EP 0097005 B1

Europaisches Patentamt

.0) | European Patent Office @ Publication number: 0 097 005

Office européen des brevets B']

® EUROPEAN PATENT SPECIFICATION

® Date of publication of patent specification: 28.10.86 @ Int.c1%: C 08 C 19/20, C 03 C 27/10
@ Application number: 83303182.6 )
@ Date of filing: 02.06.83

® Thioether-modified sealant compositions and insulated glass articles sealed therewith.

Priority: 11.06.82 US 387626 @ Proprietor: MORTON THIOKOL, INC.
110 North Wacker Drive
@ Date of publication of application: Chicago lilinois 60606 (US)
28.12.83 Bulletin 83/52
@ Publication of the grant of the patent: @ Inventor: Macmillan, John H.
29.10.86 Bulletin 86/44 2009 Lincoln Drive
Ambler Pennsylvania 19002 (US)
Designated Contracting States: Inventor: Bertozzi, Eugene R.
AT BE CH DE FR GB IT LI NL SE : 2115 Stackhouse Drive
Yardley Pennsyivania 19067 (US)
s inventor: Streeter, BruceE.
References cited: 144 Rice Drive
US-A-3 350 406 Morrisville Pennsylvania 19067 (US)
US-A-4 153 594
DIE MAKROMOLEKULARE CHEMIE, vol. 182, Representative: Warren, Anthony Robert et al
no. 5, May 1981, pages 1415-1428, Hiithig & BARON & WARREN 18 South End Kensington
Wepf Verlag, Basel, CH. London W8 5BU (GB)
CHEMICAL ABSTRACTS, vol. 94, no. 12, 23rd
March 1981, page 22, no. 84800n, Columbus,
Ohio, USA
RUBBER CHEMISTRY AND TECHNOLOGY, vol.
42, no. 1, 1969, pages 71-109, Rubber Division
of the ACS, Lancaster, Pens., USA D.M.
FRENCH: "Functionally terminated butadiene
polymers”

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may
give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall
be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been
paid. {Art. 99(1) European patent convention).

Courier Press, Leamington Spa, England.



10

15

20

25

30

35

40

45

50

55

60

65

0 097 005

Description

This invention relates to thioether-modified polymeric compositions which are particularly suitable for
use as sealants for insulating glass.

The term “insulated glass” broadly refers to a structure comprising panes of glass, the faces of which
are in spaced relationship, thereby providing between the glass panes a space which imparts insulating
properties to the structure. In its most widely used form, two 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 wiwh 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 aforementioned
U-shaped channel is filled with a sealant, generally a polymeric compaosition, which must have a certain
combination of properties for satisfactory use.

The sealant must have a very low water vapour transmission {(WVT) rate so that moisture is prevented
from entering the dry space between the panes of glass. The presence of moisture in the space tends to
reduce the insulating value thereof. Moisture in the space can also condense on the panes of glass and
create visibility or aesthetic problems. if the sealant does not have a satisfactory low WVT rate, the capacity
of thé water-absorbent material in the hollow spacer will be exceeded, and moisture will find its way into
the space.

The sealant shouid be thermally stable and form an excellent bond with glass which is not degraded
over long periods of time under normal conditions of use, which generally 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 between the
panes of glass. Should one or more constituents comprising the sealant volatize into the space, fogging,
often referred to as “chemical fogging,” of the glass panes may result.

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

The sealant should also resist degradation due to contact with conventional caulks and putties.

At present, the most widely used insulated glass sealants are prepared from polysuifide liquid
polymers, selected plasticizers, and glass adhesion promoters such as silanes. Generally, polysulfide type
sealant is applied in liquid form and then cured by the use of a curing agent such as manganese dioxide.

F. Wilson, “Insulated Glass and Sealant Therefore,” U.S. Patent No. 4 153 594 (May 8, 1979) disclosed
polyurethane sealants prepared from a hydroxyl-terminated polybutadiene prepolymer and certain
plasticizers.

C. Fryling, “Plasticizing Synthetic Rubber with a Reaction Product of an Alkanethiol and a Rubbery
Diolefin Polymer, “US Patent No. 2 543 844 (March 1951) teaches the use of alkanethiol butadiene styrene
adducts as plasticizers to increase the tack and decrease the hardness of synthetic rubber.

G. Serniuk, “Thioglycollic Acid Adducts of Rubber-like Polymers and Process of Preparing Same,” US
Patent No. 2 589 151 (March 11, 1952) discloses that the hydrocarbon solvent resistance of polybutadiene is
improved by partially saturating the double bonds of the polymer with thioglycollic acid. The polythioether
adduct so prepared is insoluble in benzene, benzene/isopropyl alcohol, naphtha, and carbon tetrachloride.

P. Warner, “Method of Preparing Sealants from Polybutadiene and Mercapto Hydroxy Compounds”
US Patent No. 3 689 450 (September 5, 1972) teaches that mercaptohydroxy polybutadiene adducts cured
with sulfur or sulfur donor compounds are thermally stable when exposed to ultraviolet light at 140°F and
50% relative humidity.

While the addition of alkanethiol to diene polymers is known to result in enhanced chemical properties
such as thermal stability, solvent resistance, and oxidation resistance, attempts to commercialise these
thioether-modified diene polymers and copolymers as sealant compositions have failed due to the
objectionable odours these compounds give off.

The present invention consists a thioether-modified polymeric composition which comprises the
reaction product of

a) the addition reaction product of an unsaturated polymer having terminal groups selected from
hydroxyl, isocyanate, carboxylic and amine groups and an alkanethiol having from 8 to 20 carbon
atoms, wherein said alkanethiol is added to the double bonds of the unsaturated polymer to saturate 5
to 30 percent of said double bonds, and

b} as a curing agent, a polyisocyanate, a polyol, a polyepoxide, a cyclic anhydride, or any mixture thereof
reactive with functional groups of said unsaturated polymer.

The applicants have discovered that addition of alkane thiol to the double bonds of the unsaturated
polymeric backbone significantly improves the thermal stability and lowers the water vapour transmission
of unsaturated polymer-based sealants without imparting the objectionable sulfurous odour commonly
associated with thiol-modified compounds. The water vapour transmission of the novel sealant
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composition is typically 75% of conventional polybutadiene sealants. Thermal stability increases with
increasing alkanethiol saturation, but cost and viscosity considerations limit practical saturation levels to
from 5 to 30 mole percent.

The term “unsaturated polymer” means an organic molecule possessing a molecular weight of from
500 to 5000, and which is composed of at least one monomer which contains at least one carbon to carbon
double bond. Various unsaturated polymers may be employed in the preparation of the applicants’
compounds. Suitable polymers include polybutadiene and polyisoprene. They may be prepared by free
radical addition polymerization of their respective monomers, 1,3-butadiene and 2-methyl-1,3-butadiene.
Hydroxyl-terminated polybutadiene is commercially available as ARCO®R45M from the Arco Chemical
Company, 1500 Market Street, Philadelphia, Pennsylvania 19101.

Alkanethiols of from 8 to 20 carbon atoms may be employed in the practice of the applicants’ invention.
They may be straight chain or branched. Suitable compounds include n-octanethiol, n- dodecanethlol
tertdodecanethiol, and eicosanethiol.

The choice of specific alkanethiol has a significant effect on the final, cured sealant composition. Using
polybutadiene, saturation levels of ninety percent were achieved with methanethiol with an optimal
saturation level of seventy percent. However, lower alkanethiol {such as methanethiol, ethanethiol, and
propanethiol) produce cured insulating glass sealants which give off objectionable sulfurous odours.

Alkanethiols of from eight to twenty carbon atoms are required due to the odour problem created by
use of lower alkanethiols. A further advantage of higher alkanethiols is that lower saturation levels are
adequate to impart significantly lower WVT and improved thermal stability to cured composition. For
example, ARCO®R45M polybutadiene with a 5 mole percent dodecanethiol saturation level which has
been cured with toluene diisocyanate has a permeability of 0.026 grams of water per 24 hours per square
meter of sealant per mm Hg differential per centimeter of sealant thickness and retains its elasticity,
suffering only slight discoloration after 24 hours at 150°C in air. This is in contrast to conventional
polybutadiene, cured with toluene diisocyanate, which possesses a permeability of 0.031, and which
becomes brittle and inelastic after 24 hours of exposure to air at 150°C. Polybutadiene which has been
partially saturated (66%) with mercaptoethanol, and then cured with suifur, has a permeability of 0.048.
After exposure to air at 150°C for 24 hours, the mercaptoethanol-modified, sulfur cured polybutadiene
darkened and became brittle.

A small amount of catalyst may be employed to facilitate the alkanethiol addition reactlon Suitable
cataysts include azobisisobutyronitrile, benzoyl peroxide, acetyl peroxide, di-tert-butyl peroxide, dicumyl
peroxide, and tert-butyl hydroperoxide.

The thiol addition reaction may be run at a temperature range of from about 60 to 100°C. The reaction is
run in the absence of oxygen by blanketing the reactants with nitrogen. The thiol group adds to the carbon
to carbon double bond, forming a thioether linkage.

The specific curing agent employed is not critical to the practice of the applicants’ invention. Selection
of the class of curing agent (polyamine, polyol, polyisocyanate, etc.) is dependent upon the terminal
functional groups of the unsaturated polymer. For example, if the unsaturated polymer has terminal
hydroxyl groups, a polyisocyanate curing agent may be employed. If the unsaturated polymer has terminal
carboxylic groups, polyepoxide curing agents may be employed. If the unsaturated polymer has amine
terminal groups, polyisocyanate, polyepoxide and anhydride curing agents may be employed.

The polyisocyanate curing agent for use in the practice of the applicants invention is any compound
which contains two or more isocyanate groups in the molecule. The polyisocyanate can be an aliphatic or
aromatic polyisocyanate including, for example, cycloaliphatic, aryl, aralkyl and alkaryl polyisocyanates.

The preferred polyisocyanate curing agents are ethylene diisocyanate, tetramethylene diisocyanate,
hexamethylene diisocyanate, toluene diisocyanate, m-phenyiene diiocyanate, p-phenylene diisocyanate,
4,4'-diphenylene methane diisocyanate or any mixture thereof. Other aliphatic polyisocyanates which can
be used are trimethylene diisocyanate, other alkylene diisocyanates such as propylene-1,2-diisocyanate,
butylene-1,2-diisocyanate,  butylene-1,3-diisocyanate,  butylene-2,3-diisocyanate, etc; alkylidene
diisocyanates, such as ethylidene diisocyanate, butylidene diisocyanate, etc; cycloalkylene diisocyanates,
such as cyclopentylene-1,3-diisocyanate, cyclohexylene-1,4-diisocyanate, 4,4'-diisocyanato bis(cyclo-
hexyl)methane, etc; p-phenylene-2,2'-bis(ethyl isocyanate); p-phenylene-4,4'-bis(butyl isocyanate); m-
phenylene-2,2'-bis(ethyl isocyanate); 1,4-naphthalene-2,2'-bis{ethyl isocyanate); 4,4'-diphenylene-2,2’-
bis(ethyl isocyanate); 4,4'-diphenylene ether-2,2'-bis(ethyl isocyanate); tris(2,2',2""-ethyl isocyanate
benzene); 5-chloro phenylene-1,3-bis(propyl-3-isocyanate); 5-methoxy phenylene-1,3-bis(propyi-3-iso-
cyanate); 5-cyano phenylene-1,3-bis(propyl-3-isocyanate); and 5-methyl phenylene-1,3-bis(propyl-3-
isocyanate).

Other aromatic polyisocyanates which can be used include: 1-methyl-2,4-phenylene diisocyanate;
naphthylene-1,4-diisocyanate; diphenylene-4,4'-diisocyanate; xylylene-1,4-diisocyanate and xylylene-1,3-
diisocyanate.

The polyepoxide curing agent for use in the practice of the applicants invention is any compound
which contains two or more epoxy groups in the molecule. Suitable polyepoxides include-1,3-butadiene
diepoxide, 1,4-butanediol diglycidyl ether, 1,2,7,8-diepoxyoctane, and 1,2,5,6-diepoxycyclooctane.

The anhydride curing agent must be a cyclic anhydride. Suitable anhydrides include butanedioic acid
anhydride (succinic anhydride), methylbutanedioic acid anhydride, 2-dodecen-1-ylbutanedioic acid
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anhydride, pentanedioic acid anhydride (glutaric anhydride), 3-methylpentanedioic acid anhydride,
3-ethyl-3-methylpentanedioic acid anhydride, 3,3-dimethylpentanedioic acid anhydride, 2,2-dimethyl-
pentanedioic acid anhydride, 2-phenylpentanedioic acid anhydride, 1,2-benzenedicarboxylic acid
anhydride (phthalic anhydride), 2,3-pyridinedicarboxylic acid anhydride, 1,8-naphthalenedicarboxylic acid
anhydride, 2-butanedioic acid anhydride {(maleic anhydride), 2,3-dimethyl-2-butanedioic acid anhydride,
and 2-ethyl-2-butanedioic acid anhydride. Dianhydrides may also be employed as the anhydride curing
agent. Suitable dianhydrides include 1,2,3,4-benzenetetracarboxylic acid dianhydride, 3,3',4,4'-benzo-
phenonetetracarboxylic acid dianhydride, and 1,4,5,8-naphthalenetetracarboxylic acid dianhydride.

The polyamine curing agent for use in the practice of the applicants invention is any compound which
contains two -or more primary amine groups in the molecule. Suitable polyamine curing agents include
ethylene diamine, propylene diamine, hexamethylene diamine, and bis(p-aminocyclohexyl)methane.

The preferred polyol curing agents are 1,2-ethanediol, 1,2-propanediol, 1,3-propanediol, glycerol,
pertaerythritol or any mixture thereof.

Cure of the thioether-modified polymer may be achieved by thoroughly mixing the adduct with the
curing agent and subjecting the composition to a temperature between 80° and 150°C. The time period
required for cure will depend on the specific formulation, especially upon any cure catalysts employed.

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

Suitable plasticizers include low volatility phthalate plasticizers and chlorinated hydrocarbons.
Suitable phthalates include benzyl phthalate and alkyl benzyl phthalates. Chlorinated hydrocarbon
plasticizers suitable for use are paraffins or a-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.

Suitable glass adhesion promoters are the organoalkoxysilanes such as gamma-glycidoxypropyl
trimethoxysilane, gamma-aminopropyl triethoxysilane, n-bis(betahydroxyethyl) gamma-aminopropyl
triethoxysilane, and N-beta(aminoethyl) gamma-aminopropy! trimethoxysilane. They may be incorporated
in the sealant formulation in an amount ranging from 0.5 to 4 percent by weight based upon the total
composition weight. Gamma mercaptopropyltrimethoxysilane is commercially available as A-189 silane
from the Union Carbide Corp.

Fillers include carbon black, silica, talc, calcium carbonate, caicium oxide, titanium dioxide, zinc sulfide,
calcium silicate, and hydrated aluminium. These fillers may be incorporated into the sealant formulation in
an amount ranging from twenty to seventy percent by weight based upon the total composition weight.

A cure catalyst is usually incorporated into the insulating glass sealant formulation in an amount
ranging from 0.5 to 1.5 percent based upon the total weight of the formulation. The amount of catalyst may
be adjusted to achieve the desired work life of the insulating glass sealant formulation. By “work life” it is
meant the time period commencing with mixture of all the components of the formulation and ending with
the substantial cure of the formulation into a solid mass which cannot be worked any further. Suitable cure
catalysts include tertiary amines such as triethylamine, diethylmethylamine, ethyldimethyimaine,
morpholine, piperazine, and N-ethylmorpholine. Organometallic cure catalysts such as dibutyltin oxide,
dibutyltin dilaurate, stannous oleate, stannous octoate, and lead octoate may also be employed.

To prevent premature cure of the insulating window glass sealant composition the thioether-modified
polymer and the curing agent may be separately packaged and mixed immediately prior to application. A
two package insulating glass sealant formulation which employs an isocyanate terminated version of the
applicants thioether modified polymer is shown below:
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Weight
Package "A" percentage
Toluene diisocyanate-terminated polybutadiene with 5 mole percent
saturation using n-dodecanethiol 34.5
Essex Clay {(Filler) 345
Chlorinated hydrocarbon plasticizer (Unichlor 5722) - 7.0
Weight
Package “B” percentage
Ricinoleate polyol (Polycin® 53) 4.8
Dibutyltin dilaurate (catalyst) 1.2
CaCo, {filler) 13.9
CaO ({filler) 1.7
Carbon black (filler) . 0.35
Gamma mercaptopropyitrimethoxysilane (glass adhesion promotor) 0.1
Chlorinated hydrocarbon plasticizer 1.7
9975

The examples which follow are intended to illustrate the practice and advantages of the applicants
invention and are not intended to limit the scope of their invention in any way. All percentages are
measured by total weight of the composition unless otherwise stated.

In the test method used to generate the water vapour permeability test results reported below a water
filled dish covered with a cured sheet of the composition in question and sealed at the edges as described
in ASTM E96—66 Method B is placed in a dessicator over anhydrous calcium chioride. The test chamber
temperature is maintained at 70°F (21.1°C). The dish is removed from the dessicator and weighed on a daily
basis. The weight loss can be used to calculate the Water Vapour Transmission, Permeance, and
Permeability of the sheet.

As defined by ASTM E96—66, the “rate of water vapour transmission” (WVT) is the time rate of water
vapour flow normal to the parallel surfaces of a sheet of test material under steady conditions through unit
area, under specified conditions. An accepted WVT unit is 1 gram/24 hours-m?2,

“Water Vapour Permeance” is defined as the ratio of a test material’s WVT to the vapour pressure
differential between the interior of the test dish and the interior of the dessicator. An accepted unit of
permeance is a metric-perm or 1 gram/24 hours-meter>-mmHg.

“Water Vapour Permeability” is defined as the product of the test material's permeance and its
thickness. An accepted unit of permeability is a metric perm-centimeter, or 1 gram/24 hours-m?-mmHg cm.

Comparative Example |
Addition of methanethiol to polybutadiene

27.0 grams (0.50 mole) of hydroxyl-terminated polybutadiene and 0.25 grams of benzoyl peroxide
were dissolved in 50 milliliters of toluene in a 250 milliliter three-neck flask equipped with a thermometer
and a dry ice/acetone condenser.

25.0 grams of methanethiol were cooled to 0°C. 12.5 grams were added to the reaction mixture during
a three hour period with a reaction mixture temperature of 50—56°C.

The reaction was shut down overnight. The next morning an additional 0.25 grams of benzoyl peroxide
were added to the reaction mixture. The remaining methanethiol was added to the reaction mixture over
the course of two hours.

The reaction mixture was held at reflux (45—47°C) for an additional two hours. The toluene and excess
methanethiol were distilled off at atmospheric pressure until the reaction mixture temperature reached
100°C. Vacuum distillation was continued until the reaction mixture temperature reached 114°C. Sodium
hydroxide and chlorox traps were used to contain an objectionable sulfurous odour given off by the
product.

Product yield was 29.0 grams. Sulfur analysis was 5.47%, giving a saturation value of 10.1%.
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Comparative Example i
Addition of N-butanethiol to polybutadiene

121 grams (2.24 moles) of hydroxyl-terminated polybutadiene and 2.5 grams (0.015 moles) of
azobisisabutyronitrile were dissolved in 200 milliliters of toluene in a one liter, three-neck flask equipped
with a thermometer and an agitator. The solution was heated under nitrogen to 76—80°C and mixed
continuously throughout the thiol addition.

100 grams (1.11 moles) of n-butyl mercaptan were added to the reaction mixture over the course of five
hours. At the three hour mark an additional gram of catalyst was added, and at the five hour mark an
additional half gram of catalyst was added.

The reaction mixture temperature was maintained at 75—80°C for approximately two hours after thiol
addition was completed.

The toluene and unreacted thiol were removed by vacuum stripping. The product displayed a
sulfurous odour which was somewhat reduced by adding some lead dioxide powder. Yield was 178 grams
(80.5%), corresponding to a saturation level of approximately 28%. Sulfur analysis was approximately
11.31%.

Example Il
Addition of N-dodecanethiol to polybutadiene to achieve a saturation level of 20%

230.5 grams (4.27 moles) of polybutadiene, and 8.0 grams of azobisisobutylronitrile were dissolved in
150 milliliters of toluene in a one liter, three neck flask equipped with an agitator and a thermometer. The
solution was heated under nitrogen to 90—95°C and mixed continuously throughout the thiol addition.

173.0 grams (0.85 moles) of n-dodecanethiof were added to the reaction mixture over the course of 4
hours. An additional gram of catalyst was added at one hour intervals.

Once the thiol addition was complete, the heating was stopped overnight. The next morning heating
was resumed for an additional seven hours, with additional one gram catalyst additions at the two and four
hour marks.

The solvent was removed by vacuum stripping at 80°C. Product yieid was 396 grams (98%).

The product had moderate viscosity and had a minimal “non-sulfurous” odour. Thiol analysis was
0.76%, corresponding to a saturation level of 18%.

Example IV
Addition of N-dodecanethiol to polybutadiene to achieve a 10% saturation level

234 grams (4.33 moles) of polybutadiene and 11.0 grams {0.067 moles) of azobisisobutyronitrile were
dissolved in 200 milliliters of a toluene in a one liter, three neck flask equipped with a thermometer and an
agitator.

Using the procedure of Example lll, 89 grams (0.44 moles) of n-dodecanethiol were slowly added to the
reaction mixture over the course of six hours. The temperature was maintained at 95°C for an additional
seven hours. The toluene was removed by vacuum stripping.

Product yield was 321.5 grams (96.3%). The product had a mild, non-sulfurous odour. Thiol analysis
was 0.01% and sulfur analysis was 4.24%, corresponding to a saturation level of 10.0%.

Example V
Addition of n-dodecanethiol to polybutadiene to achieve 5% saturation level

300 grams (5.56 moles) of polybutadiene and 9 grams of azobisisobutyronitrile were dissolved in 200
milliliters of toluene in a one liter, three neck flask equipped with a thermometer and an agitator.

Using the procedure of Example lll, 56 grams (0.278 moles) of n-dodecanethiol were slowly added to
the reaction mixture over the course of four hours. The temperature was maintained at approximately 90°C
for an additional two hours. The toluene was removed by vacuum stripping.

Product vield was 355 grams (99.9%). The product had a mild, non-sulfurous odour. Thiol analysis was
0.02% and sulfur analysis was 2.50%, corresponding to a saturation level of 5.0%.

Comparative Example Vi
Toluene diisocyanate cure of n-butanethiol polybutadiene adduct

60.7 grams of the adduct prepared in Comparative Example Il were warmed in an oven at 100°C to
decrease viscosity, mixed with 2.85 grams of toluene diisocyanate, and poured into a six by six inch mould.
The mixture was degassed under vacuum at approximately 80°C. Difficulty was experienced in removing
all the bubbles from the mixture as it began to cure.

The mould was placed in an oven at 100°C for four hours to complete the cure. The sealant produced
had a mild odour, a Shore A hardness of 22, and an elongation of 100.

A cured sealant sample was carefully weighed and placed in an oven for twenty four hours at 150°C.
The sample lost 0.07 grams, corresponding to a 0.93 percent weight loss. The sample had a light yellow
colour and was not brittle. Shore A hardness was approximately 40. The sample still had a sulfurous odour.
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Example VI
Toluene diisocyanate cure of n-dodecanethiol polybutadiene adduct, 20% saturation level

10.45 grams of the adduct prepared in Example Il were mixed with 0.39 grams of toluene diisocyanate,
poured into a two by two inch sheet mould, and cured at 100°C.

Cure required approximately 36 hours at 100°C. The sealant produced had a Shore A hardness of 15.
The cured samples did not possess a sulfurous odour.

Two cured samples were carefully weighed and placed in a 150°C oven for twenty four hours. Average
weight loss was 0.14 grams, corresponding to a percentage weight loss of 1.97%. The samples displayed a
darker brown colour, but were not brittle. Their Shore A hardness was 37.

Example VI
Toluene diisocyanate cure of n-dodecanethiol polybutadiene adduct, 10% saturation level

51.87 grams of the adduct prepared in Example IV were mixed with 2.52 grams of toluene diisocyanate,
poured into a six by six inch sheet mould, and cured at 100°C with degassing. Rapid curing resulted in some
bubble entrapment.

Cure required approximately 2 hours. The sealant produced had a very mild, non-sulfurous odour, a
Shore A hardness of 20, and an elongation of approximately 100.

A cured sealant sample was carefully weighed and placed in an oven for twenty four hours at 150°C.
The sample lost 0.11 grams, corresponding to a 1.2% weight loss. The sample had yeliowed slightly but
was not brittle. Shore A hardness was 45.

Example IX
Toluene diisocyanate cure of n-dodecanethiol polybutadiene adduct 5% saturation level

44.25 grams of the adduct prepared in Example V were mixed with 2.38 grams of toluene diisocyanate,
poured into a six by six inch sheet mould, degassed, and cured at 100°C.

Cure required approximately three hours. The sealant produced had a Shore A hardness of 22 and an
elongation of approximately 150%. It did not possess a sulfurous odour.

A cured sealant sample was*carefully weighed and placed in an oven for twenty four hours at 150°C.
The sample lost 0.04 gram, corresponding to a 0.6 percent weight loss. The sample had yellowed but was
not brittle. Shore A hardness was approximately 40.

The thermal stability of the cured sealant formulations of Examples VI to IX are summarized in Table |
below. The first value is the value before the thermal stability test; the value in parentheses was obtained
after the sealant had been exposed to 150° for twenty four hours.

TABLE |
Shore A % wt.

Sealant hardness  Elongation change
Polybutadiene 35 (45) 100 (less than 10) +0.7

Control
N-Butanethiol 22 (40) 100 (50) -0.93

Adduct (28%)
N.-Dodecanethiol

Adduct
18% 15 (37) 100 (50) -1.97
10% 20 (45) 100 (50) -1.2
5% 22 (40) 150 (50} -0.6
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Example X
Water vapour transmission rate determination

The formulations of Examples Vil to IX, along with a polybutadiene control, were evaluated for their

WVT properties:

TABLE I

Formulation WVT Permeance Permeability
Polybutadiene 3.38 0.156 0.031

Control
N-Dodecanethiol

Adduct
18% Saturation 2.70 0.121 0.015
10% Saturation 2.53 0.116 0.023
5% Saturation 3.72 0.170 0.026

Claims for the Contracting States: BE, CH, DE, FR, GB, IT, LI, NL, SE

1. A thioether-modified polymeric composition which comprises the reaction product of

a) the addition reaction product of an unsaturated polymer having terminal groups selected from
hydroxyl, isocyanate, carboxylic and amine groups and an alkanethiol having from 8 to 20 carbon
atoms, wherein said alkanethiol is added to the double bonds of the unsaturated polymer to saturate 5

to 30 mole percent of said double bonds, and

b) as a curing agent, a polyisocyanate, a polyol, a polyepoxide, a cyclic anhydride, or any mixture thereof
reactive with functional groups of said unsaturated polymer.

2. The composition claimed in claim 1, characterised in that the alkanethiol is n-octanethiol,

n-dodecanethiol, tert-dodecanethiol or eicosanethiol.

3. The composition of either of claims 1 or 2, characterised in that the unsaturated polymer has
terminal hydroxyl groups or terminal amine groups and the curing agent is a polyisocyanate.

4. The composition of claim 3, characterised in that the polyisocyanate is ethylene diisocyanate,
tetramethylene diisocyanate, hexamethylene diisocyanate, toluene diisocyanate, m-phenylene diiso-
cyanate, p-phenylene diisocyanate, 4,4'-diphenylenemethane diisocyanate, or any mixture thereof.

5. The composition of either of claims 1 or 2, characterised in that the unsaturated polymer has
terminal isocyanate groups and the curing agent is a polyol.

6. The composition of claim 5, wherein the polyol curing agent is 1,2-ethanediol, 1,2-propanediol,
1,3-propanediol, glycerol, pentaerythritol, or any mixture thereof.

7. The composition of either of claims 1 or 2 characterised in that the unsaturated polymer has terminal
carboxylic groups or terminal amine groups and the curing agent is a polyepoxide.

8. The composition of claim 7, characterised in that the polyepoxide curing agent is 1,3-butadiene
diepoxide, 1,4-butanediol diglycidyl ether, 1,2,7,8-di-epoxyoctane, 1,2,5,6-diepoxycyclooctane, or any

mixture thereof.

9. The composition of either of claims 1 or 2 characterised in that the unsaturated polymer has terminal

amine groups and the curing agent is a cyclic anhydride.

10. The composition of claim 9 characterised in that the cyclic anhydride is succinic acid anhydride,
glutaric acid anhydride, phthalic acid anhydride, maieic acid anhydride, methylbutanedioic acid anhydride,
3-methylpentanedioic acid anhydride, 2-phenylpentanedioic acid anhydride, or any mixture thereof.

11. An insulating glass article which has been sealed with the thioether-modidifed polymeric

composition claimed in any of the preceding claims.

Claims for the Contracting State: AT

1. A method of making a thioether-modified polymeric composition which comprises reacting

together:

a) the addition reaction product of an unsaturated polymer having terminal groups selected from
hydroxyl, isocyanate, carboxylic and amine groups and an alkanethiol having from 8 to 20 carbon
atoms, wherein said alkanethiol is added to the double bonds of the unsaturated polymer to saturate 5

to 30 mole percent of said double bonds, and
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b) as a curing agent, a polyisocyanate, a polyol, a polyepoxide, a cyclic anhydride, or any mixture thereof
reactive with functional groups of said unsaturated polymer.

2. The method claimed in claim 1, characterised in that the alkanethiol is n-octanethiol, n-dodecane-
thiol, tertdodecanethiol or eicosanethiol.

3. The method of either of claims 1 or 2, characterised in that the unsaturated polymer has terminal
hydroxyl groups or terminal amine groups and the curing agent is a polyisocyanate.

4. The method of claim 3, characterised in that the polyisocyanate is ethylene diisocyanate,
tetramethylene diisocyanate, hexamethylene diisocyanate, toluene diisocyanate, m-phenylene diiso-
cyanate, p-phenylene diisocyanate, 4,4'-diphenylenemethane diisocyanate, or any mixture thereof.

5. The method of either of claims 1 or 2, characterised in that the unsaturated polymer has terminal
isocyanate groups and the curing agent is a polyol.

- 6. The method of claim 5, wherein the polyol curing agent is 1,2-ethanediol, 1,2-propanediol,
1,3-propanediol, glycerol, petaerythritol, or any mixture thereof.

7. The method of either of claims 1 or 2, characterised in that the unsaturated polymer has terminal
carboxylic groups or terminal amine groups and the curing agent is a polyepoxide. i

8. The method of claim 7, characterised in that the polyepoxide curing agent is 1,3-butadiene
diepoxide, 1,4-butanediol diglycidyl ether, 1,2,7,8-di-epoxyoctane, 1,2,5,6-diepoxycyclooctane, or any
mixture thereof.

9. The method of either of claims 1 or 2, characterised in that the unsaturated polymer has terminal
amine groups and the curing agent is a cyclic anhydride. .

10. The method of claim 9, characterised in that the cyclic anhydride is succinic acid anhydride, glutaric
acid anhydride, phthalic acid anhydride, maleic acid anhydride, methylbutanedioic acid anhydride,
3-methylpentanedioic acid anhydride, 2-phenylpentanedioic acid anhydride, or any mixture thereof.

11. An insulating glass article which has been sealed with the thioether-modified polymeric
composition made by a method as claimed in any of the preceding claims.

Patentanspriiche fiir die Vertragsstaaten: BE, CH, DE, FR, GB, IT, LI, NL, SE
1. Mit Thioether modifizierte polymere Zusammensetzung, welche das Reaktionsprodukt aus

a) dem Additionsreaktionsprodukt eines ungesattigten Polymers mit aus Hydroxyl-, Isocyanat-, Carboxyl-
und Aminogruppen ausgewiahiten endsténdigen Gruppen und eines Alkanthiols mit 8 bis 20
Kohlenstoffatomen, wobei das Alkanthiol an die Doppelbindungen des ungeséttigten Polymers
angelagert wird, um 5 bis 30 Mol-% der Doppelbindungen zu séattigen, und '

b} einem Polyisocyanat, einem Polyol, einem Polyepoxid, einem cyclischen Anhydrid oder irgendeiner mit
den funktionellen Gruppen des ungeséttigten Polymers reaktiven Mischung davon als Hértungsmittel
umfaldt.

2. Zusammensetzung nach Anspruch 1, dadurch gekennzeichnet, dafl das Alkanthiol n-Octanthiol,
n-Dodecanthiol, tert-Dodecanthiol oder Eicosanthiol ist.

3. Zusammensetzung nach Anspruch 1 oder 2, dadurch gekennzeichnet, daf$ das ungeséttigte Polymer
entdstandige Hydroxylgruppen oder endstdndige Aminogruppen aufweist und das Hértungsmittel ein
Polyisocyanat ist.

4. Zusammensetzung nach Anspruch 3, dadurch gekennzeichnet, da das Polyisocyanat Ethylen-
diisocyanat, Tetramethylendiisocyanat, Hexamethylendiisocyanat, Toluoldiisocyanat, m-Phenylen-
diisocyanat, p-Phenylendiisocyanat, 4,4’-Diphenylenmethandiisocyanat oder eine Mischung davon ist.

5. Zusammenfassung nach Anspruch 1 oder 2, dadurch gekennzeichnet, daR das ungeséttigte Polymer
endstandige Isocyanatgruppen aufweist und das Hértungsmittel ein Polyol ist.

6. Zusammensetzung nach Anspruch 5, dadurch gekennzeichnet, daR® das Polyol-Hértungsmittel
1,2-Ethandiol, 1,2-Propandiol, 1,3-Propandiol, Glycerin, Pentaerythrit oder eine Mischung davon ist.

7. Zusammensetzung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dal3 das ungeséttigte Polymer
endstandige Carboxylgruppen oder endstdndige Aminogruppen aufweist und das Hartungsmittel ein
Polyepoxid ist.

8. Zusammensetzung nach Anspruch 7, dadurch gekennzeichnet, dal® das Polyepoxid-Hértungsmittel
1,3-Butadiendiepoxid, 1,4-Butandioldiglycidylether, 1,2,7,8-Di-epoxyoctan, 1,2,5,6-Diepoxycyclooctan oder
eine Mischung davon ist.

9. Zusammensetzung nach Anspruch 1 oder 2, dadurch gekennzeichnet, da? das ungesattigte Polymer
endstandige Aminogruppen aufweist und das Hértungsmittel ein cyclisches Anhydrid ist.

10. Zusammensetzung nach Anspruch 9, dadurch gekennzeichnet, dal das cyclische Anhydrid
Bernsteinsiureanhydrid, Glutarsdureanhydrid, Phthalsdureanhydrid, Metheinséureanhydrid, Methylbutan-
dicarbonsiureanhydrid, 3-Methylpentandicarbonséureanhydrid, 2-Phenylpentandicarbonséureanhydrid
oder eine Mischung davon ist.

11. Isolierter Glasgegenstand, der mit der mit Thioether modifizierte polymeren Zusammensetzung
nach einem der vorhergehenden Anspriiche geklebt worden ist.
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Patentanspriiche fiir den Vertragsstaat: AT

1. Verfahren zur Herstellung einer mit Thioether modifizierten polymeren Zusammensetzung, bei
welchem miteinander umgesetzt werden:

a) das Additionsreaktionsprodukt eines ungesittigten Polymers mit aus Hydroxyl-, Isocyanat-, Carboxyl-
und Aminogruppen ausgewdhlten endsténdigen Gruppen und eines Alkanthiols mit 8 bis 20
Kohlenstoffatomen, wobei das Alkanthiol an die Doppelbindungen des ungeséttigten Polymers
angelagert wird, um 5 bis 30 Mol.-% der Doppelbindungen zu séttigen, und

b) ein Polyisocyanat, ein Polyol, ein Polyepoxid, ein cyclisches Anhydrid oder irgendeine mit den
funktionellen Gruppen des ungesittigten Polymers reaktiven Mischung davon als Hartungsmittel.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB das Alkanthiol n-Octanthiol, n-Dodecan-
thiol, tert-Dodecanthiol oder Eicosanthiol ist.

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, da® das ungeséttigte Polymer
endstandige Hydroxylgruppen oder endstdndige Aminogruppen aufweist und das Hartungsmittel ein
Polyisocyanat ist.

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, dafl das Polyisocyanat Ethylendiisocyanat,
Tetramethylendiisocyanat, Hexamethylendiisocyanat,  Toluoldiisocyanat, ~m-Phenylendiisocyanat,
p-Phenylenediisocyanat, 4,4'-Diphenylenmethandiisocyanat oder eine Mischung davon ist.

5. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, daR das ungeséttigte Polymer
endstdndige Isocyanatgruppen aufweist und das Héartungsmittel ein Polyol ist.

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daB das Polyol-Hartungsmittel 1,2-Ethandiol,
1,2-Propandiol, 1,3-Propandiol, Glycerin, Pentaerythrit oder eine Mischung davon ist.

7. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, da® das ungeséttigte Polymer
endstandige Carboxylgruppen oder endstdndige Aminogruppen aufweist .und das Hartungsmittel ein
Polyepoxid ist.

8. Verfahren nach Anspruch 7, dadurch gekennzeichnet, dall das Polyepoxid-Hartungsmittel
1,3-Butadiendiepoxid, 1,4-Butandioldiglycidylether, 1,2,7,8-Di-epoxyoctan, 1,2,5,6-Diepoxycyclooctan oder
eine Mischung davon ist.

9. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, da® das ungeséttigte Polymer
endstandige Aminogruppen aufweist und das Hartungsmittel ein cyclisches Anhydrid ist.

10. Verfahren nach Anspruch 9, dadurch gekennzeichnet, dald das cyclische Anhydrid Bernsteinsiure-
anhydrid, Glutarsiureanhydrid, Phthalsidureanhydrid, Maleinsdureanhydrid, Methylbutandicarbonséure-
anhydrid, 3-Methylpentandicarbonsdureanydrid, 2-Phenylpentandicarbonséureanhydrid oder eine
Mischung davon ist.

11. Isolierter Glasgegenstand, der mit der mit Thioether modifizierte polymeren Zusammensetzung
nach einem der vorhergehenden Anspriche geklebt worden ist.

Revendications pour les Etats Contractants: BE, CH, DE, FR, GB, IT, LI, NL, SE
1. Composition polymeére modifiée par thio-éther qui est constituée par le produit de réaction:

a) du produit de réaction additionnel d’'un polymeére non saturé comprenant un groupe terminal choisi

. parmi des groupes hydroxyl d'isocianate, de carboxil et des groupes amino et un alconethiol
comprenant de |'ordre de 8 a 20 atomes de carbone dans lequel I'alconethiol est ajouté aux liaisons
doubles du polymére non saturé pour saturer de I'ordre de 15 a 30 moles pour cent des liaisons doubles
et

b) d’'un agent de polymérisation d'un polyisocianate, d’'un polyol, d'un polyepoxide, d'un anhydride
cycliqgue ou un mélange de ces produits réactifs avec des groupes fonctionnel dudit polymére non
saturé.

2. Composition suivant la revendication 1, caractérisé en ce que |'alconethiol est un n-octanethiol, un
n-dodecanethiol, un tert-dodecanethiol on un eicosanethiol.

3. Composition suivant I'une quelconque des revendications 1 et 2, caractérisée en ce que le polymére
non saturé comporte des groupes terminaux hydroxyl ou des groupes terminaux amino et {'agent de
polymérisation est un polyisocianate.

4. Composition suivant la revendication 3, caractérisée en ce que le polyisocianate est un diisocianate
d’ethyléne, un diisocianate tetramethyléne, un diisocianate hexamethyléne, un diisocianate toluéne, un
diisocianate m-phenyléne, un diisocianate p-phenyléne, un diisocianate de 4,4'-diphenyléneméthane ou un
mélange de ces produits.

5. Composition suivant ['une quelconque des revendications 1 et 2, caractérisée en ce que le polymeére
non saturé comporte des groupes terminaux d'isocianate et I'agent de polymérisation est un polyol.

6. Composition suivant la revendication 5, caractérisée en ce que |'agent de polymérisation polyol est
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un 1,2-ethanédiol, un 1,2-propanediol, un 1,3-propanediol, un glycerol, un pentaerythritol ou un mélange
de ces produits.

7. Composition suivant |'une quelconque des revendications 1 et 2, caractérisée en ce que le polymere
non saturé présente des groupes terminaux carboxyliques ou des groupes terminaux amino et I'agent de
polymérisation est un polyepoxide.

8. Composition suivant la revendication 7, caractérisée en ce que l'agent de polymérisation
polyepoxide est un diepoxide de 1,3 butadine, un éther diglycidile de 1,4 butanediol, un 1,2,7,8
diepoxyoctane, un 1,2,5,6-diepoxycyclooctane ou un mélange de ces produits.

9. Composition suivant I'une quelconque des revendications 1 et 2, caractérisée en ce que le polymére
non saturé comporte des groupes terminaux d'amino et I'agent de polymérisation est un anhydride
cyclique.

10. Composition suivant la revendication 9, caractérisée en ce que l'anhydride cyclique est un
anhydride d‘acide succinique, un anhydride d’acide glutarique, un anhydride d'acid phtalique, un
anhydride d'acide maléique, un anhydride d'acide méthylbutanedioique, un anhydride d'acide de
3-methylpentanedioique, un anhydride d’acide de 2-phely-pentanedioique ou un mélange de ces ces
produits.

11. Article de verre isolant scellé a 'aide de la composition polymeére modifiée par thio-éther suivant
l'une quelconque des revendications 1 a 10.

Revendications pour I'Etat Contractant: AT

1. Procédé pour réatiser une composition polymere modifiée par thioéther qui consiste a faire réagir
ensemble:

a) du produit de réaction additionnel d'un polymére non saturé comprenant un groupe terminal choisi
parmi des groupes hydroxyl d’isocianate, de carboxil et des groupes amino et un alconethiol
comprenant de I'ordre de 8 & 20 atomes de carbone dans lequel I’alconethiol est ajouté aux liaisons
doubles du polymére non saturé pour saturer de I'ordre de 15 & 30 moles pour cent des liaisons doubles
et

b) d'un agent de polymérisation d'un polyisocianate, d'un polyol, d'un polyepoxide, d'un anhydride
cyclique ou un mélange de ces produits réactifs avec des groupes fonctionnel dudit polymére non
saturé.

2. Procédé suivant la revendication 1, caractérisé en ce que l'alconethiol est un n-octanethiol, un
n-dodecanethiol, un tert-dodecanethiol ou un eicosanethiol.

3. Procédé suivant I'une quelconque des revendications 1 et 2, caractérisée en ce que le polymére non
saturé comporte des groupes terminaux hydroxyl ou des groupes terminaux amino et l'agent de
polymérisation est un polyisocianate.

4. Procédé suivant la revendication 3, caractérisée en ce que le polyisocianate est un diisocianate
d'ethyléne, un diisocianate tetramethyléne, un diisocianate hexamethyléne, un diisocianate toluéne, un
diisocianate m-phenyléne, un diisocianate p-phenyléne, un diisocianate de 4,4’-diphenyléneméthane ou un
mélange de ces produits.

5. Procédé suivant I'une quelconque des revendications 1 et 2, caractérisée en ce que le polymere non
saturé comporte des groupes terminaux d'isocianate et I'agent de polymérisation est un polyol.

6. Procédé suivant la revendication 5, caractérisée en ce que I'agent de polymérisation polyol est un
1,2-ethanédiol, un 1,2-propanediol, un 1,3-propanediol, un glycerol, un pentaerythritol ou un mélange de
ces produits.

7. Procédé suivant I'une quelconque des revendications 1 et 2, caractérisée en ce que le polymére non
saturé présente des groupes terminaux carboxyliques ou des groupes terminaux amino et ['agent de
polymérisation est un polyepoxide.

8. Composition suivant la revendication 7, caractérisée en ce que l'agent de polymérisation
polyepoxide est un diepoxide de 1,3 butadine, un éther diglycidile de 1,4 butanediol, un 1,2,7,8
diepoxyoctane, un 1,2,5,6-diepoxycyclooctane ou un mélange de ces produits.

9. Procédé suivant I'une quelconque des revendications 1 et 2, caractérisée en ce que le polymére non
saturé comporte des groupes terminaux d’amino et 'agent de polymérisation est un anhydride cyclique.

10. Procédé suivant la revendication 9, caractérisée en ce que I'anhydride cyclique est un anhydride
d’acide succinique, un anhydride d’'acide glutarique, un anhydride d’acid phtalique, un anhydride d’acide
maléique, un anhydride d’acide méthylbutanedioique, un anhydride d’acide de 3-methylpentanedioique,
un anhydride d’acide de 2-phely-pentanedioique ou un mélange de ces produits.

11. Article de verre isolant scellé & I'aide d’une composition polymere modifiée par thio-éther préparée
suivant le procédé suivant I'une guelconque des revendications précédentes.
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