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Description

This invention relates broadly to compositions
containing two or more reactive components
which must not co-react until raised to above
100°C (212°F), and which then must co-react
rapidly. These compositions have utility in var-
ious fields, including the field of sealant composi-
tions, the field of high solids coatings, and the
field of reaction injection molding.

In the field of sealant compositions the inven-
tion relates, inter alia, to one-package heat-cur-
able compositions useful for sealing insulating
glass.

The term “insulated glass” broadly refers to a
structure comprising panes of glass, the faces of
which are in spaced relationship, thereby provid-
ing between the glass panes a space which im-
parts insulating properties to the structure. In its
most widely used form, 2 parallel panes of glass
are positioned in spaced relationship by metallic
spacers positioned around the perimeters of the
panes, and indented a short distance from the
edges of the panes, thereby forming a U-shaped
channel in which the legs of the U comprise the
interior surface edges of the panes and the base
of the U comprises a side of the spacer. Typically,
the spacer is a hollow member filled with a water-
absorbent material, for example, a molecular
sieve, to keep the enclosed air space between the
glass panes dry. In such a structure, the afore-
mentioned U-shaped channel is filled with a seal-
ant, generally a polymeric composition, which
must have a combination of properties for satis-
factory use.

The sealant must have a very low water vapor
transmission (WVT) rate so that moisture is pre-
vented from entering the dry space between the
panes of glass. The presence of moisture in the

- space tends to reduce the insulating value there-
of. Moisture in the space can also condense on
the panes of glass and create visibility or aesthet-
ic problems. If the sealant does not have a satis-
factory low WVT rate, the capacity of the water-
absorbent material in the hollow spacer will be
exceeded, and moisture will find its way into the
space.

The sealant should form an excelient bond with
glass which is not degraded over long periods of
time under normal conditions of use, which gen-
erally include exposure to sunlight, moisture, and
large changes in temperature.

Furthermore, the sealant itself should not be a
source of material which enters the space be-
tween the panes of glass. Should one or more
constituents comprising the sealant volatize into
the space, fogging, often referred to as “chemi-
cal fogging” of the glass panes, may result.

Temperature variation will tend to cause con-
traction and expansion of the insulated glass
structure. Therefore, the sealant should have an
elongation of at least 100%, and preferably an el-
ongation of at least 200%.

The sealant should also resist degradation due
to contact with conventional caulks and putties.
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Sealant compositions may be classified either
as “two-package” or “one-package” formula-
tions. The two-package sealants store their react-
ants in separate packages which are mixed to-
gether immediately prior to application, thereby
avoiding premature cure problems. However, in
some applications, the premixing requirements is
a decided commercial disadvantage which “one-
package” sealant formulations have attempted to
overcome.

One-package sealant formulations store all
their reactants in a single package. Such a formu-
lation must be indefinitely stable at room temper-
ature or in the absence of moisture or air. These
sealants should not cure during “hot storage” at
30°C (100°F). These reactants will be “activated”,
or begin to cure, upon exposure to a more elevat-
ed temperature, 100-200°C, (212-392°F), or am-
bient moisture or air. The ideal sealant formula-
tion will continue to cure upon removal of the ac-
tivation.

“Blocking” of reactive functional groups with
an inert derivative during organic synthesis is a
well known synthetic tool. Once the desired syn-
thetic transformation has been achieved the
blocking agent is liberated, thereby regenerating
the original reactive functional group. Removal of
the blocking agent may be achieved by chemical
reaction, and often by thermal dissociation at ele-
vated temperature.

A “blocked isocyanate” is a compound which
contains no free isocyanate groups, but which,
though relatively inert at room temperature, will
react at elevated temperatures in a manner which
is similar to that of a free isocyanate. The forma-
tion of such compounds from isocyanates may
be illustrated by the equation.

RNCO + HZ=RNHCOZ

The blocking agents (HZ) should have thresh-
old dissociation temperatures of 80-130°C
(176-234°F), thereby ensuring total blockage of
the isocyanate groups at ambient temperature
and total dissociation at typical extrusion temper-
atures. Typical blocking agents include such
compounds as phenols and thiols, tertiary alco-
hols, secondary aromatic amines, sodium bisul-
fite, imides, and 1,3-dicarbonyl compounds.

One example of a conventional one-package
sealant formulation system employs an isocya-
nate-terminated polymer and a curing agent, ty-
pically an alcohol or amine. Premature reaction
between the isocyanate-terminated polymer and
the curing agent is prevented by blocking the iso-
cyanate groups with a thermal dissociation block-
ing agent. :

One unblocked, the free isocyanate will react
with the curing agent. However, the rate of reac-
tion is often unacceptably slow for commercial
application. Addition of a Lewis acid catalyst,
such as a tin salt, may greatly increase the reac-
tion rate. However, coordination of the Lewis ac-
id with the carbonyl group of the blocked isocya-
nate often allows direct attack of the curing agent
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on the blocked terminal, resulting in room tem-
perature cure. Certain curing agents, such as ali-
phatic or aromatic di- or polyamines do react rap-
idly with the isocyanate. However, these com-
pounds are sufficiently basic to attack the block-
ed isocyanate terminal, thereby resulting in room
temperature cure over several hours.

N. Seeger, “Synthetic Elastomeric Isocyanate
Modified Polymers and Method for their Prepara-
tion”, U.S. Patent No. 2801990 {August 6, 1957),
discloses the substituted area reaction products
of a polyisocyanate and an elastomeric diisocya-
nate-modified polyester or polyesteramide. The
polyisocyanate reactivity is controlled by block-
ing at least one but not all the isocyanate groups
with a thermal dissociation blocking agent. The
number of isocyanate groups which are blocked
may be controlled by adjusting the molecular
proportions of polyisocyanate and blocking agent
employed to block the polyisocyanate.

G. Bowser, “Multiple Glazed Unit”, U.S. Patent
No. 3791910 (February 12, 1974), discloses a two-
package insulating glass sealant formulation
composed of butyl rubber, polyisobutylene, poly-
butene, silica pigment with hydroxy groups, lead
dioxide, and paraquinone dioxime. A two-pack-
age formulation is required because the compo-
sition will cure slowly at room temperature. The
sealant will attain a substantially full cure in about
two weeks. '

V. McGinnis et al, “Compositions Containing
Carbamothioate Curing Agents and their Uses”,
U.S. Patent No. 4246 369 (January 20, 1981), dis-
closes temperature-sensitive carbamothiolic acid
esters. At temperatures from 100 to 250°C (212 to
482°F) these compounds dissociate into free iso-
cyanates and free thiols. The carbamothioate cur-
ing agents are employed in conjunction with a
compound “A” which is reactive with isocyanate
and a compound “B” which is reactive with thiol.

E. de Cleur et al, “Pulverulent Coating Compo-
sitions”, U.S. Patent No. 4248978 (February 3,
1981), discloses a stable pulverulent coating
composition which consists of a monomer which
has reactive hydroxyl, carboxyl, mercapto, ami-
no, amide, urethane, urea, or thiourea groups
and a blocked polyisocyanate compound having
at least one uretone imine group per molecule.

US-A 3 721 647 discloses a one-package, three-
component heat-curable methane polymer cast-
ing composition comprising a urethane prepoly-
mer the isocyanate terminals of which have been
blocked with a high molecular weight, solid non-
volatile, substituted phenol, a curative amount of
a diamine curing agent and a stabilizing amount
of an organic acidic material.

The applicants’ inventive concept is to block all
the reactive groups in a formulation. in this way
all the reactive compounds may be formulated in
one package and stored for long periods of time
without appreciable interaction. Blockage of all
reactants allows the use of more highly reactive
compounds than is currently possible in formula-
tions which biock only one component.

From one aspect, the present invention pro-
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vides a one-package heat-curable composition,
comprising:

A. the reaction product, at a temperature be-
low about 100°C (212°F) of an isocyanate-termi-
nated prepolymer and an isocyanate blocking
agent; and

B. a curing agent for said reaction product;
characterised in that the curing agent comprises
the reaction product, at a temperature below
about 100°C (212°F), of a C; to Cy alky! or alkoxy
polyamine curing agent and a polyamine blocking
agent, all the amine groups of the polyamine be-
ing blocked.

From another aspect, the invention provides a
one-package heat-curable composition, compris-
ing:

A. the reaction product, at a temperature be-
low about 100°C (212°F), of an amine-terminated,
prepolymer and an amine blocking agent wherein
all the amine groups of the prepolymer are block-
ed; and

B. a curing agent for said reaction product;
characterised in that the curing agent comprises
the reaction product, at a temperature below
about 100°C (212°F), of a polyisocyanate curing
agent and a polyisocyanate blocking agent.

Three applications of the invention are in the
fields of one-package insulating glass sealant
compositions, high solids coatings (both powder
and wire), and reaction injection molding (RIM)
of thermosetting resins. The remainder of this
disclosure will illustrate the applicant’s invention
as applied to one-package insulating glass seal-
ant compositions.

As applied to insulating glass sealant composi-
tions, the applicant’s inventive concept is to
block both the prepolymer and the curing agent
allows use of highly reactive curing agents
which, when unblocked at elevated temperature,
react rapidly with the free prepolymer. Blockage
of the prepolymer ensures room temperature
stability by rendering the prepolymer non-reac-
tive not only to the free curing agent but also to
moisture and other potential sources of instabili-
ty.
A specific embodiment of the invention may be
illustrated by describing its application to a one-
package insulating glas sealant composition in
which the prepolymer has an isocyanate group at
each end, and is cured with a diamine compound.
in order to achieve rapid cure times the use of
strongly basic amine curing agents is desirable.
However, these strongly basic curing agents can
attack blocked isocyanate terminals at room tem-
perature, thereby precluding their use in conven-
tional one-package insulating glass sealant com-
positions. Blockage of the diamine curing agent
aliows use of strongly basic amines which, when
unblocked at elevated temperatures, react rapid-
ly with the free isocyanate. Blockage of the isocy-
anate-terminated prepolymer avoids moisture
sensitivity and potential instability of the free iso-
cyanate-terminated prepolymer.

The present invention also pertains to
one-package sealant compositions in which the
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prepolymer is terminated with amine groups and
the curing agent is a polyisocyanate. For exam-
ple, the amine-terminated prepolymers may be
selected from amine-terminated polysulfides
[see E. Fettes, “Polysulfide Polymer Reaction and
Product”, U.S. Patent No.2606173 (August 5,
1952), and also E. Bertozzi, “Amino-Functional
Phenol Containing Polysulfide Polymers and their
Reaction Products with Polyepoxides”, U.S. Pa-
tent No.3335201 (August 8, 1967)] and amine-
terminated polyoxythylene polymers (commer-
cially available from Jefferson Chemical Com-
pany, Inc., 3336 Richmond Avenue, P.O. Box
53300, Houston, Texas 77052, under the trade-
mark Jeffamine® ED). The amine blocking agent
may be selected from sodium bisulfite, sodium
bisulfate, p-toluene sulfonic acid, sulfamic acid,
and mixtures thereof, or from cis-9-octadecenoic
acid, n-octadecanoic acid, isostearic acid, deca-
noic acid, hexanoic acid, and mixtures thereof.
The polyisocyanate curing agent may be selected
from ethylene diisocyanate, hexamethylene diis-
ocyanate, p-phenylene diisocyanate, 4,4'-diphe-
nyl-enemethane diisocyanate, and cyclohexy-
lene-1,4-diisocyanate and the polyisocyanate
blocking agent from n-dodecanethiol and phenol.
All that is required is that both reactants be
blocked.

The isocyanate-terminated prepolymer should
provide the cured sealant composition with the
physical properties discussed above: low water
vapor transmission, excellent glass adhesion, low
volatility, and terminated vinylic polymers, espe-
cially thioether-modified vinylic polymers.

Suitable isocyanate-terminated vinylic polym-
ers may be prepared from hydroxyl-terminated
polybutadiene and hydroxyl-terminated polyiso-
prene. These prepolymers may themselves be
prepared by free radical addition polymerization
of their respective monomers, 1,3-butadiene and
2-methyl-1,3-butadiene. Hydroxyl-terminated po-
lybutadiene is commercially available under the
trademark Arco R45M from the Arco Chemical
Company, 1500 Market Street, Philadelphia,
Pennsylvania 19101, U.S.A. The hydroxyl-termi-
nated prepolymer is reacted with a diisocyanate
to form the isocyanate-terminated prepolymer. A
one to one molar ratio of hydroxyl! to diisocyanate
is required to ensure that the prepolymer is only
“capped” with an isocyanate group on each end,
rather than forming a polyurethane composed of
many isocyanate and vinyl prepolymer segments.

Suitable diisocyanates for use in the prepara-
tion of the isocyanate-terminated prepolymer in-
clude ethylene diisocyanate, trimethylene diiso-
cyanate, tetramethylene diisocyanate, hexa-
methylene diisocyanate, toluene diisocyanate,
m-phenylene diisocyanate, p-phenylene diisocy-
anate, isophorone diisocyanate, and 4,4’ -diphen-
ylene methane diisocyanate.

The isocyanate blocking agent should produce
essentially irreversible blocking at room tempera-
ture, with a threshold dissociation temperature of
at least 80°C (176°F) and preferably over 100°C
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(212°F). The following isocyanate blocking
agents may be employed in the practice of the in-
vention:

1. Tertiary alcohols such as tertiary butyl alco-
hol, tertiary amyl alcohol, dimethyl! ethiny! carbi-
nol, dimethyl phenyl carbinol, methyl diphenyl
carbinol, triphenyl! carbinol, 1-nitro tertiary butyl
carbinol, 1-chloro tertiary butyl carbinol, and
triphenyl silanol;

2. Secondary aromatic amines which contain
only one group having a hydrogen reactive with
an isocyanate group, such as the diaryl com-
pounds, including diphenyl amine, o-ditolyl
amine, m-ditoyl amine, p-ditolyl amine, N-phenyl
toluidine, N-phenyl exylidine, phenyl alpha naph-
thyl amine, phenyl beta naphthyl amine, carba-
zole, and the nuclear substituted aromatic com-
pounds such as 2,2’-dinjtro diphenyl amine and
2,2' -dichloro diphenyl amine;

3. Mercaptans such as 2-mercaptobenzothia-
zole, 2-mercapto thiazole, ethyl 2-mercapto thia-
zole, dimethyl 2-mercapto thiazole, beta naphthyl
mercaptan, alpha naphthyl mercaptan, phenyl
2-mercapto thiazole, 2-mercapto 5-chioro-benzo-
thiazole, methanethiol, ethanethiol, propane-
thiol, butanethiol, dodecanethiol, and ethinyl
dimethyl thiocarbinol;

4. Lactams such as epsilon-caprolactam, del-
ta-valerolactam, gamma-butylrolactam, and be-
ta-propiolactam;

5. Imides such as carbimide, succinimide,
phthalimide, naphthalimide, and glutarimide;

6. Monohydric phenols in which the hydroxyl
group is the only group containing hydrogen
reactive with the isocyanate group, such as phe-
nol, the cresols, the xylenols, the trimethyl phe-
nols, the ethyl phenols, the propyl phenols, the
chloro phenols, the nitro phenols, the thymols,
the carvacrols, mono aipha pheny! ethyl phenol,
di alpha phenyl ethyl phenol, tri alpha phenyl eth-
yl phenol, and tertiary butyl phenol;

7. Compounds containing enolizable hydrogen
such as aceto-acetic ester, diethyl malonate, eth-
yl n-butyl malonate, ethyl benzyl malonate, acetyl
acetone, acetonyl acetone, benzimidazole, and
1-phenyl-3-methyl 5-pyrazolon.

8. Ketoximes including methyl ethyl ketoxime
and acetophenone ketoxime.

The mercaptans are preferred as the polysocy-
anate blocking agent due to cost and toxicity con-
siderations.

The polyamine curing agent must be sufficient-
ly basic so as to rapidly cure the free isocyanate
at temperatures above 130°C (234°F). The poly-
amine curing agent may be alkyl or alkoxy of from
1 to 20 carbon atoms. Effective polyamine curing
agents include ethylene diamine, hexamethylene
diamine, and bis(p-amino-cyclo-hexyl)methane.
Ethylene diamine is preferred due to cost consid-
erations.

A “blocked amine” is a compound which con-
tains no free amino groups, but which, though
relatively inert at room temperature, will react at
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elevated temperatures in a manner which is simi-
lar to that of a free amine. The formation of such
compounds from amines may be illustrated by
the equation
RNH,+HZ RNH;*+Z-

The polyamine blocking agent should produce
essentially irreversible blocking at room tempera-
ture, with a threshold dissociation temperature
above 100°C (212°F). The polyamine blocking
agent should possess low volatility to prevent
bubbling or frothing during cure. Alkyl or aryl mo-
no or polycarboxylic acids of from one to 30 car-
bon atoms may be employed as the polyamine
blocking agent. Monocarboxylic acids are pre-
ferred since they allow one to one stoichiometry.
Saturated carboxylic acids are further preferred
due to their superior thermal stability. Effective
polyamine blocking agents include stearic and
oleic acids.

Inorganic acids may also be employed as the
polyamine blocking agent. Suitable inorganic ac-
ids include sodium bisulfite, sodium bisuifate, p-
toluene sulfonic acid, and sulfamic acid.

Combinations of two or more polyamine block-
ing agents may be employed to achieve optimum
insulating glass composition characteristics or to
lower the cost of the polyamine blocking agent.

Conventional additives may be incorporated in-
to the insulating glass sealant formulation to
achieve optimum sealant performance. Typically,
such additives include plasticizers, glass adhe-
sion promoters, antioxidants, reinforcing fillers,
dyes, and pigments.

Suitable plasticizers include low volatility
phthalates and low volatility chlorinated hydro-
carbon polymers. Suitable phthalates include
benzyl phthalate and alkyl benzyl phthalates.
Chlorinated hydrocarbon plasticizers suitable for
use are paraffins or -olefins containing from 16 to
20 carbon atoms which are chlorinated to a final
chlorine content of from 52 to 58 weight percent
chlorine, and blends thereof. These plasticizers
may be included in the sealant formulation in an
amount ranging from zero to thirty percent by
weight based upon the total composition weight.

Suitable glass adhesion promoters are the or-
gano-alkoxysilanes such as gamma-glycidoxyl-
propyl trimethoxysilane, gamma-aminopropyl
triethoxysilane, n-bis (beta-hydroxyethyl) gam-
ma-aminopropyl triethoxysilane, and N-beta (am-
inoethyl) gamma-aminopropyl trimethoxysilane.
They may be incorporated in the sealant formula-
tion in an amount ranging from 0.5 to four per-
cent by weight based on the total composition
weight. Gamma mercaptopropyltrimethoxysilane
is commercially available as A-189 from the
Union Carbide Co.

Reinforcing fillers include carbon black, silica,
talc, titanium dioxide, zinc sulfide, calcium sili-
cate, calcium carbonate, calcium oxide, and
hydrated aluminum. A neutral or acidic filler is
preferred so as to eliminate any possibility of
premature deblocking. These fillers may be in-
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corporated into the sealant formulation in an
amount ranging from twenty to seventy percent
by weight based upon the total composition
weight.

The examples which follow are intended toillus-
trate the practice and advantage of the appli-
cants’ invention, and are not intended to limit the
scope of the invention in any way. All percent-
ages are measured by total weight of the compo-
sition unless otherwise stated.

Example |
Blocking of an isocyanate-terminated prepolym-
er with n-dodecanethiol

339.5 grams of isocyanate-terminated polybut-
adiene, which had previously been partially satu-
rated (5 mole percent) with n-dodecanethiol,
were heated unter nitrogen at 95°C (203°F) and
mixed with 54.8 grams of n-dodecanethiol and
one gram of triethylamine catalyst. After 18 hours
of heating, chemical and infrared analysis of the
reaction product indicated no isocyanate groups
were present.

The dodecanethiol-blocked prepolymer pre-
pared above was denominated prepolymer “A".

Example i
Blocking of an isocyanate-terminated prepolym-
er with phenol

59,4 grams of isocyanate-terminated polybuta-
diene, which had previously been partially saturat-
ed (56 mole percent) with n-dodecanethiol, were
heated under nitrogen at 70°C (185°F) and mixed
with 3.1 grams of phenol. After eleven hours of
heating, chemical and infrared analysis of the
reaction product indicated that no isocyanate
groups were present.

The phenol blocked prepolymer prepared
above was denominated prepolymer “B”.

Example lil (Reference)

Formulation of a conventional one-package heat- .
curable composition employing n-dodecane-
thiol-blocked prepolymer and a non-blocked diol
curing agent

80.02 grams of prepolymer “A” were thorough-
ly mixed in a plastic beaker with 11.41 grams ofa
diol derivative of ricinoleic acid (Cis-12-hydroxy-
octadec-9-enoic acid) known under the trade-
mark Polycin 53, which is commercially available
from CasChem, Inc., Bayonne, NJ 07002, U.S.A.
The composition so prepared was divided into six
samples.

Cure of the first sample required 23 hours at
150°C (302°F), which is much too slow for com-
mercial application.

Dibutyltindiacetate (DBTDA), a cure accelera-
tor, was added to three samples in an amount
corresponding to 0.4%, 2%, and 5% by weight, re-
spectively. The three samples were then heated
to 150°C (302°F). The 0.4% DBTDA sample re-
quired 24 hours to cure. The 2% DBTDA sample
required about 2 hours to cure, while the 5%
DBTDA sample required about an hour.

Dibutyltindiacetate was added to the remain-
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195°C (383°F). One sample cured in about thir-
teen minutes, but displayed foaming and bubbles
in the cured sealant. The other sample cured in
about fwenty three minutes without exhibiting

10

ene to decrease viscosity. Then 0.170 grams of
hexamethylene diamine were added to the reac-
tion mixture, which cured the prepolymer imme-
diately.

any swelling or bubbles. 5
Examptle VI (Reference)
Example IV (Reference) Formulation of a conventional one-package heat-
Formulation of a conventional one-package heat- curable composition employing n-dodecane-
curable composition employing a phenol-blocked thiol-blocked prepolymer and non-blocked hexa-
prepolymer and a non-blocked diol curing agent 10 methylene diamine as the curing agent
7.19 grams of prepolymer “B” were thoroughly 25.69 grams of prepolymer “A” and 1.02 grams
mixed with 0.79 grams of Polycin 53 in a plastic of hexamethylene diamine were thoroughly mix-
beaker. The composition was placed in a two inch ed in a plastic beaker. A sample required twelve
square sheet mold and heated to 145°C (293°F). minutes to cure at 150°C (302°F) and displayed a
The composition required 8 hours to cure. The 15  Shore A hardness of 65.
cured composition had a Shore A hardness of 25 A sample maintained at room temperature
and an elongation of 120. cured within two hours.
7.75 grams of prepolymer “B”, 0.85 grams of
Polycin 53, and an amount of dibutylindiacetate Example VII (Reference)
(DBTDA) cure accelerator corresponding to 0.2 20 Formulation of a conventional one-package heat-
weight percent were thoroughly mixed. The com- curable composition employing n-dodecane-
position was placed in a two inch square sheet thiol-blocked prepolymer and non-blocked ami-
mold and heated to 145°C (293°F). Cure required ne-terminated polysulfide as the curing agent
thirty minutes. The cured composition had a Sho- 74.8 grams of prepolymer “A” and 126.3 grams
re A hardness of 30, but poor elongation (approxi- 25  of amine-terminated liquid polysulfide were
mately 70%). mixed in a plastic beaker, forming a white su-
. spension. A sample heated to 150°C (302°F) cu-
Example V (Reference) red on the sealant surface only. A sample heated
Formulation of a conventional one-package heat- to 195°C (383°F) cured in approximately one
curable composition employing phenol-blocked 30 hour.
prepolymer and non-blocked hexamethylene di- Table | summarizes the various deficiencies of
amine as the curing agent conventional one-package heat-curable compo-
5.61 grams of prepolymer “B” were thoroughly sitions, as represented by Reference Examples lli
mixed in a plastic beaker with 0.56 grams of xyl- through VII:
35
Table |
Example Isocyanate Curing agent Room temp. Time to cure
blocking agent stability
A N-Dodecanethiol Polycin 53 good 23 hrs at 302°F
B N-Dodecanethiol Polycin 53/0.4% DBTDA 24 hrs at 302°F
mc N-Dodecanethiol Polycin 53/2% DBTDA 2 hrs at 302°F
b N-Dodecanethiol Polycin 53/5% DBTDA 1 hrat 302°F
HE N-Dodecanethiol Polycin 53/5% DBTDA 13 min at 383°F
HIF N-Dodecanethiol Polycin 53/5% DBTDA 23 min at 383°F
IVA Phenol Polycin 53 good 8 hrs at 293°F
IVB Phenol Polycin 53/0.2% DBTDA good 30 min at 293°F
Vv Phenol Hexamethylene diamine immed. cure -
Vi N-Dodecanethiol Hexamethylene diamine 2 hours 12 min at 302°F
Vil N-Dodecanethiol Amine terminated sulfide good 1 hrat 383°F
Example Viil A sample heated to 150°C (302°F) required less

Formulation of a one-package heat-curable com-
position employing n-dodecanethiol blocked
prepolymer and hexamethylene diamine blocked
with oleic acid

25.65 grams of Prepolymer “A" were thorough-
ly mixed with 4.97 grams of oleic acid (cis-9-oc-
tadecenoic acid) in a plastic beaker. 1.02 grams of
hexamethylene diamine, previously liquified by
heating to 70°C (158 °F), were added to the plastic
beaker. The mixture was thoroughly and rapidly
mixed. A white color signalled the formation of
the blocked diamine, hexamethylene diammoni-
um dioleate.

55
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than ten minutes to cure. The cured composition
had a Shore A hardness of about 30, and display-
ed no foaming during cure.

An uncured sample displayed promising “hot
storage” stability by remaining in the uncured
state for over three weeks at 38°C (100 °F).

Example IX

Formulation of a one-package heat-curable com-
position employing n-dodecanethiol blocked pre-
polymer and hexamethylene diamine blocked
with stearic acid
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23.01 grams of prepolymer “A” were warmed
and poured into a plastic beaker. 4.53 grams {cor-
responding to 10% excess) of hot liquified stearic
acid (n-octadecanoic acid) were added to the

plastic beaker. 0.82 grams of liquified hexamethyl-
ene diamine were added to the beaker and thor-
oughly mixed. A white suspension signalled the
formation of the blocked diamine, hexamethyl-

beaker. The mixture was stirred vigorously while 5 ene diammonium dihexanoate.
heating to dissolve the stearic acid. A sample heated to 150°C (302°F) required fif-
0.86 gram of warm liquified hexamethylene teen minutes to cure. The cured composition had
diamine was added to the beaker, and the mix- a Shore A hardness of 35, but gave off a disagree-
ture vigorously stirred. A milky suspension signal- able odor.
led the formation of the blocked diamine, hexa- 10 A cured sample placed in a 150°C (302°F) oven
methylene diammonium distearate. for 24 hours to evaluate its thermal stability was
A sample heated to 150°C (302°F) required 8 slightly darker but had retained its elasticity.
minutes to cure. The cured composition had a
Sgore Adha;dnes: of :5, a fninimal non-offensive 5 Example X!
° X:‘ 3:c:retziw§an:ml o::u?g. d d “hot sto Formulation of a one-package heat-curable com-
age” stability. It fe;alin‘;:yinguc;:d ai?tef sirx position employing n-dodecanethiol-blocked
‘v\f’eeks at 30°(¥'(1 00°F) prepolymer and hexamethylene diamine blocked
: with decanoic acid
" 25.64 grams of prepolymer “A” were mixed
Example X witch.3.03 grams of warmed, liquified decanoic
Formulation of a one-package heat-curable com- a<_:|_d in a plastic beaker. 1..02'grams of warmed, lig-
osition employing _n-dodecanethiol-blocked uified hexamethylene diamine were added to the
pre olvmer arf’ d I¥e gmeth lene diamine blocked reaction mixture, which was then thoroughly mi-
aitﬁis‘éstearic acidxa ylene diamine blocke 2% xed. A milky suspension signalled the formation
- of the blocked diamine, hexamethylene diammo-
34_.48 grams of prepolymer “A” were thorough- nium didecanoate.
y mad with 663 grome (o e porent xces) "8 eyl et to 150°C (102 e
acid is a mixture of C I-FI) COOH satun:ated acids minutes to cure. The cured composition had a
Y 17' 35 - ' Shore A hardness of 30. Neither the uncured nor
pnma_mly qf the methyl—bragche? §I? ries. The % the cured samples gave off a disagreeable odor.
:gact;ogsmlxture vaas warrlr.me ‘fFo d flC' itate ff"lu' A cured sample was placed in a 150°C (302°F)
lon. 1.28 grams 0 warm, fiquitie e.xameF yie- oven for 24 hours to evaluate thermal stability.
ne .dlamme were a.dded to the reacﬂon.mlxture The sample had darkened but retained its elasti-
which was then mixed thoroughly. A milky sus- city
pension signalled the formation of the blocked 35 )
diamine salts. .
A sample heated to 150°C (302°F) required 8 Example XIII
minutes to cure. The cured composition had a Formulation of a one-package heat-curable com-
Shore A hardness of 25, and a minimal mild non- position employing n-dodecanethiol-blocked
offensive odor. 4  prepolymer and hexamethylene diamine blocked
A cured sample placed in a 150°C (302°F) oven with carbamic acid
for 24 hours to evaluate its thermal stability was 23.16 grams of prepolymer “A" were mixed
darker and displayed some brittleness but was with 1.89 grams of hexamethylenediaminedicar-
still fairly elastic. bamate, commercially available from E.I. duPont .
An uncured sample was heated to 30°C {100°F) 4  de Nemours & Co., Wilmington, Delaware 19898,
for 1 month. It remained uncured. U.S.A. under the trademark Diak 1.
A sample heated to 150°C (302°F) required 10
Example Xt minutes to cure and displayed severe foaming.
Formulation of a one-package heat-curable com- Table Il summarizes the rapid cure times and
position employing n-dodecanethiol-blockedpre- 50  good “hot storage” stability of heat curable com-
polymer and hexamethylene diamine blocked positions in which both reactants are thermaily
with hexanoic acid blocked, as represented by Examples Vil through
20.75 grams of prepolymer “A” were thorough- Xl in which the hexamethylene diamine blocking
ly mixed with 1.65 grams of hexanoic acid in a agent is varied:
Table li
Example Diamine biocking agent  Cure time at 302°F Hot storage Remarks
Vill Oleic acid Less than 10 mins 1 week
IX Stearic acid 8 mins 3weeks
X Isostearic acid 8 mins 4 weeks
Xl Hexanoic acid 15 mins - disagreeable odor
Xil Decanoic acid 8 mins -
Xl Carbamic acid 10 mins - severe foaming
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In the following Examples XIV through XVI
ethylene diamine is substituted for hexamethyle-
ne diamine as the curing agent, and various ami-
ne blocking agents are evaluated.

ethylene diamine were added to the reaction mix-
ture, which was then thoroughly mixed. A milky
suspension signalled the formation of the blok-
ked diamine salt, ethylene diammonium octanoa-

5 te.
Example XIV A sample heated to 150°C (302°F) required 8
Formulation of a one-package heat-curable com- minutes to cure. The cured sample had a Shore A
position employing n-dodecanethiol-blocked hardness of 30, and exhibited a disagreeable odor
prepolymer and ethylene diamine blocked with which may have been due to suspected impuri-
isostearic acid 10 ties in the commercial octanoic acid.

6.29 grams, a five percent excess, of isostearic A cured sample was placed in a 150°C (302°F)
acid (a complex mixture of isomers of stearic oven for 24 hours to evaluate its thermal stability.
acid, primarily of the methyl branched series, The sample darkened and became brittle. This
that are mutually soluble and virtually insepar- poor thermal stability may be due to suspected
able) were thoroughly mixed with 32.74 grams of 715 impurities in the commercial sample of octanoic
warmed, liquified prepolymer “A” in a plastic acid employed in this Example.
beaker. 0.63 grams of ethylene diamine were ad-
ded to the reaction mixture, which was then tho- Example XVI
roughly mixed. A milky suspension signalled the Formulation of a one-package heat-curable com-
formation of the blocked diamine salts. 20  position employing n-dodecanethiol-blocked pre-

A sample heated to 150°C (302°F) required 8 polymer and ethylene diamine blocked with acet-
minutes to cure. The cured sample had a Shore A ic acid
hardness of 23. 39.98 grams of prepolymer “A" were thorough-

An uncured sample displayed superior “hot ly mixed with 1.62 grams (a five percent excess)
storage” stability. It remained uncured and stable 2 of acetic acid in a plastic beaker. 0.77 grams of
for over four weeks at 38°C (100°F). ethylene diamine were added to the reaction mix-

A cured sample was placed in a 150°C (302°F) ture; which was again thoroughly mixed.
oven to evaluate thermal stability. The sample A sample heated to 150°C (302°F) required 10 '
had darkened, but was still flexible, after 24 hours minutes to cure. The cured sampie had a Shore A
of exposure. 30 of 30, and elongation of about 100, but exhibited a

disagreeable odor.
Example XV A cured sample was placed in a 150°C (302°F)
Formulation of a one-package heat-curable com- over for 24 hours to evaluate its thermal stability.
position employing n-dodecanethiol-blocked The sample retained its elasticity.
prepolymer and ethylene diamine blocked with 35 An uncured sample maintained at 38°C (100°F)
octanoic acid remained uncured for over three weeks.

34.43 grams of prepolymer “A” were thorough- Table lll summarizes the results obtained in Ex-
ly mixed with 3.35 grams (a five percent excess) amples XIV through XVI using ethylene diamine

" of octanoic acid in a plastic beaker. 0.67 grams of as the polyamine curing agent:
Table Il
Example Diamine blocking agent  Cure time at 302°F Hot storage Remarks
XV Isostearic acid 8 mins 4 weeks
XV Octanoic 8 mins disagreeable odor
Xvi Acetic acid 10 mins over 3 weeks disagreeable odor

The following Example XVII evalulates a third A sample heated to 150°C (302°F) required 8
diamine curing agent, while Examples XVill and 60  minutes to cure. The cured composition had a
XIX evaluate a combination of two diamine block- Shore A hardness of 22, and exhibited a mild
ing agents. odor.

An uncured sample heated to 38°C (100°F) re-
Example XVIi mained uncured for about ten days.
Formulation of a one-package heat-curable com- 55 A cured sample was placed in a 150°C (302°F)
position employing n-dodecanethiol-blocked oven to evaluate thermal stability. The sample
prepolymer and bis-(-aminocyclohexyl) methane had darkened, but was still flexible after 24 hours
blocked with isostearic acid of exposure. - -

32.17 grams of prepolymer “A” were thorough-
ly mixed with 6.18 grams (a five percent excess) 60  Example XVIil
of isostearic acid in a plastic beaker. 2.17 grams Formulation of a one-package heat-curable com-
of bis-(p-aminocyclohexyl) methane were added position employing n-dodecanethiol-blocked.
to the reaction mixture which was again tho- prepolymer and ethylene diamine blocked with a
roughly mixed. A milky suspension signalled the combination of isostearic acid and decanoic acid
formation of the blocked diamine salts. 65 7.84 grams of decanoic acid were liquified and
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mixed with 1.57 grams of isostearic acid, thereby

producing a room temperature liquid comprising -

89 mole percent decanoic acid and 11 mole per-
cent isostearic acid. There was some minor crys-
tallization of the decanoic acid after the solution
stood overnight. This solution was labelled “com-
bination blocking agent I”.

38.75 grams of prepolymer “A” were mixed
with 4.81 grams (a five percent excess) of the
combination blocking agent | in a plastic beaker.
0.75 grams of ethylene diamine were added to
the reaction mixture, which was again mixed tho-
roughly. A milky suspension signalled the forma-
tion of the blocked diamine salts.

A sample heated to 150°C (302°F) required 8
minutes to cure. The cured composition had a
Shore A hardness of 22, but gave off a slightly dis-
agreeable odor.

A cured sample placed in a 150°C (302°F) oven
for 24 hours to evaluate its thermal stability dar-
kened but retained its flexibility.

An uncured sample was heated to 38°C (100°F)
for six weeks. It remained uncured.

Example XIX
Formulation of a one-package heat-curable com-
position employing n-dodecanethiol-blocked
prepolymer and ethylene diamine blocked with a
combination of isostearic acid and decanoic acid

7.68 grams of warmed, liquified decanoic acid
were mixed with 2.30 grams of isostearic acid,
thereby producing a room temperature liquid
comprising 84.6 mole percent decanoic acid and
15.4 mole percent isostearic acid. After standing
for two days there was no crystallization of the
decanoic acid. This solution was labelled “combi-
nation blocking agent Il”.

34.26 grams of prepolymer “A" were mixed

with 4.37 grams (a five percent excess) of combi- '

nation blocking agent Il in a plastic beaker. 0.66
gram of ethylene diamine was added to the reac-
tion mixture, which was again thoroughly mixed.
A milky suspension signalled the formation of the
blocked diamine salts.

A sample heated to 150°C (302°F) required 8
minutes to cure. The cured composition had a
Shore A hardness of 30 and a minimal amount of
disagreeable odor.

A cured sample placed in a 150°C (302°F) oven
for 24 hours to evaluate its thermal stability dar-
kened but retained its elasticity.

Claims

1. A one-package heat-curable composition,
comprising: )

A. the reaction product, at a temperature be-
low about 100°C (212°F), of an isocyanate-termi-
nated prepolymer and an isocyanate blocking
agent; and

B. acuring agent for said reaction product;
characterised in that the curing agent comprises
the reaction product, at a temperature below
about 100°C (212°F) of a C, to Cy alkyl or alkoxy
polyamine curing agentanda polyamine blocking
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agent, all the amine groups of the polyamine
being blocked by conversion to quaternary am-
monium groups having a threshold dissociation
temperature above 100°C, the blocking being
substantially irreversible at room temperature.

2. The composition of claim 1, characterised in
that the isocyanate-terminated prepolymer is a
polybutadiene or a polysulfide.

3. The composition of claim 1 or 2, character-
ised in that the isocyanate blocking agent is
selected from n-dodecanethiol and phenol.

4. The composition of claim 1, 2 or 3, character-
ised in that the polyamine curing agent is select-
ed from ethylene diamine, hexamethylene diami-
ne, and bis(p-aminocyclohexyl) methane.

5. The composition of any of claims 1 to4, char-
acterised in that the polyamine blocking agent is
selected from sodium bisulfite, sodium bisulfite,
p-toluene sulfonic acid, sulfamic acid, and mixtu-
res thereof or from cis-9-octadecenoic acid,
n-octadecanoic acid, isostearic acid, decanoic
acid, hexanoic acid, ethanoic acid, and mixtures
thereof.

6. A one-package heat-curable composition,
comprising:

A. the reaction product, at a temperature be-
low about 100°C (212°F) of an amine-terminated
prepolymer and an amine blocking agent wherein
all the amine groups of the polyamine are block-
ed by conversion to quaternary ammonium
groups having a threshold dissociation tempera-
ture above 100°C, the blocking being substantial-
ly irreversible at room temperature; and

B. acuring agent for said reaction product;
characterised in that the curing agent comprises
the reaction product, at a temperature below
about 100°C (212°F), of a polyisocyanate curing
agent and a polyisocyanate blocking agent.

7. The composition of claim 6, characterised in
that the amine blocking agent is selected from
sodium bisulfite, sodium bisulfate, p-toluene sul-
fonic acid, sulfamic acid, and mixtures thereof, or
from cis-9-octadecenoic acid, n-octadecanoic
acid, isostearic acid, decanoic acid, hexanoic
acid, and mixtures thereof.

8. The composition of claim 6 or 7, character-
ised in that the polyisocyanate curing agent is se-
lected from ethylene diisocyanate, hexamethyl-
ene diisocyanate, p-phenylene diisocyanate,
4,4'-diphenylenemethane, diisocyanate, and
cyclohexylene-1,4-diisocyanate. )

9. The composition of claim 6, 7 or 8, character-
ised in that the polyisocyanate blocking agent is
selected from n-dodecanethiol and phenol.

Patentanspriiche

1. In einer Verpackung abpackbare, durch
Wirme hartbare Mischung, bestehend aus:

A. einem bei einer Temperatur unterhalb von
etwa 100°C (212°F) gebildeten Reaktionsprodukt
aus einem Vorpolymerisat mit endstandigen Iso-
cyanat-Gruppen und einer Isocyanat blockieren-
den Verbindung; und
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B. einem Hartemittel fir das Reaktionspro-
dukt, dadurch gekennzeichnet, dass das Harte-
mittel aus dem bei einer Temperatur unterhalb
von etwa 100°C (212°F) gebildeten Reaktionspro-
dukt eines 1-20 C-Atome enthaltenden Alkyl-
oder Alkoxylpolyaminhérters und einer Polyami-
ne blockierenden Verbindung besteht, und séamt-
liche Amino-Gruppen des Polyamins durch Um-
setzung in quaternare, eine Grenzspaltungstem-
peratur von {iber 100°C aufweisende Ammoni-
um-Gruppen blockiert sind, wobei die Blockie-
rung im wesentlichen unwiderruflich bei Raum-
temperatur ist.

2. Mischung nach Anspruch 1, dadurch ge-
kennzeichnet, dass das Vorpolymerisat mit den
endstiindigen Isocyanat-Gruppen ein Polybuta-
dien oder ein Polysulfidharz ist.

3. Mischung nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dass die Isocyanat blockierende
Verbindung n-Dodecanthiol oder Phenol ist.

4. Mischung nach Anspruch 1, 2 oder 3, da-
durch gekennzeichnet, dass der Polyaminhérter
aus Ethylendiamin, Hexamethylendiamin oder
bis-p-Aminocyclohexylmethan besteht.

5. Mischung nach einem der Anspriiche 1-4,
dadurch gekennzeichnet, dass die Polyamine
blockierende Verbindung aus Natriumhydrogen-
sulfit, Natriumhydrogensulfat, p-Toluolsulfosdu-
re, Amidoschwefelsdure oder Mischungen dieser
Verbindungen besteht, oder cis-9-Octadecen-
sdure, n-Octadecansdure, Isostearinsdure, Ca-
prinsédure, Capronséure, Essigsdure oder eine Mi-
schung dieser Verbindungen ist.

6. In einer Verpackung abpackbare, durch
Wiarme héartbare Mischung, bestehend aus:

A. einem bei einer Temperatur unterhalb von
etwa 100°C (212°F) gebildeten Reaktionsprodukt
aus einem Vorpolymerisat mit endsténdigen
Aminogruppen und einer Amine blockierenden
Verbindung, bei dem samtliche Amino-Gruppen
des Vorpolymerisates durch Umsetzung in
quaternare, eine Grenzspaltungstemperatur von
iiber 100°C aufweisende Ammonium-Gruppen
blockiert sind, wobei die Blockierung im wesentli-
chen unwiderruflich bei Raumtemperatur ist, und

B. einem Hartemitte! fir das Reaktionspro-
dukt, dadurch gekennzeichnet, dass das Harte-
mittel aus dem bei einer Temperatur unterhalb
von etwa 100°C (212°F) gebildeten Reaktionspro-
dukt eines Polyisocyanathéarters und einer Poly-
isocyanate blockierenden Verbindung besteht.

7. Mischung nach Anspruch 1, dadurch ge-
kennzeichnet, dass die Amine blockierende Ver-
bindung Natriumhydrogensuifit, Natriumhydro-
gensulfat, p-Toluolsulfosdure, Amidoschwefel-
sdure oder eine Mischung dieser Verbindungen
ist, oder aus cis-9-Octadecensdure, n-Octade-
cansaure, Isostearinsaure, Caprinsaure, Capron-
sdure oder Mischungen dieser Verbindungen be-
steht.

8. Mischung nach Anspruch 6 oder 7, dadurch
gekennzeichnet, dass der Polyisocyanat-Harter
Ethylendiisocyanat, Hexamethylendiisocyanat,
p-Phenylendiisocyanat,  4,4’-diphenylmethan,
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Diisocyanat oder Cyclohexylen-1,4-diisocyanat
ist.

9. Mischung nach Anspruch 6, 7 und 8, da-
durch gekennzeichnet, dass die Polyisocyanate
blockierende Verbindung n-Dodecanthiol oder
Phenolist.

Revendications

1. Composition en un seul conditionnement,
polymérisable a chaud contenant:

A. le produit de la réaction, a température in-
férieure & 100°C environ, d'un prépolymeére a
groupement terminal isocyanate et d'un agent de
blocage d'isocyanate et

B. un agent de polymérisation pour ledit pro-
duit de réaction, caractérisé par le fait que |'agent
de polymérisation contient le produit de réaction,
a une température inférieure a 100°C environ
d’un agent de polymérisation polyamine alkyle ou
alcoxy présentant de un a vingt atomes de carbo-
ne, et un agent de blocage polyamine, tous les
groupes amines de la polyamine étant bloqués
par conversion en groupes d'ammonium quater-
naires ayant une limite de la température de dis-
sociation au-dessus de 100°C, ce blocage étant
essentiellement irréversible a la température nor-
male d'intérieur.

2. Composition selon la revendication 1, carac-
térisée par le fait que le prépolymére a groupe-
ment terminal isocyanate est un polybutadiene
ou un polysulfure.

3. Composition selon revendications 1 ou 2,
caractérisée par le fait que I'agent de blocage
isocyanate est choisi parmi les n-dodecanéthiols
et les phénols.

4. Composition selon les revendications 1,2 ou
3, caractérisée par le fait que I'agent de polymeéri-

sation est choisi parmi les diamines d'éthyléne,

les diamines d’hexaméthyléne et le méthane
bis(p-aminocyclohexyle).

5. Composition selon I'une des revendications
1 a4, caractérisée par le fait que I'agent de bloca-
ge polyamine est choisi parmi les bisulfites de so-
dium, acides sulfoniques o-toluéne, acides sulfa-
miques et leurs mélanges, ou parmi les acides
cis-9-octadécénoiques, n-octadécanoique, isos-
téarique, décanoique, hexanoique, éthanoique et
leurs mélanges.

6. Composition en un seul conditionnement,
polymérisable a chaud comprenant:

A. le produit de réaction, a une température in-
férieure @ 100°C environ d'un prépolymeére a
groupement terminal amine et d'un agent de blo-
cage amine, dans lequel tous les groupes amines
de la polyamine sont bloqués par conversion en
groupes d'ammonium quaternaires ayant une li-
mite de la température de dissociation au-dessus
de 100°C, ce blocage étant essentiellement irré-
versible & la température normale d'intérieur, et

B. un agent de polymérisation pour ledit pro-
duit de réaction, caractérisée par le fait que
I'agent de polymérisation contient le produit de
réaction, & une température inférieure 3 100°C

£
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environ, d'un agent de polymérisation polyiso-
cyanate et d'un agent de blocage polyisocyanate.

7. Composition selon la revendication 6, carac-
térisée par le fait que I'agent de blocage amine
est choisi parmi le bisulfite de sodium, bisulfate
de sodium, I'acide sulfonique p-toluéne, I'acide
sulfamique et leurs mélanges, ou parmi |'acide
cis-9-octadécénoique, |'acide n-octadécanoique,
l'acide isostéarique, l'acide décanoique, hexa-
noique et leurs mélanges.
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8. Composition selon les revendications6ou 7,
caractérisée par le fait que I'agent de polymérisa-
tion polyisocyanate est choisi parmi les diisocya-
nates d’éthyléne, d’hexaméthyléne, de p-phény-
Iene, de 4,4’ -diphényléneméthane, et cyclohexy-
léne-14.

9. Composition selon les revendications 6, 7 ou
8, caractérisée par le fait que I'agent de blocage
est choisi parmi les n-dodecanéthiols et les phé-
nols.
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