such as 
external plasticizers, flexibilizers, Suspenders, and Stabiliz 
ers, providing that any Such additives do not unacceptably 
adversely affect the stability of the borate composition. 
Specific examples of preferred liquid polymers are polyester 
adipates, polypropylene glycol and Kraton(E) liquid poly 
CS. 

0.091 Specific examples of carriers are plasticizers such 
as aliphatic and aromatic esters of phthalic acid, aliphatic 
and aromatic esters of phosphoric acid, aliphatic trimellitate 
esters, aliphatic esters of adipic acid, as well as Stearate, 
Sebacate and oleate esters. Process oils commonly used in 
the elastomer industry Such as aromatic proceSS oil, paraf 
finic process oil, and napthenic process oil can be used. 
Liquid polymerS Such as low molecular weight polyester, 
low molecular weight polyisobutylene, or Silicone oil are 
Suitable. Hydrogenated polybutadiene and polyisoprene 
polymers may also be useful as carriers. 

0092. In a two-part adhesive embodiment, the parts can 
be mixed as they are dispensed or shortly before it is desired 
to use the composition. The internally blocked organoborate 
compound may be added to the first part predissolved in 
carrier Solvent or dispersed in a non-Solvent carrier. Once the 
two parts have been combined, the composition should be 
used quickly. The useful pot life may be on the order of 
Several minutes depending upon the Specific internally 
blocked organoborate, amount thereof, the polymerizable 
components, the presence and amount of accelerator, and the 
temperature of the parts as applied. 

0093. In an adhesive, the mixed initiator/polymerizable 
composition is applied to one or both Substrates and then the 
Substrates are joined together with pressure to force exceSS 
composition out of the bond line. In general, the bonds 
should be made shortly after the composition has been 
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applied, preferably within about 10 minutes. The typical 
bond line thickness is generally within 25 um to 500 um 
thick. The bonding proceSS can easily be carried out at room 
temperature and to improve the degree of polymerization it 
is desirable to keep the temperature at or above room 
temperature. 

0094. The bonds will cure to a reasonable green strength 
to permit handling of the bonded components within about 
2 to 3 hours. Full strength will be reached in about 24 hours 
under ambient conditions, post-curing with heat may be 
used if desired. 

Bonding Examples 
0095 The general method used in the lap shear bonding 
examples is given below. The coupons used in this Study 
were 1"x4"/s" (2.54x10.16x0.31 cm.) for the plastic cou 
pons and 1"x4"/32 (2.54x10.16x0.08 cm.) for the metal 
coupons. The adhesive was dispensed onto one face of each 
Substrate pair. Glass beads (10 mil) were used to maintain a 
uniform bond-line thickness. The two coupons were mated 
with a 1 in . (6.45 cm.) bond area and held with a 170 g 
weight for a cure time of 24 hr. Five to ten coupon pairs 
constituted each Set of lap shear Samples. The cured Samples 
were pulled on a mechanical tensile tester at 0.5 in/minute. 

EXAMPLES 18-25 

0096. An acrylic adhesive was prepared using the inter 
nally blocked organoborate of Example 1. The components 
were mixed immediately prior to bonding the coupons and 
consisted of: 

Component wt % amount 

THF Methacrylate 74.7% 
Styrene-isoprene-styrene copolymer 18.7% 
Methacrylic acid 3.6% 
Internally blocked borate from Example 1 3.0% 

0097. The adhesive was used to prepare lap shear 
Samples according to the Schedule given in the Table below. 

Substrate Substrate Mean stress Failure 
Example 1 2 at break Std. dev. mode 

18 PP PP 530 psi 11 psi SB 
19 LDPE LDPE 151 psi 15 psi SN & A 
2O Steel Steel 1297 psi 90 psi A & C 
21 Steel PP 589 psi 3 psi PPSN 
22 PTFE PTFE 247 psi 8 psi SN 
23 Aluminum Aluminum 1728 psi 190 psi C 
24 Aluminum PP 625 psi 5 psi PPSB 
25 Aluminum LDPE 188 psi 9 psi LDPESN 

PP = polypropylene, 
LDPE = low-density polyethylene, 
PTFE = poly(tetrafluoroethylene); 
SN = stock necking, 
SB = stock break, 
A = adhesive, 
C = cohesive. 

EXAMPLE 26 

Stability to Air (Oxygen Induced Decomposition) 
0098. To demonstrate the air stability of internally 
blocked organoborate in Example 1, a Sample of the initiator 
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was exposed to air for 7 days. Using this material, a test 
adhesive given in Example 18 was prepared. Polypropylene 
lap shear Samples were joined after a predetermined open 
time (minutes) and cured. Five of the lap shear Samples 
exhibited stock break and one exhibited thin-layer cohesive 
failure. The mean lap shear strength was 474 psi (3555 Kpa). 
In contrast, the non-internally blocked alkoxyborate Sodium 
ethoxotriethylborate(III), NaB(OCH2CH)(CHCH), 
became completely inactive after 24 hours exposure to air. 

EXAMPLE 27 

Shelf Stability 
0099] The package shelf stability of the internally 
blocked borate initiated adhesives is shown by evaluating 
the adhesive’s ability to provide good bonding after long 
term Storage in a container capable of Storage of Separate 
adhesive component parts with mix-dispensing on applica 
tion (2-part cartridge) as are employed commercially. The 
following formulation was prepared and packaged into 
2-part cartridges having a volume mixing ratio of 10 parts A: 
1 part B: 

wt % amount 

A-side Component 

THF Methacrylate 53.3% 
2-ethylhexyl methacrylate 16.4% 
mono-2-(methacryloyloxy)ethyl succinate 6.0% 
Core-shell ABS copolymer 14.5% 
Glass microspheres 7.0% 
Silica 2.9% 
B-side Component 

Polypropylene glycol- adipate carrier 75% 
Internally blocked borate from Example 1 25% 
NaB(CHCHCHO)(CHCH), which 
is sodium diethyl(1-propanolato(2-)-CO) 
borate(III) 

0100 Two 2-part cartridges were prepared from the same 
lots of A- and B-Sides. One cartridge was immediately used 
to bond PP lap shear samples, and the other was allowed to 
age at ambient lab conditions. After 3 months, the aged 
cartridge appeared unchanged, and lap shear Strengths of 
bonded PP coupons using the aged cartridge were as good as 
the results obtained with the unaged cartridge. cl 
EXAMPLES 28 and 29 

0101 FIG. 1 compares lap shear strength as a function of 
time obtained in bonding polypropylene coupons together 
using an adhesive initiated with the internally blocked 
alkoxy borate (Example 28) and accelerated embodiment 
(Example 29) against a commercially available borane 
amine complex-initiated acrylic adhesive. The formulation 
for example 28 was the Same as that given in example 27. 
The formulation for example 29 was the same as in example 
27 except that 0.01% of the A-side was benzoyl peroxide 
and 0.1% of the B-side was N,N-dimethylaniline, and 
example 29 was mixed in a 10:1 volume ratio. The cure rate 
of the internally blocked alkoxyborate was similar to that of 
the commercial amine-blocked borane adhesive, though it 
was slower to develop handling strength (about 100 psi). In 
contrast, the accelerated formulation shows a much faster 
rate of Strength development. 
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EXAMPLE 30 

Open Time Study 
0102 FIG. 2, illustrates that the open time for acrylic 
adhesive initiated with internally blocked alkoxyborate 
adhesive is much better than for a commercial amine 
blocked borane adhesive. The open time for the amine 
blocked organoborane was less than three minutes. The lap 
shear strength falls from over 500 psi (3750 KPa) to less 
than 50 psi (375 KPa) if the samples are held open for 3 
minutes. In contrast, the adhesive prepared in Example 27 
alkoxy borate had an open time of at least five minutes with 
little drop in lap Shear Strength, and still good lap Shear 
Strength after having delayed bonding for 10 minutes. The 
BPO/DMA-accelerated system of Example 29 had a shorter 
open time, but exhibited at least a five-minute open time. 
0103). It is understood that the foregoing description of 
preferred embodiments is illustrative, and that variations 
may be made in the present invention without departing 
from the Spirit and Scope of the invention. Although illus 
trated embodiments of the invention have been shown and 
described, a latitude of modification, change and Substitution 
is intended in the foregoing disclosure, and in certain 
instances. Some features of the invention will be employed 
without a corresponding use of other features. Accordingly, 
it is appropriate that the appended claims are to be construed 
in a manner consistent with the Scope of the invention. 

We claim: 
1. A method for adhesively bonding Substrates, the 

method comprising the Steps of 

(a) providing at least a first and a second Substrate; 
(b) applying a mixture to at least one of Said first and said 

Second Substrates, Said mixture comprising: 
(i) at least one addition polymerizable component; 
(ii) an effective amount of an internally blocked borate 
compound having a ring structure (II) or (II) 

(II) 

1/m Mm 1 N/ 

(II) 

R5 

wherein X represents -CHR7-, oxygen or Sulfur; n is 
the integer 1, 2, 3, 4, or 5, and R, R2, R., R., Rs, R. 
and R7 are independently Selected from unsubsti 
tuted and Substituted alkyl or alkylene groups con 
taining 1 to 10 carbon atoms, Substituted aryl groups 
having up to 7 to 12 carbon atoms, and unsubstituted 
aryl groups; alternatively either of R. R. R. R. and 
R7 are hydrogen; R and R2 alternatively are part of 
a Second unsubstituted or Substituted cyclic borate; 
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R and R2 alternatively comprise a Spiro ring or a 
Spiro-ether ring; R or R together with R or R 
alternatively are linked to form a cycloaliphatic ring, 
and R or R together with either R or R alterna 
tively comprise a cyclic ether ring, and M is any 
positively charged Species with charge m greater 
than 0 and 

(iii) a deblocking agent; 

(c) mating the first and Second Substrates with said 
mixture of step (b) therebetween; and 

(d) allowing the at least one addition polymerizable 
component to polymerize, optionally with application 
of heat, whereby the first and Second Substrates are 
adhesively bonding. 

2. The method according to claim 1 wherein one of Said 
first and Said Second Substrate comprises a material Selected 
from the group consisting of a wood product, thermoplastic 
material, a thermoset material, and coated or uncoated metal. 

3. The method according to claim 2 wherein one of said 
first and Said Second Substrate comprise materials Selected 
from the group consisting polyethylene, polypropylene, 
polyurethane, polyurea, fluoroplastic, polyvinylchloride, 
thermoset polymer, elastomer, aluminum, and Steel. 

4. The method according to claim 1 wherein Said mixture 
further comprises (iv) an accelerator. 

5. The method according to claim 1 wherein the at least 
one addition polymerizable component comprises a mono 
functional methacrylate ester Selected from the group con 
Sisting of methyl methacrylate, ethyl methacrylate, methoxy 
ethyl methacrylate, hydroxyethyl methacrylate, hydroxypro 
pyl methacrylate, cyclohexyl methacrylate, tetrahydrofurfu 
ryl methacrylate, and blends thereof. 

6. The method according to claim 5 wherein the meth 
acrylate ester monomer is tetrahyrdrofurfuryl methacrylate, 
and Said addition polymerizable component further com 
prises an alkyl acrylate. 

7. The method according to claim 1 wherein said mixture 
further comprises a thickening agent. 

8. The method according to claim 1 wherein said mixture 
further comprises an elastomer. 

9. The method according to claim 1 wherein the internally 
blocked organoborate has the Structure: 

NeO 1/m Mm B 

wherein M is a counter ion with charge m of +1, +2, or +3. 
10. The method according to claim 1 wherein the inter 

nally blocked organoborate has the Structure: 

Ney 
/ 

wherein M is a counter ion with charge m of +1, +2, or +3. 

1/m Mm 
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11. The method according to claim 1 wherein the inter 
nally blocked organoborate has the Structure: 

N/ 1/m Mm Y 

wherein M is a counter ion with charge m of +1, +2, or +3. 
12. The method according to claim 1 wherein the inter 

nally blocked organoborate has the Structure: 

n ef 
1/m Mm B 

wherein M is a counter ion with charge m of +1, +2, or +3. 
13. The method according to claim 1 wherein the inter 

nally blocked organoborate has the Structure: 

DCO 1/m Mm B 

wherein M is a counter ion with charge m of +1, +2, or +3. 
14. The method according to claim 1 wherein the inter 

nally blocked organoborate has the Structure: 

Ne 
1/m Mm B 

wherein M is a counter ion with charge m of +1, +2, or +3. 
15. The method according to claim 1 wherein the inter 

nally blocked organoborate has the Structure: 

wherein M is a counter ion with charge m of +1, +2, or +3. 
16. The method according to claim 1 wherein the inter 

nally blocked organoborate has the Structure: 

NeO 1/m Mm B 

wherein M is a counter ion with charge m of +1, +2, or +3. 
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17. The method according to claim 1 wherein the inter 
nally blocked organoborate has the Structure: 

/ 
wherein M is a counter ion with charge m of +1, +2, or +3. 

18. The method of claim 1 wherein said mixture further 
comprises a polymeric material. 

19. A polymerizable composition comprising: 

1/m Mm 

a) at least one polymerizable monomer; 
b) an internally blocked borate having the structure (II) 

or (II) 

(II) 

1/m Mm 

(II) 

1/m Mm 

wherein X represents -CHR7-, oxygen or Sulfur, n is 
the integer 1, 2, 3, 4, or 5, and R, R2, R. R., Rs. Rs 
and R7 are independently Selected from unsubstituted 
and Substituted alkyl or alkylene groups containing 1 to 
10 carbon atoms, Substituted aryl groups having up to 
7 to 12 carbon atoms, and unsubstituted aryl groups, 
alternatively either of R, R, R, R and R, are hydro 
gen; R and R2 alternatively are part of a Second 
unsubstituted or Substituted cyclic borate; R and R 
alternatively comprise a Spiro ring or a Spiro-ether ring, 
R or R together with R or R, alternatively are linked 
to form a cycloaliphatic ring, and R or R together 
with either R or R alternatively comprise a cyclic 
ether ring, and M is any positively charged species with 
charge m greater than 0; and 

c) a compound that liberates an organoborane from said 
internally blocked borate. 

20. A polymerizable composition according to claim 19 
wherein the polymerizable monomer is Selected from the 
group consisting of monofunctional Substituted or unsubsti 
tuted acrylate ester, monofunctional Substituted or unsubsti 
tuted methacrylate ester, and a mixture of Said acrylate and 
Said methacrylate ester. 

21. A polymerizable composition according to claim 20 
wherein the polymerizable monomer is a monofunctional 
methacrylate ester Selected from the group consisting of 
methyl methacrylate, ethyl methacrylate, methoxy ethyl 
methacrylate, hydroxyethyl methacrylate, hydroxypropyl 
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methacrylate, cyclohexyl methacrylate, tetrahydrofurfuryl 
methacrylate, and mixtures thereof. 

22. A polymerizable composition according to claim 21 
wherein the polymerizable monomer is tetrahydrofurfuryl 
methacrylate. 

23. A polymerizable composition according to claim 20 
further comprising an elastomeric modifier. 

24. A polymerizable composition according to claim 19 
wherein the composition comprises about 1.5 to 6 mol % of 
said internally blocked borate. 

25. A polymerizable composition according to claim 19 
contained in a two-chamber dispenser, whereina) and b) are 
contained in one chamber of Said dispenser and c) is 
contained in the other chamber of Said dispenser as a 
Solution or dispersion in a carrier liquid, Said dispenser 
adapted to combine the parts upon dispensing of Said 
composition. 

26. A polymerizable acrylic composition according to 
claim 25 wherein the two-part dispenser is adapted to 
combine the first part and the Second part of the two-part 
adhesive composition in a Volume ratio of the first part to the 
second part of from 10:1 to 1:1. 

27. A polymerizable acrylic composition according to 
claim 25 wherein said Second chamber contains c) in a 
dispersion in a non-Solvent carrier for c). 

28. A compound which has the structure: 

(I) 
Riv X 

l/m Mm+ BN 3CR,R), 
R^ t 

R5 

(I) 
R X 'N/ 21 

1/m Mm /*\ i-R, 
R t N 

R5 

wherein for X is oxygen or sulfur; wherein when X repre 
Sents oxygen, n is the integer 2, 3, 4, or 5; and wherein when 
X represents Sulfur, n is the integer 1, 2, 3, 4 or 5; and R, 
R2, R., R., Rs and Rare, independently, unsubstituted and 
Substituted alkyl groups containing 1 to 10 carbon atoms, 
alkylene groups containing 1 to 10 carbon atoms, Substituted 
aryl groups containing 7 to 12 carbon atoms, or unsubsti 
tuted aryl groups, alternatively either of R, R, R and R. 
in (I) include hydrogen; alternatively, R and R2 are part of 
a second unsubstituted or Substituted cyclic borate; R and 
R, alternatively comprise a spiro ring or a spiro-ether ring; 
alternatively, R or R together with R or Rin (I) are linked 
to form a cycloaliphatic ring; alternatively in (I) R or R 
together with either R or R comprise a cyclic ether ring; 
and M is any positively charged species with m being greater 
than 0. 
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29. The compound of claim 28 having the structure: 

NeO 1/m Mm B 

wherein M is a counter ion with charge m or +1, +2 or +3. 
30. The compound of claim 28 having the structure: 

Ny 
1/m Mm Y 

wherein M is a counter ion with charge m of +1, +2, or +3. 
31. The compound of claim 28 having the structure: 

N/ 1/m Mm Y 

wherein M is a counter ion with charge m of +1, +2, or +3. 
32. The compound of claim 28 having the structure: 

CO 1/m Mm B 

wherein M is a counter ion with charge m of +1, +2, or +3. 
33. The compound of claim 28 having the structure: 

O 

1/m Mm Y 

wherein M is a counter ion with charge m of +1, +2, or +3. 
34. The compound of claim 28 having the structure: 

Ne 
1/m Mm B 

wherein M is a counter ion with charge m of +1, +2, or +3. 
35. The compound of claim 28 having the structure: 

NeO 1/m Mm B 

wherein M is a counter ion with charge m +1, +2, or +3. 

Oct. 23, 2003 

36. The compound of claim 28 having the structure: 

wherein M is a counter ion with charge m of +1, +2, or +3. 
37. The compound of claim 28 having the structure: 

1/m Mm B 

/ 1. 
wherein M is a counter ion with charge m +1, +2, or +3. 

38. A bonded composite comprising a first Substrate, a 
Second Substrate, and a cured composition that adhesively 
bonds the first and Second Substrates together, wherein the 
composition results from the curing a composition compris 
Ing: 

(a) at least one acrylic monomer; 
(b) an internally blocked borate compound having a ring 

structure (II) or (II) 

(II) 
1. X 
Ne 1/m Mm / SCR,R), N/ 

R t 
Rs 

(II) 
X R.N./N.1) 

1/m M -B i-R, 
R Y-h N 

Rs 

wherein X represents -CHR,-, oxygen or Sulfur, n is 
the integer 1, 2, 3, 4, or 5, and R, R2, R. R., Rs. Rs 
and R7 are independently Selected from unsubstituted 
and Substituted alkyl or alkylene groups containing 1 to 
10 carbon atoms, Substituted aryl groups having up to 
7 to 12 carbon atoms, and unsubstituted aryl groups, 
alternatively either of R, R, Rs, Re and R7 are hydro 
gen; R and R2 alternatively are part of a Second 
unsubstituted or Substituted cyclic borate; R and R 
alternatively comprise a Spiro ring or a Spiro-ether ring, 
R or R together with R or R, alternatively are linked 
to form a cycloaliphatic ring, and R or R together 
with either R or R alternatively comprise a cyclic 
ether ring, and M is any positively charged species with 
charge m greater than 0. 

39. A bonded composite according to claim 38 wherein 
the one of Said Substrates is formed from a material that has 
a surface energy of less than 45 m.J/m. 
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40. A bonded composite according to claim 38 wherein 
the first Substrate comprises a material Selected from the 
group consisting of polyethylene, a polypropylene, a poly 
Vinylchloride and a fluoroplastic. 

41. A bonded composite according to claim 38 wherein 
both the first and second Substrates are formed from a 
material having a Surface energy of less than 45 m.J/m. 

42. A bonded composite according to claim 38 wherein 
both the first and Second Substrates comprise materials 
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independently Selected from the group consisting of a poly 
ethylene, a polypropylene, a polyvinylchloride and a fluo 
roplastic. 

43. Abonded composite according to claim 38 wherein R 
and R2 are each independently Selected from the group 
consisting of alkyl groups having 2 to 5 carbon atoms. 


