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5 BACKGROUND OF THE 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.
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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




HEAT AND HOT WATER RESI STANT POLYURETHANE SEALANT FI ELD OF THE | NVENTI ON
The present invention relates to seal ants/adhesives. The sgdaugtggadhesi ve
of the invention is fornulated to exhibit high resistance to heat and hot
wat er i mrersion. 5 BACKGROUND COF THE | NVENTI ON Seal ants are widely used in
buil ding and civil engineering wirks as they serve several general
functions as follows: (a) Waterproefsiikng function 10 Seal ants are used as
conponents_of conpl ete waterproofing systemby resisting the passage of

wat er i nPBlY#istEG partrRAsithenbute diusg. a(dY¥rEve penhelttal function Seal ants

are used as barg el g Leslat e, pRYIRge Olo g igah. TNt sound, odor,

dust, etc. into the bui ng. venent contro unction Seal ants are
used to pctpurmitiahe sedlldrntui Dfe ChBR@GESgES oSitzA sOhet hevd-@bfiboiter t O
thermal, npisture and structural nmovenents, including vibration and creep.
20 A seaPahfunflbenpesybtalt gepiit diinchB3LLY Ufc PrBReNtIAY vakersane tine, it

must have,areeRf abhec APRRRLBRES, S HINGREL1Tdss ©SADLLLE AN, DRI enance

cost. In some cases, additrion Ions may be requi such as ability
to perfetaridnder ofpeciadl hedpettaintdiagoadimpticdi kty €apgdiduisons 25 and/or to
w thstand a pol.l uted at nosphere. 8 June 2006 - 2 Pol yurethane as a high
per f or mafiRE® I ahPTi SAWPIE| FORSEF S ninj NS TEE etr¥igded wal | i ng on

bui | di ng.$agadess Abthough hhghly acReLyfiBrdc, it is susceptible to
degradati on due to environnental

In a first aspect, there is provided a polyurethane
sealant composition comprising a component A and a component
B, wherein component A comprises a hydrophobic polyether diol
selected from the group ceonsisting 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




factors such as heat, noisture, UV and others. These factors either alone
or in conbination affect the performance of the material i ngydegeocess of
curing as well as during |long term exposures. In the tropics, the nmaterial
also tends to fail prematurely if exposed excessively to heat and water.
Hi gh tenperature for exanple may change the physical structure of

pol yur et hane by | oosening inter- meci®hol ecul ar i nteractions and change t he
cheni cal mélé&'ﬁiHEeri h@%flﬁg@@a@@ $H60UGR, i he , R gé&ﬁé& i@f (gacronol ecul ar
chains and the formation of [ow nolecul ar Tess ‘product’s The pol yur et hane
seal ant hydgeadatopnl hethy enediveiae uredi a mivetpresefhce of noisture or

wat er % §roceef throug wat er-swel |ing, loss of inter macronol ecul ar

i nt er act POHEPTRDAT BF§sPET DT Eﬁ%ﬁ%é&%v+?%k%d@ﬂgﬁﬁkﬂﬁﬁ§ﬁ%%gradat|on SUMVARY
OF THE | AVEM, O Disehesede hes@h ne b s3 @0 Mevh ot wenet hane @@%M that can
exhibit high resistance to heat and hot water” i'mersion. The product can
have comi@riyaroayptorpnt ] orhyemedbanimeuiandgrs eal @iz wddrit high

resi stance to hea d hot water inmersion e.g. a building facade. Al so
dlscloseﬁh%ef%Fﬁu % &' pol yuret hane seal ant that can resist oxidative
damage. This can be acconplished by incorporation of a - novel antioxidant
conpound. Further disclosed herein is a nmethod for_sealing a surface (as a
coating) or sealing and adhering a joint between ttho surfaces by applying
the 8 June 2006 - ol yuret hane conposition tg such a surface or joint.

Al so discl osed her € S a |veI t wi- conpa pol yur et hane seal ant. The
advant ages of ¢dhis{new —palyuretihapg seal ant reside
principally in prewent/ng water- swelling, er-absorptlon and hydrol ysi s,
i ncreasi ng ther stability of a seal an xanci ng adhesi on to a porous
material, for exanple concrete, in hot water or under

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:




conditions of a warm hum d atnosphere. In a first aspect, there is

provi ded a pol yuret hane seal ant conposition conprising a c®ipereos A and a
conponent B, wherein conponent A conprises a hydrophobi c pol yether di ol
selected fromthe group consisting of polybutylene glycol,

pol yt etranet hyl ene ether glycol and a. m xture thereof, a cross-Iinker and
an antioxi dant of the formula I: a~®70 c¢c~c CH -N } o-(CH)" -a-{ N-cu,
and conponent B conprises a pol yi socyanate curing agent. 1In a second
aspect, there is provided a pol yurethane seal ant conposition conprising a
conponent A and a conponent B, wherein conponent A cdiprises i) a

hydr ophobi ¢ pol yet her_dipl selected fromthe gr consi sting of

pol ybut yl ene gl ycol, etra hyl ene® et her ol and a m xture

t hereof, having a Qun vebggimga%_g | ar [ of 2000 to 4000 dal tons
that is present in anyanpgnt of =2 0 W co nent A ii) a
cross-linker selected om the group consistin pol ypropyl ene oxi de
triol having a nunber average 8 June 2006 - 3a- | ecul ar wei ght of 1000 to
3000, NNN,N ,N tetrakis (2- hydroxypropyl)ethyl enediam ne and a m xture of
pol ypr opyl enelmxi deutth clspkeat| nthereniBbprowMeidagene tideawrar wei ght of 1000
to 3000 and NN, N,N tetrakis (2 hydroxypropyl)ethyl enedi am ne, and an

anti oxi igg a porous substrate comprising coating the compesition

¢

as defined above upon said substrate.
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.




the formula I: (0 O Il and conponent B conprises a polyisocyanate curing
agent. In a third aspect, there is provided a pol yur et hane 8§3gid 20k
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, polytetranethylene ether glycol and a
"m xture thereof, having a nunber average nol ecul ar wei ght of 2000 to 4000
daltons that is present in an anmount of 20 to 60 wt % of conponent A i)
a cross-linker selected fromthe group consisting of polypropyl ene oxide
triol having u 2 Lecul,ar. wei ght _of 1000 to 3000, N, N,N,N
tetrakis (2-ﬁ§§r%¥§%¥§%¥ﬁfggﬁ' eﬁ% i%ﬁﬁ%émggdl% %?%FE?SEO 1Spolypropylene
oxi de tr ipak fasak g palpbiberenay g1 a6l MEBEEULath aveugher ofvek3@8 to 3000 and
N, NN N,Ntetrakis (2 _hydroxyprop I%ethylenedianine, and iii) an

ant i oxi d&RLECEHRF W@éﬂbBr@%tzoﬁocbn%Q YeOdy bR SANSGEY ARRE ©*ddei ng agent ,
wherein the antioxi dant conprises a conpound of the fornula I: 8 June 2006
-3b (1) In a fourth aspect, there is provided a nethod for sealing a
porous substrate conprising coating the conposition as defined above upon
said substrate. In a fifth aspect, there is provided a method for sealing
a joint between two surfaces conprising applying the conposition as
defined above to said joint. DETAILED DESCRI PTI ON OF THE | NVENTI ON The
present invention is enbodied partly in a two-




conponent pol yuret hane sealant. The first conponent (A) conprises a
hydr ophobi ¢ pol yether diol, a cross-linker, and an anti oxi glame 2008Mponent
A can further conprise a filler, a plasticizer, a drying agent, a silane

adduct @9 @dhesi on pronoter, an anti-bubble agent, JLRE¥PNELPE and a
curing catalyst as found necessary to particular applications. Conponent

A can also contain a nodified i sagyanate, such as a nodified
nmet hyl ene- bi s- (4- phenyl isocyanate), containing carbodiim de groups. An
exanpl e of such a nodified isocyanate is Isonate 143L from Dow Chem cal

Co.” THeyEE6CONSTMONRARENE (BhbEP AN SR ddlRllaocyangte os 2@00curi ng agent .
The two-conponent pol yurethane sealant of the invention retains its

f avor abl400% opEr B SBiRDE <okl BRF SnchdREPve TespPPEYBSIl6RGed exposure

to a“gigeafphgs%»of wih (€. HundOC QyeMBLEEr ho1dUiT¢ aji&i gt t @£pr ol onged
inersion in hot ° (e.g. water. 8 June 2006 -3c The hydrophobi c pol yether
di ol B8e8~490Componeaferrdds phedarsehl 9L pbighuhydeomhapigeby EPBG with a

Sue: SB06. VB 0sPOBNT o T Betf Baba b0Be 24 TG care (BHAD) T Th S unber -
aver agéfiiectlyr meiighingf w2RE-absdOPDion and xwater-ofweRBGngnd PTMO. The

| ybyt vyl I | (PBG w.th a, I I i_ght of
2000- 46567 < BAGGHRY, TBREHSE of i BRC ot oo SPEY B BAG the cur ed

- seal apbmperéa@i ni RALHEBG has téenv@idilonafl effédli=ent |y casiaining

wat érég:??géglg;fgneangl%éler _d?'L\cI)VZeII IIPnP%). 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




during prolonged imersion in hot water, especially as conpared with a
-conventional seal ant containing polypropylene glycol diol g§PRRg2008uch

resi stance agai nst 10 wat er-absorption and water-swelling of the

pol yur et hane sealant helps to nmaintain elastic recovery, tensile strength
and adhe¥@#/05¢5toncrete in hot, hum d air and during PATAGER2EN hot - wat er .
PTMO hel ps to enhance heat resistance. The cross-linker used in Conponent A
is preferably 15 polypropyl ene gly&ol triol (nunber average nol ecul ar
weight: 3000) or NNN,N ,N -tetra ki s(2-hydroxypropyl)ethylenediamne or a
m xture of these two conpounds. A mxture of the poI opyl ene glycol
triol wia pxidetdion pfogbet sealantprigialr asl whsegirrdoino g@ RE®EIL t he anpunt
of the fr{ Qxltloﬁf 20 N, N, N , N -tetraki s(2-hydroxypropyl) et hyl enedi am ne
provi des " T’ ncreased el astl c recovery upon heat exposure. The anti-oxi dant
used in Conponent Ais a sterically hindered amne of the formula (1): (1)
25 Wt hout. bei ng bound by any tHeory: Of o . nvention, it appears that the
fol | owi ng nechani sm pr-ovi des the reS| B ffance % .Jupe 2006 WO 03/ 050157

PCT/ S@Q02/ 00289 -5 toxOx: datl on of thw seal ant ¢ hat is observed in the

present invention: Y BB <used in. !m@r A is a sterically 5
hi ndered am ne af.. : ¥ " a oxi dation nechani sm
shows that the ahtj on fcan consune bot h al kyl

zactive nitroxy

radicals are refids uring the protracted

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) wifh 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-




10 anti-oxidation process. These two features can contribute to the
persistent anti-oxidation function during prolonged i mersgagiind20060t

wat er. Perfornmance testing as described below shows that the cured seal ant
containing this sterically hindered am ne renai ned undi scol oured after 15
prol onge®WQBHO&H8T on in hot water while the seal ant cOMiTAGR/P Y%A
conventional phenolic -anti-oxidant yellowed. narkedly. The antioxidant is
typically added in an amount of 08 to 2 wt % of conponent A The silane
adduct as adhesion pronoter used in 20 Conmponent A is preferably the
reacti on product of gamma- am nopropyltriethoxysilane (APS) with

2- cyanostimpprapy it aiethqeamai)langr ishpregeratlon igy ddecragge AP 44k h benzyl

met hacr t.e ( ture,of these two reaction products. The
reacti o%/n(l ?‘rloﬁé a |%r%¥13}a%%’y éti(é'tﬁl()_lgamm 8 June 2006 WD 03/050157

PCT/ S@2/ 00288 =flamenaddapy| tisi eddesdysibl ankanseptbéerdbéyiom afhe range of
2:1 to 1:1, preferably about 1.4:1. The sil ane, adduct is_added,to enhance
the adte GiPlipRte o LBaI SRPSESEthe Subst AT ebSy. "H58NdPECES “hhen

i mes seth Hpd Walkek. watrge. rIketf hesit Mo idheOfsillR@esiddanetadduehat s that in
this am no-functional adhesion prompter the active primary amno groups of
APS ar el orihdist e @migos EBBABAPYR BN RIS ST a PTCEPES Tt o tP8r t PEFYSni no groups
by the adduct, kgast yeBuWst ReCEds0LBMAonTRE8cdeeheasssnttis) ramdi lity to 10
react wth isSocyanaté during curing. Thus the silane adduct is not

conpl etastan dpssbiakldy i riico ttisatdany aramimet r pxowps deies thet addeck b t he

Chnt "IHASRENLANBELIBER BOC sA0CY AALE BT eablS RALYP! apilfrpegond merit i

t hat the cyano group
10 react with isocyanate during curing. Thus the silane adduct

is not completely dissolved 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-




a very polar group, helps to increase the conpatibility of 15 the silane
|'ayers. The silane layers are forned on a substrate (e.g. gomer280e) during
.curing after application of the sealant, with the pol ar pol yurethane
“sealant. The phenyl group of BMA helps to increase thermal stability of
the sil aM @@3UET | ayer. One purpose of the silane addREWSGRY0G289 t O
“establish strong |inkage between the pol yurethane sealant and the sil ane
adduct, but, nmeanwhile, to avoid +tbtal dissolution of the adduct in the
cured seal ant without form ng adhesion pronotion |ayers between the

seal ant and the substrate. 25 The fillers for conmponent A can be any known
i Nt he etényilhebatopref ¢adtly) car ctubethyirmeatdidmings etPABAPe tFi ot rope, can
be any known iErBt he Prti t?Jut d preferably funed silica, especially a

hydr opHOBiE Pulrds ©%1 1'%, "5 "used. 30 The curing catal yst can be any known
~in the art, Thut plpseiet addt yesh bal yé i e dinpukmdwen (DBTELY , afin KU ) 2 8 June
2006 WO 03/ 050157 PCT/ SQ02/ 00289 -7 ethyl he oat e (SnOct%k.or triethyl ene
di ami n@HEBRBEDLY o AVIEPRREPRN t RRFEBHIOT | Bégﬂ?‘ 2 oF alt PEFYE® can al so be

any XnowkreRst B8 afdeq.buta RsLL e abiaka®1BY Pnaeak BoReF ek Ndo6ctyIpht hal ate or
a mxture 5 thereof is used. A nore preferable plasticizer is dioctyl

pht hal athdh@beby. (A%R) dryi ng agent used in Conponent A can be any known, in
RE Sy ey BEELED KoBoE REROSA BB b R Lot
i nvent idon.thei rst, butheteferably a chalcogen oxide such as calcium
oxide is used. The drying agent has three functions in the
10 polyurethane sealant 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




prevent bubbling during the curing process by reacting with carbon dioxide
that nay be produced during curing. Second, it consunes thg JuaiX06

nol ecul es that' diffuse near the pol yurethane chains in the cured seal ant
when the sealant is 15 imersed in hot water so as to deter water-swelling
of . t he sW8I03/480157Thi rd, when cal ci um oxi de is utili zedPCHSGII2890t - wat er

i mrer si on cal ci um oxi de can react with water to form cal ci um carbonate

whi ch has a hi gh nodulus. Thus, the&+4 oss of strength by hot-water

i mrersi on can be counteracted to 20 sone extent by the formation of such
cal cium carbonate during the i mersion. The anti-bubble agent used in
Conponefil 34 aestbprafyraldiyodiromn28h2 tet29 Butmdls, préf §E@byyopsd | ane
~adduct,  nost ref er abl ol y(di pet hyl sil oxane) with a_nunber_.,average 25
nol ecuICSF“P\%eBEt BOFO%E%%&S- %Oﬁﬁgﬁ Cé’\?élﬁg?oﬁsofmﬁﬁ%%l%gel?to'rnTaelon hel ps to
rai se negi/sotanesidf sgalid peByIEdcyanakkeris eppeceabdly hah wetier. The

pol yi socyanate as curing' agent used in Conponent B is pr}aferably a

modi f i e@nget Hyiteke- %'r§1g4-myﬂ>r%€ﬁab&ﬁatfé?m3é-%&bl Yot hat/torftthins a
mngyit odi.h i MRS 16- = : Vi SQaMpat gy | |

pr e?jera Ic%gﬁg%gf ?;g%?“iz%@c?% 35 n%ié%%gg%?éérgg% E\%I\}e a re?iéaaualwof from 27
to 30 SauféerOO8L WO 03/ 050157 PCT/ S@2/ 00289 -8 nol % nost preferably from

28.2 10 29. & 10L 01 HTAILOURRs nEOOPARSEFARNRL T 82858, POhYY Socyanat e

as curing agent. rornt pol'yi socyanate I's preferably in
the rargeubel darel Shdleamires ptiedter abliffube ormol. Pd tolguBéiharen 5
accept%:gingolX%S%%%angégeéégd})gga aggigﬁj'as to prevent watexr
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 contains NCO functionalities. The NCO/OH molar ratio is

preferably kept in the range of about 1.2 to 1.3.




| sonate 143L MDI provided by The carbodiim de groups have two functions.
First, they consune water nolecules that diffuse to the pogysiecsiohgne

- chains of the imersed 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 whivetoexmaesf orm very strong interpol ymer hydrogercTsowdoorg i n t he
seal ant so as to counteract the gradual |oss of strength of the seal ant
caused by inmmersion in hot water. %8-The preferred anmounts of the various
materials are: For conponent A (as a proportion of conponent A):

pol yether - 20 to 60 wt%cross-linker - 0.5 to 8 ww% antioxidant - 0.3 to
1.0 wt % 20 AryoIvpragent carri@rt @am ®emaddedntait- bpbbice ag@nto-92.3 to 0.8

w % adhe§| Q 2.0 % plasticizer - 5.0 to 15 W%
f|||er‘£’ foﬁé?otﬁ%@ifso %&%ﬁPB‘pe- 1.0 to 5.0 w % catalyst - 0.02 to
0.8 wt % 50|Nentcomb@n§ti&12 V%6 FoiheCOMpRN9Bth&: ( as ca:dﬁs;aehkb@n of
conponent B): Curing agent - 8.0 to 20 wt % 30 Conponent A contains CH

functi oﬁla’FJr‘WJéﬁa%l | @rgdRgonadents caREAThPNED AFFAL onAGEFASR The NCO OH

nol ag f t 8 June
Do0a wer by M Gy ARBL B AUARAE dectdialcd en at up

‘to 80 tgnghemﬁﬁaéinghgompmsﬁtan¢m3|tecms of 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
- CaC0s ' ~ 25g




A conbi nation of the polyether, cross-linker, antioxidant, drying agent,
anti - bubbl e agent, adhesion 5 pronoter and curing agent pr@vimesoshe

“hi ghest performance of the sealing conposition in terns of best resistance
-to exposure to a hot, hum d atnosphere or imersion in hot water. O her
mat er i al ¥&BASP& added to the conposition of the 10 poFsenyooRsvention to
obtain additional desired properties. For exanple, the sealant can be
colored by the addition of a pignmeHi= The pol yurethane seal ant of the
present invention is mnade and utilized by nethods typical in the art. 15
WWORKI NG EXAMPLES AND COMPARATI VE TESTS The present invention is illustrated
by the fol | ow%g Exanples, which are3fiot to be considered linmitative of
the inventi ed ithese Exanples, th@ invention is also conpared agai nst
formulations of the prior art. 20 Exan%le 1: Formul ations Tested A | ow
nmodul us sel fSikared laiddgePU seal ant fOr5ghe 25 horizontal joints with

frequent and,|.arge movenent (MZ) was _fornulated as follows: Conponent A:
PBG 2000 40&*‘@&%’#{3% gg'&b’éé‘%‘gg 30 DEP | og CaCOB 25g 8 June 2006 WO
03/ 0850157 PQIRiSH02100289 -10 CaO 390, 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




Funmed silica 1g Silane adduct 0.5g Antioxidant adm xture ig DBTDL 0.08g
Conponent B: Isonate 143L 8.8g PBG 2000 is poly (1, 2-butylgnmedogsol )
havi ng a nunber average nol ecul ar wei ght of 2000. PPG triol 3000 is

pol ypr owy g 1$xi de triol having a nunber average nol i ght of
3000. Isonate 143L is a product of Dow Chem cal. Thg%g?élk:g{r{%]ﬁggduct is a

product of reaction of am nopropyisilane with a cyano- contai ning
acrylate. 10 1. Selection of Commercial PU Seal ants for Conparison Due to
current absence of the conmmercial sealants designated as hot-water

I mrer scbhiet Dteyal ke SMARAEsid, eSIsddtsias0MusHadti kY Ne@MRYALal
hi gh- perforpance water resistant or water imersible PU seal ants comonly

used,iﬁHQS§¥WE?R?§ﬁﬂ cs and on highways, bridges and airports were selected
for conparigen whide thy Ssseldmdevelppsd &5 Alg &V\?éﬂg%e%%'iﬁ ant
., a

one-conponent PU seal ant (Bostic B2637, designated as
wat er - FhtrecdpBF e afinRrasepsnernnmeRigigddvaravaiBeble c sB2840ts débagnat ed as

C2) g & f.f I - n . S t L.Cc 6,,. desi gnated as
C3) ° aﬁl%\l}?r%ﬂn% gﬁﬁeg?k%%%w Sea a%@gﬁggﬁf(g%?]eeré \%%\r%%ksae?%c S for this
study to conpare with the PU sealant of the invention (MZ). Al of d, C
and C3 havqcbqu %&dglg used on various construction sites including
airports i CPna'd “5preat & June 2006 WO 03/ 050157 PCT/ SG02/ 00289 - 11

countries |Sgeridehaysifa,a muilctiSicopppacat sealant were cured for
14 days at 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-




| ndonesi a, Australia, New Zeal and The three PU seal ants can be regarded as
representing the class of present comercially avail abl e sg@umgest hat 5
"~ have the highest resistance agai nst conbi ned water and heat. 2. Curing of
Seal ant's Speci nens of a multi-conponent sealant were cured for 14 days at
st andar dW&R@MFons (23 + 2C and 50 + 5% rel ative hurficdisGy30028peci nens of
‘a single-conponent were cured for 21 10 days as follows: 7 days at standard
~conditions; 7 days at 38 + 2C and~93~+ 5%rel ative hum dity; and 7 days at
standard conditions. 3. Water & Heat Weathering Anong various patterns of
conbi ned Wiﬁ\el’ and_ heat, 5. mrersion in heated water shoul d be the nost

1
ext reme SYEOMUNY i oh2FDr CUHE Set i SSWhhant fardeesintdhe R HFE t he

Maxi WUWE@W@I:%F WrdprfsehBenduidr NG rFlilaEE! 65 | MiokheyatdPPiGS Gan reach
70C. Thus in this study, conbined water & heat weathering test was

i npl eneffR42BYy iiRmethabsy ditegned sHmenuthspavinfens iovhpeConateed for a
period §re8hdnt O bOa%s, b [,0n.{es re.perforned. 4. Cohesion
There are nun%roﬁ%é%r%%}e@t’i g%%?glcgtgggikb E%ﬁeé?%%faﬁe (g:o%é’lrsé?‘vemf ailure.
Ther &f ovbicht pspetts i cane dwdiwmedcessar We2briing esthel |cdiesimmoperties to

eval uat | ON:S n and redict pgssibility of cohesive failure.

The rmrgt%‘%??m Rt E\El}gyg%ge?ge%eggé af‘%é ﬂ@%teﬁ?%ﬁ%ﬁ?ﬁa\% CS? i es that
do not witih gbhgiwvkrdlaprepétt bachared R@abokatédiss Foldywst he testing system
desi gned to eval uate seal ant cohesion included water 8 June 2006 WD

- 03/050157 PCT/ S@2/00289 -12 swelling rate, tensile strength, hardness and
el astic 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 aftef
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




recovery representing the influence of hot water on a sealant in shape,
~internal strength,. surface cohesion and novenent capabili 8Yune 2006
"respectively, the total performance in which aspects are believed to
determ ne the cohesion strength of the affected seal ant. The experi nental
det ai | s WQ®M85016idi vi dual properties are el aborated as FQIVSGHNN28H. 1. WAt er
Swelling Rate Two conpletely cured rectangul ar specinens with a 10 length
of 115mm a width of 30 mmand a depfh of 3mmwere inmmersed in 70C water
for 7 days and 28 days, respectively, then taken fromthe water and kept

in air at roop tenperature for ten mnutes. Then the |engths of the
immersed spedifhBfseFnGEAE GReGimeds PHEDHErnsherri pg§ 189 fite was

caI cul a t u I t
[ (] x- 11t54;®;jﬁ%]GXIRﬁOO&%%%'%%g?aeQEC?En(é%{ﬂ% t Zﬁr{\{%%l hbec{;}gur5f’elngher){%r‘i’eorda three

dunbbel limggsepfeds WEIE walrespafer Uskng 28ddeygi viegpectistadgen-Hench- mar k
di st anc 2 te g dth of 8.0 and a .thickness of
1?1t1tes gffz'éfhgg?au ]beﬁ%rp ﬂ\é timme::s;on € S%%qu%dva%t er for 7

- 3. 0mMm en two SpECT NnENs Were i
and 28 d@yspreéspethi aelsyoréFMr hyranass esesfdervivtenisal réa@ngde i mrersion

t he t\/\o(ﬁ_‘geci nmens ngfu %gd on grlgg of the Instron machi ne and

ext endedat THE s&B P%tl S B of 8BS 55 MATRE ePhe®Fal s of 25%

t ensi | ehatriress weﬂaetakm agoAtEePr et atihasr &4t hepkensth e iy ength. The
control (not |mTprsed speci nen was neasured in the sane manner and

conpar | ¥5ASHAS e I%lﬁ SREEHBARAREr 3¢ SPRFLHSAL. Was 3made riids 1@ June 2006
WO 03/ og%gzsgmép@yeggzsg -13 Three rectangul ar speci nens w th di nensi ons
of 130

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




40 by 6 nmwere prepared after curing. Then two of themwere inmmersed in
70C water for 7 and 28 days, respectively. 30 mnutes aftegJuempoal from
the i mersion each specinmen was 5 neasured with a Shore- A hardness tester
Wwith six readings. The nean value of the six readings is reported as the
har dness wWa#38015The control (not i1 nmmersed) speci nen wasCT/Seoasnsed in the

sanme manner and conparison was nade with the inmmersed specinens. 10 4. 4.
El asti ¢ Recovery -Three speci mens wedéd—cured i-n al um ni um channels with

di rensi ons of 300mm | ong, 10mm w de and 15mm deep. Two of them were

i mersed._ i OC water. for 35 days. 30 mnutes after renoval fromthe
i mer si ol?lajg'é’ct rﬁﬁ?%§dn€§§uﬁéﬂoige% t Bhe seeragestfneee two

non- dest¥dietings %%t't%kéﬁcoé/serfhet [ dB€aresykt B SAPT 7 ss€d in a
S

per cent age repr esenting the degree o recovery within nd after the
surface Weﬁiﬁ@ dg pedp ¢rEknans peesgwbsuyetheigetidet osamal manokrt handester to a

depth of, Ro40 I n, 20 conpressi.on at the depth for 5
second andt é’nor ewlég\(;l{e? ’Wltﬂglognp}@l?ejsns“f'%rns r%rsgg CIRE cont rol speci nen was
rreasured in the same manner and conpari son was nmade with the i mmersed

specige g %Aﬁhes_lo 25 5.1. Hand pull Three specinens with
di men5| ons o B Im were applied and cured on concrete bl ocks.

Two of them BRESe lsﬁeem@ﬁblmﬂk@(:dﬂﬁé@élcfr@ &8 Q@Y§y Twophouy syaf ter
removal m t he i,mrer si on each@épem men was conpletely puI I ed from 30 the
subst r at®4 ﬁg EARE2IARE o7 e48VBE 3l yeingiy aboidsi vt Jiwe 2066 WO

03/ 0501w dek]/ S 0¥ edl4ind 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




failure were neasured and recorded. The average of the two readings was
taken as the final data. The control (not inmrersed) speci nmgpuxesHogeasured
in the sane manner and conparison was made with the i mrersed specinens. 5
5.2. MaglyaRsdisd | Three specinmens with di mensions of ﬂ/ﬂz@ﬁ Py 3 Mm

whi ch contained a layer of alumnumcloth with the same w t%, wer e
applied and cured on concrete bl oek§- Two of themwere imrersed in 70C
wat er for 28 days. Two hours after 10 renoval fromthe i mersion each

speci nen was gripped at the ends of the alumnumcloth and conpletely
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contr agecatsel t thévAiagoam&OFI Nali-aRaf Waker phgat ﬁﬁgefycziﬂc? ovenent .
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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%




-15 the concrete substrate shall be no nore than 9 cnR. For cohesive |oss
of each specinen, the maxinum failure depth shall be takenggamedmesgcohesi ve
| oss depth. The total |oss depth of the three specinens shall be no nore
than 1.&o%% ecause the environnmental factors lik ter and
cyclic ﬁ%vengﬁ?Bare all enbodied, this test can be rggggggﬁmwgs a test
package that a hot-water resistantigeal ant should pass. Based upon

previ ous research and in order to raise the threshold that a hot water
resistant sealant is required to 10 pass, a passing seal ant shall exhibit a
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perfor ce4 N i.,on ohesion and elastic recqovery are set to be
adhesi \ggaf gﬁ’ur%pﬁrlg%g ﬂ‘?&%egf-‘écﬁg, r@gﬁésic\f‘e k-8 ure >3 e8¢l tha%.0. 1 cm and
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deformation of the on-site sealants, a type, of cohesive failure
frequently observed on building joints 25 in the tropics. Table 1 Water
Swel | i ng Ratessilfe PYrseal ahtMeasfurer of| fneesiah StkeR§Enwat er

i - 0, 0, 0 0, - 0 0 0, 0,
Speci menCl GREHck G8YS o828 S2Ra80nieh 20n ISR T 5 20 203, 820 8 June 2006

10 sites after protracted exposure to severe weathering
conditions. 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.




WO 03/ 050157 PCT/ S&2/ 00289 -16 As shown in Table 1, the conmerci al
sealants, C, C2 and C3, swelled nmarkedly at rates of 7.6% Jgadd®608nd 5. 2%
respectively, after nerely 7 days inmersion in 70C water whereas no
appreci abl e swelling was observed for MZ. Wien 5 the i mrersi on was extended
to 28 day@ o3guisti || showed a nuch |ower swelling ratEcHScanesd the
commercial sealants. Tensile Stress_ A Measure of Internal Strength Seal ants
may soften and danpen on -vari ous cordtruction 10 sites after protracted
exposure to severe weathering conditions. Due to | oss of internal

strength, this type of cohesive failure can be eval uated by neasurenent of
tensile stress. 15 Table 2 25% Tensil e Stress values of PU Seal ants (nPa)
after |ablel Gn | Bhdbé~AHAInSBS CVABIKS (ACIHK 9%1%&%% 120. 090. 08

28- daysnol t enQ. 040. 030, 09 Loss- 100%567% 67%13% own Iin Table 2, d, C2
and C3, Wsieﬁ%nGWA)Caﬁéte’W% of their 25%tensile stress, respectively,

av.hi hi fnt‘l 2

~after 28 gs ; TITer sj-on T 70€ VVd.L er—phereas—MEZ—exhi-bit a—slight, 20

t hough fo c.nn.?| bant Yincrealse ofCfensille stress. F rdnel% - AlmMeasure of
Resi st ahce£anEmdnelr at 200 Harldnes25i& a teasd 0of rlesi slarce o
penetraliciB-alegsit |is al~¥o used asi®d. gui ck chegkpof tjhe siaie of |t he
ef fects} 2B8hafigéi mp and_agi ng lon the seal ant structurje. Retenttop of
har dnesk i sufigiy|y|i npoftaht flor fﬂéﬁpica$le cdhst ructi ontl tes|like

t
oA ANl ACANa -
T

hi ghways, "bridges and aiTportrs— 8 Junme—2806—Wo-03/65

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
;relaxathn, creep and compression set undergone by the
affected sealant. Thus retention of elastic recovery of a
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%




PCT/ SG02/ 00289 -17 Tabl e 3 Shore- A Hardness Val ues of PU Seal ants after

I mrersion in 70C water Speci nenCLC2C3MZ Contr ol 23. 025. 825. 0$6u£52006

28- days-013. 85. 017. 2 Change -23.0-12.0-20.0+1.2 (unit) As shown in Table 3,
shore- A hardness values of all the comercial seal ants decreased

dr amat i cA¥0 83/08815r 28 days of immersion in 70C wat er, PeEsGo0028he contrary,
hardness of MZ renained the al nost sanme after the inmmersion. Elastic
Recovery - Movement Capability ' Red&very is the only neasure of flow
characteristics called for in any standard specification. Good recovery

10 after_removal fromany inposed |oad neans little stress ,relaxation,
creep and ©b i s %nH@Fﬁ@ﬁéaneﬁﬁédaﬁmécWEdﬂsahtanncréhas retention
of el astdff FeeaR@¥ebysabvaq. Seal ant agai nst external weathering is well
proportional to its practical on-site novenent capability. 15 Table 4

El astic Recovery Val ues of PU Seal ants after Imersion in 70C water

Speci mend C2 %S$§5@&00@@8@@8@635 daysMol t en85%66%d4.00%

Loss- 100@6159& 32% shown in Table 4, |oss percentages of elastic
recovery val @és vhh&edthmmni&ybmm‘neaalanﬁQO%Méﬂxéﬁﬁaﬂ&He%o cgamer ci al
sealqgt%qg H%E Haés of i rsion,in,70C water. 20 Amazingly, the elastic
recovery # E 6Py ug g@nglng inconvenience in on-site

~operation. 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%




8 June 2006 WD 03/ 050157 PCT/ SG02/ 00289 - 18 even after the same i mersion
period and a slight increase of 2%was observed. 2. Peel -agdhgsd mocAl | the

comercial PU seal ants are required to be 5 applied with priners, thus
~bringing inconvenience in on-site operation. M was intended to be used

ei t her wwidhw3@sgasi ner or without it. Table 5 Data Analpaissoebozieel Force
(Machi ne-Pull Method) and Cohesive Failure (Hand-Pull Method)

CONDI TI ONSEALANTSUBSTRATEPEEL FORCEIEOHESI VE' (N cn) FAI LURE Control C Mort ar
(P)39.8(0) 99 C2Mortar (P)21.855 MZMortar (P)47.5100 Mortar23. 560

- Wt e, 4.60.Mrtar, (P) C2Mrtar (P)24.768 MNMrtar (P)33.383
$£t$3¥€§&% LF@ RHRRT sﬁm\élr ZiﬁB'B’é{lgt RE atiHddi GirptRblai a5 allsiner after

curing isihswpeni 6 &ondus 1ef shoghe q{i_‘gfkfé&c%h%gdtﬁﬂ o\ @, mode as
compar ed w t?&fgeragg c%az}}s Vc\ak}_l l:i.renm«teggign ienSI'?%r‘;CO:vater, Cl 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:




8 June 2006 WD 03/050157 PCT/ S&2/00289 -19 without a priner after curing
is still acceptable as its adhesion to concrete is slightlgJimedoes t han
that of C2. After 28 days of inmmersion in 70C water, C |ost alnost all of
~its adhesion to concrete whereas C2 slightly 5 increased its adhesion to
concret ewO®@@s@st i Nng good resistance agai nst conbi ned pgarsenz/iemgd heat in
ternms of peel- adhesion with a prinmer used. Adhesion of MZ with prinmer fell

nmoderately after inmersion in 70C~%&ter for 28 days, but still remained at
a 10 high level as conpared with C2 either before or after the inmersion,
showi ng wth a priner is capable of performng well in hot water in

terns of 6,dhBeFBhts (9 Beoentad ASTY (71 ieas Canwhth Nizdmierhout a pri mer

==

. rose shdrply after 28 days  [MMIETSTOM T A@gr‘é L et
| evel off Mz 15 with a Potiaer aft éfotatie i%ver&gvﬁ ifndi cting MZ cgn be
e

i
appl i ed [vEYdbritica priadbeséven] weehehigh | eSTEPaNGe |agmiasts conbijned wat er
and-heat| i s demandéd.os®. (Ma¥epenissCapali |i 1Y Regeated ASTM tests jwere

ever—eachitng t he

conduct gd ‘ufcval tit-e—seat-aht-—20—-rovensht—cagabililty under conhilned wat er
and heaf. PEiPhS i mrengilon periogyiwat ef wagy apsorbed by the sedl ant and

when. st exposed tol heat the sealant was|actually subjject to
damage Iy the absofbed water pccel erated{by the h¢Blas@s Test rgsults of
MZ and §héE¥He domprer cidaiL wat pr- 9 ndfersi bl e §v.8duc] sec@erand C2, |are given
inthe tables below._ A prinef is required al ong wi fhikid.her of tlhe
comrerciial seal ant$. However,{ MZ was tested both WEhagic

) . ) YeCovery
Cycle 2 Nil 0.80 . 48.8 degraded
further.
Elastic
recovery
dropped
further

Both elastic
recovery and
cohesion
failed.

Cycle 3 Nil 1.10 41.6

Cycle 4 Nil 2.25 38.9

Elastic récovery of Cl failed after the first cycle and

cohesion failed after the forth cycle.




primer and without a prinmer. 30 d with prinmer 8 June 2006 WO 03/ 050157
PCT/ S&2/ 00289 -20 Table 6 Results of Repeated ASTM C719 ongGhndwdda Pri nmer
Tot al Tot al Average Cycl e No. adhesi vecohesi veel asti cConments | oss (cnR) | oss
(cmrecovery (~) Before testNilINi190.4 Elastic Cycle 1N |0.5065. 3recovery
fail ed. BYQ8¥ISe!STycl e 2Ni | 0. 8048. 8recovery degraded f URQW020@8%sti c Cycl e
3Ni | 1.1041. 6recovery dropped further Both elastic Cycle

4Ni | 2.2538. 9recovery and cohesion f#&li~ed. Elastic recovery of O failed
after the first cycle and cohesion failed after the forth cycle. 8 June
2006 WO 83/%5&157 ‘

primer

Table 7 Results of Repeated ASTM C719 on C2 with Primer

Total Total Agerage
Cycle No. adhesive cohesive elastic Comments
loss (cm?) loss (cm) recﬁxery
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
Cycle 6 11.3 Nil - ~ gg.3  |Adhesion
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 Aferage
Cycle No. adhesgive cohesive elastic Comments
loss (cm®) | loss (cm) recg:ery
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
cycle 7 9.9 ‘ Adhesion
y Nil 99.9 failed




PCT/ S@02/ 00289 -21 C2 with primer Table 7 Results of Repeated ASTM C719 on
C2 with Prinmer Total Total Average Cycle No.adhesive cohesgVygeioastic
Comments |oss (cnR)loss (cnmrecovery (a) Before testNiIN[97.1 Cycle

INi I'Ni 1 92. 5Perfect Cycle 21.3Nil196.4Not fail Cycle 33.1N193.2Not fail

Cycl e 43WINIBISESUNot fail Cycle 56. 7Ni | 89. 7Not fai |l CREITSG2/00289

611. 3Ni | 89. 3Adhesion failed C2 did not show perfect overall performance
after the first cycle and showed oB%ious degradation in adhesion form5

t he second cycle. Adhesion failed after the sixth cycle. MZ wi thout priner

Tabl e 8 Results of Repeated ASTM C719 on MZ wi thout Prinmer Total Total
Aver age 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




Cycl e No. adhesi ve cohesive elastic Cooments | oss (cnR)loss (cmrecovery
(.) Before testNNIN1100.0 Cycle 1IN INi|92.0Perfect Cyclg 8 June 2006
20. 1Ni 1 98. 8Perfect Cycle 32.3Ni | 97.5Not fail Cycle|42.4N|I98.4Not fai
cle 5 ho 7Not fail cle 65.8Ni199.9Not fai |
76 oni | 38 BT On raied & June 2006 VO 031 050157 PCHCEWM0280 - 22 As.
-shown above, MZ applied to concretgzsubstrate w thout a primer can sustain
at least six periodic cycles of nodified ASTM C719 test, and in the first
two cycles even exhibits perfect mmintenance in adhesion, cohesion and 5
el asti off eoppiral SuafleREILI10r FBAGMES astaaldoy mpdgiatel YavhiRider than the
performance of, C2 with a primer, and much superior to perfornmnce of C
with aJﬁ’llPﬁﬁr AoshBE dHapics- cBMesPBn ard-aditasefc thec ovmrgnt ismggest i ng
that thiesigeal anbroMbddiliccanPhlfBin acﬂip!m}a%%lrh%ﬁdt pg 90t§ﬁ£f 1 9f Dbeing
durable 10 in an practical environnent involving ma?e?, eat and cyclic
novenmeATSANENGi Y h eperratemed| dn9 dHapolrts wHvRemEat doi rASTM.EC7 kheon MZ Wi t h

Primeriropics. 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.)




Total Total Average Cycle No.adhesive cohesive elastic Cooments | oss
(cnm2)loss (cmrecovery ROO Before testNNIN193.1 Cycle 1N §NideP®08Per f ect
Cycle 2Ni I Nil199.9Perfect Cycle 3Ni I Nil199.9Perfect Cycle 40.19Ni | 99. 9Per f ect
Cycl e 50.23Ni 1 99.9Perfect MZ with a prinmer exhibited perfect overall

per f or mafees3iBseven after the fifth cycle. Apparent!| yBCcTdGop/en2spuch superi or
to C2, a comercial water-imersible PU sealant, in terns of novenent
capability in conbined water (absorBéd) and heat. CONCLUSI ONS Degradation
owi ng to prol onged conbi nation of water and 20 heat has been shown to be
much of an _element for durability 8 June 2006 WO 03/ 050157 PCT/ SG02/ 00289
-23 of tSAFEAE coMPRTEFiAnSScqXanPt antdesidangir port pavenent joints in the
tropics.cokenbhk-Sgal ant of the invention resists a prolonged combination
of water and heat, a problem frequently encountered in airport pavenent
joints in th8B6 £0@pics. Results froM all,the tests clearly show that the

PU PPG triol 2000 5 g
5 DOP 10 g
CaC03 _ 25 g
CaQ 3 g
Fumed silica 1o
Silane adduct 0.5 g

10 DBTDL 0.08 g

Component B:
Isonate 143L 8.8 ¢




seal ant of the invention is superior in at |east the follow ng aspects as
conpared with existing commercial water-resistant or i nmer gifhe2dod
sealants. 1) Low water swelling rate and high retention of 10 tensile
strength, hardness and elastic recovery in prolonged conbination of water
and heat WQY3/08p1ghi f i cant i ncrease of adhesi on to unprirexszhzoesncr et e when
protractedly exposed to conbi ned water and heat. 15 3) Superior
performance in continuous cyclic noverrent  in an environment of conbined
wat er and heat. Exanple 2: The superiority of a pol yurethane (PU) seal ant
conposi tkgsnuftorrpri sing the antioxidant according to the 20 present
invention 1S own by performance testing in a hot water test. Briefly, the
seal ant conpasid isARSiake1agdend hdentc f j : scy i bed bel ow,
except that three differ gﬁt anét}ﬁe-cg%imcligﬁt gha?jéeug{zﬂ{.\lﬂﬁ?elggi ?fe?%ént anti -
oxi dant sSt{ENHERoI i, 0f FRERBIG ¢ (Pl usThai peywkrsyi ste almat him 2Bhant i oxi dant
of the ipyent kAl ere added at 1.4 wt% of conponent A Then the three
seal ants are cureg at 25C for three weeks and then cut into sanples with
the di nension of 115 by 20 by 3 mm The sanples are kept in 70C water for

7 andg?2 ctiyvely a t hen,assessed for . 30 discaoloration. (The
ori gi %aﬁ) co_i g'rb rlggig\:ﬁl t%é./) %E’J mr%oge%% 050e53iptag SBASTerenY - 24
Seal ant dipositianhs, afker Broivnyedi s sicanRangote AtatrRBG 200040 g PPG

tri ol 266859

"~ lmmeYsion 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.




5D0P10 g CaCB25 g Ca®3 g Funed silical g Silane adduct0.5 10DBTDLO.08 ¢
Conponent B: Isonate 143L 8.8 g 8 June 2006 WO 03/ 050157 PCIh&&060289 - 25
Results The sterically hindered amne in the forrmulation of the invention
is of Formula (l1). The results are shown in the table below 5

Di scol oration of the Three Seal ants Containing Different Anti-oxidants
after Prolonged Imersion in 70C Water | nmersion Period7-Days28-Days PU
Seal ant Pal e yel | owYel | ow Containing a Phenolic (prior art) PU Seal ant No
appr eci abl eYel | owt sh Cont ai ni ng achange in color Phenolic and a

Thi osynergi st (prior art) PU Seal antf\® appreci abl eSli ghtly pal e Cont ai ni ng
achange ¢nae@éoryellow Sterically H ndered Am ne

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




(i nvention) The invention being thus described, it will be apparent to one
of ordinary skill in the art that various nodifications ofg8mnae Jopgredi ents
of the invention, or 10 nethods of its formulation or use, can be nade.
Such nodifications are considered to be enconpassed by the invention,
which is defined by the clains below -26 CLAIMS: 1. A pol yurethane seal ant
conposition conprising a conponent A and a conponent B, wherein conponent
A conprises a hydrophobic pol yether diol selected fromthe group

consi sting of polybutylene glycol, polytetranethylene ether glycol and a
m xture thereof, a cross-linker and an antioxidant of the fornmula I: (1) O
OIl it o-c-(cH2)8-c-0-( N-CH and cenponent B conprises a polyisocyanate

curing agent. 2. The pol yurethane seal ant conposition of claim1l, wherein
t'he pol yEPhercEFBIetihyissieybarjfeneaysalol hagingg a mutissr average

nmol ecul i 2000 0.dal S The pol yur et hane seal ant
conposi ?1:}18%\@%‘?11%:? gz{en:g_l?g%% O\%hogﬁ)g?nttghébggl ?/%%?ﬂ%ne glycol is poly(1,2

butyl ene glycol). 4. The pol yuret hane seal ant conposition of claim1,

wherein the polyether diol is polybutylene glycol having a_ nunber average
nol ecul ar wei ht%bﬁ Zﬁ@@qﬁféhﬁﬂﬁcﬁﬁ? o?gm O %2R e %5f Pitiybutyl ene

glycol haningi@ nmber payehagelem®l eguiak) wei ght ogf 2009 t 8,4090ndal t ons
and 8 Junf ZQSF
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.




-27- polytetranet hyl ene oxi de glycol having a nunber average nol ecul ar

wei ght of 2000 to 4000 daltons. 5. The pol yurethane seal ant 8 ¢gaga®it i on of
claim4, wherein the polybutylene glycol is poly(1,2 butylene glycol). 6.
The pol yuret hane seal ant conposition of claim1l1l, wherein the cross-Iinker
i s polypropylene 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 yuret hane seal ant conposition of claiml, 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 ngc ) es g conposition of
claim 13, wherein the polyether | efe gl ycol having a
nunber average nol ecul ar~Mj ght of 2000 to 4000 da)t®ns. 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 claim 13, wherein the polyether diol is polybutylene glycol

havi ng a _ _
: and component B comprises a polyisocyanate curing agent.

Q

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.




nunber average nol ecul ar wei ght of 2000 to 4000 daltons or a m xture of
pol ybut yl ene gl ycol having a nunber average nolecul ar wei ghfuref208600 t o
4000 daltons and pol ytetranet hyl ene oxi de glycol having a nunber average
nol ecul ar wei ght of 2000 to 4000 daltons. 17. The pol yuret hane seal ant
conposition of claim 13, wherein the ratio of isocyanate to hydroxyl in
the total conpositionis 1.2:1 to 1.3:1. 8 June 2006 -30- 18. A

pol yur et hane seal ant conposition conprising a conponent A and a conponent
B, wherein -conponent A conprises i) a hydrophobic pol yether diol selected
fromthe group consisting of polybutylene glycol, polytetramnethyl ene ether
glycol and a m xture thereof, havingzg_nunber average nolecul ar wei ght of
2000 to 4000 daltons that is present in an amount of 20 to 60 w % of
conponent A, 18) & cpobputétikere sekettrt facowposhéignouporgorisiistd ng  of

pol ypropyl ene oxide trjal havin unber_ average nol ecul ar wei ght of 1000
to 3ooo,¥RﬁR§ﬁf?$fkt%ﬁ¢zai?SmPEPgH§d§0xVB?%%bW) et hyl enedi am ne and a

m xt ure ebmp@Podiyprromdmgiid sexi de triol having a nunber average nol ecul ar
wei ght of 1000 to 3000 and N,N,N ,N tetrakis (2 hydroxypropyl)
et hyl enedi ami ke, 2 gMfGRPPLAR BRALYBRTEAnEic e asiksshdmerBtEsngEPYRs a

pol yi socyghal & Gif | 08 A9eMAtuey WIRS €ii dde gy daRk cROTRRE SE8har cOnpound
of the formula 17 0 o Il ||%}C-(%H&C--O%H3& y
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,




-31- 19. A nmethod for sealing a porous substrate conprising coating the
conposition of claim1 upon said substrate. 20. A nethod fog Jaeagldogg a
joint between two surfaces conprising applying the conposition of claim1
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.






