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kettl e charge of solvent and nononers was wei ghed into kettle. The kettle
charge was heated to 59 C and then 1 gramof the initiator solution was
added. The reaction was continued for 1 hour, with another 1 gram of
initiator solution added at the 30 mnute mark. A tenperature rise from 59
to 63 C was observed during this 1 hour period. At tinmes, the reaction

exot herm may increase the tenperature of reaction up to 66 C, but this wll
typically recede to 62-63 Cin 10 mnutes or |ess. There was a noticeabl e
rise in the solution viscosity as the reaction is carried out. After 1
hour, the nmononmer feed (containing nononer, or nononer and sol vent) was
started; the addition tinme was 45 m nutes. After starting the feed, 1 gram
of the initiator solution was i medi ately added. After 30 m nutes, an
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150 Vinyl acetate nononer 225 181 430 325 210 9 n-Butyl acrylate 10 25 68
4 6 SR 210 (pol yet hyl enegl ycol dinethacrylate) 0.7 0 0 2 1.4 W-10 (vinyl
ester of versatic acid 10) 0 5 0 0 2.8 |Iso-butoxynethyl acrylamde 0 0 O 4
Met hacylic acid 0 0 0 0 2.1

Detailed Description of the Invention

[0005] In one embodiment of the invention, it is an objective to provide a process
for the preparation of copolymers of vinyl acetate and acrylate monomers in a VOC-
compliant {(exempt) solvent via a traditional polymerization process in which a desirable
reaction profile and degree of monomer conversion are achieved along with acceptable
polymer mechanical and adhesive properties. It should be appreciated that from a
standpoint, non-exempt organic solvents (VOC’s) are acceptably included in the
composition. However, since the invention relates to low VOC or zero VOC
formulations, they may be included only in small amounts in the finished product.
Commonly used solvents that are classified as VOC’s include N-methyl pyrolidinone,
dimethyl formamide, methyl ethyl ketone, toluene, methanol, ethanol, hexane, etc., and
mixtures thereof. Solvents such as tertiary butyl acetate, methyl acetate, acetone, and

others, are included in the composition as VOC-compliant {exempt) solvents.

{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 lof a solvent,
moenomers 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 solution polymerization
processes known to those of ordinary skill in the art and that are commonly used and
practiced by industrial manufacturers of solution polymers. Ancther 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.

{{6007] 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 methy! 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-



Initiator Solution Per kadox 16S (Di (4-tertbutyl cycl ohexyl)
peroxydi carbonate) 1.2 1.3 1.3 1.3 1.7 Trigonox C0 0 0 0.2 0 Met hyl
acetate 9 0 0 O 13 Acetone 0 10 10 10 O Monormer Feed

butoxymethy! acrylamide. It may then be preferably compounded with clay, calcium
catbonate, plasticizer, rosin acid resin, antioxidant, and other ingredients {or a
combination of the above}, into the finished product. The finished adhesive, sealant, or
mastic product preferably contains less than 100 g/L. of VOC, more preferably less than
50 g/L of VOC, and achieves sufficient tensile and/or shear strength, such as is described
in the requirements of AFG-01, ASTM D3498, ASTM (557-93a, or other applicable

industry and environmental standards.

[0008] In order to make the formulated products disclosed herein, the solution
polymer must first be made. The synthetic process for preparing the solution polymer is
preferably a one-stage process, and it is preferably carried out in a single reaction vessel.
This is referred to as a batch process. The batch process may be carried out by charging
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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crosslinkable monomer per 100 parts of monomer, and a compound or combination of
compounds capable of generating free radicals. Polymer compositions for use within the
scope of the invention include, but are not limited to, the following: homopolymers of
vinyl acetate; copolymers of vinyl acetate and esters of acrylic acid, preferably n-butyl, 2-
ethyl hexyl, ethyl, and iso-butyl; homopolymers and co-polymers made from all acrylic
monomers including esters of acrylic and methacrylic acid, where n-butyl, 2-ethyl hexyl,
ethyl, and iso-butyl are the preferred acrylic acid esters, and methyl and n-butyl are the
preferred methacrylic acid esters; polymers and copolymers of styrene and the acrylic
menomers; and copolymers of vinyl acetate and the vinyl esters of versatic acids. In
addition to pure monomers, preformed polymers, polymeric intermediates,
multifonctional epoxides, melamines and isocyanates, can be included in the reactor

charge and/or post addition.

[0010] As is known in the art, crosslinking and post-crosslinking monomers can
be emploved 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 glyeidyl methacrylate. Both
crosslinking and post-crosglinking 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 penerate 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 sohition polymer with fillers to improve economics,
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improve rheological properties, and increase strength. Fillers which are common and
well known in the art are useful as fillers in the present invention. Examples of such
fillers include calcium carbonate, aluminum silicate, tale, silica, ground up polymers and
the like, and mixtures thereof. Such fillers frequently reinforce the mastics/sealant,
Optionally, modifying resins may be used to Improve adhesion and other performance
properties. Modifying resins which are useful in the formulation of this invention are
generally those which are well known in the art, such as modified and unmodified rosin
and rosin esters, esters of polymerized rosin, polyterpene resins, terpene-phenolic resins,
coumarone-indene resing, diolefin-olefin resins, phenol-aldehyde resins, aromatic resins,
and the like. Pigments are frequently employed in the formulations for the aesthetic
value as well as their reinforcing properties. Any pigments ¢an be employed to impart
the desired coloration. Carbon black and titanium dioxide are well known pigments
suitable for such use. It is usually desirable to include stabilizers in the formulations.
Such stabilizers include well known antioxidants and anti-ozonanis, as well as ultraviolet
and thermal stabilizers. Hindered phenols, substituted phosphites, phenolic phosphites,
dialkyl thiodipropionates, nickel dialkyldithiocarbamates, and the like, and mixtures
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 Hguid plasticizer, resinous additives, antioxidant, fillers, chosen from
materials such as clay, silica, calcium carbonate, or tale, and spectal 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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ewtonian flow for others. Afiter the mixing is complete, physical testing must first be

performed. Viscosity measurements are made using a Brookfield Viscometer, using a t-
bar spindle, D-F, with a Heliopath attachment, at various rpm, depending upon the
rheology desired. Solids content may also be measured, using high heat to evaporate the

solvent(s).

[6014] Performance 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 strenpth, free film characteristics, adhesion to
specific subsirates, 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 Asscciation 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 lnmber under a variety of conditions. The present
compositions will wet out on wet Iumber 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.

Ilustrative Examples in Accordance with the Invention

234



EE PE E E Solution Polynmer 60 60 60 60 53 56 57 54 53 47 Kaolin Cay 20
20 20 20 36 37 33 36 35 35 Calcium Carbonate 20 20 20 20 00 0 0 0 O
Pl asticizer 6

Solution Polymers A-E

{0015] The formulas for solution polymers A-E are shown below in Table 1. The
reactions were carried out in a 2 liter glass kettle fitted with a vertical water condenser, a
liguid temperature probe for measuring and controlling the reaction temperature, and a
variable speed 4-blade pitched blade turbine agitator. For polymers A-B, the process was
run semi-continuously. The kettle was placed in a temperature controlled water bath with
an overflow port, a cooling water input, and a heating coil. The initiator solution was
prepared and contained in a 20 ml glass vial. The kettle charge of solvent and monomers
was weighed into kettle. The kettle charge was heated to 59 °C and then 1 gram of the
initiator solution was added. The reaction was continued for 1 hour, with another 1 gram
of initiator solution added at the 30 minute mark. A temperature rise from 59 to 63 °C
was observed during this 1 hour period. At times, the reaction exotherm may increase the
temperature of reaction up to 66 °C, but this will typically recede to 62-63 °C in 10
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 finat 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,
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Solution Polymers C-E
[0016]

laboratory equipment identical to that described above.

The polymerization reactions for Polymers C, D, and E were carried out in
The process used for these,
however, was a batch process, That is, all of the monomers and some of the solvent were
added as a kettle charge, and there was no feed stage. For this type of process, the ketile
charge was heated fo the reflux temperature of around 60 °C and then 1.55 grams of the
initiator solution was added into the kettle. A temperature rise of 2-6 °C was observed.
After 30 minutes, another 1.55 grams of initiator solution was added to the kettle. After
an additional 30 minutes, another 1.55 grams of initiator solution was added. At this
point, the reaction mass for Polymers D and E was very viscous, 50 Acetone or Methyl
acetate (200 grams 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
Viny! acetate 225 181 430 325 210
monomer

0300048 Antioxidant 0.5 0.5
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% Good 1(}ery Goi(;%j Very @ood St ngth Very
b Good El ongdtion Fair Good [Good Gogd Very
peroxydicarbonate)
Trigonox € 0 0 0 0.2 0
Methyl acetate 9 0 0 0 13
Acetone 0 10 10 10 0
Monomer Feed
VV-10 5 O ¢ 0 0
Vinyl acetate 100 249 0 0 0
monMner
n-Butyl acrylate 5 42 0 0 0
Acetone 0 175 0 0 0
Final Monomer
Solution
Vv-10 3 0 1] 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

Hustrative Examples of Adhesive/Sealant/Mastic Products in Aceordance with the

Invention

10



Tear Resistance Good Good Good Good Good Recovery Fair Good Good Good Good
| npact Fair Good Good Good Good Storage nodulus @40 C (MPa) 50.6 38.2 34.4
19.1 35.9 Exanple 5 6 7 8 Flexibility Very Good Very Good Very Good Very
Good Strength Very Good Very Good Very Good Very Good El ongation

Examples 1-8 , _ .

{9017] The previously described solution polymers were formulated into
construction-type products and tested for their physical and performance properties.
Table 2 provides a summary of the basic formulas prepared and tested. To prepare the
products, 35-65 wt. % of the solution polymer was charged into a high shear mixer. With
the agitation runming, the plasticizer was added, followed by the welting agent,
antioxidant, and fillers. The mastic composition was then mixed in a very high viscosity,
high shear state until all the materials were dissolved and the produet was homogenous
and free of grit. The remainder of the solution polymer was then added, plus additionat
solvent (as required) and 'thilckener, to complete the composition and achieve the desired

final viscosity. Mixing was continued until the product was homogenous.

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

Example 1 2 3 4 5 6 7 3 9 10

Solution |\ ) g | ¢ | pl e | E |l 8| 5| 8| E
Polymer
Solation | o | o | 60 | 60 | 53 | s6 | 57 | s4a | 53 | a7
Polymer

KaolinClay i 20 20 20 20 36 37 33 36 35 35

Calcium
Carbonate 20 20 20 20 0 0 0 0 0 0

Plasticizer 6 6 6 6 8 8 9 9 6 3

Methyi
Acetate 0 0 0 3 6 0 0 4 8

Antioxidant | 0.5 | 05 | 05 | 05 1 05 105 |1 05105 ) 05| 04
Wetting Agent] 0 0 0 0 0.5
Thickener 0 0 0 0 0 0 0 0 0.5 0

<o
<
o
<
]

[0018) The formulations were drawn into films using a 100 miis 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

n



Fair Fair Fair Fair Tear Resistance Good Very Good Good Very Good Recovery
Fair Good Fair Good | npact Resistance Fair Good Good Poor Storage nodulus @
40 C (MPa) 24.8 11.6 16.9 25.2 100191Fornul ations 5-8 were anal yzed for
vari ous physical and application properties. The tests included viscosity,
rheol ogy/ sl unp, |ow tenperature extrusion, green grab, adhesive transfer
(legging), open time, and etc. The results are sunmarized in Table 4 12
along with the results for a comercially available control (Franklin

| nternati onal Fﬁ@wmgamau&;p%%tpﬁau&&i QRice M@omﬁcorpr&mqu;ﬁlggp dréht
apparent that the novel , On average, possess simlar glca and
appl i cation prof#rt ithss FBWFhogg ofhisan WEREB| | SAed, V@Sﬁﬁﬁﬂ@ﬁMl%ﬁ%N%P?able

product. Tabl e #ihesAdfiRabM@hSaa] aotsdsMasildr Cphfékbyﬁm&adnlcawbxbea&&lt@mho?é epesties

(et State) Exaggll)l?she%) Qgrrrngtl,rmaqw avallagle\{)rosdgg S '61.)/ av(:%Ees, )the new polymers are slightly

softer than the commercial control,

particularly at elevated temperatures (40 °C).

Accordingly, they show, on average, enhanced elongation, recovery, and impact resistance.

The commercial control utilized in this work was a construction-type mastic product

available as Franklin International Heavy Puty Construction Adhesive.

Table 3: Adhesive/Sealant/Mastic Properties (Dried Films)

Example Control 1 2 3 4
Flexibility | Very Good | Very Good | Very Good | Very Good | Very Good
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 50.6 382 344 19.1 359
°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
RIrr‘lpact' Fair Good Good Poor
esistance
Storage
modulus @ 40 24.8 11.6 16.9 252
°C {(MPa)
{6019] 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

12



130, 000 151, 000 150, 250 163, 750 142 500 Slump, 'A" V bead No Slunp No Sl unp
Slight No Slunp No Slunp Low Tenp Extrusion (0 ''F) Fairly Easy Fairly Easy
Slightly Difficult Mdderately Difficult Easy G een Gab Good Good Good Good
Good Leggi ng Good Good Good Good Good Open Tine, 'A" V bead (mn) 65 >65
>65 >65 45 Open Tine, troweled (mn) 40 282 42 21.9 40

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, on
average, possess similar physical and application properties to those of an established,

commercially available product.

Table 4: Adhesive/Sealant/Mastic Physical/Application Properties (Wet State)

Example Contrel 5 6 7 8
Viscosity (cps) 130,000 151,600 150,250 163,750 142,500
Slump, 14" V bead No Slump | No Slump Slight No Slump | No Slump

Low Temp Extrusion (0 °F) | Fairly Easy | Fairly Easy Si;;.:ﬁgi Mgf%rsé?: y Easy

Green Grab Good Good Good Good Good
Legeing Good Good Good Good Good
Onpen Time, ¥2” 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
[o0209 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

13



22.4 40 21.6 40 69 VOC Content (W) [ 00201For nul ati ons 5-8 were
qualitatively evaluated for adhesi on performance on a variety of comon
building materials. Filns of the products were drawn onto the various
substrates using a 100 mls draw bar and allowed to dry for 7 days at room
tenperature plus 7 days at 49 C. The filnms were then scored with a utility
kni fe/razor, and thin strips of the filns were peeled fromthe substrate
using a snall | aboratory spatula. Adhesion was rated on the basis of
difficulty of r }{Jm;ed‘gieelt thgoidI f 'L\ﬂ?aiir test $al e Fkﬁr'dm’tﬁ -on at | east two
different lots |O A&)H“mllrjn(li PrERA et WA g e g s {ofg,potut i on pol ymer.
The data preserUed ch{lel abE §oJgEP] ERENLy | Ecol TS [ LAk ABb&a Tesul ts

achi eved in t hgSe §LUDLES | FEGIKTTTT HEL efiagl;pna AVY Bgid [Construction
Adhesive was t €STE(erd%c® GONGLAl PT QRBEL | Feoyd tThegfdal @ Ghod S| apparent that
t he subject of {Thi SABHVENTT Ofziy NEW Vs CONPIphient | CERST 1 UGHhlrONY
adhesi ves/ seal gnt s/ pmst 1 CS, @k aVET ag§, POSFEsS B @kl af agdhes) on properties
to those of an |estapyeshed, eapmer cimbd v [avakil abl epqak oduahir Tjabl e 5:

Adhesi on Perf orjmangeyien Buik@¢irg Makeléntl| SExcRap| xcdloml Eakildat[6 7 8 Col d

Rol | ed Steel Ver yol@amdndaiir Gaidr Fakdelldn@l] Wery Gbdd | ExGallem Bxczigalt ISt eel Good
Fair Fair Fair Fair Al um num Good Fair Fair Fair Fair

[0021) Formulations 5-§ were quantitatively tested for rate of strength build up and
ultimate bond strength on wood substrates. Evaluations were conducted using a Franklin
internal cross-lap shear test method. In this test, 1.5 in. by 5 in. by .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 lbs., 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-ibs, | Lead-lbs. |Load-lbs.{Load-lbs.|Load-lbs,
i 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 513 247 366 204 201
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 2 demanding

14



Copper Good Excel |l ent Excel |l ent Excel |l ent Good Concrete Good Fair Fair Fair
Good Paver Bl ock Good Good Good Good Good ABS Fair Fair Fair Fair Fair FRP
Fair Fair Fair Fair Fair PVC Fair Poor Fair Poor Fair Acrylic Excellent
Excel |l ent Excel |l ent Excellent Excellent Pol ycarbonate

industry test that includes evaluations on saturated and saturated/frozen lumber to simulate
the extreme conditions that may be encountered on a construction site.  The results,
summarized in Table 7, clearly demonstrate that the inventive products achieve acceptable

performance in all portions of this test.

Table 7: AFG-01 Test Results (load in Ibs.)

Example 9 Required
Wet Lumber 303 225
Frozen Lumber 197 150
Gap Fill 356 150
Dry 611 225
Moisture 340 225
[6023] What is Claimed Is:

15



Good Excellent Very Good Excellent Excellent 100211Fornul ations 5-8 were
quantitatively tested for rate of strength build up and ultimte bond
strength on wood substrates. Eval uations were conducted using a Franklin
internal cross-lap shear test nethod. In this test, 1.5 in. by 5 in. by
0.75 in thickypmoderiblimekss were bonded in a perpendicul ar fashion to form
cross-laps with an overlap area of 1.5 in by 1.5 in. After preparation, the
bl ocks are allowed to cure for periods of 1, 3, 7, 14, 21, and 56 days,

t hen testled Adyrob@athr p@pirihgtatndhediveaBalan, dyhfastie®inpbsiadiecomphiging @sutepsodn
pressure treated Iunber,gﬁiven.in | bs., are Ehown in,Ta?Ie 6, alang. with
the results for BRYMSet BIEMPY NaRPRUon, FECTEE PG BPYIEL SR PerizRt dFHEL inghal
Heavy Duty Golvsidtrodgblvaid bRl and WhireinFihe paller idabadriddtpriod toaippafefatiod ahe t he
novel produ i eve performance conparable to that of an established,

S qfh|§¥
comerci al | YPSE 8BICE product. Table 6: Cross-lap Shear Results on
Pressure Treat edbleadtiethe pyBRt €o16igunt witd fifer§ addifivel] amdf dtiesendr@Réhtd BSobtain

Load- | bs. Lqad:l bs oad-| bs. Load-Ibs. 1 day 363 643 553 472 555 3 days
605 675 586(%*?“9‘3“%@‘%&‘!7‘@%15?§e%?§°fdﬁaé“%8f8d“§79 416 14 days 848 365 596

2. An adhesive, sealant or mastic prepared by the process of claim 1

3. The process of claim 1 wherein said step of preparing 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 oil‘ ‘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 inchudes
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-compliant solvent is methyl acetate, acetone, or a

combination thereof,

16



428 491 21 days 513 247 366 204 291 56 days 618 333 351 467 452

[ 0022] Formul ati on 9 was eval uated for performance according to the full
requi renents of American Plywood Association Specification AFGO0l1. This is
a demanding 14 industry test that includes evaluations on saturated and
saturated/frozen lunber to sinmulate the extrene conditions that may be

encount erged R A@hGRBSIchisildr Mhs®d dolaiNBwh& s thes VOBWIRRAY i7 €Kk fifishtd Pr@iud,
clearly denonstrate that the inventive products achieve acceptabl e
per f or mance i ifsyhin 99epe 98 8d0f this test. Table 7: AFC-01 Test Results
(load in I bs ) Exanple 9 Required Wet Lunmber 303 225 Frozen Lunber 197 150
Gap Fill 356 150 Dry 611 225 Misture 340 225 {/0823] What 1s_Clainmed |s:

9. The adhesive, sealant or mastic of claim 2 wherein the VOC content 1n the finished product

is less than about 50 g/L.

L

10. The process of claim 1 wherein the polymer is prepared from monomers capable of free

radical polymerization.

11. A process for preparing an adhesive, sealant, or mastic composition comprising the steps of:
preparing a polymer in solution, wherein the polymer is polymerized in-situ in the
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 thercof.

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.

17



What is claimed is: 1. A process for preparing an adhesive, sealant, or
mastic conposition conprising the steps of: preparing a polyner in
sol ution, wherein the polynmer is polynerized in-situ in a solvent or

sol vent bl end and wherein the polyner is not dried prior to incorporation
in the finished product; bl endi ng the polyner solution with fillers,
addi tives. arg @bdesy ofl ddgmedi ®1dréintige SRiAdNs HRParkl Mosh@In@EE SipdBle of Gk ant

or nmastic pro(gui?cjr;tp.1 2. .An adhesive, sealant or mastic prepared by the
process of CPAFHPYYBIZHENprocess of claim | wherein said step of preparing
the polyner in solution includes the step of preparing the polyner in a

sol ution gonprised of the so]vent or solvent blend to be used in the

fini shed ig‘r (r)rﬂlﬁ’(?f".ceslf."f‘ilﬂ’é“ blr gheza thesteps o fomiplgipd punge WUGHPreGessy of prepari ng
the polyner in solution includes the step of preparing the polyner in a
solution th does nof jnclude the solvent or solvent blend to be primarily
used in tlh-ea#h@nﬁfgﬁ?éwéﬁamé? WRER A plerssae Hemeleld Bingek CRRIHBPIY OF prani-

sol vent or swohtwRohs bR with a VOC-conpliant solvent or sol vent blend
prior to incorporation of the polynmer in solution into the finished
product. 5. The process of claim1l further including the step of selecting

a VOC- conpl i aftadbliveesdalaBl o6 MlaMRNEontposineh tohpaalid REBPALALI @MpRing REy!
polymer in solution. 6. The procesaugégclaln15 wherein said VOC-conpli ant

sol vent sel SEHRRGORIRY PrlPeHed 1t e ahe step of selecting a sol vent
fromthe group consisting of tertiary butyl acetate, nethyl acetate, and
acetone or a conbination thereof. 7. .The process of claim5 wherein the
VOC- eQ npliant solvent is nethyl acetate, acetone, or a conbi nation
thereof. 8. The adhesive, sealant or mastic of claim2 wherein the VOC
content in the finished product is | ess than about 100 g/L. 9. The

adhesi ve, sealant or mastic of claim2 wherein the VOC content in the
finished product is less than about 50 g/L. 10. The process of claim!]l
wherein the polyner is prepared from nononers capable of free radica

pol yneri zation. 11. A process for preparing an adhesive, sealant, or nmastic
conposition conprising the steps of: preparing a polyner in solution,
wherein the polynmer is polynerized in-situ in the solvent or solvent blend
used in the finished product and wherein the polyner is not dried prior to
incorporation in the finished product; bl endi ng t he pol ymer sol ution
with fillers, additives, and other ingredients to obtain the finished
adhesi ve, sealant or mastic product. 12. An adhesive, sealant or nmastic
prepared by the process of claim 11l 13. The process of claim 11 further
including the step of selecting a VOC conpliant solvent or solvent blend
for said preparation of the polyner in solution. 14. The process of claim
13 wherein said VOC-conpliant solvent selecting step further includes the
step of selecting a solvent fromthe group consisting of tertiary butyl
acetate, nmethyl acetate, and acetone or a conbination thereof 15. The
process of claim3 wherein the VOC-conpliant solvent is nethyl acetate,
acetone, or a conbination thereof. 16. The adhesive, seal ant or mastic of
claim12 wherein the VOC content in the finished product is |ess than about
100 g/L. 17. The process of claim 11l wherein the polyner is prepared from
nmononers capabl e of free radical polynerization. 18. The process of claim
11 wherein the steps are conpleted using a batch process. 19. The process
of claim 1l wherein the steps are conpleted using a continuous or

sem -conti nuous process. 20. An adhesive, sealant or mastic conposition
conpounded from a base conprising vinyl acetate nononer polynerized in

met hyl acet ate.
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