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applications for such compositions include, but are not limited to, bonding and sealing of
plywood, OSB, MDF, particleboard, lumber, drywall, and other building materials based

on wood, plastic, metal, and cement.
Background of the Invention

[0003] Given recent emphasis on hazardous air pollutants and indoor air quality,
it has become desirable to provide products in general, and in particular, adhesive, sealant
and mastic compositions of the type that are used in the construction industry, that are
VOC compliant. Further, in order to provide such products at a commercially viable
price, it is desirable to utilize a process for making such compounds that preferably
requires the fewest amount of steps and least amount of energy, labor, and raw materials
to create. Thus, while prior art processes for making such compounds generally involved
the separate steps of acquiring a solid polymer, dissolving said polymer in solvent to
form a polymer solution, then formulating said polymer solution into the desired
composition, a fully integrated process wherein the base polymer is polymerized and
formulated in-situ is desired. In the prior art process, the solid polymer is typically
purchased, having been prepared through a polymerization process and energy-intensive
drying process. In the fully integrated process, the polymer is prepared in the desired

solvent or solvent blend and used without further refinements (and thus does not require
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polymer is preferably first polymerized in the desired VOC-compliant (exempt) solvent
or solvent blend, then used without further processing, drying, re-dissolving, or etc., to
prepare the final products. The solution polymer may then be simply compounded with
fillers, additives, modifiers, colorants, and other functional or inert ingredients to form
the finished product as is known in the art. Thus, in one embodiment, the present
invention may be distinguished from prior art processes in that instead of purchasing a
solid polymer (typically thermoplastic polymers, such as styrene-butadiene based
rubbers) that has already been prepared by another manufacturer through polymerization
in organic solvents or water and dried in an energy-intensive process, the process of the
present invention polymerizes the desired polymer (typically a vinyl acrylic copolymer)
in-situ. As such, .thc process of the present invention (as well as the sealant, mastic or
adhesive compositions made thereby) eliminate not only the energy-intensive drying step
of the prior art, but the packaging and shipping of the solid polymer to the manufacturer
of those compositions where it must be re-dissolved in a solvent and subsequently
compounded to form the finished product. Given that all of the foregoing steps as
required by the prior art process added significantly to the overall energy consumption
and costs of preparing the finished construction product, the present invention, being a

fully integrated process, provides substantial benefits over those prior art processes.
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[0006] In another embodiment in accordance with the present invention, a low
VOC solution polymer composition is provided that may be used in the manufacture of
adhesives, sealants, and mastics. The solution polymer is comprised .of a solvent,
monomers that lend themselves to free-radical polymerization, and an initiating
compound or system of compounds capable of generating free radicals. The solution
polymerization process that is used may be any of a number of soluﬁon polymerization
processes known to those of ordinary skill in the art and that are commonly used and
practiced by industrial manufacturers of solution polymers. Another embodiment of the
invention provides an adhesive, sealant, or mastic composition that contains any or all of
the following ingredients: a solution polymer, plasticizers, fillers, resins, and low level

additives such as antioxidants, wetting agents, crosslinkers, and etc.

[[0007] In another preferred embodiment, a solution polymer in accordance with
the present invention may be prepared in a VOC-compliant (exempt) solvent or solvent
mix such as methyl acetate solvent or a blend of methyl acetate and acetone. This
solution polymer is preferably based predominately on vinyl acetate monomer, with low

to moderate levels of N-butyl acrylate monomer and a functional monomer, such as iso-
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cal ci um all of the monomers and some or all of the solvents into the reactor, adding a
polymerization initiator and, if required, a polymerization regulator, and heating to the
required initiation temperature. Typically, the reaction is carried out under reflux of the
solvent or solvent blend, and this assists in maintaining a uniform reaction temperature.
Alternatively, a semi-continuous process can be used. In this process, a portion of the
monomers and some or all of the solvent are charged into the reactor. Initiator is added
and the reactor is heated to the initiation temperature. Once the desired reaction
conditions have been achieved, the rest of the monomer(s) and solvent(s) are added semi-
continuously to complete the polymerization. To achieve an acceptable degree of
monomer conversion, an additional charge or charges of initiator at later stages of the
process are often required. It can also be beneficial to use a different initiator, or blend of
initiators, from that employed during the early stages of the run. The degree of monomer

conversion is generally preferred to be around 98-99%.

[0009] Any solution polymerization techniques that are common and well known
in the art may be used within the scope of the present invention. The solution polymer
preferably constitutes from about 20% to about 70% by weight of polymer solids in the
solvent or solvent blend, wherein the polymer solids comprise a monomer or mixture of

monomers capable of free radical polymerization, about 0 to 5 parts of a post-
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[0010] As is known in the art, crosslinking and post-crosslinking monomers can
be employed in polymerization to tailor the properties of polymers and formulated
polymer-based products. Crosslinking monomers provide a means to generate higher
molecular weights during the polymerization process, whereas post-crosslinking
monomers provide a means to generate higher molecular weights and fully crosslinked
(thermoset) structures in the end use of the polymer (after application of the finished
adhesive, sealant, or mastic product). Crosslinking monomers include, but are not limited
to, diacrylates, triacrylates, dimethacrylates, and trimethacrylates. Post-crosslinking
monomers include, but are not limited to, N-methylol acrylamide, acrylamide, acrylic
acid, methacrylic acid, monomers containing silane, or glycidyl methacrylate. Both
crosslinking and post-crosslinking monomers may be used singly or in combination
within the scope of the invention. The initiating compounds may include, but are not
limited to, the group of compounds which generate free radicals through thermal
decomposition, such as organic peroxides, as well as the group of compounds which

generate free radicals via a redox reaction.

[0011] An embodiment of the invention is a construction adhesive, sealant, or

mastic prepared by compounding the solution polymer with fillers to improve economics,
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thereof, are examples of stabilizers which are particularly beneficial in the present
invention. The level of solvent in the overall composition is dependent on the quantity
and type of additives used. Solvent level is adjusted to achieve the desired open time and

to meet various other performance requirements.

[0012] In accordance with the present invention an adhesive, sealant, or mastic
product from a solution polymer may be prepared as follows. A portion of the solution
polymer, typically 35-65% by weight, is charged into a high shear mixer capable of
incorporating the dry ingredients in such a manner as to yield a smooth, high viscosity
mastic. With agitation, the dry ingredients are charged and mixed until dissolved and/or
rendered smooth and relatively free of grit. The typical order of addition of the
ingredients is liquid plasticizer, resinous additives, antioxidant, fillers, chosen from
materials such as clay, silica, calcium carbonate, or talc, and special additives, such as,
but not limited to, crosslinking agents, additional specialty solvents, acid scavengers, and

etc. The mastic composition is mixed in a very high viscosity, high shear state until all
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i nvention are generally those which are well known in the art, such as
nodi fi ed and yoopyi f i edpé@sinance testing may be performed on the finished product based on

the end-use requirements of the particular product. Specifically, construction products
are generally tested for tensile and/or shear strength, free film characteristics, adhesion to
specific substrates, shelf stability, utility at various temperatures, and oxidation
resistance. Some must pass application requirements, such as trowelability and troweled
open time. In addition, a number of Industry or ASTM specifications exist for products
used in specific applications. Subfloor or Construction Adhesives must pass the
requirements of American Plywood Association Specification AFG-01, and may be
required to pass ASTM D3498, a HUD-driven version of the APA Spec. Adhesives for
drywall and panel applications are required to pass ASTM C557. The adhesives must
show excellent adhesion to plywood, lumber, and drywall. Moreover, for a Construction
Adhesive to meet the AFG-01 and/or ASTM D3498 performance requirements, it has to
be capable of adhering to plywood and lumber under a variety of conditions. The present
compositions will wet out on wet lumber and plywood and are freeze-thaw stable, thus
allowing the adhesive to be exposed to freezing conditions after application without
affecting the performance. Upon thawing, the adhesives continue to adhere to the

substrates until the full bonding strength is achieved.

IMustrative Examples in Accordance with the Invention



and rosin esters, esters of polynerized rosin, polyterpene resins,

t er pene- phenoli c resins, coumarone-indene resins, diolefin-olefn resins,
phenol - alwolyae3psssi ns, aromatic resins, and the |ike. PCEMS2009/002384
frequently enployed in the fornulations for the aesthetic value as well as

their reinfor CINEERNRPEONAEIPCAN PATENTEAPBLRECTION enpl oyed to inpart the
desi red col or ahOOKETROX0RRAN (FOBW titani um di oxi de are well known
pi gnents suitable for such use. It is usually desirable to include

stabilizers i rsdlma,,;mym&.am_gns. Such stabilizers include well known

ant i oxi dant s a nti-ozonants, well as ultraviolet and t

stabilizers. H ﬂ red pﬁgﬁmu a%&’fié?l?"ﬂ‘ﬁ'tp@ Fodpire S?Wnﬁﬁ@WdPeI!ég'gHoérﬁﬁl tes,
di al kyl thi Odlﬂéﬁdﬁbhmé&@&ne@blﬁkﬁb 2djté dragt Rérlldfiesaaviedvdrest walcdnbénskd, ke,
and m xtures thereof, are exsgﬁies of ' sta |I|z?rs whi ch are BartlcuIaH

beneficial in {9 (sripeaire piobe frmsasuripgand controlline e repetitn PRPEAYTG o4 4 |

conposi tion i Svﬁ@lﬂ@ gtea 4-thide Tphéheﬁlmia& hIrMn@Egitaon R pblyRed IAI-BVtﬁé ptb‘é@s@ was
Sol vent |evel is adjusted to achi eve the desired open tine and L

vari ous ot her MBs§RroeatiRuouileqlhs kst vas p Wblfz]temw%&re a?la%‘e%vvm ‘Pf"“? Pa

present i nventinogveATbwAHhE S db@hné@éﬂeﬁﬁlbut Qhd AB&dting chil. OdH@Emtﬁeft&rEoﬁlt@QMafsl on
pol ymer may be prepared as foll ows. portion of the solution polyne

typical |y 35- 68926 aRécgHeined i a&?alﬂlgeé@s Vidt othg keitlg shagreef solyrgtand e&a%?ré of

i ncor porati ng wixewélghediingkedle € mhs kétle aw WasRARE o §5°¢ andythen ¢ gean$ BPAE N,
hi gh viscosity mastic. Wth agitation, the dry ingredients are charged and

m xed until di8¥Biopseiutigndgyasiad @n&é‘Fé‘iﬁ“’Wt‘fO%H’&e for AfpWe b pRQIBRETJTETYP ¢ .

The typical orgiahitigdbr sslgtidni #Beddt th180 MNEEELAARNIAS tehipetatudid!Hist MIRSHitE b3 eC,
resi nous additive antioxidant, fillers, chosen frommaterials such_ as

clay, silica, ¥a905HedduringHus bhoysperiog At timesy theseaction exotherm mpydncreasgihe s,
but not |im t e@mbpératufs OSehdtidk iupOtoddBIT, ut BVl BPRAIIE RREdeAot 62-60PT NS,

acid scavengers, an

minutes or less. There was a noticeable rise in the solution viscosity as the reaction is
carried out. After 1 hour, the monomer feed (containing monomer, or monomer and
solvent) was started; the addition time was 45 minutes. After starting the feed, 1 gram of
the initiator solution was immediately added. After 30 minutes, an additional 1 gram of
the initiator solution was added. The final monomer solution was prepared and contained
in a 20 ml glass vial. 30 minutes after the monomer feed was complete, 4.43 grams of the
final monomer solution was added along with 0.5 gram of the initiator solution. After 15
minutes, an additional 4.43 grams of the final monomer solution was added. After 15
additional minutes, the remaining 4.43 grams of the final monomer solution was added.
At this point, the reaction mass was very viscous. 150 grams of Acetone was added over
15 minutes of time, and the kettle temperature stabilized at 59-60 °C. 1 gram of initiator
solution was added to the reactor, the reaction was monitored for 15 minutes. This
process was repeated two more times (for a total addition of 3 grams of initiator solution,
45 minutes of reaction time). The temperature remained at approximately 60 to 61 C.
The reaction was continued for another 30 minutes, after which cooling was started.
When the temperature reached 48 °C, the last dose of 0.5 grams of initiator solution was
added. The kettle was cooled to room temperature and the product was discharged. The

total reaction time was approximately 4.5 hours.



etc. The mastic conposition is mxed in a very high viscosity, high shear
state until alllNTERNATI ONAL (PCT) PATENT APPLI CATI ON DOCKET NO. :

FRA10- GNOwWo\wevetsessiial s are di ssol ved, free of grit, andPoorasg@noos34 The
remai nder of the solution polynmer is then added to conplete the

composi tion, JiNTHRNATIONAE QPOPYPATERT APPINCOPgON | nal viscosity. The

conposi tion i SHAERET NOXCFRATS-GNobPWogenous. [0013] The viscosity and
rheol ogy of the resultant conpound nay be inportant to its use. Thi xotropy

or pseudopl asticity may be i rrportant for sone applications; Newonian flow
for others. After the m Xi g s conpl ete, physical testing nmust first be
per f or med. Vi Yol nts are made using a Brookf eld Visconeter,

using a tbar smoﬂsq“ e, DrEe pdwxﬁéhzandﬂeracq&est#er PSAGH EDL andat w¥r IChrdied oltRAN
dependi ng upon the rheol ogy desired. Solids content may also bg measur ed,

usi ng hi gh hedeborgor,sayipmmentidenticak i {hehdesenibed] thoyey) TlhérPF‘éFFﬁsaV‘ﬁ? foetheseng may

be performed %wiebéf WasH t?aﬂﬁ%r&%ﬁ&d%ht @%%tlﬁ%anbﬁeﬁ@ﬁ'déb‘i&df@ﬁ%o[&ﬁﬁﬂérg of
the particul ar product ecifically, constructlonrrﬁ%ro ucts are %enerally

tested for terﬁéﬁ?deasai’ﬂfﬂ‘@rcgéqg%aﬁnd éftefee\ﬁgw fegd stages FpmthisHme A PECES; g Lettle

adhesion to spgg gfa was BEHRST tb MRS REpErafit AN drdund 604 dnli ienaAl 55V@ah OYthe
t enper at ur es, oxi dation resistance. Some nust pass application

requi renents, lsm@ﬂqr agjutionowas| addéd mtcytha Arektle. r@@mwﬁtxpelﬁe of 2r6.°C| wiasgabg¢rvédon, a
nurmber of | ndu ittJrBQO Qﬁm(ﬁgr%%(ﬁﬂ)e?ql @ MRiiGedt §otlut Xg lwad ra&cﬂa'dct& %hel'k%ﬁf\i, 'A[he
cations oor

specific appli nstruction hesives nmust pass t
requi rement s cin atdisiond &9 rﬁhlymmomss b6} granprofSpiisior sdatidnovasikided) Atahﬂél may

el B PSRN AU 0 O OBl BT
C557. The adhesttate$2G9eams and 50 grams, respectively) was added over a 15 minute interval. The
temperature remained at approximately 59-61 °C during this time. 1 gram of initiator
solution was then added to the reactor (1.5 grams for Polymer E), and the reaction was
allowed to proceed for 30 minutes. This process was repeated two more times for a total
of three additions of initiator solution, totaling 3 grams (4.5 grams for Polymer E), and
1.5 hours of reaction time. Next, 1 gram of initiator solution and 1.73 grams of reducer
solution were added to the reactor. After 30 minutes, 0.5 grams of initiator solution and
1.73 grams of reducer solution were added and the reaction was allowed to proceed for an
additional 15 minutes. The final charge of 0.5 grams of initiator solution and 1.73 grams
of reducer solution was added to the kettle. No reducer solution was used for Polymers C
or E. After 15 minutes, cooling was applied to the reactor and the product temperature

was reduced to room temperature over about 20 minutes of time. The product was then

discharged from the vessel.

Table 1: Formulas for Solution Polymers A-E (all values in grams)

Polymer | Polymer | Polymer | Polymer | Polymer
A B C D E
Component
Kettle Charge
Methyl acetate 150 485 485 150 150
Vinyl acetate 225 181 430 325 210
monomer




show excel | ent adhesion to plywod, |

unber,

and drywal | .
Construction Adhesive to neet the AFG A and/or ASTM D3498 perfor mance

Mor eover, for

a

requi r emewo0913983as t o be capabl e of adhering to pl ywoedtamsdoowooises under

a variety of

condi ti ons.

The present conpositions wl|

wet out on wet

| unber and pl yWaIERNRATIGNRLf(PETY PATENY &pﬂbice;ntiws al l owi ng the adhesive
to be exposed pocKFEIERONIFRANMLIGNOPW af ter application w thout affecting

t he performan

ce.

Upon t haw ng,

substrates un

t he adhesi ves conti nue to adhere to the

Exanples in A
APPLI CATI ON O
formul as for

reacti ons wer
wat er condens

t he reaction
turbine agita

The kettle

overfl ow port

sol uti on was

char ge of sm
was heated to
The reaction
sol uti on adde

was observed

i ncrease the |t

recede to 62-

td-BulyDRfIHET DOMAI NGoSTTENGDR 1S[ aclyggevefl. ThTusTratigve
RO dANCE W T h {|ne pAventi ong NTE IO ONAL (P&T) PATHY
%gahmeglygmlo G\N004W Sol uti on| Pol yners A-E [0015] The
Sy 5&4@a@pl yneris A-E are shown pelow injTable 1| The
v eADiRH S off 1] @ T I LET Q8 asS[ Ketgte [TTTgd WTh AgVer
e\yersagcgwll(gw)d tenperatur(;Eprobe fpr measufing and|controll|i
TeSBRb AR ang a VT apt e gpeefl 4-pradg prgched bl ade
tREylari@é POl ynmeris A-B, the procegs was run sem - ¢ontinuot
M&hé’c‘yﬁ{:iaélél' at llpeloﬂ.L url (.,UOIL oyt EUO wadl 1 Ud.[ Wt .[b'lﬂ.[l
;T d COOlr Ty watgr 1 llpUL andah d.LI g L.Jl i e tTat|
s o8 et —cont arned—i & %G. g gl ass—Vi di.—L ||n. KUL t e
aall ImMoTicl]jo Vv vwWwei yii L] SA%4 l.l.I C . I r\tl.l.l CIl
kad@‘ and then |1 gram of tﬁ"é in tlg?’or 50l utglcon vvaleZaIdde
?1%%51 ed fdr 1 hour{ with ahother 1|gramof [initiatdg
&teﬁinnute mar k. Aterrpgarature rise froms9 to 63
Oh&( III IS) ul WI I Od At tl II;'D,OLIIC I C(bkj.l U |
t aLtaI < UI i‘ca\.,tg UII p to) GG UV,OUUL L III 6 L 1 I t‘YjJI v
”Ace AT 0 0 10 10 10 0
Monomer Feed
VV-10 5 0 0 0 0
Vinyl acetate 100 249 0 0 0
monomer
n-Butyl acrylate 5 42 0 0 0
Acetone 0 175 0 0 0
Final Monomer
Solution
VV-10 5 0 0 0 0
n-Butyl acrylate 7 0 0 0 0
SR 210 1.3 0 0 0 0
Reducer Solution
Erythorbic Acid 0 0 0 1.2 0
Water 0 0 0 4 0
Final Solvent Charge
Acetone 150 0 0 200 0
Methyl Acetate 0 0 0 0 50

Illustrative Examples of Adhesive/Sealant/Mastic Products in Accordance with the

Invention
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m nutes or |ess. There was a noticeable rise in the solution viscosity as
the reaction is carried out. After 1 hour, the nononer feed (containing
nononer, WO 20enicessn and sol vent) was started; the additipom/uszove/ 0034 45
m nutes. After starting the feed, 1 gramof the initiator solution was

I medi at el y adgeERMATEONRL, (ptqypgqm\anpplgdAﬁm 1 gramof the initiator

sol ution was apdekETR®.:f FRAL0-GNvegWw sol ution was prepared and contai ned
ina 20 m glass vial. 30 mnutes after the nononer feed was conplete, 4.43

grans of the final nononer solution was added along with 0.5 gram of the
initiator solution. After 15 mnutes, an additional 4.43 grans of the final
nononer sol uti%’ﬁ‘%gs L¥ded. After 15 additional minutes, the remaini ng 4.43

granms of the fjoosd] NMONONRE SHBVibksy NHeVeRbe@d@ition Abolihérs aedentfomﬁlta@edr gagtion
mass was very viscous. 150 grams of Acetone was added over 15 m nutes of

time, and the %088tFycHoR- té’ﬁﬁéﬁ‘%“&ﬁs eanétta%?q for etfein Physaea ng erfarmpnceproperties.

initiator sol utdpim wldaﬂﬁlganﬁ&yt&fehé&afétfeﬁnumtsnﬁeﬂa&acaha eRtcdASToFEdakdihed for
15 minutes. This _process was re nore tinmes (for a total addition

ted t
of 3 grans of Rrﬂ‘ihtcha%%?S Wh | peh tBﬁsolﬁynmPWéyawha%gé%m dhigk shray mixpheWith

tenperature remgipagical nARRMEOXhd THlaBlidlzep OwdO afiled, FolloWe® By wRRing@sgent,
continued for another 30 mnutes, after which cooling was starte en the

tenperat ure r eidiREdanignd fillers The mastic ggmposifonqvas then amixedyip ajvanthigh WrcosidY: ut i on

was added. Thenjjethechestiiean@IoN BEl nfafritRWBrd S8R/ ald ale%&huhmam&sugeﬁodyas
di scharged. The total reaction tinme was approximtely 4

hour s. | NTERNATAGNISe of gtitr) ThsAvenimdesobthecatptionpelpmeyasisn adﬁpéste%mwl

Sol ution Pol yngivenaErey@teh§ hndl theck By Mmsm&%ltm&@aﬁtwmﬁ dcRievd Ok YiogEfe8 C,
D, and E were carrjed out in Iaboratory equi pnent identical to that

descri bed aboviénal Yigosity. QMixdag waseqninyed e dhe product was homogenous.

Table 2: Adhesive/Sealant/Mastic Formulations (all values in grams)

Example 1 2 3 4 5 6 7 8 9 10

Solution | g | « ' p | E|E| E| E| E| E
Polymer

Solution 60 | 60 | 60 | 60 | 53 | s6 | 57 | 54 | 53 | 47
Polymer

Kaolin Clay | 20 20 20 20 36 37 33 36 35 35

Caleium o | 09 | 20 | 20 0 | 0| o | o | o | o
Carbonate
Plasticizer 6 6 6 6 8 8 9 9 6 8
Methyl
Acetate 0 0 0 0 3 0 0 0 4 8

Antioxidant | 0.5 | 05 | 05 [ 05 ] 05 ] 05 | 05 | 05 | 05 | 04
WettingAgenf 0 | 0 | 0 | 0 | 0 05 | 2
Thickener | 0 | 0 | 0 | 0 | o | o | o | o Jos/| o

o
o
(=]

[0018] The formulations were drawn into films using a 100 mils draw bar, dried for 7
days at room temperature plus 7 days at 49 °C, then qualitatively evaluated for general
physical/mechanical properties. Table 3 provides a summary of the data for the dried
product films. Dynamic mechanical analyses were also performed on the products to assess
usability at the service temperature. The storage modulus vs. temperature curves for the

inventive products were compared with that of a commercial control, and the data provides
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however,

was a batch process.

That

IS,

sol vent were added as a kettle charge,
this typewof2o@ricessss,

kettl e.

was very viscous,

at appr oxXi Mugds¥esSabittsMasisr

was then added to the reactor

After

an additi

al |

of the nononers and sone of the
and there was no feed stage.

For

the kettle charge was heated to tReTNSR009:002834
tenperature of around 60 OC and then 1.55 grans of the initiator solution

was added i INCHRMATKIONAE (PET) PAPENFIAPELICAIION 2-6 OC was observed. After

30 m nutes, pPOOKEING.: FRAIAREN004W nitiator solution was added to the
1.55 granms of i

sol ution washadslagt méduldsh 8 pRRid ser&@@teﬁﬁ@ﬁ&ﬁé)&(fg&gs gﬁrrgﬁ nélpegd%anig fssaglr;%arﬁrgd E
respecti vel y})atwaéheadcﬁeblle@verofa s ni muensionnt enewal . V@teomphgngr acenstugtionni ned

i onal

so Acetone or

30 mi nutes,

Ve

anot her

acetate

'p?&eg thﬁla%‘gﬁf% ai]/mgfh%mcﬁf

yner

lj)oﬂér{lésa%of]

nitiator

hoS® b tah ON

e reaction

was al | owed eftablishess cerntersiallzoavailable E@ducrm@n preasegss theypesy palpaers aik shghtlyor e
sB@éralthaHf hteh'&&ﬁmgrq

grans (4.5 grans for
gram of i ni tAcaerdinglypthey ishew.amcaverag® eghamaed dbngamiuc@lovwl amtillmnamﬁtaadded to

times for

the reactor Théféo%{me?'glalnwh%?%uh% 9ird

sol uti on were added

grans of

reducer

Pol ymer

téoﬂﬂgl Oﬂagt

R

hou

cma}l? ago

react

vJaQ ' at 'c@ﬁs%ctﬁ)glt%e

e reaction was" al

rele%&L:cy t th?l

I O

Eerat‘ﬁﬁ:g a IOn ng’

ﬁﬁstﬁngroghuz 3

proceed for asgilahlgds Frapklal Intesnatioral Heevy Die Constattiontfsdhgeivesf 0.5 grans of

initiator solution and 1.73 grans of
sol ution was used for

kettl e.

No reducer

E. After

reducer solution was added to the
Pol ymers C or

15 m nut es,

cool i ng was Tap}s 3: edidhesiveSealantddassic Bxnpertipse(Dyteddidlots) t enper at ure was reduced

mers A-E

'KET NO. :

to roomtenperature over about 20 minutes of tine. The product was then
di scharged {r déxanide velsdaintrolabl e 1: Fprnufas 1or 3ol ut]i on4Pol V
(al'l val ues| i Flgxitdlig) | NTdERINAdd [OXE: Gob LY ey Sl VARREdodA MefNG dA(
FRA10- GNOO4W  Strength Very Good | Very Good | Very Good | Very Good Good
Elongation Fair Good Good Good Very Good
Tear Resistance{ Good Good Good Good Good
Recovery Fair Good Good Good Good
Impact Fair Good Good Good Good
Storage
modulus @ 40 50.6 38.2 344 19.1 35.9
°C (MPa)
Example 5 6 7 8
Flexibility | Very Good | Very Good | Very Good | Very Good
Strength Very Good | Very Good | Very Good | Very Good
Elongation Fair Fair Fair Fair
Tear Resistance|  Good Very Good Good Very Good
Recovery Fair Good Fair Good
RIn}pact Fair Good Good Poor
esistance
Storage
modulus @ 40 24.8 11.6 16.9 25.2
°C (MPa)
[0019] Formulations 5-8 were analyzed for various physical and application

properties.

The tests included viscosity, rheology/slump, low temperature extrusion, green

grab, adhesive transfer (legging), open time, and etc. The results are summarized in Table 4
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II'lustrative Exanpl es of Adhesive/ Seal ant/Mastic Products in Accordance
with the I nventionl NTERNATI ONAL ( PCT) PATENT APPLI CATI ON DOCKET NO. :

FRA10- GNOwow@aaogsiies 1-8 [ 0017] The previ ously descri bedTaskemiooasspol yners
were formulated into construction-type products and tested for their

physi cal andNPERNATIONAL FOPEPATEST AF1I€ATIONOVI des a summary of the
basi c f or MuipRSCRETNG € FRRAD-ERBOLHN- To prepare the products, 35-65 wt. % of
the sol ution polyner was charged into a high shear mxer. Wth the

agitation _“dfb_'ﬁ% Relih thBGelid$dr £ baRherdRly a0iRBle coftkd QRREKIRY Idt&iRatiBAIt HESY
agent, antioxidant, and fillers. The mastic conposition was then mxed in a

very hi gh vilsgo&paspructiongAdhgsivg)  From dhe,data it i) apparpet theft Be ingvd Riedusts, on
di ssol ved a@derﬁ%é? pBEsRAUGiNEBhRRAD SN ApticAA Hbpei&f toOfhble off B s@pMhagder of
the solution polyner was then ‘added, plus additional solvent (as required)
and t hi ckenépmmeisialy3yailbls pradctc onposi ti on and achi eve the desired final
viscosity. Mxing was continued until the product was honbgenous. Table 2:
Adhesi ve/ Seal ant/ Mastic Fornul ations (all values in grans) [0018] The

for mul at i ond'aRklerds Adhesive/Sealantfipstic Rhysieal/ ApplicationRrepertisyWetStatg} j ed for 7
days at roomtenperature plus 7 days at 49 0C__then qualitatively evaluated
for general [ physi cBxamplehani ca] &oateltjes STablle 36proyided a sjimmedy
the data fof Vibcose | f 1BB00 DY naiti,a00nech3hiVal| 46578k es MBi580 al so
per f or med op t hBluppgdui¥ibead o assl’écsslumsabiNdSlmnaE t$lgghser W@&_M@)ﬂnﬁgﬂm
The storage| nodul us vs. tenpergpture curyes for §hgjsNeModeraRiwlduct s wefe
conpar ed wi | kov H5mp Sxtrasion@nE) ¢ Fairly Easit f Brirly Easy tbg%g{g{te d Difficult Easy

provi desl NTERNAH-ENAEAPEP—PATFENE—APPH-EATHEN-DOCKET ND——FRAT -'““&eeﬁrw
ab Good d 00

reen 00 ood ' Goo
Legging Good Good Good Good Good
Open Time, " V bead (min) 65 >65 >65 >65 45
Open Time, troweled (min) 40 42 40 40 40
VOC Content (g/L) 282 21.9 22.4 21.6 69
[0020] Formulations 5-8 were qualitatively evaluated for adhesion performance on a

variety of common building materials. Films of the products were drawn onto the various
substrates using a 100 mils draw bar and allowed to dry for 7 days at room temperature plus
7 days at 49 °C. The films were then scored with a utility knife/razor, and thin strips of the
films were peeled from the substrate using a small laboratory spatula. Adhesion was rated on
the basis of difficulty of removal of the film. All tests were conducted on at least two
different lots of product prepared with different lots of solution polymer. The data presented
in Table 5 represents the most favorable results achieved in these studies. Franklin
International Heavy Duty Construction Adhesive was tested as a control product. From the
data it is apparent that the subject of this invention, new VOC-compliant construction
adhesives/sealants/mastics, on average, possess similar adhesion properties to those of an

established, commercially available product.

Table 5: Adhesion Performance on Building Materials

Example Control 5 6 7 8
Cold Rolled Steel| Very Good Fair Fair Fair Fair
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the storage nodulus at a practical service tenperature of 40 0OC. Fromthe
data it is apparent that the subject of this invention, new VOC- conpliant
const r uctworro@disessives/ seal ant s/ masti cs, posses sim | ar ppimyuse@alopzse€chani cal
properties to those of an established, commercially available product. On
average, thenTERNITORAIS (FCE) BATERNT AP GChaTONhan the comercial control,
parti cul ar | potKeETNGE FRA ROOROGEW! €es (40 0C). Accordingly, they show, on
aver age, enhanced el ongation, recovery, and inpact resistance. The

comrer ci al CORVIed Stdel | Z@FHolN [ NI FaOT K Wagira GONggf UCT @ TYpe nastic
product avaj T abf.Rifs FTankdod 1 T EFRATT ONalp,eavy R Y [Copgt ruict i on
Adhesive. Tat MESTHoG SC RN T T KelthP DBk LG | (Hlob@d | Fi | ms) [0019]
For mul ation 7 LE AMAGLEY | O7 FYRT T PUS FRPY ST Ca A B4 tat | on
properties. ﬁgvetrﬁotc | m,id{)%a-d ECS L &R ot UgHo%EuTanooa)w tenperature
extrusi on, greemﬁg aCI'hE:aal vertranstetr— St "U)fF.a.iruw”.-éafir”c’ and etc. The
results are 1 zed—rr—Tapte4 :::.IER“HFE%«L (P —PRTERT—APPLI CATI ON

. EFRAA1 o N 'aYAl it haoly o + o lf o H

DOCKET NO. : :IV‘\ N\/CJWWN LB:QOI “i i CEK.I TS \ﬁo‘qa \'::_'I*:a.;r,, al | Yy

avai | abl e cpnt+ e anlc AP erat-epa e Constiued i on
Adhesi ve) . ForASTHRC i a¢ls Excellent Laxcelient +Ex§¢":lfépﬁji Resilent | Exeellentd ¢ * o
aver age, po t i calExee nE)XPWégPﬁuﬁxﬁﬁﬁﬁuEF? Yo those of an

established, comrercially available”prgduct. TabIeP4:
Adhesi ve/ Seal ant/ Masti ¢ Physical /Application Properties (Wt State) [0020]

Forrmul ations 5-8 were_qualitatively evaluated for adhesion performance on a
variety of &¥tbn builumngtionstet wa{esquawt?tmslyofesaeﬂéordﬁtsa&étf%lg@elwélddlp ont o

the vari ous ufihed batidesiredsth b8 WoolKfdbétiates. dvaMatisdls vl caldL Ve dsih® a Frankfier 7
days at roomtenperature plus 7 days at. 49 0C . The filns were then scored

with a util i§mEressAarashesr tesi pethad; fndhisitgss loy ing g 5 in. by 0.75 in thick wooden

blocks were bonded in a perpendicular fashion to form cross-laps with an overlap area of 1.5
in by 1.5 in. After preparation, the blocks are allowed to cure for periods of 1, 3, 7, 14, 21,
and 56 days, then tested by loading in tension on an MTS test frame. The results on pressure
treated lumber, given in 1bs., are shown in Table 6, along with the results for a commercially
available control (Franklin International Heavy Duty Construction Adhesive). From the data,
it is apparent that | the novel products achieve performance comparable to that of an

established, commercially available product.

Table 6: Cross-lap Shear Results on Pressure Treated Lumber

Example Control 5 6 7 8
Timeframe Load-lbs. | Load-lbs. |Load-lbs.|Load-lbs.|Load-lbs.
1 day 363 643 553 472 555
3 days 605 675 586 592 597
7 days 622 606 650 579 416
14 days 848 365 596 428 491
21 days 513 247 366 204 291
56 days 618 333 351 467 452
[0022] Formulation 9 was evaluated for performance according to the full

requirements of American Plywood Association Specification AFG-01. This is a demanding
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films were peeled fromthe substrate using a small |aboratory spatul a.
Adhesi on was rated on the basis of difficulty of renoval of the film All
tests werwocomdusedsed on at | east two different |ots of prodisedopompar ed
with different |ots of solution polyner. The data presented in Table 5
represents YREERANATIOND. ACE) PLPENTAMEICA1EON N t hese studies. Franklin

| nt er nat i ongxyodtRETINOUL gNDopw on Adhesive was tested as a control
product. Fromthe data it is apparent that the subject of this invention,
new VOC- conphdudddy teSOMa intlGdds R0a1aHoas by SsliaRal.Ad tadraRe/ oS, luPBerd¥ QIrRdRe
possess sim | ar adhesion properties to those of an established

comer ci al | yhea@arameprondisions et mapabi naounteigh s & fomENEMMNSikce ohe BERtltdi ng
Mat er i al s| NEERNATIONAT a6RGT kicRAT EATorRRL AT ON RFRETING achERAMFR04W

[ 0021] Forrmul ations 5-8 were quantitatively tested for rate of strength

bui I d up an®etfPranesnia 2l ppgions ofdhigiet on wood substrates. Eval uations were
conducted using a Franklin internal cross-lap shear test nmethod. In this
test, 1.5 in, by 5in. by 0.75 in thick wooden bl ocks were bonded in a

per pendi cul 5@b¥ea7§h$5ﬁ‘q15yeﬁbR?fPB?G%%d‘Pélb%) with an overlap area of 1.5 in by
1.5 in. Aft paration the blocks are allowed to cure for periods of 1,
3, 7, 14, 2L, ampl days 9 hen| Mequisefl hy | oading in tension on an MS test
frame. The [eddtigmber pres3@e tredk®d |junber, given in Ibs., are shown in
Tabl e 6, al phg2sn Lhmbére] red®il ts|fod5& conmmercially avail able control
(Franklin IpterGapthibnal | Hed%y Duty 18bns{ruction Adhesive). Fromthe data,
it is appargnt thet thel no¢Hl prodazis achi eve performance conparable to
that of an pst aldisteteed, | cosaer c| al k95 avai | abl e product. Table 6: Cross-Iap
Shear Results on Pressure Treated Lunber [0022] Fornul ation 9 was eval uat ed

For per for e, accor ghg, | Guiklig 1!
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requi renents of Anerican Plywood Association Specification AFGOA. This is
a demandi ngl NTERNATI ONAL ( PCT) PATENT APPLI CATI ON DOCKET NO.: FRA10- GNOO4W
i ndust ry wesbodisat31i ncl udes eval uati ons on saturated an@CIatSascawersssrozen

| unber to sinulate the extreme conditions that may be encountered on a
construction site. The results, sunmmarized in Table 7, clearly denonstrate
that the inventive products achi eve acceptable perfornmance in all portions
of this test. Table 7: AFG A Test Results (load in Ibs.) [0023] Wat is

d ai tred A processifopprepasng dmadhesivpasealagt, anmastiesim@sitimadomprising therstsps of:

conposition conprisin he ste of : preparjn ol ymer in.sal uti.on
wherein the HOPAREE £ Soparger 1wt At b balebi Ao gpbas, BrShinen
and wher@ivent BE sd10ént Bénd Snd'Rhedid @€ golyRér ik Qot AE PRGALD Ritolpdrititd fi the shed
product; blending the polymer solution with fillers, additives, and ot her

i ngr edi dimished@redictii n t he fini shed adhesive, sealant or mastic product. 2.

An adhesi ve, eal.ant, or ,masti re by t.he process, of. cl ai 3,.The
o agnsof © o IR tedtoL et tefiuler B SfheRy aiafivE, SRS infefiels ot oy
i ncl udesht hgiské®hebiversepland didnidiie ppedugtrer in a sol ution conprised of the

sol vent or solvent blend to be used in the finished product. 4. The process
of claim1 wherein said step of preparing the polyner in solution includes

h ' I i ' - d includ h
ol vent 5 LREGENeHRR riFeRR pf e ed B Ao SRR AUHREL 75 ched product ana

i ncludes the step of exchanging the solvent or solvent blend with a
VOC- compl i ant sol vent or solvent blend prior to incorpqgratjon of the
pol yher The Reeass obslammt o wheeet paid sk fgirerasiag, the polymer in solution includes the

step of preparing the polymer in a solution comprised of the solvent or solvent blend to be

used in the finished product.

4. The process of claim 1 wherein said step of ‘preparing the polymer in solution includes the
step of preparing the polymer in a solution that does not include the solvent or solvent blend
to be primarily used in the finished product and includes the step of exchanging the solvent
or solvent blend with a VOC-compliant solvent or solvent blend prior to incorporation of the

polymer in solution into the finished product.

5. The process of claim 1 further including the step of selecting a VOC-compliant solvent or

solvent blend for said preparation of the polymer in solution.
6. The process of claim 5 wherein said VOC-compliant solvent selecting step further includes
the step of selecting a solvent from the group consisting of tertiary butyl acetate, methyl

acetate, and acetone or a combination thereof.

7.  The process of claim 5 wherein the VOC-¢ompliant solvent is methyl acetate, acetone, or a

combination thereof.
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5. The process of claim1 further including the step of selecting a

VOC- conpl i ant sol vent or solvent blend for said preparation of the polyner
i n sol ut iwo.200/13%43¢ process of claimb5 wherein said VOCpcorgskeoanv2ssol vent
selecting step further includes the step of selecting a solvent fromthe

group consisting of tertiary butyl acetate, nmethyl acetate, and acetane or
a cogpbi nkhe asiesive rseplant or, mastic (tfr%@ét% vareren dhgyy %ﬁ@}t@tdnﬁ%gg‘@@‘ﬁﬁ?ﬁm’%nt

sol vent Erﬁf P C , acetone, or a conbination thereof.8. The
adhesi vé%fegea g%lé O%rl%n%tﬁi c of claim2 wherein the VOC content in the

finished product is |ess than about 100 g/L. 9. The adhesive, seal ant or
mastic of claim?2 erein the VOC copntent .in t i ni. shed product.is |ess
{han®abothe asbegye. scalgnt anpicRlauos Wit Yk GOHEHR o npiiged pHdus
prepar ed, {0 ARBONEES cfapabl e of free radical polynerization. 11. A
process For preparing an adhesive, sealant, or mastic conposition

-conprising the steps of: preparing a polyner in solution, wherein the

POIVIEE . BOLVTY 380 ety b0 bhe soluent an sl venl, bLendLEd g he

i ncor por gl diyinéi&tibh N shed product; bl ending the polymer solution with
fillers, additives, and other ingredients to obtain the finished adhesi ve,
seal ant or mastic product. 12. An adhesive, sealant or mastic prepared by

the process of claim11 13. . The progess of claim1l.further .ingludingcthe
tept bt K retes (i PieDoeEs B AR, <Oarpansh SoPbatiion hemisihg Beifipter! "o
preparation QirefdingPP byRRieriin soRItish! Wl\erelxﬂtheTﬁﬂyﬂn"e_f)@@F(slyﬂfeﬁQé(ﬂh{rbiﬁS ity ei n
sai d VOC-conpl i'ant "solvént selecting step further includes ) )
solvent or solvent blend used in the finished product and wherein the polymer is not dried
prior to incorporation in the finished product;
blending the polymer solution with fillers, additives, and other ingredients to obtain

the finished adhesive, sealant or mastic product.
12. An adhesive, sealant or mastic prepared by the process of claim 11

13. The process of claim 11 further including the step of selecting a VOC-compliant solvent or

solvent blend for said preparation of the polymer in solution.
14. The process of claim 13 wherein said VOC-compliant solvent selecting step further includes
the step of selecting a solvent from the group consisting of tertiary butyl acetate, methyl

acetate, and acetone or a combination thereof.

15. The process of claim13 wherein the VOC-compliant solvent is methyl acetate, acetone, or a

combination thereof.

16. The adhesive, sealant or mastic of claim 12 wherein the VOC content in the finished product
is less than about 100 g/L.
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the step of selecting a solvent fromthe group consisting of tertiary butyl
acetate, nethyl acetate, and acetone or a conbination thereof. 15. The
process oVoch@/1spsB3 wherein the VOC-conpliant sol vent i #CwatSkgo/oeasst at e,
acetone, or a conbination thereof. 16. The adhesive, seal ant or masti c of
claim12 wherein the VOC content in the fini shed roduct is les {3 about
100 §7-L. Tlhre propess (9f sdaims 1 bwherean the polymesr é Arepared rprmnqr%erbrc ?fF

nononer s, @ﬁ"% ﬁ?&{zatlgge radi cal polymerization. 18. The process of claim
11 wheréin tHe %5 S are conpleted using a batch process. 19. The process
of claim 11l wherein the steps are conpleted u5| ng a continuous or

seni contj nuous process An adhesi ve, nt. or tic conposition
conpb¥inddis Breesss afﬂé’élélbﬁ’%ﬁﬁ%?hﬁdte@?ﬁiﬂ O&Pg SBSIH%F}(S’H@ PRYGtreri zed in
met hyl acet ate.

19. The process of claim 11 wherein the steps are completed using a continuous or semi-

continuous process.

20. An adhesive, sealant or mastic composition compounded from a base comprising vinyl

acetate monomer polymerized in methyl acetate.
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