WO 2011/ 042255PCT/ EP2010/ 062551 Pol yur et hane Formnul ati on Wth Hi gh G een
Strength and Gunnability Pol yuret hane materi als denonstrate a uni que
conbi nat iwo 20f1/@erskor mance properties, including excel | egt/mebeossEs1
resi stance, flexibility, hardness, chem cal resistance, solvent
5resi stance, toughness, light stability, and weatherability. The
performance properties of pol yurethanes nake them suitable for many usef ul
products, including foaminsul ation, coatings, thernoplastic nolding
material s, seal ants and adhesive formnul ations, particularly
noi st ur e-raNthend PéMdlaaibh MH-High Grédal Strdagthderi g@hbeiityo | nprove 10certain
properties of pol yurethane adhesive formulations, such as green strength
and gunnability, in order to tailor the properties and performnce of such
fornul ati %@r@%a%mﬁteea'ﬁgﬁm@ﬂﬁ%@ua'ﬁb? P@H‘P'P%tf?é‘."f BFEUM2BES BRBEHES s t he
initial boclddisg exoederh abfasioheedigiamel Baxilolity, ihafdmess, chemicali registangs, salvento
conpl et | Q@siofnédeughAsSs! Ryht Wablity i SkettReraiignabi | ity is the ability to be
di spensed in caul king guns fromwhich the fornulation may be quickly and
easily 15gunned out and applied to a substrate. A conbination of high green
strengt h, OHBHESIPRRPEriFSSXI PRIV WRiNgNeS Mgke R SYHRRIE {37 Magy URETH! RIASES. hi gh
shear t o ipduding fogominstationt goatings, Be@enoplasticincalding matesialsi saatantg arrd anthiesiverr e
c ;Jr abl ehpr@.;rwétﬁ)hb,midj@rrm%@t@re&larab_letfoirmgl@ﬁ's.r fmloa[dtrgé deRRARATAMpREedr tee nt
stre . : r cosity to
andeat aneaefdrbiteies 3Gy @ AR SR subftaS BN D Kh % LY <
needed i rO4RACILY N QFdeT PRIt RraRRItieRHLReATorMB#RCeIh SEChAPENHR08B iRt e- cur abl e
and achi epagtiduiaglengueeapmitatongt Greemdstrgogthadbihkiirtital horidhsitengthet dre fagnulaion
vi scous frforkRBreaR®! privrtd &inMétion of HUbadiB R Yith Abidtee. Hunhibiktpls ta@asityet out
and good t%‘%@%fég%s,qd%?kéulkiﬁ%gu ook %Pfcm?erf%rrﬂﬂ%ﬁo%qga eocgﬁékﬁ}) SR dali
pol yur et hané rmul at 1’'ons using [ ow concentrati ons rea con)bounds
added t o Y4BeHBYHANEPRiGHHC @S4PFRIF adhesi ve or synthesized in situ. Sag
resistant formul ati ons can be applied to substrates in a vertical position
wi t hout tAeohBihakdna hRR ghddnitieAginOfocviBiESIen, RBb@N&k iRty epanBiigubsiir ate is
placed o ¢ Mgh %I%aWA ﬁéhrlnﬂgm#&‘{@%ﬁ’{s bdeh d}‘Qﬁc%|t38%cr%?"\biﬁ1“r§&¥%ﬁr%‘8d’r@blé o
significan Fy nhance The green 30strength an gunné%l [ y~ provi di ng
hi gher coifbeirthaRs fermaulaiongr s drsiable tq iRCTeAse heIsRANIRAE #B?'W?@?P%n and by
cont rXl | i fagnuldtenk eitbd raising thed vissositydnm abdesirabvie ryelspoloweeng gdeiriceldt i n t he
r etaﬁt 't ﬁn BinpEERe flé(iﬂfcﬂy.ﬁWhra?'rs%Héé’éU iR ti?éry%%%%gﬁgm&tibﬂ@thbﬁar@g ,0?/! ?edt
Wi e pr.operti .ee .adhesi . ility to
thin unddORrarcLRBsdn e heR SRy o BT SR U e 12
pol yur et h43feU$ By tha aprligiion or wihpalh Pecosting (eeistt) far §opd YA it prdeedb#hsEieRuCt |
and conprises: WD 2011/ 042255PCT/ EP2010/ 062551 2 nononeri c/ pol yneric
i socm%rnat I?is'kﬁm?ﬁ %i?ﬂbrth?n?é@ﬁidﬂ%i@@ t&@@ﬁ&hﬁ{e Fororﬁ@aﬁ&]@%y@ta@g %w% nt L he
prepol yner_  an [ r muy i on i,n e e ratio e
ot epol ynerorPaabng of o A ipinod e DuredRp it foradtonie 8L o'ty
addi t i onalYNHsRiBRGINi Y pERY FRsiSeNt fasmelrbens @n bs@pplgd tp§a§§traéq§én@fv¢rtqc§al a
ur ea- bas gubsttion xithowd hecfoada atianwiipping toh saguirestefare ackecendcaubsirae js piédadvar t he
add:jt i ;/e tﬁ@fmﬁm%ﬁén.ab@%vé’rfyn ivas W&\{ié&%l@%wﬁgﬁigﬁﬁ@éﬁﬂ? cAfhck iR gr;s§wt ion
pro conprises a S o] a 5% urea groups;., or 1i) a
O o b T Rr2ER Bbrtaby B30t BbE bRty 82 BR8P aft | bact i on
of the polyurethane formulation and by controlling the levels of free iso¢yanate monomer/polymer

content in the reaction mixture.

A moisture-curable polyurethane formulation is provided with the properties of high green

35 strength, good adhesion, and ability to thin under high shear to permit gunnability. The
moisture-curable polyurethane formulation is capable of curing to form a reaction product,
and comprises:

a) atleast one isocyanate-terminated prepolymer which is the product of an isocyanate
40 reactive compound and at least one monomeric/polymeric isocyanate, wherein sufficient
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In certain embodiments, the monomeric/polymeric isocyanate may comprise at least one of
toluene 2,4-diisocyanate, toluene 2,6-diisocyanate, naphthylene 1,5-diisocyanate, 4,4'-
methylene diphenyl diisocyanate, 2,4'-methylene diphenyl diisocyanate, 1-methyl-2,4-

35 diisocyanatocyclohexane, 1-methyl-2,6-diisocyanatocyclohexane, cyclohexane-1,4-
diisocyanate, 1-methoxyphenyl-2,4-diisocyanate, 4,4'-biphenylene diisocyanate, 3,3'-
dimethoxy-4,4'-biphenyl diisocyanate, 3,3-dimethyl-4,4'-biphenyl diisocyanate; and
3,3'-dimethyldiphenylmethane-4,4'-diisocyanate, dimers and trimers of these isocyanates
and mixtures thereof.
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groups. In certain embodiments, the urea-based thixotropic additive of component c(i)
comprises a paste formed by dispersing the urea-based thixotropic additive in a plasticizer.
In certain embodiments, the urea-based thixotropic additive may comprise a HAT paste
comprising about 15% to about 35% of a urea thixotrope and about 65% to about 85%

35 phthalate plasticizer.

For purposes of illustration but not by way of limitation, the urea-based thixotropic additive
may comprise the product of: polyisocyanates comprising at least one of toluene-2,4-
diisocyanate, toluene-2,6-diisocyanate, 4,4'-methylene diphenyl diisocyanate, 2,4'-
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For illustration purposes but not by way of limitation, the plasticizer may comprise at least
one of diisooctyl phthalate, diisodecyl phthalate, dioctyl phthalate, 2-ethylhexyl phthalate,
diisononyl phtalate, dibutyl phthalate, diheptyl phthalate, dioctyl adipate, 2-ethylhexyl
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Tertiary amines such as triethylenediamine, dimethylethanolamine, triethanolamine, N-ethyl
morpholine, N-methyldicyclohexylamine, N,N-dimethyl cycolhexylamine, N,N,N’,N'-
30 tetramethyl-1,3-butanediamine, ether and the like can be used.

Organo metallic compounds such as tin compounds, such as stannous octoate, stannous

chloride, dibutyltin dilaurate, dibutyltin diacetate, dibutyltin-di-2 ethyl hexoate and the like, or

other suitable organo metallic compounds such as bismuth octoate, zinc octoate and the like
35  can be used as catalysts.

The amount of catalysts, if used, may be in one embodiment about 0.01 to about 1 weight
percent and in another embodiment about 0.03 to about 0.2 weight percent, based on the
total weight of the formulation.
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applied, nanely for Lap Shear (ASTM D 1002) using a 1 inch2 overlap and
1/ 8" thick adhesive layer. GUNNABI LI TY: Gunnability or extrudaility was
measured according to ASTM D-5267, which is incorporated herein by
reference. 15 WD 2011/ 042255PCT/ EP2010H062551 13 EXAMPLES Exanples 1-5
Pol yur et hane formul ati ons were prepared including urea-based thixotropic
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5 A method is provided for making a moisture-curable polyurethane formulation capable of
curing to form a reaction product, comprising, providing components: a) at least one
isocyanate-terminated prepolymer having an NCO/OH mole ratio within the range of about 5
to about 20; b) optionally additional monomeric/polymeric isocyanate; ¢) a thixotropic
component comprising at least one of (i) a urea based thixotropic additive in the presence of

10  a carrier, where the additive comprises at least about 4% of urea groups; or, (ii) a urea-
based thixotropic additive compound produced by the in situ reaction of the excess of free
isocyanate in the isocyanate-terminated prepolymer or the additional monomeric/polymeric
isocyanate with an aliphatic amine in the presence of a carrier in sufficient mole ratio to
provide greater than 1% of urea groups in a polyurethane reaction product; and, d) at least

15  one rheology modifier or filler; wherein the formulation is capable of being dispensed from a
caulking gun; and reacting the components a, optionally b, ¢(i) or c(ii) and d to form the
reaction product comprising greater than 1% of urea groups. The reaction product has
sufficient green strength to adhesively bond a first substrate weighing at least 500 grams to
a second substrate without the need for any holding instrument, wherein a contact surface

20  between the first substrate and the second substrate is at least 18 inch?and which provides
a green lap shear strength in excess of about 0.13 Ibs/in? or greater.

The components may be mixed by conventional or other means, preferably in an inert, dry
atmosphere. The components may be mixed together all at one time (in a “one stage”

25  process); alternatively, some components and/or portions of components may be mixed
together in one operation (or “stage”), with other components and/or portions of components
added in additional stage or stages. Normally, the components are heated above room
temperature. The components may be heated before, during, or after the process of mixing.
If more than one stage of addition of components and/or mixing and/or heating is used, the

30  mixture of one stage may be heated for a time before the next stage is added. Preferred
temperature of heating is 35°C to 50°C. If more than one stage is used, the temperature of
each stage may be chosen independently. During any of the mixing and/or heating stages,
full or partial vacuum may be applied; also nitrogen gas or other dry and/or inert gas may be
used to blanket the surface of the mixture. In addition, a catalyst may optionally be admixed

35  with the components, either before, during, or after any one or more of the stages of mixing
the components. The formulation is stored, preferably under an inert, dry atmosphere until
use.
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11
A method is provided of adhering a first substrate to a second substrate comprising applying
the polyurethane formulation to a first substrate and contacting the polyurethane
formulation-applied first substrate surface with the second substrate. The step of applying
preferably comprises dispensing the polyurethane formulation from a caulking gun, but may
5  also include spraying, brushing, rolling, squeegeeing, scraping, troweling, and combinations
thereof.

The polyurethane formulation may be applied to a substrate, such as the surface of at least
one of concrete, stone, metal, ceramic, glass, plastic, wood, asphalt, rubber or composite

10  materials by techniques known in the art, prior to the cure of the formulation. The
substrates to be bonded may be the same or different.

Improved performance is typically obtained for firm, clean and dry load bearing substrate
surfaces free of loose and brittle particles, and without substances which impair adhesion

15  such as oil, grease, rubber skid marks, paint, or other contaminants. Surface preparation
before application of the polyurethane formulation as a sealant or adhesive can include
water-blasting, sandblasting, cleaning, drying and the like.

A method is further provided for bonding materials together which comprises applying the
20  polyurethane formulation to a first substrate, bringing a second substrate in contact with the
formulation applied to the first substrate, and subjecting the applied formulation to moisture
which will allow the formulation to cure to an irreversible solid form. Moisture may take the
form of ambient humidity, artificially increased or controlled humidified air, a mist of water
droplets, a spray of liquid water contacting the applied formulation, or combinations thereof.
25
The following specific examples are given to illustrate the preparation of the polyurethane
formulations as discussed above.

The green strength is the initial strength of the formulation immediately following application.

30  Green strength is represented by demonstrating that the formulation possesses significant
holding power as evidenced by passing the “Grab Test” and “Cure Test described below and
by exhibiting “Gunnability” or extrudability, i.e., the ability to gun the formulation from a
caulking gun cartridge.

35 Inthe Examples below, the following test procedures were used:
GRAB TEST: Three % inch adhesive beads of the formulation were applied to four 4 x 4

inch ceramic stacked tiles weighing at least 500 grams and the stack of tiles were then
attached to plywood without the need for any holding instrument. The contact surface (or
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12
overlap area) between the stacked tiles and the plywood was at least 18 inch?. To pass the
Grab Test, the formulation must be able to immediately hold a stack of four tiles weighing at
least 500 grams on a vertical surface without the need for any holding instrument and
without sliding or slipping.

CURE TEST: Curing conditions: 1 day at 75°F and 50% relative humidity (RH). To pass
the Cure Test, the formulation must be able to achieve full strength by lap-shear/t-bond on
porous surfaces, according to ASTM D 1002.

GREEN STRENGTH: Test were performed within 30 minutes after adhesive is applied,
namely for Lap Shear (ASTM D 1002) using a 1 inch? overlap and 1/8” thick adhesive layer.

GUNNABILITY: Gunnability or extrudaility was measured according to ASTM D-5267,
which is incorporated herein by reference.
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EXAMPLES
Examples 1-5

Polyurethane formulations were prepared including urea-based thixotropic additives (HAT

13

paste) at high concentrations and the effect on gunnability and green strength was

measured.
Table |

Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5
Component % % % % %
Urea-based Thixotropic | 30 30 30 30 28.6
HAT Paste’
Lupranate TF2115? 30 0 0 0 0
TDI® 0 30 0 0 0
Degaseal 55* 0 0 30 50 57
Supercoat® 37 37.5 37.5 17 0
Thixocarb 500 0 0 0 0 9.5
Aerosil 200 3 2.5 2.5 3 4.9
Total 100 100 100 100 100
Thixotropic index (visc 4.14 4.59 3.60 4.00 3.83
@ 0.5 rpms/5 rpms)
Viscosity @ 0.5 rpms 58000 170000 144000 | 80000 11500
(Ps)
Viscosity @ 5 rpms (Ps) | 14000 37000 40000 20000 30000
Grab Test Pass Pass Pass Pass Pass
Cure Failed (too | Pass Pass Pass Pass

brittle) (elastomeric)
Gunnability Pass Pass Pass Pass Pass

'"Urea-based Thixotropic HAT Paste contains 22% of a urea-based thixotropic additive and
78% of Dinonylphthalate as plasticizer. HAT Paste is the product of the reaction of MOPA
with MDI in the presence of DINP (plasticizer).

2Lupranate® TF 2115 Isocyanate is a low viscosity polymeric diphenylmethane diisocyanate
(polymeric MDI) enriched with monomeric MDI, i.e., it is a mixture of polymeric and
monomeric MDI, available from BASF.

3TDl is a toluene diisocyanate-based pre-polymer (NCO/OH = 1.7)

4Degaseal 55 is a polymeric MDI-based pre-polymer produced by BASF (NCO/OH = 9)
5Supercoat is stearic acid coated calcium carbonate from Imerys

Procedure:
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A polyurethane formulation was prepared with the In —Situ synthesis of a urea-based
thixotropic additive compound.

Table 2
Component %
Diisononyl phthalate (DINP) | 12.75
plasticizer
Lupranate TF2115 29.78
Isocyanate’
Pluracol 10262 32.03
MOPA (25% in DINP)3 12.64
Atomite 4 25.00
Gray pigment ® 0.49
Phosphoric acid 85% 0.01
DBTDLS 0.04
Total 100.00
Viscosity @ 5 rpm? (Ps) 20000
Appearance Small grit
Thixotropic index (5/0.5 3.5
RPMs)
Grab Test Pass
Gunnability Pass

15  'Prepolymer and Urea are formed in situ from the reaction of Lupranate RF2115 and
Pluracol 1026 and Lupranate TF2115 and MOPA.
2Pluracol 1026 is a polyether polyol available from BASF.
3SMOPA (25% in DINP) is methoxypropyl amine available from Sigma Aldrich.
4Atomite is ground calcium carbonate available from Imerys.



32.03 MOPA (25%in DIN P)3 12.64 Atomite 4 25.00 Gray pignent 5 0.49
Phosphoric acid 85% 0. 01 DBTDL6 0.04 Total 100.00 Viscosity @5 rpnv (Ps)
20000 Appeerangm2fsal | grit Thixotropic index (5/0.5 RPF¥EX/EP2010665b1 Test
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reaction of Lupranate RF2115 and

15
5Gray pigment is Pig alum gray 269 (carbon black, titanium dioxide and polyether polyols)
available from BASF.
SDBTDL is Dibutyltin dilaurate added as catalyst available from Dura.
Viscocity is measured at ambient temperature.

Procedure:
The prepolymer, DINP, urea, Lupranate TF2115, and Pluracol 1026 were combined in a
reactor and the mixture heated up to 60°C for 2 hours under Nitrogenusing a planetary blade
(1000 rpms). The NCO content was 14.4% by weight, as measured by ASTM D-2572. The
10  reaction mixture was cooled down to room temperature, and then pumped into a reactor at a
slow feed speed. Methoxypropylamine (MOPA 25% in DINP) was then added and the
mixture reacted at room temperature and 2000 rpms (cowles)/1000 rpm (planetary) for 1.5
hours under Nitrogen. The NCO/OH content was 12.5 and free NCO content reached 10%
by weight, as measured by ASTM D-2572. The reaction mixture was then transferred to a
15  Ross mixer, and Atomite, Gray pigment, and Phosphoric Acid 85% were added and the
mixture mixed at 3500 rpms under vacuum for 1 hour at room temperature. DBTDL catalyst
was added and the mixture mixed for an additional 15 minutes. Green, Grab and
Gunnability of the formulation were tested. The formulation had a viscosity of 20,000
centipoise at 25°C as measured with a Brookfield Viscometer by using a helipath spindle at
20 5rpm.

Examples 7 - 8
Preparation of Urea-Based Thixotropic Additive (Synthesis of HAT Paste PMDI)

25 Table3
Component Example 7 Example 8 (MOPA/DIOP Blend)
MDI 20° 1230 g. 1230 g.
MOPA 270 g. 540 g. (blend of MOPA and DIOP)
DIOP (moisture | 270 g.
0.024)
Total 1770 g. 1770 g.

'™MDI 20 is methyl diphenyl diisocyanate available from BASF.

Procedure: 386 g. of the MOPA, DIOP 1:1 amine blend (270 g. of MOPA and 270 g. of
DIOP) was combined with 1230 g of MDI 20 (for a total of 1,616 g.) and mixed with a cowls

30  blade at 1000 rpm, sweep blade 500 rpm at 80°F to obtain a HAT paste, which was
collected and allowed to thicken. The paste was used as an adhesive for a stack of four
ceramic tiles on
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270 g. 540 g. (blend of MOPA and DIOP) DI OP (noisture 0.024) 270 g. Total
1770g. 1770g. 1MDI 20 is nethyl diphenyl diisocyanate avail abl e from BASF.
Pr ocedur ewo38f1/@2258f the MOPA, DIOP 1:1 amine blend (27@®cg/mErediohEXRb and 270
g. of DIOP) was conbined with 1230 g of MD 20 (for a total of 1,616 g.)
and m xed with a cow s 30bl ade at 1000 rpm sweep bl ade 500 rpm at 80F to
obtain a HAT paste, which was collected and allowed to thicken. The paste
was used as an adhesive for a stack of four ceramc tiles on WO

2011/ 042255PCT/ EP2010/ 062551 16 Hardy hgard. No sliding was observed and
the adhespyue,strength was good. The adhesive cured very brittle. Lap Shear
was teste accordl ng to ASTM D 1002 using a 1 in.2 overlap and 1/8 in.
adhesive | ayer. 5The results shown in the above Tabl es denonstrate
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¢) atleastone of:

i) aurea-based thixotropic additive in the presence of a carrier, wherein the
additive comprises about 4% to about 15% of urea groups and the reaction
product comprises at least about 1% to about 5% urea groups; or

15 i) aurea-based thixotropic additive compound produced by the in situ reaction of
the excess of free isocyanate in the isocyanate-terminated prepolymer or the
additional monomeric/polymeric isocyanate with an amine in the presence of a
carrier in a NCO/NH: equivalent ratio of at least 3 to provide greater than 1% of
urea groups in the reaction product; and
20 d) atleast one rheology modifier or filler;
wherein the formulation is capable of being dispensed from a caulking gun and has
sufficient green strength to adhesively bond a first substrate weighing at least 500 grams
to a second substrate without the need for any holding instrument, wherein a contact
surface between the first substrate and the second substrate is at least 18 inch?.
25
2. The polyurethane formulation of claim 1 wherein the urea-based thixotropic additive
comprises about 4% to about 6% of urea groups and the reaction product comprises at
least about 1.8% to about 3% urea groups.

30 3. The polyurethane formulation of claim 1, wherein the urea-based thixotropic additive of
component c¢(i) comprises a paste formed by dispersing the urea-based thixotropic
additive in a plasticizer.

4. The polyurethane formulation of claim 3, wherein the urea-based thixotropic additive
comprises a HAT paste comprising about 15% to about 35% of a urea thixotrope and

35 about 65% to about 85% phthalate plasticizer.

5. The polyurethane formulation of claim 1, wherein the urea-based thixotropic additive
comprises at least about 25% by weight of the reaction product.
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11. The polyurethane formulation of claim 1, wherein the amine comprises at least one of
methylamine, ethylamine, propylamine, isopropylamine, butylamine, amylamine,
hexylamine, dimethylamine, diethylamine, dipropylamine, diisopropylamine,
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35 is prepared by (a) the reaction of a dicarboxylic acid or anhydride with an excess of a
diol; (b) the reaction of a lactone with a diol; or (c) the esterification of a dicarboxylic acid
comprising at least one of phthalic acid, isophthalic acid or terephthalic acid or mixtures
thereof with polyol initiators comprising at least one of ethylene glycol, diethylene glycol,



35is prepared by (a) the reaction of a dicarboxylic acid or anhydride with
an excess of a diol; (b) the reaction of a lactone with a diol; or (c) the
esteri fi owmbizon/m@b2sa di carboxylic acid conprising at | eagCT@mpPeo10fo633bt hal i c
acid, isophthalic acid or terephthalic acid or m xtures thereof w th polyol
initiators conprising at | east one of ethylene glycol, diethylene glycol,
WO 2011/ 042255PCT/ EP2010/ 062551 20 propyl ene gl ycol, dipropylene glycol,
but anedi ol , pol yet hyl ene gl ycol, glycerin, pentanetriol, or m xtures
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30  21. The polyurethane formulation of claim 1 wherein the formulation provides a green lap
shear strength in excess of about 0.13 Ibs/in? or greater.

22. A method for making a moisture-curable polyurethane formulation capable of curing to
form a reaction product, comprising:
35 providing components:
a) atleast one isocyanate-terminated prepolymer having an NCO/OH mole ratio within
the range of about 5 to about 20;
b) optionally additional monomeric/polymeric isocyanate;
¢) a thixotropic component comprising at least one of
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20  24. A method of adhering a first substrate to a second substrate comprising applying the
polyurethane formulation of claim 1 to a first substrate and contacting the polyurethane
formulation-applied first substrate surface with the second substrate.

25. The method of claim 24, wherein applying comprises dispensing the polyurethane
25 formulation from a caulking gun.

26. The method of claim 24, wherein the first and second substrates comprise at least one
of concrete, stone, metal, ceramic, glass, plastic, wood, asphalt, rubber or composite
materials.

30

27. A method for bonding materials together which comprises applying the polyurethane
formulation of claim 1 to a first substrate, bringing a second substrate in contact with the
formulation applied to the first substrate, and subjecting the applied formulation to
moisture which will allow the formulation to cure to an irreversible solid form.
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