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BACKGROUND OF T INVENTION
Sealants are widely wused in building and cilvil

engineering works as they serve several general functions as

follows:

(a) Waterproofing function
10 Sealants are used as components of complete
waterproofing system by resisting the passage of water into.

joined part of the building.

(b} Environmental function_ _
Sealants are used as barriers to resist the passage of

- 15. heat, light, sound, odor, dust, etc. into the building.

(c) Movement control function
Sealants are used to accommedate continuing changes in
size of the joint due to thermal, moisture and structurai
- movements, including vibration and creep.

20 ‘.' A sealant must be able to perform these functions. At
the same time, it must have acceptable appearance,
durability, economic and maintenance cost. In some cases,
additional functions may be required such as ability to
perform under special temperature or humidity conditions

25 and/or to withstand a polluted atmosphere.




WD 03/ 050157 PCT/ SG02/ 00289 -1- HEAT AND HOT WATER RESI STANT POLYURETHANE
SEALANT FI ELD OF THE | NVENTI ON The present invention rel at &3ute®006

seal ant s/ adhesi ves. The seal ant/adhesive of the invention is formulated to
exhi bit high resistance to heat and hot water inmersion. 5 BACKGROUND OF
THE |1 NVENTI ON Seal ants are widely used in building and civil engineering
wor ks as they serve several general fungtions as follows: (a)

Vat er proofing function 10 Seal ants are used as conponents of conplete

wat er pr oofi?f%yé?%?%?ﬁeofsr éshigh ﬁgertfﬁémﬁ%@%égélévtveaﬁt etidphy oie5 Aeéd part of

the DUl diagor(bl. B0y LORTRDS ol bRgkian Seakant S.a66.HRqs g3 oarriers to

r esi st t he passage of soun into the
bui | di gxgl yrlee ). c Moie nentsus oy tridd 1 ef mncﬁémdﬁeabﬁmxm afe edisefbrim@naar onmodat e

conti nui ng change size of the 0| nt. due to thermal, noisture and
struct A% Orsnﬁk}‘grhearﬁ deaf n dpUATHGSvi BY ATATENES ¢ rTBese 5eCRESe AL ERRT must be
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appearance, durability, econom c and nmai ntenance cost. In sone cases,
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excessively to heat and water. High temperature for example may
change the physical structure of polyurethane by loosening inter-
macromolecular interactions and change the chemical structure of
polyurethane through the break-up of macromolecular chains and the
formation of low molecular mass products. The polyurethane sealant
degradation at high temperature in the presence of moisture or water
may proceed through water-swelling, loss of inter macromolecular

interactions, hydrolysis of urethane linkage and chain degradation.

- SUMMARY OF THE INVENTION
Disclosed herein is a new polyurethane sealant that can exhibit
high resistance to heat and hot water immersion. The product can
have commercial application in areas requiring sealant with high
resistance to heat and hot water immersion e.g. a building facade.
Also disclosed herein is a polyurethane sealant that can resist
oxidative damage. This can be accomplished by incorporation of a
novel antioxidant compound.
Further disclosed herein is a method for sealing a surface (as a
coating} or sealing and adhering a joint between two surfaces by

applying the




Pol yur et hane as a high performance sealant is widely used in joints of
curtain walling on building facades. Al though highly pol ynegiuute 2006 1S
susceptible to degradation due to environnmental factors such as heat,

nmoi sture, UV and others. These factors either alone or in conbination
affect the performance of the material in the process of curing as well as
during long termexposures. In the -B3ropics, the material also tends to
fail prematurely if exposed excessively to heat and water. Hi gh

t enper at BP%Y‘fliﬂt%é‘ilérrﬁ‘P%Pcﬁdﬁloéha"rfgéqcheapﬁ?%fﬂ?@l o5t yicttur e of pol yur et hane

by | ooseni ng j ol er et ol seubal , I nberagt Lons gpdyghange the chem cal

structure of polyurethane throug e break-up of nacronol ecul ar chains
and t he pbbyurstthaneofed DMIHTDIIRE WHdfanfB§8s Ps O AHKGESned hevapebypseddane seal ant
degradation at high tenperature in the presence of noisture or water may
proceed PRFBIRFTIREEFeRIHNY FAgLde dudnsirahterl meErBIRII@CGUMAESTT nt er act i ons,

hydr ol yst 3. of iy elben -Aaga%gggo@%dcﬂgpgﬂggﬁs%d%w%sa%@%ggmﬁ THE

| NVENTI ON Di sclose ereln I's a new p ane se can exhi bi t
hi gh resestlarideyt of heatedndnboéntwaicehgi saesSicon to Thepqroaduct can  have
commercial application in _areas requiring sealant with high resistance to

heat and®Abt:ARdr efOF NS SLEN RG-S T8 bl | B hgata€ade. Wideso di scl osed herein

is a pol yukgtlane 58al atrnt NAn &AN hEShSLre OXi dative damage. This can be
acconpl i shed by incorporation of a novel antioxidant conpound. Further

di scl osed herea e iSratmespaodt ,f oheseald pgoaided fapeliasethar@oat i ng) or

sealing and adhering a joint between two surfaces b applying the 8 June
2006 - 3-5%%1Wr EPW%%%IW%BQW?WDQO%W%P%r f*a%%gé‘r PHPARENA so

diSC|Oseﬂ,r%ﬂé%%@pi§oﬁbdﬂgﬁ%lAt85%ﬁ¥3g@9n§rﬁydﬂﬁﬁhﬁﬂigtggﬂy%tﬁgﬁlé?gl The
advant ages of this new two-conponent
selected from the group consisting of polybutylene glycol,
polytetramethylene ether glycol and a mixture thereof, a

cross—~linker and an antioxidant of the formula I:

0
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and component B comprises a polyisocyanate curing agent.
In a second aspect, there is provided a polyurethane
sealant composition comprising a component A and a
component B, wherein component A comprises i) a
hydrophobic polyether diol selected from the group
‘consisting of polybutylene glycol, polytetramethylene
ether glycol and a mixture thereof, having a number
average molecular weight of 2000 to 4000 daltons that is
present in an amount of 20 to 60 wt $ of cbmponent A,
ii) a cross-linker selected from the group consisting of

polypropylene oxide triol having a number average




pol yur et hane seal ant reside principally in preventing water- swelling,

wat er - absorpti on and hydrolysis, increasing thermal stabilg§fwmed008 sea

and enhanci ng adhesion to a porous material, for exanple concrete, in hot
wat er or under conditions of a warm hum d atnosphere. In a first aspect,
there is provided a pol yurethane sealant conposition conprising a
conponent A and a conponent B, wheT 88 conponent A conprises a hydrophobic

pol yet heﬁlo@ie@{llaz?e%@?%ﬁg &fomwet&r@s'@o,cq&ﬁ&,ﬁqt-i,ﬁg pét-f igbybyl ene glycol,

pol ytetranet hyl ene ether glycol and a. m xture thereof, a cross-1linker and
an -ant i okvdankypfophe) éohvikmediambna ndca wiBHire M o -(CH)' -a-{ N-cu,
and conponent B ¢ ri ses. a polyjsocyanate curing agent. 1In a second
aspect, PﬂgYErngg$E9iﬂ§ﬂd%'gﬁ&étr%?%%%% LSBT BIPRIS i on conprising a
conponenhofeaitlad wEPHRONSAT1FH0 WAST 8H G0 COMPARanty A onrdsesid a

hydr ophobi ¢ pol yether di ol selected fromthe group consisting of

pol ybut ykenkydtrgsuproppl ye Bty bentdidreinre, etdrangl ool oxandhret mikt ur e
thereof,thavtnﬂTa nupber average nol ecul ar wei ght of 2000 to 4000 dal t ons
that is CPFeS@RFHA hh anount of 20 to 60 wt % of conponent A, i) a

cross-linker selected fromthe group consisting of polypropyl ene oxide
triol having a nunber average 8 June 2006 - 3a-
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and component B comprises a polyisocyanate curing agent.
In a third aspect, there is provided a polyurethane
sealant composition comprising a component A and a component
- B, wherein component A comprises i) a hydrophobic polyether
diol selected from the group consisting of polybutylene
glycol, polytetramethylene ether glycol and a mixture thereof,
having a number average molecular weight of 2000 to 4000
daltons that is present in an amount of 20 to 60 wt % of
component A, ii) a cross-linker selected from the group
consisting of polypropylene oxide triol having a number
average molecular weight of 1000 to 3000, N,N,N',N' tetrakis
_(2—hydroxypropy1)ethylenediamine and.a mixture of
.polypropylene oxide triol having a number average molecular
weight of 1000 to 3000 and N,N,N’,N'tetrakis (2
hydroxypropyl)ethylenediamine, and iii} an antioxidant; and
component B comprises a polyisocyanate curing agent, wherein

the antioxidant comprises a compound of the formula I:




nmol ecul ar wei ght of 1000 to 3000, N,N,N ,N tetrakis (2-
hydr oxypr opyl ) et hyl enedi am ne and a m xture of pol ypropyl eh&nex0de tri ol
havi ng a nunber average nolecular weight of 1000 to 3000 and N,N, N , N
tetrakis (2 hydroxypropyl)ethyl enedi am ne, and an anti oxi dant of the
formula I: (0 O Il and conponent B conprises a polyisocyanate curing agent.
In a third aspect, there is provideﬂﬂﬁ‘polyurethane seal ant conposition
conprising a conmponent A and a component B, wherein conponent A conprises
i) a hydrophobic polyether diol selected fromthe group consisting of
pol ybutyl ene glycol, polytetranethylene ether glycol ®nd a m xture
thereof, having a nunber average nol ecul ar wei ght of 2000 to 4000 daltons
that is present in an nt of @0 to 6% wt onponent A, ii) a
cross-|inker selected th OURp. . CANs| —_pol ypropyl ene oxi de
triol having a nu r yave ag§ nnlggﬁﬁa I 18@@ to 3000, N,N,N,N
yT') et hyl enedi am ne an

tetrakis (2-hydroxyp Lxture of pol ypropyl ene
oxi de triol having a nunber average nol ecul ar i ght of 1000 to 3000 and

N,NNN ,N tetrakis (2 hydroxypropyl)ethylenediamne, and iii) an
anti oxi dant; meé foonporepecB, ctigrd 46Spacpiad aopyamad eoguri ng agent,
wherein the antioxi dant conprises a conpound of the fornmula |I: 8 June 2006
-3b (1) T FolriH HSpaLRSt13teT EOTRT 1 0\A dedttrfretfodorePsikieal ing a
porous sibelelahs CAME! 5H59 £0 kAgstf Lonposition

In a fifth aspect, there is provided a method for sealing

a joint between two surfaces comprising applying the

composition as defined above to said joint.

DETAILED DESCRIPTION OF THE INVENTION |

The present invention is embodied partly in a two-
component polyurethane sealant. The first component (A)
comprises a hydrophobic polyether diol, a cross—linker, and an
‘antioxidant. Component A can further comprise a filler, a
plasticizer, a drying agent, a silane adduct as adhesion
promoter, an anti-bubble agent, a thixotrope and a curing
catalyst as found necessary to particular applications.
Component A can also contain a modified isocyanate, such as a
modified methylene-bis- (4-phenyl isocyanate), containing
¢arbodiimide groups. An example of such a modified
isocyanate is Isonate 143L from Dow Chemical Co.

The second component (B) comprises a polyisocyanate as a
curing agent.

The two-component polyurethane sealant of the invention
retains its favorable prqperties as a sealant or adhesive
despite prolonged exposure to an atmosphere of hot (e;g. 70°C
or warmer), humid air or to prolonged immersion in hot

'(e.g.(70°C) water.




as defined above upon said substrate. In a fifth aspect, there is provided
a nethod for sealing a joint between two surfaces conpri si 8guggpiogi ng t he
conposition as defined above to said joint. DETAILED DESCRI PTI ON OF THE

| NVENTI ON The present invention is enbodied partly in a tw- conponent

pol yur et hane seal ant. The first conponent (A) conprises a hydrophobic
~polyether diol, a cross-linker, and an-zsanti oxi dant. Conponent A can
further conprise a filler, a plasticizer, a drying agent, a silane adduct
as adhesion pronoter, an anti-bubble agent, a thi xotrope and a curing

catalyst as f%ed%)(n@f:cgb}%%ax SUpRLLLCHL o (ARRl L £aLd NS RIRONENT A can

al so contain 1 SOC at such as a ITD

met hyl en@{blfs:sibdlypbemybut;s]m)ea@ay@al @BoY ak NG neapbeditdHage groups. An
exanpl e of such a npdified isocyanate is Isonate 143L from Dow Chem cal

Co. The ¥éelRY&orsdABRto% Qooéomﬂ@%spal@mw%@@yaha@@ w@sds curing agent.
The two-conponent pol yurethane seal ant of the invention retains its
favorabl e properties as a seal ant or adhesive despite prolonged exposure
to an atnosphere of hot (e.g. 70C or -warmer), humd air or to prol onged
imersion in hot (e.g. water. 8 June 2006 -3c The hydrophobi c pol yet her

di ol used in Conponent Ais preferably polybutylene glycol (PBG with a
nunber average nol ecul ar wei ght of 2000 - 4000, polytetranethyl ene oxide 8
June 2006 WO 03/ 050157 PCT/ SG02/ 00259




-4 glycol (PTMO wi th a nunber average nol ecul ar wei ght of 2000 - 4000 or
a mxture of PBG and PTMO. The pol ybutylene glycol (PBG W idheoognber
average nol ecul ar wei ght of 2000-4000 is preferred. Because of high

hydr ophgigi gglodeys0f S PBG the cured seal ant contai ni ng-RREGHIRSset he merit of
efficiently resisting water-absorption and water-swelling uring prol onged
imersion in hot water, especially_as conpared with a conventional seal ant
cont ai ning pol ypropyl ene glycol diol (PPG. Such resistance against 10

wat er - absor pti on and water-swelling of the polyurethane sealant helps to

mai nt %il.?c@i aghTdo ¥ QEIQNERY nukBes | 4w gL i@illecuand wethgisd @t @oooncrete in
hot, humd air and during imrersion hot-water. PTMO hel ps_to enhance heat
resi stark®0 TAB @ JBixtyLeke?t u8BA iaRcCoRP¥hent TS sPRIETERASRE 15

pol ypg?&&&fne(@ POE«&H&J LOMBDer Behage A0 &ailar weigi : 0£3000) or
N, N, N", N -tetra Kis(2-hydroxypropyl)ethyl enediamne or a mxture of these
two cBAPBuARRY Asnpxelerreast. t hBecpuiey prbphiehehylyemiobicisy Wwtth a smal |

R RPSEEE™ L EL 7 e 208,500 al, e SMLesl (g 1ol of 20

enedi am ne provides increased
el ast e€fietavely upeishénd ediesuabsofpeiant iamaki dahér-tsed liimgConponent A

is a stericall hi rég];ared am.ne of thﬁa for Iea (I)e: I].)_ 215 Watshoujt bei ng
bound®By*3%y Q%%]W BT S\ ant -Bn, BPY ‘gﬁgars Fﬁé(f 31 £ 8P owi ng
- mechapbgpapé@Vi desthhe resi steanemtiohdne 2086a140t03/ 0bdhtad Gl SA02/ 00289
-2 polypropylene glycol diol (PPG). Such resistance against
10 water-absorption and ﬁater—swelling of the polyurethane
sealant helps to maintain elastic recovery, tensile strength
and adhesion to concrete in hot, humid air and during
immersion hot-water. PTMO helps to enhance heat resistance.
The cross-linker used in Component A is preferably
15 polypropylene glycol triol (number average molecular weight:
~3000) or N,N,N’,N’-tetrakis(2-hydroxypropyl)ethylenediamine
or a mnmixture of these two compounds. A mixture of the
polypropylene glycol triol with a small proportion,
preferably from 20 to 60 wt% of the amount of the triol, of
- 20 N,N,N',N’-tetrakis(2-hydroxypropyl)ethylenediamine provides
increased elastic recovery upon heat exposure.
The anti-oxidant used in Component A is a sterically

hindered amine of the formula (I):

(I)

25 - Without being bound by any theory of the invention, it

appears that the following mechanism provides the resistance




to oxidation of the sealant that is observed in the present invention: The
-anti-oxidant used in Conponent Ais a sterically 5 hinder esjatd0860f
Forrmula (I). The above-described anti oxidation nmechani sm shows that the
anti-oxidant used in this formulation can consune both al kyl radicals (R
and per oMWP0¥aH5tal s (OOR), and that the active nitrox@CIVsGivoemss are
reformed and thus not readily consunmed during the protracted 10
‘anti -oxi dation process. These two f®atures can contribute to the

persi stent anti-oxidation function during prolonged imersion in hot

wat er. Performance testing as described bel ow shows that the cured seal ant
cont ai rﬁmgmlltﬂ:i@logt efi thkl peplaferi@wtani heobserirdednuhlie skB?Rted after 15
prolon%~ qg%ﬁslon in hot water while the sealant containing a
conventlonﬁ énolic anti-oxidant yellowed. narkedly. The antioxidant is
typically added in an amount of O. 3 t.o 2 .wt%of conponent A The silane
adduct as adhesi.on pronoter used in-:2 w"_,onent Ais preferably the
reaction product of gamma- anlnoprop /trleth .ysrlane (APS) with
2-cyanoet hyl acryl at & . '

methacryl ate (BMA) i
reacti on nol e rats‘

2:1 to 1:1, prefér
t he adhe5|on of -
i nmer sed

The anti-oxidant used in Component A is a sterically
5 hindered amine of Formula (I). The above—described anti-

oxidation mechanism shows that the anﬁi——oxidant used in this
formulation can consume both alkyl radicals (eR) and peroxy

radicals (#OOR)}, and that the active nitroxy radicals are
_ reformed and thus not readily consumed during the protracted
10 anti-oxidation process. These two features can contribute to
the persistent anti-oxidation function during prolonged
immersion in hot water. Performance testing as described
below shows that the cured sealant containing this
sterically hindered amine remained undiscoloured after
15 prolonged immersion in hot water while the sealant
containing a conventional phenolic anti-oxidant yellowed
markedly. The antioxidant is typically added in an amount

of 0.3 to 2 wt% of component A. '
The silane adduct as adhesion promoter wused in
20 Component A is preferably the reaction product of gamma-
aminopropyltriethoxysilane (APS) wi’dh 2-cyanoethyl acrylate
{(CEA), or the reaction product of APS with benzyl
methacrylate (BMA), or the mixture of these two reaction

products. The reaction mole ratio of acrylate to gamma-




5 in hot water. The first nmerit of the silane adduct is that in this

am no-functional adhesion pronoter the active primary am ngJate(os of APS
are converted to secondary and even partially to tertiary am no groups by
t he adduct reaction with CEA or BMA. This decreases their ability to 10
react wi WP B48§anat e during curing. Thus the sil ane aR{IAK02/00289 not
conpletely dissolved i'nto the sealant matrix nor does it disturb the
curing reaction between the isocyarfaite and the polyol. The second nerit is
that the cyano group of CEA, a very polar group, helps to increase the
conpatibility of 15 the silane layers. The silane |layers are fornmed on a
subst r aamlnoprgpytontediayysdueingg teupratenahlet igpphiecaepen of 2the seal ant,

Wi th tﬁg)Qﬁggggggé%%gﬁiiugg%uﬁe§[gpi: The phenyl group of BMA helps to

i ncreasé’ t ty o the silane adduct |ayer. One purpose of the
si | ane adduhe2@iilantoadstiabl iish agitiednyol enkagee béheeedhéehormpodF ur et hane
seal ant. and the %ilangaadd%g meanwhi le, to avoid .total dissolution

t but ,
of t he CRRIASPIAACL 8 ENPed OSEFARE: v 1FroutcoToRE g "Aihe sPBREHT Dot § on

| ayes s fiethmenatBe, seaghantriand méher saSiHat 122 Higuti!l Lershdior conponent
A can be any known in the art, but preferably calciumcarbonate is used.
The t hidot ridge, cainpefaRgtikppnh iR oiy t Progetesr efBRabP§ +{fred silica,

especi g2y ydh BN gRLAREUMR ArSl lired.coh§eled. +30 sEBBngaty Neheat al yst can
be any known~in the art, but preferably dibutylin dilaurate (DBTDL), Tin
(11) 2 erajunpazdbsl MO 63/ 0315 aPCT/a8dnR/ 0g289Ps 7 by the adduct

reaction with CEA or BMA. This decreases their ability to

10 react with isocyanate during curing. Thus the silane adduct
is not completely dissolvéd into the sealant matrix nor does
it disturb the curing reaction between the isocyanate and
the polyocl. The second merit is that ﬁhe cyano group of CEA,
a very polar group, helps to increase the compatibility of

15 the silane lavers. The silane layers are Zformed on a
substrate (e.g. concrete) during curing after application of
the sealant, with the polar polyurethane sealant. The
phenyl group of BMA helps to increase thermai stability of
the silane adduct layer. One purpose of the silane adduct

20 is to establish strong linkage between the polyurethane
sealant and the silane adduct, but, meanwhile, to avoid
total dissolution of the adduct in the cured sealant without
forming adhesion promotion layers between the sealant anq
the substrate.

25 The fillers for component A can be.any known in the

art, but preferably calcium carbonate is used.

The thixotrope can be any known in the art, but

preferably fumed silica, especially a hydrophobic fumed
‘silica, is used. '
30 The curing catalyst can be any known in the art, but

preferably dibutylin dilaurate (DBTDL), Tin (II} 2-




et hyl hexanoate (SnCct) or triethylene diamne (DABCO or a mxture
thereof, is used. The plasticizer can al so be any known in §hnnea0bs but
.preferably a hydrocarbon resin or a phthalate or a m xture 5 thereof is
“used. A nore preferable plasticizer is dioctyl phthalate (DOP). The drying
agent us® B3#5@8hponent A can be any known, in the arRCT/3se/0gss%eferably a

" chal cogen oxide such as calcium oxide is used. The drying agent has three
functions in the 10 pol yurethane se€al ant of the invention. First, it helps
to prevent bubbling during the curing process by reacting with carbon

di oxi de that may be produced during curing. Second, it consunes the water
nmol eculghiyithakenoktfd us8ndely thetpdéihylsmsardiataions(PAEC e %®urded seal ant

when the seal a% S 1E~ii%§jsed in hot water so as to deter water-swelling
of the UGt OSRTYY, WhaFSCal ci um oxide is utilized, during hot- water

- immersion cghei pmuekidezemncaraslsod b avat ekndwn fim ntheabch urkwar bonat e

whi ch has a high nodulus. Thus, the loss o trength by hot-water
i mer sikFETCEAPHE BodWOEPSREROM t 5221 sOhe? eR{:‘Eﬁ?{%*i/gt?ﬂé %ofnﬁﬁiflf%en of such

cal ci UMaReNake s, i Nty therd PRI Bl TR a8RE L1 Bubble agestylsed in
Conponent A can be any known in the art, but is preferably a silane
adduct ,phibetatpr éP@RJabl y pol y(di met hyl sil oxane) with a nunber average 25

ol ecul ar_ waohty;08,30000x¢ 30080;, PESHSHILAN 2T chubEL eanf Ok on hel ps to
rai se resistance ealant agalnst 'water, especially hot water. The
pol yi scoy ahat exhs butipeefenpity aselaloo@onputisist smch §spraleldbly a

e or) 0B BB o P pSREICRRS U GURC-LARL e e o

pr ef ®@r aflyultayRahe omed3%ant of the invention. First, it helps to
prevent bubbling during the curing process by reacting with
carbon dioxide that may be produced during curing. Second,
it consumes the water molecules tﬁa-t' diffuse near the
polyurethane chains in the cured sealant when the sealant is
15 immersed in hot water so as to deter water-swelling of the
- sealant. Third, when calcium oxide is utilized, during hot-
water immersion calcium oxide can react with water to form
calcium carbonate which ﬁas a high modulus. Thus, the loss
of strength by hot-water immersion can be counteracted to
20 some extent by the formation of such calcium carbonate

during the immersion. _
. The anti-bubble agent used in Component A can be any
known in the art, but is preferably a silane adduct, most_
- preferably poly(dimethylsiloxane) with a number average
25 molecular weight of 30000 ~ 50000. Prevention of bubble
formation helps to raise resistance of sealant against

" water, especially hot water.

The polylsocyanate as curing' agent used in Component B
is preferably a modified methylene-bis-(4-phenyl isocyanate)
30  (MDI) that contains a minority of carbodiimide 'groups
.(—N=C=N—). The polyisocyanate will preferably have from 25
to 35 mol%, preferably iqave a residual of from 27 to 30




to 35 nol % preferably have a residual of from27 to 30 8 June 2006 WO

03/ 050157 PCT/ S@2/ 00289 -8 nmol % nost preferably from 28. 28 f¥ne2®08 nol %
of NCO groups. Conponent B conprises a polyisocyanate as curing agent. The
NCO OH ratio in the polyisocyanate is preferably in the range 1/1 to
1.5/1, nwiod39s@@$%erably from1.2/1 to 1.3/ 1. An 5 accepCalsGe2@edyi socyanat e
is Dow Chem cal. |Isonate 143L MDI provided by The carbodiimde groups have
two functions. First, they consums-water nolecules that diffuse to the

pol yur et hane chains of the i mersed sealant so as to prevent water 10

swel ling. Second, the -N=C=N- groups are gradually converted by hot water
to - NHncQeNHmogt opips fdratil yc dmwofio 2. Zety 2% romgp 131, noEr ﬂﬁ@ygmumydr ogen

‘bonding in the sealant so as to . counteract the gradual SS strength of
the se Og‘ﬁf’ne@’éugeﬂ‘“ﬂ@“r?ﬁ%r%l%%lxwor?gtal\?é?eﬁs FETHE pYeE chr rrj['e%ae amounts of

t he vancoyeuTBtLiial $narngie Lglyﬁﬁamﬁlﬁte A4 a@raf@fe@i@wt iian e conponent
0

A): polyether - 20 to 60 wt % cross-1|inker - wt % . anti oxi dant -

0 3 toI?l”@e\/vtl%1 20 élr?”ag %@%%tpreflex@btl& §r€mvvfL %%m*f—? %uw'e Byent - 0.3
a‘@c%t%glfﬂ%s'pgﬂgﬁ e QSSIEQnth W&%@, @JD@Stﬁfdﬁ@ed' 0 to 15 wm%

f|| 0 %0 2 I xotrope - 1.0

Dow Chemical.

The carbodiimide groups have two functions. First, they
consume water molecules that diffuse to the polyurethane
chains of the immersed sealant so as to prevent water

10 swelling. Second, the -N=C=N- groups are gradually converted
by hot water to ~NH-CO-NH- group which can form very strong
‘interpolymer hydrogen bonding in the sealant so as to
counteract the gradual loss of strength of the sealant
caused by immersion in hot water.

15 The preferred amounts of the various materials are:

For component A {as a proportion of component A):
~ polyether — 20 to 60 wt3

cross-linker - 0.5 to 8 wt3

antioxidant - 0.3 to 1.0 wt%

20 drying agent - 1.0 to 5.0 wt.%

anti-bubble agent - 0.3 to 0.8 wt%

adhesion promoter — 0.5 to 2.0 wt%

plasticizer — 5.0 to 15 wt%

filler - 20 to 60 wt%

25 thixotrope — 1.0 to 5.0 wt%

catalyst - 0.02 to 0.8 wt%

solvent — 0.6 to 2 wt$%

For component B {as a proportion of coﬁponent B):

Curing agent - 8.0 to 20 wt%

30 Component A contains OH functionalities while Component
B céntains NCO functionalities. The NCO/OH molar ratio is

preferably kept in the range of about 1.2 to 1.3.




catalyst - 0.02 to 0.8 wt% solvent - 0.6 to 2 wt% For conponent B (as a
proportion of conponent B): Curing agent - 8.0 to 20 w % 39 ré&mpogent A

- contains OH functionalities while Conmponent B contains NCO
functionalities. The NCOOH nolar ratio is preferably kept in the range of
about 1. 3vee/ke37 8 June 2006 WO 03/ 050157 PCT/ SG02/ 00RA%sGIZ0ass 0l vent or
.carrier can be added at up to 80 to 92 w % of the total conposition A
conmbi nati on of the polyether, crossg+inker, antioxidant, drying agent,
anti - bubbl e agent, adhesion 5 pronoter and curing agent provides the

hi ghest performance of the sealing conposition in terns of best resistance
to - exposur éAt sobvdmt orhurirdiatrnusphéree aidedmair siportd n 8dt towldker. O her

materi al s, cap he added to the gonposition of the 10 present invention to
obtain ‘éiﬁfii?fotﬁ}ﬁ ah&%@fr%‘ﬁ“pﬁrs&&élgf’i es. For exanple, the sealant can be

colored by the adgitihepi®d a o gnay . Poeyeohyt) et hansssadahask, of the
present invention is mnmade and utilized by methods tn%pi cal in the art. 15

VORKI NGREESGuPL 425 EAND JEDPARATB L TESFBE R Ighles eIty en3BRSIERi | | ust rat ed
by the £obhowhNganFXAMRIES addHC AR 1R he #eRe! daraddiatbative of

~the ‘invention. I'n these Exanples, the invention is al'so conpared agai nst
f or mul apfolibeofscahéngr compegittic@) Bxanhptms 10f best resistance to

exposure to a hot, humid atmosphere or immersion in hot
water.
Other materials can be added to the composition of the
10 preéent invention to obtain additiona; desired properties.
For example, the sealant can be colored by the addition of a
pigment.
The polyurethane sealant of the present invention is

made and utilized by methods typical in the art.

.15 WORKING EXAMPLES AND COMPARATIVE TESTS
The presenf invention is illustrated by the fbllowing
Examples, which are not to be considered limitative of the
invention. In these Examples, the invention is also
compared against formulations of the prior art.
20
Example 1:

Formulations Tested

A low modulus self-levelling PU sealant for the
25 horizontal joints with frequent and large movement (MZ)} was
formulated as follows:

Component A:

PBG 2000 : 40g
PPG triol 2000 ~ b5g
30 DOP " 10g

Caco; ' -~ 25g




Fornul ations Tested A | ow nodul us self-levelling PU sealant for the 25
horizontal joints with frequent and |arge novenent (MZ) wasg Jdf2mgEat ed as
foll ows: Conponent A: PBG 2000 40g PPG triol 2000 5g 30 DOP | og CaCO8 25g
-8 . June 2006 WD 03/ 050157 PCTUS602100289 -10 CaO 3g Funed silica 1g Silane
adduct . OMBY03/08187 oxi dant admi xture ig DBTDL 0.08g Comeorsent/ooER? | sonat e
143L 8.8g PBG 2000 is poly (1, 2-butylene glycol) having a nunber average
mol ecul ar wei ght of 2000. PPG triotl®000 is pol ypropyl ene oxide triol
havi ng a nunber average nol ecul ar wei ght of 3000. Isonate 143L is a
product of Dow Chemical. The silane adduct is a product of reaction of

ami nopr opyl s¥2@ne with a cyano- contaPfiing acrylate. 10 1. Sel ection of
Commerci al PR, ngqggafor Conpari son e to current absence of the
.commerci al sealants ési gnated as ho%-mater i mrersi ble or water & heat

resi stant, s®nemmexiasitliing conmer ci al Ohbgh- per f ormance water resistant or

wat er imrersjble PU seal ants _comonly_used in 15 the tropics and on
hi ghways, br$%tﬁ§§%§@8ga?$T&ﬁ?¥¥§Nere 1g
-5 DBTDI _ 0.08g

Component B:

Isonate 143L 8.8g

PBG 2000 is poly(l,2-butylene glycol) having a number
average molecular weight of 2000, PPG triol 3000 is
polypropylene oxide triol having a number average molecular
weilght of 3000. TIsonate 143L is a pfoduct of Dow Chemical.
The silane adduct - is a  product of reaction  of

aminopropylsilane with a cyano- containing acrylate.

10 1. Selection of Commercial PU Sealants for Comparison
_ Due to current absence of the commercial sealants
designated as hot-water immersible or water & heat
resistant, some existing commercial high-performance water
resistant or water immersible PU sealants commonly used in
15 the +tropics and on highways, bridges and airports were
selected for comparison with this self-developed sealant. _
A water-resistant one-component PU sealant (Bostic
B2637, designated as Cl}, a water-immersible two-—component
PU sealant (Bostic B2640, designated as C2}, a trafficable
20 two-component PU sealant (Bostic B2656, designated as C3)
all from a well-known sealant manufacturer were selected for
this study to compare with the PU sealant of the invention
(Mz). All of Cl, C2 and C3 have been widely used on various

construction sites including airports in the tropical




selected for conparison with this self-devel oped seal ant. A water-resistant
one- conponent PU seal ant (Bostic B2637, designated as C), 8 fune 2006
wat er - i mrer si bl e two- conponent PU seal ant (Bostic B2640, designated as

C2), a Wwoabkbssabl e 20 two- component PU seal ant (BOStiP%TE%QZI;’& odesi gnated as
C3) all froma well-known seal ant manufacturer were se ecteésfor this

study to conpare with the PU seal.ant- of the invention (MZ). Al of O, C2
and C3 have been wi dely used on various construction sites including
airports in the tropical 8 June 2006 WD 03/050157 PCT/ S&02/ 00289 -11

count r cesntiies Ml Ry sialaysaind Simgapoie., |mdaneshia, MNeet rldiangNew Zeal and
The three PU-seal ants can be regarded as representing the class of present
comer 814l PAN9RRATabl e seal ants that 5 have the highest resistance agai nst

conbi ned waiy aRbdiem . sa1 "Egarpfbec‘eﬁé@ﬂoﬁeds%yfa%gs}%ntﬁn

mul ti-conponent seal ant were cured for 14 days at st congi tions (23 +
2C andtB® £189pr difatprasentumaimepciadprciansddable a ssiadghts cohpbnent were

cur ed ; ; t ondi t.i ons; 7 days at
38 S+ %%;%ﬁ#%gu%%é%ﬁ?%%év% u%aagES%% (gél%&‘]]aegg%qgg %g%n%eaarn:d condi tions.
3. Water & Heat Wathering Anong various patterns of conbined water and

heat , 215 i@}efnsi Ql %n ?enagsed wat er should be the nost extrene condition
for cofstruct i o1 Séarafit¥ ““As mentioned above, the maxi num t enper at ure of

the buil di rBpestimenturgs a multe -dompphest C3dalerthwéE. ctbeg iBrt hi s study,
Conblnfg g§§gﬂéﬁ&standard conditions (23 + 2°C and 50 + 5% relative
' humidity). Specimens of a single-component were cured for 21
10 days as follows: 7 days at standard conditions; 7 days at 38
+ 2°C and 95 + 5% relative humidity; and 7 days at standard

conditions.

3. Water & Heat Weatherihg
Among various patterns of combined water and heat,
15 immersion in heated water should be the most extreme
condition for construction sealants. As mentioned above, the
maximum temperature of the building structures in the
tropics can reach 70°C. Thus in this study, combined water &
heat weathering test was implemented by immersing cured
20 sealant specimens in 70°C water for a period from 7 to 35

days before cohesion tests were performed.

4. Cohesion
There are numerous properties related to cohesion and
cohesive failure. Therefore, it is difficult and unnecessary
25 to test all the properties to evaluate cohesion Strength and
predict possibility of cohesive failure. The more efficient
way is to select the most distinctive properties that do not
.1argely overlap with each other. In this study, the testing

system designed to evaluate sealant cohesion included water-




heat weat hering test was inplenmented by i mersing cured 20 seal ant
specinens in 70C water for a period from7 to 35 days bef ogeutealnesi on
"tests were perforned. 4. Cohesion There are nunerous properties related to
cohesion and cohesive failure. Therefore, it is difficult and unnecessary
25 to teWMOWF0IFhe properties to eval uate cohesi on st rRETEGA2HRE predi ct
‘possibility of cohesive failure. The nore efficient way is to select the

- nost distinctive properties that dolAot | argely overlap with each other.
In this study, the testing system designed to eval uate seal ant cohesion

i ncl uded ier 8 Jupe 2006 WO 03/ 050157 PCT/ SG2/ 00289 -12 swelling rate,

t ensi | esg\évi 1% h, rﬂg?'dneg%n el HASGty ec BoEML R prakbnt$ P %lfe i nfl uence

of hot watevedh areriRakaningn whApandiftgrial oSt 1Rt ParesSuUrdfce cohesion
and novenent capability, respectively, the total performance in which

aspect s S§Re2BE| 1@ ethaps, ddindiedings tHeasvdsi owrisceemghlsdpnt kadaf f ect ed
seal ant pofBR=£XPELLAENa,, detai .Sy 1w i pdl vi | [ re

el aboraltngd a%%o‘lg]g%ms. ljcf.yi. %I\(/e\a eerété\%ﬁ?f ngggakg%moﬁ%%teatng%y%&red

r ect anguhidghspagpeehs wiach delli@viedngtto ofdetébmine a whalt hcatfes3®nmm and a
depth o r i rsed in.70C water r 7._days and-.28 days,
respectlgj\clg%%’%t ﬁgnltgg‘ligﬁg??%?ﬁt ﬁga&g?gr iﬁ‘ﬁ Eé%‘?yji%“%ia} aqeqi%'g'rﬁ

t enper avitle foditieal pubpsrt Tt elappghbsd ofs e Lolvsmer sed speci nens,

I x, were obtained. The water-swelling 15 rate was cal cul ated by the
- follow ng equation. Water-swelling rate % = [(lx-115)/115]xlI OO 4.2. Tensile

Strength 4.1. Water Swelling Rate
) Two completely cured rectangular specimens with a
10 length of 115mm, a width of 30 mm and a depth of 3mm were
.immersed in 70°C water for 7 days and 28 days, respectively,
then taken from the water and kept in air at room
temperature for ten minutes. Then the lengths of the
immersed specimens, Ix, weré obtained. The water-swelling
15 rate was calculated by the following equation.
Water-swelling rate % = [({Ix-115)/115]x100

4.2, Tensile Strength
After the curing period three dumbbell specimens were
prepared using a die giving a between-bench-mark disténce of
20 25.0mm, a testing width of 8.0mm, and a thickness of 3.0mm.
Then two of the dumbbell specimens were immersed in 70°C
water for 7 and 28 days, respectively. Thirty minutes afte:v.;
removal from the immersion the two specimens were mounted on
grips of the Instron machine and extended at the separation
25 rate of 500 + 50 mm/min. The values of 25% tensile stress
were taken as a representation of the tensile strength. The
control (not immersed} specimen was measured in the same

manner and comparison was made with the immersed specimens.

4.3. Hardness




After the curing period three dunbbell specinmens were prepared using a die
- giving.a between-bench-mark distance of .20 25.0nm a testRagnegodsh of

- 8.0mm and a thickness of 3.0mm Then two of the dunbbell specinens were
imrersed in 70C water for 7 and 28 days, respectively. Thirty m nutes
after r ¥OBARIFT om t he i nmersion the two speci mens warGI/S€oM2Ed on gri ps
of- the Instron machi ne and extended at the separation 25 rate of 500 + 50
m min. The val ues of 25%tensile 5tPess were taken as a representation of
the tensile strength. The control (not imrersed) specinmen was neasured in

t he same manﬁer and conpari son was made with the imersed specinens. 4.3.
 Hardness 8 JuAES2068C R ERASsIPEimeEnssaitootigensignsnhede 13¥ctdhgul ar

speci meng Wyt b fpesd bed3Qeby: 40: by 6 1L, °pRL er curing.
Then two oyyt hem wer eo(%?r%ﬁggr seed In ]%OC watger orm?&gng% cfg;}%‘é,agé _
r espect iWERFsed0 inni’Alf evaten efor ehoeal EBodevse rempesiorelaacBGpeci nen
was 5 i a - d s.tester with,six readings. The nean
~val ue g?r&'?lwezggi \gfﬁggdf%%%%g%}ér%% égm?ﬂselo%aeracﬁ{les%p?/%q?@ gt‘lé’ﬁse control
(not 5 nmeesedpdspéthnen Shase-Aehsudedsd Nt &diesrs ameagier réadi iegspar i son was

made w IE[,E‘ t he irmeased ecinmens,. 10 4.4. Elastic Recovery Three specinens
were curdd i PeHt ufPAPEmEhahit@l S35 t FeadiMEhs Enst O Forfd*® 10mm wi de

and 15mhmderpss Twalek, titem weherbIMe(sRd hfmdBéedat @bechén33Lays. 30
mnutes_after renoval fromthe i mersion each specinen was neasured 15
with a ZEPPUEEY| Hhed s SAlGeBRRDRE | - FERGFTE SPRCBIBrHade astidy thrhe resul t

was exprpaseded Napgbdiflengnt age

10 4.4, Elastic Recovery
Three specimens were cured in aluminium channels with
dimensions of 300mm long, 10mm wide ‘and 15mm deep. Two of
them were immersed in 70°C water . K for 35 days. 30 mninutes
after removal from the immersion each specimen was measured
15 with a self-designed non-destructive elastic recovery
tester. The result was expressed 1in a  percentage
representing the degree of recovery within 20 seco'nd\e{ after
the surface of the specimen is pressed by the detector ball
of the tester to a depth of 5mm in 10 seconds, held in
20 compression at the depth for 5 second and then relieved of
compression force, The control specimen was measured in the
same manner and comparison was made with the immersed

specimens.

5. Peel-Adhesion

25 5.1, Hand-pull
| Three specimens with dimensions of 60 by 15 by 3 mm
were applied and cured on concrete‘blocks. Twe of them were
immersed in 70°C water for 28 days. Two hours after removal
from the immersion each specimen was completely pulled from

30 the substrate by hand. The areas of cohesive and adhesive




representing the degree of recovery within 20 second after the surface of
the specinen is pressed by the detector ball of the testergffomezdept h of
5mmin 10 seconds, held in 20 conpression at the depth for 5 second and
‘then relieved of conpression force. The control specinen was neasured in
t he samwonems@s? and conpari son was nmade with the i mercaesGozspeci nens. 5.
Peel - Adhesion 25 5.1. Hand pull Three specinens with dinensions of 60 by
15 by 3 mm were -applied and cured @dconcrete bl ocks. Two of them were
imrersed in 70C water for 28 days. Two hours after renoval fromthe

i mrersi on each s‘%.feci men was conpletely pulled from30 the substrate by
hand. T &s "G diesiredanidadrestdeds Tumeaverman®D3tnsotsy

PCT/ S04 00289 s 1dad aidhyts vaesretﬁsa%aggq ag é.eC%Qed?o g average of the
two readi ngs was taken as the final data. e contro not 1 mersed)
speci mertRRES SHea s upReCinen heagamearunedr &md theonpame sornnas nam@ with the

i mrer sed. $PeGhH S hi.ne pull_Thyee speci nens wth di nensions of
60 by 15 [ﬁ@) %Jl%nﬂ Wahgi@%cgecg%gi lﬁg Jg %]ilseer &peggﬂ?ﬁl?ﬂjm cloth with the sane
wi dth, were applied and cured on concrete bl ocks. Two of them were

i mersed in Z0 ter.for days. Two hours after 10 renoval fromthe
in’merszir on eaghgs\pl)\gﬁf’me"\ﬁféﬁgri pped at the ends of the aluninumcloth and
conpl etely phked ebbclihiens Swbsih r atfekyicty | A8t 6@NLHRERI BE. 3The, Maxi mum

tensile iﬁr FLSS was, recorded and the average of the two readings was taken
as the MH&E redthainetne? cdavesl Anorlpwireis ealodperiten thes same

width, were applied and cured on concrete blocks. Two of
them were immersed in 70°C water for 28 days. Two hours after
10 removal from the immersion each specimen was gripped at the
ends of Tthe aluminum cloth and completely pulled off the
substrate by an Instron machine. The.maximum tensile stress
was recorded and the average of the two readings was taken
as the final result. The control (not immersed) specimen was
15 measured in the same manner and comparison was made with the

immersed specimens.

6. Movement Capability
ASTM C719 test comprises 7 days of immersion in 25°C
water, 7 days of being cramped at 70°C, and ten cycles of
20 extension and contraction. It involves a combination of
water, heat and cyciic movement. This cyclic movement test
modified C719 by repeating the three-section cycle until the
‘sealant failed. It is supposed that the morel cycles the
gsealant can sustain, the higher its resistance against
25 combined water, heat and cyclic movement. This modified C719
is employed to verify sealant movement capability when
protractedly exposed to combined water and heat.
For adhesive loss of each specimen, the average of loss
areas of the two sides shall be taken as the loss area. The

30 total adhesive loss areas of the three specimens tested for




15 neasured in the sanme manner and conpari son was nmade with the inmersed
speci nens. 6. Movenent Capability ASTM C719 test conprises ¥ jgav/s008f

i mMmersion in 25C water, 7 days of being cranped at 70C, and ten cycl es of
20 extep® @Rsagd contraction. It involves a conbinath%gﬁgﬁlmﬁ&pr, heat and
cyclic nmovenent. This cyclic novenent test nodified %y repeating the
three-section cycle until the seallgat failed. It is supposed that the nore
cycles the sealant can sustain, the higher its resistance against 25

conbi ned water, heat and cyclic novenent. This nodified C719 is enployed
to verithp seencrrtaosehtimateapstinll t pewhen nprot that edl yorxpoges to

conbi n he r adhesive | oss of each eci nen, the average of
| oss ?ré)e\ggag% aiﬁj%stm%s?fes & B ¢ SRenMaE e ?%’sjén%?r e3PHhe 30 total
adhesi wélalléséaearw@mfas highd hesteesSpeci Tes desied Ty Srhine 906 WO

03/0501%7t CT/.S %_289 -15 t he concrete substrate shall be no nore than 9
cne. ForP coﬁ’ si §§’eo1sp%‘é1:‘?fe%spe%t?"i‘1% b§ nee negFemirhaai ¥ eclept h - shal |

be tSaKBBcaaséhetl@@h&ﬁ'iv\igohﬂé&tﬂ?ptﬂ&ctm toigt lmss, dgREL. Ofyjhe three
.speC|nens shall be no nore than 1.8 cm 5 Because the environnental factors

li ke hEXFIiGalevenpRt WR1ald mobodind, athial keehboui e - tégardesst can be
regardad ad%edtt @akbrRgeems: tahaﬂo‘ﬂ— Me%& %Sﬁlfsééﬁa&e?%ham houl d

pass. Based upon previous researc Tinora rarse ]t reshol d
t hat aPRA8E- wadeed rerems taericesl meamhami ded otrdef Ot passi sea W@ssi ng

The o rorracter hdr 12 TBEE rERaB AR BralFEn L RS Re ol actic
reé@vep§3ér ea passing sealant shall exhibit a compression elastic
recovery of no less than 70%. The criteria for perfect
performance in adhesion, cohesion and elastic recovery are
set to be adhesive failure less than 0.2cm®, cohesive failure

less than 0.1 cm and recovery value larger than 90%.

15 RESULTS AND DISCUSSION

1. Cohesion
Water Swelling - A Cause for Sealant Deformation
Sealants might swell when immersed in water due to
water absorption, hydrolysis, plasticization and/or loss of
20 physical cross-linking. The swelling rate would be expected
to increase with both temperature and time. Water swelling
followed by subsequent uneven drying and re-swelling would
induce serious deformation of the on-site sealants, a type-
of cohesive failure frequently observed on building joints

25 in the tropics.

Table 1 Water Swelling Rates of PU Sealants after

Immersion in 70°C water

Specimen c1l cz2 . C3 MZ
1-days 7.6% 3.5% 5.2% 0.4%
28-days 9.3% 5.2% 8.0% 3.8%




set to be adhesive failure | ess than 0.2cnR2, cohesive failure |less than
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Cohesion Water Swelling - A Cause for Sealant Deformation Sealants m ght
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pl asticization and/or loss of 20 physical cross-Iinki'ng e smelllng rate
woul d be expected to increase wthibeth tenperature and tinme. Vater
swelling followed by subsequent uneven drying and re-swelling would

i nduce serious deformation of the on-site sealants, a type, ' of cohesive
fail ure f r ejaemhioynobiserfabdeon  buiHali ogmi@idial 2albAtkhechopixs. Table 1
Wat er | 14 gﬁ5ﬂ§ﬁ% of gngala ts fter |_mersion in 70C wat er

Speci ne 158y PArEs8lE o8 28}7@ T8, 95 daypde. 3oB%20d0% %% 8 June 2006
WD 03/ asspsatpeaiﬁmafe@zsﬁeré@As infhet@Bbg in INPcCOpRNCI al

seal ant swel led markedly at rates of 7.6% 3.5% and 5.2%

&
respecwﬁeﬁ?ﬁé QPtéFWWEFé?917 ﬁﬁ?%l%m%EW§Foﬁbﬁﬁfmﬁt Rt eMZ . whilre@as no

appiecitnbl dnmwelibad waas «aRagnugd +fors n_was extended
to 28 days, MZ still showed a rrucTO é&gﬁaz%er¥§ Epfl ggﬁﬁgﬁga t he

conmer BHGD L@t antielliagsrake Sthﬁ@sglA kleascmraneﬁcz.lamt eem}aén&.r ength Seal ant's
may soften and danpen on various construction 10 sites after protracted
exposure to severe weathering conditions. Due to | oss of internal

strength, t¥emsilgpé&tepss A Measure of Internal Strength

Sealants may soften and dampen on various construction
10 sites after protracted exposure to severe weathering
condltlons. Due to loss of internal strength, this type of

cohesive failure can be evaluated by measurement of tensile

stress.

15 "Table 2 25% Tensile Stress Values of PU Sealants {mPa)
after Immersion in 70°C water

Specimen C1l c2 C3 M7
Control 0.10 0.12 0.09 0.08
28-days molten 0.04 0.03 0.09

Loss -100% -67% -67% +13%

As shown in Table 2, C1, €2 and C3, lost 100%, 67% and
67% of their 25% tensile stress, respectively, after 28 days
of immersion in 70%3 water whereas MZ exhibited a slight, -

20 though not significant, increase of tensile stress.

Hardness - A Measure of Resistance to Penetration
Hardness is a measure of resistance to penetration and
it is also used as a quick check of the state of the effects
25 of time and aging on the sealant structure. Retention of
hardness is fairly important for trafficable construction

sites like highways, bridges and airports.




cohesive failure can be evaluated by neasurenent of tensile

Table 2 25% Tensil e Stress Val ues of PU Seal ants (nPa)
70C wat er Speci menC C2C3MZ Control 0.100. 120. 090. 08
28-daysnol t en0. 040. 030. 09 Loss-100%%67% 67%+-13% As shown in Table 2, O, C2
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sites

l'i ke

hi ghways brld s.and airports. 8 June 2006 WO 03 CT/ S&2/ 00289 -17
Tabl e 3 1&H&E g?kﬁ?dHé§é“@§Pﬁes of PU Seal ants after Inmersion in 70C
- wat er S)e%b QnLéLZE3NK Mot 23025 825—916—0—28—¢days—643-85-047. 2 Change

-23.0- 1 SN 5 (uni®) As lshownC2n Table 3.S3horel A hafdiness |val ues of
all the Control 23.0 25.8 25.0 16.0

28-days ~0 13.8 5.0 17.2

Change

(uni?t’) ~23.0 ~12.0 ~20.0 +1.2

As shown in Table 3, shore-A hardness values of all the
commercial sealants decreased dramatically after 28 days of
5 immersion in 70°C water, and on the contrary, hardness of MZ

remained the almost same after the immersion.

Elastic Recovery - Movement Capability

Recovery is the only measure of flow characteristics

called for in any standard specification. Good recovery
10 after removal from any lmposed load means 11tt1e stress

by the

affected sealant. Thus retention of elastic recovery of a

and

. relaxation, set

creep compression undergone
sealant against external weathering is well proportionél to
its practical on-site movement capability.

15 Table 4 Elastic Recovery Values of PU Sealants after

Immerszon in 70°C water

Spe01men cl - C2 C3 MZ

Control 95% 100% 98% 98%

35-days Molten 85% 66% 100%

Loss ~100% -15% -32% +2%
As shown in Table 4, 1loss percenfages of elastic

recovery values varied from 15% to nearly 100% for the three
commercial sealants after 35 days of immersion in 70°C water.

20 Amazingly, the elastic recovery of MZ was recorded at 100%




comerci al seal ants decreased dramatically after 28 days of inmmersion in
70C-water, and on the contrary, hardness of MZ renuained thgJahd DX sane
after the imersion. Elastic Recovery - Myvenent Capability ' Recovery is
the only nmeasure of flow characteristics called for in any standard

speci fi cA0 &0501&bod recovery 10 after renoval from angcisgeses | oad neans
little stress ,relaxation, creep and. conpression set undergone by the
affected seal ant. Thus retention of18rastic recovery of a seal ant agai nst
external weathering is well proportional to its practical on-site novenent
capablllty 15 TabI%E$ El astj c Recovery Val ues of PU Seal ants after

| nmer si oY §'h FOCTat W | HEROSE2TE3 N TESRT roro a0 uE Y88 case

35- days\f t2en8eK66HEa0% & 0Ss- 100% 15% 32%+2% As shown in Table 4, |oss
percent ages of elastic recovery values varied from15%to nearly 100% for
the three comrercial sealants after 35 days of imersion in 70C water. 20
Amazingly, thggl ?%%g gﬁcovery of MZ was recorded at 100% 8 June 2006 WO
03/ 050157 PCIT/ S(02 E 18 even after the sane inmersion period and a
slight increddé bhe2%omamrobskr \ved. sdalires - adhesioqui¥dg t hg cggmercial PU

seal ant 18 ole vired to be appli,ed, with primers, thus bringing
|nco§€e%¥%h§gdl 8 gf%%er%méiﬁFigﬁlnﬁtnﬂaénF?ﬁ¥ﬁﬂ$9@C?o1%e°ﬂs%@¢%|ther with
a prynemperation. Mz was intended to be used either with a primer

or-without it.

Table 5 Data Analysis of Peel Force {(Machine-Pull Méthod)
and Cohesive Fallure {(Hand-Pull Method)

: COHESIVE'
- CONDITION SEALANT SUBSTRATHE PEEL FORCE FAILURE
{(N/cm) (%)
Control cl - Mortar (P) 39.8 99
c2 Mortar (P) 21.8 55
MZ Mortar (P) 47.5 1090
Mortar
23.5 60
{uP)
Hot-Water C1 Mortar (P) 4.6 0
Cc2 Mortar (P) 24.7 68
MZ Meortar (P) 33.3 83
' Mortar
32.5 80
(uP)
10 As shown above, the adhesion of MZ with a-primer after

curing is superior in terms of both peel-force and failure

mode as compared with Cl and C2, while the adhesion of M%




or without it. Table 5 Data Anal ysis of Peel Force (Mchine-Pull Method)
and Cohesive Failure (Hand-Pull Method) CONDI TI ONSEALANTSUBS Finfeldde6EL FORCE
CCOHESI'VE' (N cm FAI LURE Control G Mortar (P)39.8(0) 99 CMrtar (P)21.855

- MZMortar (P)47.5100 Mortar23.560 Hot-Waterd (up) 4.60 Mortar (P) C2Mortar
(P)24. 76%0 ®BMOST ar (P) 33. 383 Mortar32.580 (uP) 10 As mimsgw/ehswe, the
adhesion of MZ with a prinmer after _curing is superior in terms of both
peel -force and failure node as cor‘r’ﬁg‘r“ed with d and C2, while the adhesion
of MZ 8 June 2006 WD 03/ 050157 PCT/ SG02/ 00289 -19 without a priner after

ring is.still acceptable_as its ,adhesion to concrete_ is slightly higher
than thal BPUE & APE efzsaﬁ’g?/% GRTiRgeis otild 7orcapigbie @s |Hst al nost

all of iddheadbastoncéaceanchet 91%@1%%%1%&1 tBhh | ¥hatd Jeneneased its
adheSIOn to %%@ggeég’dé;gmo%aghggrggga in 70°C water, C1 lost almost
all of its adhesion to concrete whereas (2 slightly
5 increased its adhesion to concrete, indicating good
| resistance against combined water and heat in terms of peel-

adhesion with a primer used.

Adhesion of M2 with primer fell moderately after
immersion in 70°C water for 28 days, but still remained at a
10 high level as compared with C2 either before or after the
immersion, showing MZ with a primer is capable of performing
well in hot water in terms of peel adhesion. Unexpectedly,
the adhesion of MZ without a primer'rose sharply after 28
days’ immersion in 70°C water, even reaching the level of MZ
15 with a primer after the immersion, indicting MZ can be
applied without a primer even when high resistance against

combined water and heat is demanded.

- 3. Movement Capability
Repeated ASTM tests were conducted to evaluate sealant

20 movement capability under combined water and heat. In the
immersion period, water was absorbed by the sealant and when
subsequently exposed to heat the Sealant was actually
subject to damage by the absorbed water accelerated by the
heat.

25 Test results of MZ and the two commercial water-
immersible products, Cl1 and C2, are given in the tables
below. A primer is required along with either of the
commercial sealants. However, MZ was tested both with a

primer and without a primer.

30 C1 with prime:
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pri mer eéﬁgv\%gn hi h resi stance %gai nst : !
demande e veﬁ% Ples pbifepept p%_%'-’f’béd-"?/@l'mnt Gét Hl‘Jer!-‘!mduct ed to
. eval uat g Seal'ant 20 nmovenmentjcapabitityTu %g gum mred—water—at heat. In
the imfersion perilod,Tatitler was Tdsdr be 41 éfaé:‘%é se¢al ant and when
subsequdn€ysletsosed adbehiéue {heokeai vt S&tTall cymmanthj ect td danage by
t he absqr bed vvater dcxsel e(r:mf)ej Iy i'(em)healf (& Yest results of NZ and the
t wo comc. vvou. er——trrers-ple—product $—Clland €2 __are given iln the
t abl es pg&? i mengiizs reguiregd;al on; wigd gither of the conmercial
seal ant s- MZwas tested both wilh a Drl br _and Vﬂthout a pI’I ner.
30 d vmth pri mer § June 2006{ WO 03/ 0501%7 PCT/ SQ02ED8283 - 20 Taljl e 6
Resul t s ]of¢ dtef ASTWIC719] on T 5@t h| Prigier3 Tof atdotedvAver age
. : failed.
Elastic
Cycle 2 Nil 0.80 48.8 ézgg;’gg
further.
Elastic
Cycle 3 Nil 1.10 41.6 gigg;:gy
- further
Both elastic
Cycle 4 Nil 2.25 38.9 |ZSPOVeTY and
failed.

Elastic récovery of Cl failed after the first cycle and

cohesion failed after the forth cycle.




Cycl e No. adhesi vecohesi veel asti cComments | oss (cnR)loss (cmrecovery (-)
Before testNNINi190.4 Elastic Cycle 1N |0.5065. 3recovery faglyggh2d86asti c
Cycl e 2Ni | 0.8048. 8recovery degraded further. Elastic Cycle

‘3Ni | 1. 1041. 6recovery dropped further Both elastic Cycle _

4Ni | 2. 2538 G¥5e15Very and cohesion failed. Elastic recok@ysG6oping fail ed
after the first cycle and cohesion failed after the forth cycle. 8 June
2006 WO 03/ 050157 PCT/ S@2/ 00289 -2£1c2 with priner Table 7 Results of
Repeated ASTM C719 on C2 with Priner Total Total Average

C2 with primer
Table 7 Results of Repeated ASTM C719 on C2 with Primer

Total Total igerf’c“—?’e
Cycle No. adhesive cohesive astic Comments
2 recovery
loss (cm®) loss (cm) (2)
Before test Nil Nil 97.1
Cycle 1 Nil Nil 92.5 Perfect
Cycle 2 1.3 Nil 96.4 Not fail
Cycle 3 3.1 Nil 93.2 Not fail
Cycle 4 3.9 Nil 95.4 Not fail
Cycle 5 6.7 Nil 89.7 Not fail
o : Adhesion
Cycle 6 11.3 Nil 89.3 failed

C2 did not show perfect overall performance after the
first cycle and showed cobvicus degradation in adhesion form

5 the second cycle. Adhesion failed after the sixth cycle.,

MEZ without primer
Table 8 Results of Repeated ASTM €719 on MZ without Primer

Total Total Afzrige
Cycle No. adhesgive cohesive ;Z gie;: Comments
loss (cm®) | loss (cm) (19) ¥ '
Before test Nil Nil - 100.0
Cycle 1 Nil Nil 92.0 Perfect
Cycle 2 0.1 Nil 98.8 Parfect
Cycle 3 2.3 Nil 87.5 Not fadil
Cycle 4 2.4 Nil 98.4 Not fail
Cycle 5 3.8 Nil 99.7 Not fail
Cycle 6 5.8 Nil 99.9 Not fail
Adhesion
1 . i . .
Cycle 7 9.9 Nil 99.9 failed




Cycl e No. adhesive cohesive elastic Comments loss (cnR)loss (cn)recovery
(a) Before testNiINi197.1 Cycle INiI N |92.5Perfect Cycle 218 3hid 2864Not
fail Cycle 33.1Ni193.2Not fail Cycle 43.9Ni195.4Not fail Cycle

56. 7Ni 1 89. 7Not fail Cycle 611.3N |89. 3Adhesion failed C2 did not show
perfect WEEBAFMSperformance after the first cycle an®C3sewE®W2OViI ous
degradation in adhesion form5 the second cycle. Adhesion failed after the
sixth cycle. MZ without priner TabF@28 Results of Repeated ASTM C719 on MZ
wi thout Prinmer Total Total Average Cycle No.adhesive cohesive elastic

Comment s Ioss (cm2)l oss (cmrecovery
As  shown above, MZ applied to concrete substrate

without a primer can sustain at least six periodic cycles of
modified ASTM C719 test, and in the first two cycles even
exﬁibits perfect maintenance in adhesion, cochesion and

5 elastic recovery. Such performance is actually moderately
better than the performance of C2 with a primer; and much
superior to performance of Cl with a primer, especially in
cohesion and elastic recovery, suggesting that this sealant
without a primer applied has the potential of being durable

10 in an practical environment -involving water, heat and cyclic

movement.

MZ with primer
Table 9 Results of Repeated ASTM C719 on MZ with Primex

Total Total 2Xerigi
Cycle No. adhesive cohesive as Comments
2 recovery
loss (cm?®) loss (cm) (%)
[Before test Nil Nil _93.1
Cycle 1 Nil Nil 98.8 Perfect
Cycle 2 Nil Nil 99.9 Perfect
Cycle 3 Nil Nil 99.9 Perfect
Cycle 4 G.19 Nil 99.9 Perfect
Cycle 5 0.23 Nil 99.9 Perfect

Mz with a primer exhibited perfect overall performance
. 15 even after the fifth cycle. Apparently, MZ is much superior
to C2, a commercial water-immersible PU sealant, in terms of

movement capability in combined water (absorbed) and heat.

CONCLUSIONS
Degradation owing to prolonged combination of water and

20 heat has been shown to be much of an element for durability




(.) Before testNiINi1100.0 Cycle 1NiIN|92.0Perfect Cycle )
20. INi 1 98. 8Perfect Cycle 32.3Ni |1 97.5Not fail Cycle 42. 4N | 98 ydyaoé ai |

Cycle 53.8Ni199. 7Not fail Cycle 65.8Ni199.9Not fail Cycle
ion failed 8 June 2006 WO 03/050157 RCH.S02,00289 -22 As

79.9Ni | ﬁgﬁﬁs _
shown above, applied to concrete substrate wthout a priner can sustain
-at least six periodic cycles of npgified ASTM Cr19 test, and in the first
two cycles even exhibits perfect maintenance in adhesion, cohesion and 5
el astic recovery. Such performance is actually noderately better than the

per f or renceysfcdl? whirie el MBEal At MUSEd FYRETd0fdAR PstfQidmnce of C
with a priper,, especially in cohesion and el astic recovery, suggesting

that tACdNE8aldht thGi tHEWICE - prihfer PHppiead@iasof hé‘-h}@ot'@rltﬁélmicm; bei In_g
dur abl gck0st Al N aTplyec [ Lvi r, t cyclic
movenent . REgm?t ﬁ%&?ﬁ%ﬁpfﬁﬁﬁgh% RESU:%QQ%%nggga eégﬁé*ﬁ %}E%an MZ With
Pri mer Trggaentby alenagenbegeed Ojsl eiMpoathgsiwament joints in the

5 +tropics. Results from all the tests clearly show that the PU
sealant of the invention is superior in at least the
following aspects as compared with existing commercial
water-resistant or immersible PU sealants.

1) Low water swelling rate and high retention of

10 tensile strength, hardness and elastic recovery in prolonged
combination of water and heat.

2) Significant increase of adhesion to unprimered
.concrete when protractedly exposed to combined water and
heat.

15 3) Superior performance in continuous cyclic movement

in an environment of combined water and heat.

Example 2:

The superiority of a polyurethane (PU) sealant
composition comprising the antioxidant according to the

20 present invention is shown by performance testing in a hot
water test. Briefly, the sealant compositions are made in

an identical fashion, as described below, except that three
different anti-oxidants are used. The different anti-'
oxidants (a phenolic, a phenolic plus thiosynergist,‘and the

25 antioxidant of the invention) were added at 1.4 wt% of
component A. Then the three sealants are cured at 25°C for
three weeks and then cut into samples with the dimension of

115 by 20 by 3 mm. The samples are kept in 70°C water for 7

and 28 days, respectively and then assessed for

30 discoloration. (The original color is white.)




cohesive el astic Coments |loss (cnR)loss (cnrecovery ROO Before
testNNINi193.1 Cycle INII Ni|198. 8Perfect Cycle 2Ni | Ni | 99. 9Peg fet2009cl e

3Ni | Ni 1 99.9Perfect Cycle 40.19Ni | 99. 9Perfect Cycle 50.23Ni | 99. 9Perfect M
with a prinmer exhibited perfect overall performance 15 even after the
fifth cyMosggparently, MZ is nuch superior to C2, a RUOVGH2/0128H

wat er-i mrersi ble PU sealant, in ternms of novenent capability in conbined
wat er (absorbed) and heat. CONCLUSHF&MS Degradati on owing to prol onged
conmbi nati on of water and 20 heat has been shown to be nmuch of an el enent
for durability 8 June 2006 WO 03/050157 PCT/ SG02/ 00289 -23 of typical

conmer ci5£31§9§l SArRCORSEPTOr SFCrPbrantingident: joints in the tropics. The
PU seal &UHmePeEE'e invention resists a prolonged conbination of water and
heat, a problem frequently encountered in airport pavenent joints in the 5
tropics. ResBBEs208@mall,the tests &l garly show that the PU seal ant of
the i nvention,LS, superd in at least.the follow ng aspects as conpared

W th existi ngP%o%%%iia{fHo wat er-resi st &t or immersible PU seal ants. 1) Low
wat er5swel | ingerate and hi gh retentign gof '

CaC03 _ 25 g
CaQ 3 g
Fumed silica 1o
Silane adduct 0.5 g
10 DBTDL 0.08 g

Component B:

Isonate 143L 8.9 g




10 tensile strength, hardness and el astic recovery in prolonged

conbi nation of water and heat. 2) Significant increase of aglyesd et o
unprinered concrete when protractedly exposed to conbined water and heat.
15 3) Superior performance in continuous cyclic novenment in an environnment
of conbi VeQIU3KRRIST and heat. Exanple 2: The superiorit yraif/SGozpaByur et hane
(PU) sealant conposition conpr|5|n%ﬁﬁhe anti oxi dant according to the 20
present invention is shown by perfdrance testing in a hot water test.
Briefly, the sealant conpositions are made in an identical fashion, as
_describeg e-ltow except that three different anti-oxidants are used. The
di fferent an oxi dants (a phenolic, a phenolic plus thiosynergist, and
the 25 anti omidaistdafichhey! AYRNILNLntBECIAERY Ao, thotlotd BE cfgnPONENt A
Then the, three sealants are cured at 25C for hr ee vvee s ‘and J% en cut into
sanpl es WYHRERE dersi Barsela 15 byl b?suBl’trﬁn afideskanpl s dhe kept in
70C wat ef5f1Qr ph1apd 28 days, respectively and then assessed for 30

di scolorati-on. (The original color is white.) 8 June 2006 WO 03/ 050157

PCT/ SQ02/ 00289 -24 Seal ant conpositions, except antioxidant: Conmponent A:

PBG 2@ 0 %&1@?@1;&5}10 ! o@ 0 %:’15 grhr%galgeglatcatcm %on%a:.nlng g Different

Anti~oxidants after Prolonged Immersion in 70°C Water

Immersion Period 7-Days 28-Days

PU Sealant = Pale yellow Yellow
Containing a

‘Phenolic {prior

art)
PU Sealant No appreciable | Yellowish
Containing a change in color

Phenolic and a
Thiosynergist

(prior art)

PU Sealant No appreciable Slightly pale
Containing a change in color yvellow |
Sterically

Hindered Amine

{invention)

The invention being thus described, it will be apparent
to one of oxdinary skill in the art that various
modifications of the ingredients. of the invention, or

10 methods of its formulation or use, can be made. Such
modifications are considered to be encompassed by the

invention, which is defined by the claims below.




Funed silical g Silane adduct0.5 10DBTDLO. 08 g Conponent B: I|sonate 143L
8.8 g 8 June 2006 WD 03/050157 PCT/ SG02/ 00289 -25 Results Jhencsioegi cally
hi ndered amine in the forrmulation of the invention is of Forrmula (I). The
results are shown in the table below 5 Discoloration of the Three

Seal ants Containing Different Anti-oxidants after Prolonged Imersion in
70C Water | mrersion Period7-Days28-Days PU Seal ant Pal e yel | owyel | ow

Cont ai ning a Phenolic (prior art) PU Seal ant No appreci abl eYel | owi sh

Cont ai ni ng achange in col or Phenolic_and a Thi osynergist (prior art) PU
Seal ant No appr eci abl eSli ghtly pal e Tofifai ni ng achange in col oryel | ow
Sterical qyatiyedered Ami ne (invention) The invention being thus described,
it will be apparent

1. A polyurethane sealant composition comprising a

component A and a component B, wherein

component A comprises a hydropheobic polyether diol selected
from the group consisting of polybutylene glycol,
polytetramethylene ether glycol and a mixture thereof, a
cross—linker and an antioxidant of the formula I:

&

N L 1Y IR G Ty o N~ CHj

- and component B comprises a polyisocyanate curing agent.

2. The polyurethane sealant composition of claim 1,
wherein the polyether diol is polybutylene glyccl having a
number average molecular weight of 2000 to 4000 daltons.

3. The polyurethane sealant composition of claim 1,
wherein the polybutylene glycol 1is poly(l,2 bhutylene
glycol).

4. The polyurethane sealant composition of claim 1,
wherein the polyether diol is polybutylene glycol having a
number average molecular weight of 2000 to 4000 daltons or
a mixture of polybutylene glycol having a number average

molecular weight of 2000 to 4000 daltons and




to one of ordinary skill in the art that various nodifications of the

i ngredients of the invention, or 10 nethods of its fornul at§ dme®o0ese, can
be made. Such nodifications are considered to be enconpassed by the
invention, which is defined by the clainms below. -26 CLAIMS: 1. A

pol yur et hane seal ant conposition conprising a conponent A and a conponent
B, wherein conponent A conprises a hydrophobic polyether diol selected

fromthe group consisting of polybutylene glycol, polytetramnethylene ether
gl ycol and a m xture thereof, a cross-linker and an antioxi dant of the
formula I: (1) OO Il it o-c-(cH2)8-c-0-( N-CH and conponent B conprises a

pol yi socyanate curing agent. 2. The_pglyuret hane seal ant conposition of
claim1, wherein the polyether diol is polybutylene glycol having a
nunber abetAgethyiaddulanawerghdeof 9b0UDl t ba¥0D0 dal trorger3. aygeage

poIyureymgpg$§§€%gﬂ%ﬁﬁﬁ?ggshbb%ntgf4sb§ig%%%mu¥herein t he pol ybutyl ene

gl ycol is po ene glycol) pol yur et hane seal ant
conposition of claiml1l, wherein the polyether diol is polybutylene glycol

having a nunber average nol ecul ar wej ght of 2000 to 4000 daltons or a
m xture of pg§y Eg YO Ravi $RY 3 huRrBRPO 3 et Ay e Ofnot &l afr wei ght  of

2000 to @ROL-dal toRs apdl PodtPLerd06q1¢d51  is poly(l,2 butylene
glycol).

6. The polyurethane sealant composition of claim 1,
wherein the cross-linker 1is polypropylene oxide triol
having a number average molecular weight of 1000 to 3000 or

N,N,N', N' tetrakis{2-hydroxypropyl) ethylenediamine.

7. The polyurethane sealant composition of claim 1,
wherein the ratio of isocyanate to hydroxyl in the total

composition is 1.2:1 to 1.3:1.

8. The polyurethane sealant composition of claim 1,
wherein the component B further comprises a modified
methylene-bis- (4-phenyl isocyanate) containing carbodiimide

groups.

9. The polyurethane sealant composition of c¢laim 1,
wherein component A further comprises a reaction product of
gamma-aminopropyltriethoxysilane with 2-cyanoethyl acrylaté
or the reaction product of gamma-aminopropyltriethoxysilane
with benzyl methacrylate or a mixture of the reaction

products.




pol yt etranet hyl ene oxi de gl ycol having a nunber average nol ecul ar wei ght

of 2000 to 4000 daltons. 5. The pol yurethane seal ant conposgtasPods cl ai m
4, wherein the polybutylene glycol is poly(1,2 butylene glycol). 6. The
pol yur et hane seal ant conposition of claim1l, wherein the cross-linker is
pol ypropyl ene oxide triol having a nunber average nol ecul ar wei ght of 1000
to 3000 or N,N,N,N tetrakis(2-hydroxypropyl) ethylenediamne. 7. The

pol yur et hane seal ant conposition of claiml1l, wherein the ratio of

i socyanate to hydroxyl in the total _conpositionis 1.2:1 to 1.3:1. 8. The
pol yur et hane seal ant conposition of "éPaim 1, wherein the conponent B

further COWDri@?S_Tﬁeﬁgﬂiﬂﬂxﬁ‘éth%bhysle%&%ﬂ%i Sedrfsiendn | sPcyagahed,
contalnlng carbodiimde ‘groups. 9. The pol yurethane seal ant conposition of
cl ai m 1, vh@hpetri fheonpdient oA fapcheratenppi sesirwxydacti ohher ddtel of

ganna-ankgggggpgi%éigégﬁgxﬁ?k%pﬁ'gﬁﬁh 2-cyanoet hyl acrylate or the

reacti on produc -‘am nopropyltri et hoxysilane with benzyl

nmet hacrylate or a m xture of the products. reaction 8 June 2006 -28- 10.
The polyurethfne seal ant. conposition-of claim9, wherein the ratio of

i socyanat e t o-hydFBRyIPAYUERéREBEaISCadaRpoTAMRAPIE oL, 28 ¢baim3l1. 11. The

pol yur et haage seakaRbosOAPOAI iR nel d@iPikes MOLIELS campanent Anfurt her
conpri ses calciun1o§ide in an anount ffgﬁif?o to 5.0 wt %of the tota
wei ght ofmepet from 1.0 to 5.0 wt % of the total weight of the

composition.

12. The polyurethane sealant composition of claim 1,
further comprising a poly(dimethylsiloxane) having a number

average molecular weight of 30 to 50 kilodaltons.

13. A polyurethane sealant composition comprising a
component A and a component B, wherein component A
comprises

i} a hydrophobic polyether diol selected from the group
consisting of polybutylene glycol, polytetramethylene ether
glycol and a mixture thereof, having a number average
molecular weight of 2000 to 4000 daltons that is present in
an amount of 20 to €60 wt % of component A,

ii) a cross-linker selected from the group consisting
of polypropylene oxide triol having a number average
molecular weight of 1000 to 3000, N,N,N’',N' tetrakis(2-
hydroxypropyl) ethylenediamine and a mixture of
polypropylene oxide triol having a number average molecular
welght of 1000 to 3000 and N,N,N'",N' tetrakis (2
hydroxypropyl)ethylenediamine, and an antioxidant of the

"formula I:




conposition. 12. The pol yuret hane seal ant conposition of claim1l1, further
conprising a poly(dinethylsiloxane) having a nunber aver ag® Jufe 29046 ar

wei ght of 30 to 50 kil odaltons. 13. A pol yurethane seal ant conposition
conprising a conponent A and a conponent B, wherein conmponent A conprises
i) a hydrophobic polyether diol selected fromthe group consisting of

pol ybutyl ene glycol, polytetranethylene ether glycol and a m xture

t hereof , having a nunber average nol ecul ar wei ght of 2000 to 4000 dal tons
that is present in an anount of 20 to 60 wt % of conponent A ii) a
cross-linker selected fromthe group consisting of polypropyl ene oxide
triol having a nunber average noleculargweight of 1000 to 3000, N,N,N ,N
tetraki s(2- hydroxypropyl) ethylenediam ne and a m xture_of pol ypropyl ene
oxide triol having a nunber average nol ecul ar wei ght of”? 1000 to 3000 and
N,NN,N tetrakis(2 hydr ypropyk}ethylenediani and an anti oxi dant of
the formula |: 8 June 20 =29 (O and co conprises a

pol yi socyanat e curi ngcagef es g conposition of
claim13, wherein the po | efe gl ycol having a
nunber average nol ecul ar~ tens. 15. The

pol yur et hane seal ant conposition of claim 13, wherein the polybutyl ene
glycol is poly(1,2 butylene glycol). 16. The pol yuret hane seal ant
conposition of claiml13,

Q

and component B comprises a polyisocyanate curing agent.

14. The polyurethane sealant composition of claim 13,
wherein the polyether diol is polybutylene glycol having a

nunber average molecular weight of 2000 to 4000 daltons.

15. The polyurethane sealant composition of claim 13,
wherein the polybutylene glycol 1is poly{l,2 Dbutylene
glycol). '

16. The polyurethane sealant composition of claim 13,
wherein the polyether diol is polybutylene glycol having a
number average molecular weight of 2000 to 4000 daltons or
a mixture of polybutylene glycol having a number average
molecular weight of 2000 to 4000 daltons and
polytetramethylene oxide glycol having a number average

“molecular weight of 2000 to 4000 daltons.

17. The polyurethane sealant composition of claim 13,
wherein the ratio of isocyanate to hydroxyl in the total

compeosition is 1.2:1 to 1.3:1.




wherein the polyether diol is polybutylene glycol having a nunber average
mol ecul ar wei ght of 2000 to 4000 daltons or a mixture of p®Iyd006ene

gl ycol having a nunber average nolecular weight of 2000 to 4000 daltons
and polytetranet hyl ene oxi de glycol having a nunber average nol ecul ar

wei ght of 2000 to 4000 daltons. 17. The pol yurethane seal ant conposition of
claim 13, wherein the ratio of isocyanate to hydroxyl in the total
conposition is 1.2:1 to 1.3:1. 8 June 2006 -30- 18. A pol yurethane seal ant
conposition conprising a conponent A and a conponent B, wherein conponent
A conprises i) a hydrophobic polyether diol selected fromthe group

consi sting of polybutylene glycol, pghytetranmethylene ether glycol and a
m xture thereof, having a nunber average nolecul ar wei ght of 2000 to 4000
dal tons that 1%. pPesentyiretlmmeansealant 20mpesddinn %wolpciomreneat A, i)
a cross-linker selected fromthe grgup consisting of polypropyl ene oxide
triol ha%?rﬁ%g%e% earnog\‘}“er‘:é’é“gonﬁ%?egmQ]Pek?»%’rlbht of 1000 to 3000, N,N, N, N

t et r aki scé@poiarth axyqa@Rtlskset hyl enedi ami ne and a mi xture of pol ypropyl ene
nunber average nol ecul ar wei ght of 1000 to 3000 and

oxide triol having a _ (

N,N,N, N tet rlaki%gf(yzirmbéﬁyﬁpéwwleét%w%nﬁﬁ%ﬁﬁ%ﬂe,fr@ﬁu thej prape

ant i oxi daph ¢ 1 &nch £ P ORSIL, B SIURY | [oJeT Y] LN nt,

wher ei n thes%ntiéiidant conpﬁfses éﬁggﬁgﬁug%M3?%%%§H%%§X%Fgé ?Fﬁgﬁo
glycol and a mixture thereof, having a number average
molecular weight of 2000 to 4000 daltons that is present in

an amount of 20 to 60 wt % of component A,

ii) a cross-linker selected from the group consisting
of polypropylene oxide triol having a number average
molecular weight of 1000 to 3000, N,N,N',N' tetrakis (2-
hydroxypropyl) ethylenediamine and a mixture of
polypropylene oxide triocl having a number average molecular
weight of 1000 to 3000 and N,N,N’ ,N'tetrakis {2

hydroxypropyl) ethylenediamine, and

iii}) an antioxidant;
and component B comprises a polyisocyanate curing agent,
wherein the antioxidant comprises a compound of the formula

I:

| l
CHy—N O—C{CHzly—C—0 N—Ci,




Il 1l Qc-(CHs-c--0 -31- 19. A nethod for sealing a porous substrate
conprising coating the conposition of claiml upon said sub8timiz®0620. A
met hod for sealing a joint between two surfaces conprising applying the

conposition of claiml to said joint.

._31_
19, A method for sealing a porous substrate comprising

coating the composition of c¢laim 1 upon said substrate.

20. A method for sealing a joint between two surfaces
comprising applying the composition of claim 1 to said

joint.




