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PROCESS FOR PRODUCING PREPOLYMERS WHICH CURE TO IMPROVED 

SEALANTS. AND PRODUCTS FORMED THEREBY 

Field Of The Invention 

5 The present invention relates silane end-capped, polyurethane prepolymers and to 

compositions made therefrom. 

· Background Of The Invention 

Urethane polymers have been modified to modulate their functionality by endcap:eing 

10 some or all of the isocyanate groups with a variety of organosilanes to yield silane end-

capped urethane polymers containing minimal or no isocyanate groups. For example, in U.S. 

Patent No. 3.632,557 to Brode and Conte, the complete end-capping of polyurethanes with 

primary and secondary aliphatic aminosilanes was disclosed, yielding silane-terminated 

polymers that were curable at room temperature .. In U.S. Patent No. 3,979,344, Bryant and 

15 Weis disclosed that a small amolintof 3-(N-2-aminoethyl)-aminopropyltrimethoxysilane 

blended with vulcani7.able silane-terminated polyurethanes yielded room-temperature-curable 

silane-tenninated sealant compositions having improved cure speeds, useful in metal and 

glass primer compositions. Bryant et al., in U.S. Patent No. 4,222,925, disclosed the same 

composition as that set out in U.S. Patent No. 3,979,344, with the addition of a high strength 

20 reinforcing carbon black filler, and optionally, a moisture curing catalyst such as dibutytin 

di acetate. 

In U.S. Patent No. 4,374,237 to Berger, et al., curable isocyanate-terminated 

polyurethanes having at least some of the terminal isocyanate groups reacted with a 

secondary amine containing silane monomer having two trialkoxy silane groups were 
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described. The compounds were disclosed as being useful in sealant compositions having 

enhanced wet adhesion. 

Other silane end-capped urethane polymers and sealants were disclosed in U.S .. 

Patent No. 3,627,722 to Seiter, which described polyurethane sealants such as~ 

5 · alkylaminoalkyltrialkoxysilanes, mercaptoalkyltrialkoxysilanes, and 

arylaminoalkyltrialkoxysilanes containing a significant percentage, but preferably less than 

all, of terminal endblocked isocyanate groups; in U.S. Patent No. 4,067,844 to Barron and 

·Turk, which disclosed curable poylurethanes in which a portion of the NCO terminations are 

reacted with certain amino silanes (or with the residue on reaction of a mercaptosilane with - ~ 

10 monoepoxide, or with the residue on reaction of an epoxysilane with a secondary amine); in 

U.S. Patent No. 4,345,053 to Rizk, et al., which disclosed a moisture-curable silane-

terminated polymer prepared by reacting a polyurethane having terminal active hydrogen 

atoms with an isocyanato organosilane having a terminal isocyanate group and at least one 

hydrolyzable alkoxy group bonded to silicon; and in U.S. Patent No. 4.625,012 to Rizk and 

15 Hsieh, which disclosed a moisture-curable polyurethane having terminal isocyanate groups 

and silane groups having at least one hydrolyzable alkoxy group bonded to silicon, in which 

the silane groups may be pendant to the chain. 

Silane-endcapped urethane sealants frequently exhibit insufficient flexibility to be 

useful in applications requiring considerable extension and compression. To overcome these 

20 problems, U.S. Patent No. 4,645,816 to Pohl and Osterholtz described a novel class ofroom-

temperature, moisture-curable, silane-terminated polyurethanes bearing terminal isocyanate 

groups reacted with a silane monomer having one dialkoxy silane group and an organo-

functional group with at least one active hydrogen. The polymers were crosslinked to produce 

elastomeric networks with improved flexibility. 
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Another approach to reducing the crosslinking density of the cured elastomers, is to 

use secondary aminosilanes with bulky substituents on the nitrogen as silane endcappers, 

preferably reacting all free isocyanate endgroups with these secondary amino silanes. Feng 

reported in European Patent Application No. 676,403 that the use of arylaminosilanes, 

5 particularly having one dialkoxy silane group provided the added benefit of further improved 

flexibility. Zwiener, et al. disclosed in U.S. Patent No. 5,364,955 similar benefits using 

certain N-alkoxysilylalkyl-aspartic acid esters. 

The use of difunctional silanes and/or sterically hindered silanes, typically employing 

amine reactivity for the endcapping of the urethane prepolymers, suffers from several 

10 drawbacks. The secondary amine containing silanes are slow to react with the urethane 

prepolymer while polymer endcapped with dialkoxyfunctional silanes are typically very slow 

to cure. Particularly the formation of urea which is experienced when using amino silanes 

leads to a meaningful increase in viscosity of the prepolymer, potentially resulting in 

processing problems and application restrictions. 

15 Employing trialkoxy silane groups as endcappers for silylated precursors intended to 

have considerable flexibility has heretofore required forming extended polymer chains with a 

significantly high average molecular weight to balance out the crosslinking density inherent 

in the use of the trifunctional endcapper. This however has led to increased viscosity of the 

eventual product, to unacceptably high levels particularly using amino silane endcappers 

20 building urea bonds. The synthesis routes to build up chain length via the polyurethane 

polyaddition reaction using conventional polyether polyols have exhibited the problem of low 

to negligible residual functionality of the urethane prepolymer before silane endcapping. 

Hence, synthesis of these types of systems may be not feasible, and/or these systems may 

offer unacceptable cure profiles and mechanical properties. 

3 



SIL0012 iliiitITTIHlif 
Thus, there remains a need for silylated poly urethane precursors that offer 

simultaneously favorable viscosities, faster cure, and significantly improved mechanical 

properties, flexibility, and no residual tack after final cure. 

5 Brief Summary of the Invention 

One aspect of this invention is the synthesis of high molecular weight urethane 

polymers, endcapped with alkoxyfunctional silanes, that offer satisfactory properties and 

· flexibility after final cure of the siloxane-crosslinked polymer network. Use of such 

functional sil~e endcappers, and especially trifunctional silane endcappers, offers the ad~ed 

10 benefit of fast cure speeds. It has been found that silylated polyurethanes offering non-brittle, 

elastic materials can be prepared using extremely low-unsaturation polyether polyols in the 

formation of the polyurethane prepolymers that are silylated. 

Thus, one aspect of the present invention is a process for preparing a silylated 

polyurethane, comprising (A) reacting (i) a polyol component having tenninal unsaturation 

15 less than 0.02 milliequivalents per gram of polyol of2,000 to 20,000 molecular weight, with 

(ii) a diisocyanate component at a stoichoimetric excess of said polyol component to said 

diisocyanate component, whereby a polyurethane prepolymer is formed which is hydroxyl-

terminated; and (B) reacting said polyurethane prepolymer with one or more isocyanate 

silanes of the formula 

20 OCN-R-Si-(X)m(-OR1
)3_m wherein mis 0, 1 or 2, each R1 is alkyl containing 1to4 carbon 

atoms and preferably methyl or ethyl, each X is alkyl containing I to 4 carbon atoms and 

preferably methyl or ethyl, and R is a difunctional organic group and preferably straight or 

branched di:functional alkyl containing 2 to 6 carbon atoms, to endcap the hydroxyl groups on 

said prepolymer with said isocyanate silane. 

4 
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The polymerization of alkylene oxide in the presence of metal complex catalysts 

allows for the synthesis of polyether polyols with higher molecular weight and very low 

unsaturation level. These polyether polyols are ideal starting materials for the synthesis of 

very high molecular weight polyurethanes via polyaddition reaction. Their inherent high 

5 molecular weight enables diminishing amounts of hard segments for the build up of urethane 

polymer chain length resulting in drastically lower viscosities of the urethane prepolymers. 

Moreover their low unsaturation level pennits increasing the urethane prepolymer molecular 

· weight without loss of functionality during chain extension for ultimate silane endcapping 

and final curing. 

10 Another aspect of the present invention is silylated polyurethanes prepared by the 

aforementioned process. This aspect of this invention pennits the synthesis of very high 

molecular weight silylated polyurethanes which demonstrate significant lower residual 

surface tack. By comparison, the use of conventional polyether polyols as educts for the 

synthesis of urethane prepolymers with increased molecular weight typically leads to the 

15 disadvantage of excessive residual surface tack in the final products. This aspect of the 

present invention thus provides high molecular weight, low viscosity silylated polyurethanes 

using isocyanate alkoxy silane endcappers, which silylated products are excellent precursors 

for formulations of sealants, adhesives, coatings, and the like. Fonnulations employing these 

precursors simultaneously exhibit lower viscosities, convenient processing and workability, 

20 fast cure profiles, and improved mechanical properties and flexibility, in an elastic, flexible 

material exhibiting little or no residual surface tack. 
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Detailed Description Of The Invention 

Polymers 

Urethane polymers bearing terminal active hydrogen atoms which are useful in the 

present invention can be prepared by the reaction of an organic di- or polyisocyanate reactant 

5 component with a stoichiometric excess of a polyol reactant component which can be a 

polyether polyol or comprises a combination ofpolyols. Depending on the reactivity of the 

respective reactants, a catalyst might be employed. The reaction temperature is typically in 

. the range of 60° to 90°C; the reaction time is typically on the order of about 2 to 8 hours. 

Example preparations are set out in the next section. 

I 0 Suitable organic di- and polyisocyanates include diisocyanates such as 2,4-toluene 

diisocyanate, 2,6-toluene diisocyanate, 4,4' -diphenyl-methanediisocyanate, 2,4' -diphenyl­

methanediisocyanate, isophorone diisocyanate ("IPDI"), 4,4' -dicyclohexylmethane­

diisocyanate-isomers, DESMODUR N and the like, and mixtures thereof. 

For the production of the urethane prepolymers one or more diols and triols can be 

15 employed in the reaction such as polyether polyols, polyester polyols, polybutadienediols, 

polyoxyalkylene diols, polyoxyalkylene triols, polytetramethylene glycols, polycaprolactone 

diols and trials, and the like, having two or more hydroxyl groups. Preferred polyols used in 

the present invention are polypropylene glycols. The polyols employed in the present 

invention have a very low unsaturation level and therefore high functionality. Said polyols are 

20 typically prepared using metal complex catalysts for the polymerisation of alkylene oxide 

resulting in polyols having a low level of terminal ethylenic unsaturation that is less than 

0.02, preferably less than 0.04, milliequivalents per gram (meq/g) of polyol. The molecular 

weight of the polyols is typically in the range between about 2,000 and 20,000, more 

preferably 3,000 to 10,000. 
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To prepare active hydroxyl group-terminated polyurethanes useful in this invention, at 

least a slight molar excess of the hydroxyl equivalents (-OH groups) with respect to the -NCO 

equivalents (groups) is employed to !enninate the polymer chains with hydroxyl groups. The 

preferred molar ratio of the NCO to OH is from about 0.3 to 0.95, and more preferably 

5 between 0.5 and 0.85, depending on the polyol in use. 

Organofunctional silane endcappers suitable in the present invention for the 

endcapping of the active hydrogen tenninal atoms bearing urethane prepolymers are 

. represented by the general formula: OCN-R-Si-(X)m(OR')<3-m), wherein Risa divalent 

organic group, each R' is alkyl having 1 to 4 carbon atoms, X is an alkyl group having from 

10 1 to 4 carbon atoms, and m is an integer from 0 to 2. Group R can have any of a wide variety 

of structures forming a stable bridge between the tenninal isocyanate group and the 

alkoxysilane group. A number of structures for such isocyanato alkoxysilane compounds are 

illustrated for example, in columns 4 and 5 of U.S. Patent No. 4,146,585. Preferably, 

however, R is a lower alkylene group having 2 to 6 carbon atoms and more preferably at least 

15 3 carbon atoms therein. Particularly preferred materials are gamma-isocyanatopropyl­

triethoxy silane and gamma-isocyanatopropyl-trimethoxy silane. 

The urethane prepolymer having active hydrogen atoms is reacted in an approximately 

stoichiometric amount with the above described isocyanate silane to fonn a stable prepolymer 

having one or more terminal alkoxysilane groups. 

20 The urethane prepolymer synthesis as well as the subsequent silylation reaction are 

conducted under anhydrous conditions and preferably under an inert atmosphere, such as a 

blanket of nitrogen, to prevent premature hydrolysis of the alkoxysilane groups. A typical 

temperature range for both reaction steps, is 0° to 150°C, and more preferably between 60° 

and 90°C. Typically, the total reaction time for the synthesis of the silylated polyurethane is 
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between 4 to 8 hours. 

Catalysts typically used in the preparation of the above mentioned urethane 

prepolymers as well as of the related silylated polyurethanes are dialkyltin dicarboxylates, 

such as dibutyltin dilaurate and dibutyltin acetate, tertiary amines, the stannous salts of 

5 carboxylic acids, such as stannous octoate and stannous acetate, and the like. The preferred 

catalyst used in the present invention is dibutyltin dilaurate. 

10 

The synthesis is monitored using a standard titration technique (ASTM 2572-87) and 

. infrared analysis. Silylation of the urethane prepolymers is considered complete when no 

residual NCO can be monitored by either technique. 

Sealants 

One-part sealant formulations incorporating the above silane terminated urethane 

polymers can be prepared by mixing together the silylated polyurethane and any of the 

customary :functional additives, such as one or more fillers, plasticizers, thixotropes, 

15 antioxidants, U.V. stabilizers, adhesion promoter(s) and/or cure catalyst. Satisfactory mixing 

is obtained using a double planetary mixer. Typically, the silylated urethane polymer, fillers, 

stabilizers and plasticizer are mixed at 80°C for 60 to 90 minutes in. vacuum. After cooling to 

50°C, the desired silane adhesion promoter, dehydrating agent and cure catalyst are added and 

the mixture is stirred for an additional 30 minutes under a blank.et of nitrogen. 

20 Typical fillers suitable for formulation of the sealants include reinforcing fillers such 

as fumed silica, precipitated silica and calcium carbonates._ To further improve the physical 

strength of the formulations, reinforcing carbon black can be used as a main filler, leading to 

black systems. Several commercial grades of carbon black useful in this invention are 

available, such as "CORAX" products (Degussa). To obtain translucent formulations, higher 

1iii~inr 8 
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levels of fumed silica or precipitated silica should be used as the main filler, without carbon 

black. 

Treated calcium carbonates having particle sizes from 0.07 µm to 4 µmare preferred 

fillers and are available under several trade names, such as: "ULTRA PFLEX" and "HI 

5 PFLEX" from Specialty Minerals; "'WINNOFIL SPM" and "WINNOFIL SPT'~ from Zeneca 

Resins; "HUBERCARB 1 Qt", "HUBERCARB 3Qt" and "HUBERCARB W" from Huber 

and "KOTOMITE" from ECC. These fillers can be used either alone or in combination. The 

. fillers generally comprise up to 200 parts per 100 parts of the silylated urethane polymer with 

80 to 150 parts being the more preferred loading level. 

10 The plasticizers customarily employed in polyurethane sealants can also be used in 

the invention to modify the properties and to facilitate use of higher filler levels. Exemplary 

plasticizers include phthalates, dipropylene and diethylene glycol dibenzoates and mixtures 

thereof, epoxidized soybean oil and the like. Useful sources of dioctyl and 

diisodecylphthalate include those available under the tradenames "JA YFLEX DOP" and 

1 S "JA YFLEX DIDP" from Exxon Chemical. The dibenzoates are available as "BENZOFLEX 

9-88", "BENZOFLEX 50" and "BENZOFLEX 400" from Velsicol Chemical Corporation. 

The soybean oil is available from Union Carbide Corporation as "FLEXOL EPO". The 

plasticizer typically comprises up to 100 parts per hundred parts of the silylated urethane 

polymer with 40 to 80 parts per hundred being preferred. 

20 The sealant formulation can include various thixotropic or anti-sagging agents. This 

class of additives are typified by various castor waxes, fumed silica, treated clays and 

polyamides. These additives typically comprise 1 to 10 parts per hundred parts of silylated 

urethane component with 1to6 parts being preferred. Useful thixotropes include those 

available as: ''AEROSIL" from Degussa, "CABO-SIL TS 720" from Cabot, 

9 
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''CASTORWAX" from CasChem, "THIXATROL" and "THIXCIN" from Rheox, and 

"DISLON" from King Industries. 

U.V. stabilizers and/or antioxidants can be incorporated into the sealant fonnulations 

of this invention in an amount from 0 to 5 parts per hundred parts of silylated urethane 

5 polymer with 0.5 to 2 parts being preferred. These materials are available from companies 

such as Great Lakes and Ciba-Geigy under the tradenames ''ANOX 20" and "UV ASIL 299 

HM/LM" (Great Lakes), and "IRGANOX 1010", "TINUVIN 770", ''TINUVIN 327", 

. "TINUVIN 213", "TINUVIN 622 LD" (Ciba-Geigy), respectively. 

Various organofunctional silane adhesion promoters are useful in the sealant 

10 formulation of the present invention. These materials typically are employed at levels of 0.5 

to 5 parts per hundred parts of the silylated urethane polymer, with 0.8 to 2.0 parts per 

hundred parts of polymer being preferred. Suitable adhesion promoters include "SILQUEST 

A-1120" silane, "SILQUEST A-2120" silane, "SILQUEST A-1110" silane, "SILQUEST A-

1170" silane and "SILQUEST A-187" silane, all of which are available from Witco's 

15 OrganoSilicones Group. 

Suitable cure catalysts are the same as those that have been previously described for 

preparation of the silylated urethane polymers. The catalysts typically comprise 0.01 to 3 

parts per hundred parts of silylated urethane polymer, with 0.01 to 1.0 parts per hundred parts 

of polymer being preferred. 

20 After mixing, the sealants are typically cured at 23°C and 50% relative humidity for 

14 days. 

10 
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EXAMPLES 

Test Procedures 

After synthesis, a portion of the silylated polyurethane was thoroughly mixed with 1 % 

by weight of dibutyltin dilaurate (DBTDL) as curing catalyst. The homogeneous-mixture of 

5 the catalyst and the silylated polymer was subsequently cast into TEFLON PTFE molds and 

installed for two weeks at 23 °C and 50 % relative humidity in a climatic chamber for curing. 

The cured polymer films were tested thereafter as described herein using the test procedures 

. applied to the corresponding sealants. 

The viscosities of the urethane prepolymers, the related silylated polyurethanes, and 

10 the formulated sealants were determined with an ICI cone & plate viscometer, typically at 

156 s •1 and ambient conditions. 

The physical properties of the cured silylated polyurethanes and the related sealants 

were tested according to the American Society for Testing and Materials (ASTM) Method D 

412 for tensile strength, revealing the values for tensile strength at break, elongation at break 

15 and 100 % modulus, and according to the ASTM Method D 624 for tear strength. 

The hardness of the materials was observed using Shore A hardness testing. 

The residual tack of the cured systems was observed by finger touch and was 

measured on a scale of 4 to 0, where 4 stands for no residual tack and 0 for very tacky. 

The following cases are representative examples for the above described polymer and 

20 related sealant systems. Table I summarizes the polymer systems revealing typical 

formulations. The properties and claimed benefits of the particular polymer films and related 

sealants systems are shown in Table 2 and Table 3, respectively. 

11 



----···-·-··-···--·-.. ·····-····-··----·······---·· ·····-··-·--·-·· .......... .. 

SIL0012 

Example 1 (System A) 

A mixture of 414 g (0.103 mole) of a conventional polyoxypropylene polyol, having a 

specified hydroxyl number of27.9 and correspondingly a molecular weight of about 4021 an 

unsaturation leel of between 0.13 and 0.18, (VORANOL P 4000, Dow Chemicals) and 36.1 g 

5 (0.144 mole) of 4,4'-diphenylmethane diisocyanate (4,4'-MDI, ISONATE M 125, Dow 

Chemicals), giving a NCO/OH ratio of 1.4, adding 60 ppm DBTDL and 20 ppm of 

benzoylchloride as a reaction catalyst-retarder system, respectively, was held under constant 

. stirring (30 rpm) at 70 - 75 °C for about 3 hours to reduce its NCO content to approximately 

0.8 %wt. Then this isocyanate tenninated polyurethane prepolymer (PURA) was reacted 

10 with the corresponding amount of21.4 g (0.084 mole) ofN-phenyl-gamma­

aminopropyltrimethoxysilane (Silane I) to form the silylated polyurethane SPUR A. The 

reaction was held at 70 - 75 °C until the NCO content was zero. 

Example 2 (System B) 

15 A mixture of 322 g (0.082 mole) of a low-unsaturation polyoxypropylene polyol 

having a specified unsaturation level of0.005 meq/g, a specified hydroxyl number of28.4 

and a corresponding molecular weight of 3950 (ACCLAIM™ 4200, ARCO Chemical) and 

28.5 g (0.114 mole) of 4,4' -diphenylmethane diisocyanate ( 4,4' -MDI, ISON ATE M 125, 

Dow Chemicals), giving a NCO/OH ratio of 1.4, adding 20 ppm DBTDL as catalyst, was 

20 held under constant stirring (30 rpm) at 70 - 75 °C for about 3 hours to reduce its NCO 

content to approximately 0.8 %wt. Then this isocyanate terminated polyurethane prepolymer 

(PUR B) was reacted with the corresponding amount of 18.6 g (0.073 mole) ofN-phenyl­

gamma-aminopropyltrimethoxysilane (Silane I) to form the silylated polyurethane SPUR B. 

The reaction was held at 70 - 75 °C until the NCO content was zero. 

12 1m1iii1i~r 
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Example 3 (System C) 

A mixture of 382 g (0.094 mole) of a low-unsaturation polyoxypropylene polyol, 

(ACCLAIM™ 4200, ARCO Chemicals) and 14.5 g (0.058 mole) of4,4'-MDI (ISONATE M 

125, Dow Chemicals), giving a NCO/OH ratio of0.62, adding 20 ppm ofDBTDL as catalyst, 

5 was held under constant stirring (30 rpm) at 70 - 75 °C for about 3 hours to reduce its NCO 

content to zero. Then this hydroxyl group terminated polyurethane prepolymer (PUR C) was 

reacted with 14.6 g (0.071 mole) of gamma-isocyanatopropyltrimethoxysilane (Silane II) to 

. form the silylated polyurethane SPUR C. The reaction was held at 70 - 75 °C until the NCO 

content was again zero. 

10 

Example 4 (System D) 

A mixture of 311.4 g (0.038 mole) of a low-unsaturation polyoxypropylene polyol, 

having specified unsaturation level of 0.005 meq/g, a specified hydroxyl number of 13 .8 and 

a corresponding molecular weight of8130 (ACCLAIM™ 8200, ARCO Chemicals) and 4.3 g 

15 (0.019 mole) oflPDI (VESTANATE, Hills), giving a NCO/OH ratio of0.5, adding 40 ppm 

of dibutyltin dilaurate as catalyst, was held under constant stirring (30 rpm) at 70 - 75 °C for 

about 3 hours to reduce its NCO content to zero. Then this hydroxyl group terminated 

polyurethane prepolymer (PUR D) was reacted with 9.93 g (0.04 mole) of gamma-

isocyanatopropyltriethoxysilane (Silane III) to form the silylated polyurethane SPUR D. The 

20 reaction was held at 70 - 75 °C until the NCO content was again zero. 

Example 5 (System E) 

A mixture of238.l g (0.029 mole) of a low-unsaturation polyoxypropylene polyol, 

(PPO, ACCLAIM™ 8200, ARCO Chemicals) and 4.35 g (0.019 mole) ofIPDI 

13 
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(VEST AN ATE, Hills), giving a NCO/OH ratio of 0.67, adding 40 ppm of dibutyltin dilaurate 

as catalyst, was held under constant stirring (30 rpm) at 70 - 75 °C for about 3 hours to reduce 

its NCO content to zero. Then this hydroxyl group terminated polyurethane prepolymer 

(PURE) was reacted with 5.06 g (0.02 mole) of gamma-isocyanatopropyltriethoxysilane 

5 (Silane III) to form the silylated polyurethane SPUR E. The reaction was held at 70 - 75 °C 

until the NCO content was again zero. 

Films were made from the prepolymers by pouring 100 to 120 g of the prepolymer 

. into a glass jar, the lid of this jar being equipped with a gas in/outlet, and a device that allows 

the air tight rotation of an agitation rod. The polymer was degassed under vacuum at room 

10 temperature, until no bubble is present. The jar was opened and 1 wt% tin catalyst was 

introduced into the polymer. After closing of the jar, the catalyst was incorporated into the 

polymer by mixing under vacuum until the blend is homogeneous. The content of the jar was 

poured into a PTFE mould to react with air moisture; an about 3 mm polymer sheet was 

obtained and tested after 2 weeks at 23°C and 50% relative humidity. 

15 

Table 1: Polymer Structure Overview and Viscosities 

System A B c D E 

polyol P4000 Acc4200 Acc4200 Ace 8200 Ace 8200 

isocyanate MDIM 125 MDIM 125 MDIM 125 IPDI IPDI 

NCO/OH ratio 1.4 1.4 0.62 0.5 0.67 

silane endcapper I I II III III 

calcul. approx. MW 11.000 11.000 12.000 17.000 25.000 

silylated 115.2 243.2 76.8 57.6 96.0 
polyurethane 
viscosity (Pa.s) 
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Table 2: Polymer Film Properties 

System A 

tear(N/mm) 1.6 

tensile at break (MPa) 0.3 

elongat. at break (%) 248 

100% modulus (MPa) 0.1 

Shore A 9 

residual tack* 1 

B 

4.4 

1.0 

169 

0.7 

37 

3 

c 
2.4 

0.7 

60 

47 

4 

D E 

2.5 2.6 

0.5 0.4 

125 326 

0.4 0.14 

26 12 

4 3 

• The residual tack of the cured systems was observed by finger touch and was measured on a scale 4 to 0, 
5 · where 4 stands for no residual tack and 0 for very tacky of the completely cured product. 

Examples 6 to 1 O (System F to K,): 

The sealant systems - Examples F to K - were formulated using the procedure 

10 

15 

described above. The following ingredients and amounts were used: 

Ingredient 
Silylated Polyurethane 
DIDP 
CaC03 *(0.07 mm) 
Si02* 
Ti02* 
SILQUEST A-171 (vinyltrimethoxy silane) (Witco) 
SILQUEST A-1120 

(N-J3-aminoethyl)-y-aminopropyltrimethoxy silane) (Witco) 
DBTDL 

20 * surface treated 

The perfonnance properties of the sealants are summarized in Table 3. 

This S4eet If.as Been Replaced 
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40 
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2 
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Table 3: Sealant Properties 

System F G H I K 

prepolymer A B c D E 

viscosity (Pa.s) 172.8 467.2 92.8 121.6 ' 313.6 

tear(N/mm) 4.9 8.2 6.6 8.0 8.9 

tensile at break (MPa) 1.5 2.7 2.7 2.35 1.94 

elongation at break (%) 236 194 147 234 469 

100% modulus (MPa) 0.7 1.7 2.2 1.2 0.6 

ShoreA 25 49 62 23 27 

residual tack* 2 4 4 4 4 

• The residual tack of the cured systems was observed by finger touch and was measured on a scale 4 to 0, 
5 where 4 stands for no residual tack and 0 for very tacky of the completely cured product. 

Direct comparison of Systems A and Band of their related sealants F and G, 

respectively, reveals the distinct influence of employing either conventional or low-

l 0 unsaturation type of polyether polyols for this technology. Polyether polyols with an 

extremely low level of terminal ethylenic unsaturation allow for the synthesis of silylated 

urethane polymers with increased molecular weight via the polyaddition reaction with.out 

sacrificing mechanical properties or increasing residual surface tack. The increase in tear 

strength (175 % and 67 % for polymer film and sealant, respectively), tensile strength at 

15 break (233 %·and 80 % for polymer film and sealant, respectively), 100% modulus, and 

Shore A, and the lower values for elongation at break, all reflect the higher functionality and 

therefore the improved crosslinking network. 

Comparison of Systems Band C and of their related sealants G and H, respectively, 

demonstrates the impact of either using amino silanes or isocyanate silanes for silane 

20 endcapping on the viscosities of the systems. The isocyanate silane endcapping leads to 

distinctively lower viscosities of silylated prepolymers of similar molecular weight, such as 

16 
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the reduction of viscosity by a factor of three in the example shown. This property typically 

carries over to the corresponding sealant formulations as well, such as the reduction of 

viscosity by a factor of 5 in the example shown. 

Systems D and E demonstrate the ability to build up silylated polyurethanes of 

5 extended chain length and still obtain favorable viscosities by polyaddition reaction. 

Polyether polyols of low unsaturation level allow for the synthesis of high enough molecular 

weight urethane prepolymers to enable the use of tri:functional silanes for endcapping without 

. sacrificing flexibility. System E and its related sealant fonnulation K illustrate the present 

invention in a comprehensive way: The employment of low unsaturation polyether pol yo ls 

10 allows for the synthesis of urethane prepolymers with extended chain len~ endcapped with 

trifunctional isocyanate silanes, having low viscosities, showing good mechanical properties 

and flexibilities, with the added benefit of lower residual tack and faster cure profiles. 

Examples 11-12 (Polymers U, V and Sealants X, Y) 

15 Example U: A mixture of 315.3 g (0.079 mole) of a conventional 

polyoxypropylene polyol, (VORANOL P 4000, Dow Chemicals) and 14.8 g (0.059 mole) of 

4,4'-diphenylmethane diisocyanate (4,4'-MDI, ISONATE M 125, Dow Chemicals), giving a 

NCO/OH ratio of0.75, adding 5 ppm tin as dibutyltin dilaurate (DBTDL) catalyst, was held 

under constant stirring (30 rpm) at 70 - 75 °C for about 3 hours to reduce its NCO content to 

20 zero. Then this hydroxyl group terminated polyurethane prepolymer (PUR U) was reacted 

with 8.47 g (0.041 mole) of gamma-isocyanatopropyltrimethoxysilane (Silane II) to form the 

silylated polyurethane SPUR U. The reaction was held at 70 - 75 °C until the NCO content 

was again zero. 

Example V: A mixture of315 g (0.082 mole) of a low-unsaturation 

17 
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polyoxypropylene polyol, (ACCLAIM™ 4200, Lyondell Chemicals) and 15.4 g (0.062 mole) 

of 4,4'-MDI (ISONATE M 125, Dow Chemicals), giving a NCO/OH ratio of 0.75, adding 10 

ppm tin as DBTDL catalyst, was held under constant stirring (30 rpm) at 70 - 75 °C for about 

3 hours to reduce its NCO content to zero. Then this hydroxyl group terminated polyurethane 

5 prepolymer (PUR V) was reacted with 8.82 g (0.043 mole) of 

10 

gamma-isocyanatopropyltrimethoxysilane (Silane II) to form the silylated polyurethane 

SPUR V. The reaction was held at 70 - 75 °C until the NCO content was again zero. 

. Table 4: Polymer Structure Overview and Viscosities 

System u 
polyol VORANOL P 4000 

isocyanate MDIM 125 

NCO/OH ratio 0.75 

silane endcapper II 

calcul. approx. MW 17,000 

silylated polyurethane 44.0 

viscosity (Pa.s) 

v 
ACCLAIM 4200 

MDIM 125 

0.75 

II 

17,000 

204.8 

Films and Sealants were made from pre-polymers U and V according to the procedures set 

forth above. 

18 
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Table 5: 

System 

tear(N/mm) 

Polymer Film Properties 

tensile at break (MPa) 

elongat. at break(%) 

100% modulus (MPa) 

Shore A 

residual tack* 

u 
1.4 

0.17 

320 

0.07 

3 

0 

v 
2.7 

0.65 

153 

0.49 

32 

3 

* The residual tack of the cured systems was observed by finger touch and was measured on a 
scale 4 to 0, where 4 stands for no residual tack and 0 for very tacky of the completely cured 

5 ·product. 

10 

15 

The performance properties of the sealants are summarized in Table 6. 

Table 63: Sealant Properties 

System x y 

prepolymer u v 
viscosity (Pa.s) 62.4 345.6 

tear(N/mm) 5.0 11.0 

tensile at break (MPa) 1.1 2.3 

elongation at break (%) 386 305 

100% modulus (MPa) 0.3 1.1 

Shore A 16 43 

residual tack* I 4 

* The residual tack of the cured systems was observed by finger touch and was measured on a 
scale 4 to 0, where 4 stands for no residual tack and 0 for very tacky of the completely cured 
product. 

Direct comparison of Systems U and V and of their related sealants X and Y, 

respectively, reveals the distinct influence of employing either conventional or low-

unsaturation type of polyether polyols for this technology. Polyether polyols with an 
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extremely low level of terminal ethylenic unsaturat'"n, being generally less than 0.02 meq/g 

of polyol, allow for the synthesis of silylated urethane polymers with increased molecular 

weight via the polyaddition reaction without sacrificing mechanical properties or increasing 

residual surface tack. The increase in tear strength (93 % and 120 % for polymer film and 

5 sealant, respectively), tensile strength at break (282 % and 110 % for polymer film and 

sealant, respectively), 100% modulus, and Shore A, and the lower values for elongation at 

break, all reflect the higher :functionality and therefore the improved crosslinking network. 
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WE CLAIM: 

1. A process for preparing a silylated polyurethane, comprising 

(A) reacting (i) a polyol component having terminal unsaturation less than 

0.02 milliequivalents per gram of polyol with a molecular weight of 2,000-20,600 daltons, 

5 with (ii) a diisocyanate component at a stoichoimetric excess of said polyol component to 

said diisocyanate component, whereby a polyurethane prepolymer is formed which is 

hydroxyl-terminated; and 

(B) reacting said polyurethane prepolymer with one or more isocyanate silanes 

of the formula (1) 

10 OCN-R-Si-O{)m(-OR1
)3_m (1) 

wherein m is 0, 1 or 2, each R1 is alkyl containing 1 to 4 carbon atoms, each X is alkyl 

containing 1 to 4 carbon atoms, and R is a difunctional organic g~oup, to endcap the hydroxyl 

groups on said prepolymer with said isocyanate silane. 

2. A process according to claim 1 wherein R is difunctional straight or branched alkyl 

15 containing 2 to 6 carbon atoms. 

3. A process according to claim 1 wherein mis zero. 

4. A process according to claim 1 wherein mis one. 

5. A process according to claim 1 wherein said isocyanate silane of formula (1) is 

gamma-isocyanatopropyl-trimethoxysilane or.gamma-isocyanatopropyl-triethoxysilane. 

20 6. A silylated polyurethane prepared by a process comprising 

(A) reacting (i) a polyol component having tenninal unsaturation less than 0.2 

milliequivalents per gram of polyol with a molecular weight of 2,000-20,000 daltons, with 

(ii) a diisocyanate component at a stoichoimetric excess of said polyol component to said 

diisocyanate component, whereby a polyurethane prepolymer is formed which is hydroxyl-

---·--------
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terminated; and 

(B) reacting said polyurethane prepolymer with one or more isocyanate silanes 

of the formula (I) 

5 wherein m is 0, I or 2, each R 1 is alkyl containing 1 to 4 carbon atoms, each X is alkyl 

containing I to 4 carbon atoms, and R is a difunctional organic group, to endcap the hydroxyl 

groups on said prepolymer with said isocyanate silane. 

7. A silylated polyurethane according to claim 6 wherein mis zero. 

8. A silylated polyurethane according to claim 6 wherein mis one. 

10 9. A silylated polyurethane according to claim 6 wherein said isocyanate silane of 

formula (1) is gamma-isocyanatopropyl-trimethoxysilane or gamma-isocyanatopropyl-

triethoxysilane. 

10. A silylated polyurethane according to claim 6 wherein said diisocyanate 

component is selected from the group consisting of2,4-toluene diisocyanate, 2,6-toluene 

15 diisocyanate, 4,4' -diphenyl-methanediisocyanate, 2,4' -diphenyl-methanediisocyanate, • 

isophorone diisocyanate, 4,4' -dicyclohexylmethane-diisocyanate-isomers, and mixtures 

thereof. 
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