Substitute she™® 28 August 1999 - 1- TITLE. ADHESI VE FOR BONDI NG
DECORAJI VE MELAM NE TREATED PAPER TO PARTI CLE BOARD Thi s application
‘corresponds to US Application Serial Nunber 08/739,399, filed Cctober 31,
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08/688,932, filed July 31, 1996. BACKGROUND OF THE | NVENTI ON FI% tBe
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This invention relates to polyvinyl acetate emuision based adhesives for bonding

melamine formaldehyde resin treated decorative solid color and print paper to particle

board. This polyvinyl acetate emulsion based adhesive has sufficient wet bond

15  strength for holding sheets of melamine resin treated paper on the top and bottom

surfaces of sheets of particle board as these panels are moved through a heating and

pressing zone. This adhesive substantially eliminates stress cracking of cured

melamine resin treated paper on these panels. This adhesive substantially eliminates

wrinkling and edge and comer peel resulting during the movement of these panels

20 through a heating and pressing zone. This adhesive also bonds melamine

formaldehyde resin treated paper to particle board with greater bond strength than the

internal strength of the particle board. Thereby, melamine formaidehyde treated paper

would not be separated from particle board uniess sufficient force is applied for tearing
pieces from the particle board.

af

25
Description of the Related Ar{
High pressure laminate can be adhesively bonded to a substrate material such as
plywood, hardboard, particle board, cement-asbestos board, and the like, to give it
additionai strength and rigidity for its intended structural use. The bonding process

30 usually requires. as the initial step, the sanding of the back surface of the laminate to
ensure an adequate bond between the laminate and adhesive used in bonding the
laminate and substrate material. The sanding step adds to the manufacturing costs of
laminate. Laminates are relatively inflexible after the resins contained therein have
been cured during the lamination process. Thin laminates (e.g., laminates comprising

35 merely an overlay sheet, a decorative sheet, and single sheet of kraft paper or liner
board) are particularly susceptible to damage during the sanding step due to their
britleness after lamination. The need for sanding can be obviated by coating the
backing sheet with a thermoset adhesive. The resulting laminate is readily glueable to
substrates with conventional adhesives. (Hosmer, et. al., U.S. 4,258,103)

40
A useful adhesive compasition comprises copolyester elastomer and a compatible low
molecular weight thermoplastic resin. The copotlyester elastomer possesses improved
adhesion particularly at high temperatures and under high applied stress. The
copolyester elastomer consists essentially of a multiplicity of recurring short chain ester

45 units and long chain ester units joined through ester linkages. These adhesive

Mailed October 31. 1998 1 Express Mail Number EH429487381US
THiIS QHEET HAS BEEN

-

AR
Foripony




f or mel dehyde ré&%in treated paper to particle board wit hrugrseat s BRARGIaced
strength than the internal strength of the particle boar ;

"nel anmi ne fornal dehyde treated paper woul d not be separ at g&l‘]ﬂmﬂlﬂlw e
board unless sufficient force is applied for tearing pie

particle board. Description of the Related Art H gh pressure | am nate can
be adhegomnogitionshaye ¢emossirted inpravedadhesiontormany pubsicates includingar d,
par ti cl diffiouityladhanable sulrdkdes sutivas telamihetformabidebyde targimated plastics.t Thigal

st r engt hadhedivei @indalsy cbatain Tyzombrand estratiutiittanaéd soldey Ehie dadslitia process

usual I'y N&mBUfsend E8nipyl Hd. (Bdingbe .St mg,g’am}i)ng of the back surface of
the lgam nate to ensure an adequate bond between’the | am nate and adhesive

e A YRR SR B .
o e e et ot B b S Y DAL
process.(Fﬁheﬁ gtafh e§13@éz§j3.0,) | am nates conprising nerely an overl ay

sheet. a decorative sheet, and single sheet of kraft paper or |iner board)
ar e fgar tSalid colbyardiprindeddrative paperagmn ishimade wittea seating of aMetgmitiee to their
brittl erfeﬁﬁaldbhgde rewin bAtiisORearTfiafarec GdlRl coldhd Sriftaiederpatiavpaiadiderul in

. ! . . pan .
coat ng thBInBaRd bRRIGhAR 100 presiuf Sl BiIEHe fullif Mldiding thd 2mi nat e
s read ‘ﬁgﬁﬁ@a&fdﬁ%@g SSolh ﬂ%ﬁs&”ﬂa&agﬁé’ e e et

o " he \Yj

15 ’

nded to substrate such as particle board.

Melamine formaldehyde resin is impregnated into overiay and partially cured by passing
the resin impu_agnated overlay through an oven. The overlay is positioned over
decorative solid color or print paper that has not been impregnated with resin and

laminated together under pressures of about 300-2000 psi (20-136 bar) and preferably
20 about 750-1500 p.s.i. (61-102 bar).

The resin composition is adjusted for limiting flow as the partially cured resin in the
overlay is laminated with decorative paper that has not been impregnated with resin.
The resin in the overlay needs to flow through the decorative paper for impregnating

25  and providing strength to the decorative paper. The flow needs to be limited so that the
decorative side of the iaminate has desired wear and decorative characteristics. The

amount of resin on the opposite side of the laminate that is to be adhesively bonded to
substrate is limited.

30  Solid color a_nd print decorative paper coated with melamine formaldehyde resin have
been adhesively bonded to particle board with commercially available wood giue, vinyl
acetate-ethylene copolymer adhesive. This adhesive is commercially available under

the product name Airflex 400H Emuision from Air Products and Chemicals, 7201
Hamiiton Boulevard, Allentown, PA 18195-1501.
35

Structural element laminates are prepared with an adhesive which comprises a
copolymer of ethylene and vinyi acetate, a source of free radicals, and an organic
compound source of silicon. If desired, various adjuvants such as tints, heat stabilizers,
ultraviolet light stabilizers, ultraviolet light absorbers, fillers, and/or plasticizers can be

40 incorporated in the ethylene-vinyl acetate copolymer without impairing its adhesion to
the structural element laminae. (Snedeker, et. al. U.S. 3,622,440)

Wherg adjuvants are employed they must be materials which are physically and
chemically compatible with each of the other components of the adhesive compositions
45  under the described operating conditions. The adjuvants are used in amounts which
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Polyvinyt alcohol is important not only as an emulisifier/protective colloid in the

10 manufacture of polyvinyl acetate emulsions; it can also be added as a modifier for
adjusting certain properties of adhesives. Certain bond properties can be influenced,
open time can be increased, and viscosity decreases as a function of the viscosity of
the polyvinyl alcohol solution. Thermal stability can be improved. Setting rate can be
improved by optimizing the polyvinyl alcohol content. Stability in storage is better with

15 partially hydrolyzed polyvinyl acetate than with fully hydrolyzed polyvinyl acetate.
Additionally, tackified polyvinyi alcohol is useful in the formulation of polyvinyl acetate
emulsion based adhesives and is commercially available.

Adhesion promoter may be used as a primer or incorporated into the adhesive.

20 Examples of nonperoxidic organosilicon compounds which may be used as adhesion
promoters include alkoxy silanes, aminoalkoxysilanes, vinylalkoxysilanes, epoxy alkyl
alkoxy silanes, amino alkyl alkoxy silanes, cyano alkyl alkoxy silanes, hydroxy alkyl
alkoxy silanes, and the like. (Snedeker, et. al. U.S. 3,622,440)

25 In preparing the laminates, a layer of the ethylene-vinyl acetate copolymer based
adhesive is appiied between each pair of laminae which are to be bonded together and
the resulting laminae, after being laid up one upon the other, are bonded together
under elevated temperature and pressure conditions. The bonding is preferably
conducted at a temperature of about 80 to 205° C., and most preferably at about 110 to

30 140° C., and at a pressure of about 2 to 300 pounds per square inch (p.s.i.), and most
preferably at a pressure of about 150 to 250 p.s.i. The bonding is conducted below the
decomposition temperatures of all the components of the laminates, other than the free
radical generating compounds, when such compounds are employed. Bonding
operation may be conducted in any of the commonly employed pressurized devices

35 that have been used by those in the art for preparing structural element laminates such
as autoclaves and hydraulic presses and rolls. {Snedeker, U.S. et. al. 3,622,440)

Bonding systems comprising a filler dispersed or suspended in a resin or adhesive

material are improved, by improvement of bonding or associative interactions between
40 filler particles and resin polymer. Improvements result through utilization of a coupling

agent in the resinffiller suspension or mixture. These improvements resuit from

inclusion of silane-, titanate-, or zircoaluminate-, coupling agent(s) in the resinffiller

suspension. The coupling agent apparently acts to improve resinffiller interaction. The

results in many instances are reduced viscosity of suspension, improved retention of
45 filler within suspension and/or, improved strength and/or water insensitivity of the
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bond strengt holdmg sheets of melamine resin treated paper on the top and bottom
15 surfaces of sheets of particle board as these panels are moved through a heating and
pressing zone. The polyvinyl acetate emulsion based adhesive is cured in the heating
and pressing zone for bonding sheets of melamine resin treated paper on these panels.
There is a need to substantially eliminate stress cracking of cured melamine resin on
these panels. There is also a need for substantially eliminating wrinkling and edge and
20 comer peel resulting during the movement of these panels through a heating and
pressing zone. The polyvinyl acetate emulsion based adhesive must also adhesively
bond melamine formaidehyde resin treated paper to particle board with greater bond
strength than the internal strength of the particle board. Thereby, melamine
formaldehyde treated paper would not be separate from particle board unless sufficient
25 force is applied for tearing pieces from the particle board.

I S

MARY QF T T

It has now been discovered that a polyvinyl acetate emulsion can be formulated as an

30 adhesive with, tackified polyvinyl alcohol, starch, a tackifier and a coupling agent for
effectively bonding sheets of melamine resin treated paper on the top and bottom
surfaces of sheets of particle board. Stress cracking is substantially eliminated.
Additionally, wrinkling and edge and corner peel resuiting during the movement of these
panels through a heating and pressing zone is substantially eliminated.

35
The polyvinyl acetate based adhesive of this invention is formulated with about 1.5-4.5,
preferably about 2-4, and most preferably about 3.5 percent tackified polyvinyt alcohol
solids by weight of the adhesive. This adhesive is also formulated with about 20-35
percent starch solids. Preferably the starch is corn starch having a particle size of

40  about 5-25 micron and a median particle size of about 15 microns. This adhesive is
also formulated with about 0-15 and preferably about 5-10 percent tackifier solids.
Preferably the tackifier is butyl benzyl phthaiate. Additionally, this adhesive is
formulated with about 1-5 and preferably about 1.5-2.5 percent coupling agent solids.
Suitable coulping agents are water soluble or dispersible silane, titanium and

45  zircoaluminate coupling agents and preferably titanium and zircoaluminate coupling
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t he adheg(-gagconpositi @gs28inder Mgy dgeestebed oper at AfrProdadtst & Gremicals
adj uvants are used in anobunts whi opolythet be effech e o s54de i ntended

pur pgse. Thus, for exanple, the @‘ lﬂgib. Ve anmount of phas A 18%08
pl asticizing anount. that is. an anount of plasticizer that 'will

apprect 3l i 523 3.6 Polyviny! Alcohal Air Products & Chemicals
(Tackified) P. O. Box 2662
Allentown, PA 18105
15
Pearl Starch 25.7 Corn Starch A. E. Staley Mfg. Co.
2200 East Eldorado
Decatur, IL 62525
20  Santicizer 160 8.6 Butyl Benzyl Monsanto Company
Phthalate 800 North Lindbergh Blvd.
St. Louis, MO 63167
Tyzor 131 1.85 Mixed Titanium Ortho Du Pont Chemicals
25 Ester Complex 1007 Market Street

Wilmington, DE 19898
*Amount is percent solids by weight of the solids in the adhesive.

The polyvinyl acetate emuision based adhesive of this preferred embodiment has

30 sufficient wet bond strength for holding sheets of melamine resin treated paper on the
top and bottom surfaces of sheets of particle board as they are moved through a
heating and pressing zone. 1t substantially eliminate stress cracking of these panels of
melamine resin treated paper bonded to particle board. It also substantially eliminates
wrinkling and edge and corner peel resulting during the movement of these panels

35 through a heating and pressing zone. This adhesive ailso bonds melamine
formaldehyde resin treated paper to particle board with greater bond strength than the
internal strength of the particle board. Thereby, melamine formaldehyde treated paper
can not be separate from particle board unless sufficient force is applied for tearing
pieces from the particie board.

40
Tackified polyvinyl alcohol of this preferred embodiment is made by agitating about 837
grams of water, adding 8 grams of boric acid and 3.2 grams of phosphoric acid and
then 150 grams of Airvol 523. About 1.8 grams of Mazu DF 132 (defoamer) is then
added to the mix. The mix is then heated to about 200°F and maintained at 200°F for
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i npr oved ‘Qét-lfgl'h Aa 2an be inproved by optinizing the polyvinyl alcohol
content. Stability in storage [ S better wth part| aI | y hydrol yzed pol yvi nyl
AL 6D/ PES IOR EINVGENAHANL | onal |y,
tackified ponV|nyI al cohol is useful in the fornulatlon of pol yvi nyl
acet gf € eRRUifbPPoRA ol ves and is comercially avail abI e. Adhesion

prormter = S PAUIERS @VH erhﬂl%%rnp e tof
Exapl s %ﬁ@ il "@; "éﬁ%‘éﬁﬁ@a Tt

vi nyl al k n f ﬁ%%?x%m estPM {edrocegHIR ravlra pslyslessriged faranes,
cyano al {i8 pref egt bogiraent. shfthese examples were apphed to both sides of
15  four by eight foot sheets of particle board at 4 to 8 grams {wet)/sq.ft. for a coating of
adhesive that is about 0.004 to 0.008 inches thick. A four by eight foot sheet of
melamine treated paper is placed on each of the adhesive treated surfaces and the
resuiting panel is moved through a heating zone. Residence time in the heating zone is
about 40 seconds. These panels enter the heating zone at ambient temperature and
20  exit at about 180-200°F.. Pressure of 30-40 psi is applied through nip rollers as the
panel is moved through the heating zone. The adhesive of these examples, with two
concentrations of tackified polyvinyl alcohol, have the following formulations:

Component Amount* Chemical Manufacturer
25 XX-240 60.25/62.05 Vinyl Acetate Air Products & Chemicais
Homopolymer P. O. Box 538
Emulsion Allentown, PA 18105
Airvoi 523 1.8/3.6 Polyvinyl Alcohol Air Products & Chemicals
30 (Tackified) P. O. Box 2662
Allentown, PA 18105
Peari Starch 25.7/25.7 Corn Starch A. E. Staley Mfg. Co.
2200 East Eldorado
35 Decatur, IL 62525
Santicizer 160  8.6/8.6 Butyl Benzyl Monsanto Company
Phthalate 800 North Lindbergh Blvd.
(Tackifier) St. Louis, MO 631867
40
Tyzor 131 1.85/1.85 Mixed Titanium Ortho Du Pont Chemicals
Ester Complex 1007 Market Street

Wilmington, DE 19898
*Amount is percent solids by weight of the solids in the adhesive.
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natégiaﬁﬁéggéﬁﬁnoroved, by i nmprovenent of bonding or associative
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.
resul t CGTASKIRG OGEUTS 9Bl ¥hneichgs @via sidgsfdhe samRl rarpeNting {hgmachine
suspensidiraction fanthemaperhMaching disectiemiar the paper iy the side (of $he paper formade- |
tit anat aigngoa foriming scteenan a-papes apaking naphing. sA “Gootdh atingfonstréss eracking
15  indicates that no cracks were found in 95% or higher of the notched areas in the cross
direction on the samples. A “Fair’ means no cracks were found in 90% or higher of the
notched areas in the cross direction on the samples. The cracks in these samples
extended less than on fourth inch from notches along the edges of the panel. Cracking
did not occur outside the notches. Notching represents a severe test condition.

% Tackified Corner Peel- Stress
PVOH Back Crack
3.6 0-10% _good
1.8 10-20% fair

20
The formulation of polyvinyl acetate emulsion adhesive with three different amounts of
tackified polyvinyl alcohol is illustrated by the following examples. Tackified polyviny!
alcohol used in these examples was made by the procedure previously described for
the preferred embodiment. Adhesives of these examples were applied to both sides of

25 four by eight foot sheets of particle board at 4 to 8 grams (wet)/sq.ft. for a coating of
adhesive that is about 0.004 to 0.008 inches thick. A four by eight foot sheet of
melamine treated paper is placed on each of the adhesive treated surfaces and the
resulting panel is moved through a heating zone. Residence time in the heating zone is
about 40 seconds. These panels enter the heating zone at ambient temperature and

30 exit at about 180-200°F.. Pressure of 30-40 psi is applied through nip roflers as the
panel is moved through the heating zone. The adhesive of these examples, with three
concentrations of tackified polyviny! alcohoi, have the following formulations:

This Sheet Has Been Replaced
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coupling agent, the organofunctl of t he co a ones
bondgd to, or otherw se attract eg"l"’(ss P associ at ed %ht%gﬁ‘e%hgg e/resin
matrix, as the adhesive pol ynerizes. The inorganic functlonal ITDI et
appear s Aimolfdier at e 3)6&1% or sPoiywiny! Asabei at i on wWAIP I&hag@gals

i nor ganiTadkifigddr . Thus, the coupling agent acts as aPoOcB;;Bthﬁ;GZI\/een t he

organi ¢ resinous adhesi ve and the i norganic filler. @lekfowh, RA $8105
4,8%4,376) There is a need for a polyvinyl acetate emulsion based adhesive

Wi th suldd g §Bkch"e7.9/26.7/25.5  Corn Starch A. E. Staley Mfg. Co.
2200 East Eldorado
Decatur, IL 62525
15 Tyzor 131 2M1.9/1.8 Mixed Titanium Ortho Du Pont Chemicals
Ester Complex 1007 Market Street

Wilmington, DE 19898
*Amount is percent solids by weight of the solids in the adhesive.

20 Corner peel back and stress cracking is determined by procedure described for the
previous examples.

% Tackified Corner Peel- Stress
PVOH Back Crack
5.6 severe good
37 10-20% good
1.8 10-20% fair

}

The formulation of polyvinyl acetate emulsion adhesive with two different amounts of

25  polyvinyl alcohol is illustrated by the following examples. Polyviny! alcohol used in the
following examples is made by mixing 1,709 pounds of Airvol 540 brand polyvinyl
alcohol, commercially available from Air Products & Chemicals, P. O. Box 2662,
Allentown, PA 18105, with 34 pounds of Mazu DF 132 brand proprietary defoamer,
commercially available from PPG Industries, Inc., PPG Place, Pittsburgh, PA 15272,

30 and 17 pounds Nuosept 95 brand preservative (tetrahydroxy-3,5- dimethyl-2H-
1,3,5,thiadiazine-2- thi), commercially available from Huls America, Inc., P. O. Box 365,
Piscataway, NJ 08854, and 15,328 pounds of water.

Adhesives of these examples were applied to both sides of four by eight foot sheets of
35 particle board at 4 to 8 grams (wet)/sq.ft. for a coating of adhesive that is about 0.004 to
0.008 inches thick. A four by eight foot sheet of melamine treated paper is placed on
each of the adhesive treated surfaces and the resulting panel is moved through a
heating zone. Residence time in the heating zone is about 40 seconds. These panels
enter the heating zone at ambient temperature and exit at about 180-200°F.. Pressure
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bond strength for holding sheets of nelam ne resin treated paper on the top
and bottom surfaces of sheets of particle board as these panels are noved
“through a heating and pressing zone. The polyvinyl acetate enul sion based
adhesive is cured in the heating and pressing zone for bondi ng sheets of
mel am ne resin treated paper on these panels. There is a need to
subst an®f 3-#Q psi SARRlIEE tQF"r‘-@f‘s”‘E rellats Ag the panelds W@Y%ﬁ’ﬁ%‘gﬁbg‘ﬁrﬁ%‘"ﬂhes e
panel s. zateer Ehe adhesive of these examplasswithhtwa coycentiationaof pgiyinyhaicehgl. and
edge anHawstiher foflewling fesmulatiogs:duri ng t he novenent of these panels through a
heat i ngg_@ﬂﬂ;%eﬂgsi ng Z@pBant*The pohymigayl acet ate emmangactuesrcd adhesive

SO a

nust al esively bond nel am ne fornal dehyde resin treated paper to
parti cl gyh d with gr bon than the i r@ﬁ%ﬁ t he
parti cl gxg%gdr d. Ther el??:?ézra'rgl am g\/ﬁ%ge%ﬂ&ehyde treatﬂlc'is%mmég ul ﬁ;g[%f be
separate from particle board un|§8§’°§’§ﬁf i€ ent forcxf" Q\Eg? ql f tearing
pi eces fromthe particle board. OF THE | l\l\/EMsfde@t\P ' 58ﬂ§§/ been

di scovered that a polyvinyl acetate emnul sion can be formul ated as an

adhesi vAiIrwoit§40 t acki f i 83d/bd yvi nPblysinybAlsiohokt ar ch, Air Predudts & Chemicals
coupl i neBlegent for effectively bonding sheets of nelRNONBox@66RA treated

paper on the top and bottom surfaces of sheets of pagtdb®nbPAr1®B108t ress
cracking is substantially elimnated. Additionally, winkling and edge and

COmer Pegh. &St | N9 Sphididpthe BRYCEROLLOf these A E staley Mfg. Co.

15 2200 East Eldorado
Decatur, IL 62525

Santicizer 160 9.1/8.4 Butyl Benzyl Monsanto Company
Phthalate 800 North Lindbergh Blvd.
20 (Tackifier) St. Louis, MO 63167
Tyzor 131 2/1.8 Mixed Titanium Ortho Du Pont Chemicals
Ester Complex 1007 Market Street

Wilmington, DE 19898
25 *Amount is percent solids by weight of the solids in the adhesive.

Corner peel back and stress cracking is determined by procedure described for the

previous examples.
% PVOH % Tackifier Corner Peel- Stress
Back Crack
3.6 5 severe good
1.7 5 severe good-fair

"~ 30 The formulation of polyvinyl acetate emulsion adhesive with two different amounts of
polyvinyl alcohol is illustrated by the following examples. Polyvinyi alcohol used in the
following examples is made by mixing 1,709 pounds of Airvol 540 brand polyvinyl
alcohol, commercially available from Air Products & Chemicals, P. O. Box 2662,
Allentown, PA 18105, with 34 pounds of Mazu DF 132 brand proprietary defoamer,

35 commercially available from PPG Industries, Inc., PPG Place, Pittsburgh, PA 15272,
and 17 pounds Nuosept 95 brand preservative (tetrahydroxy-3,5- dimethyl-2H-

1,3,5 thiadiazine-2- thi), commercially available from Huls America, inc., P. O. Box 365,
Piscataway, NJ 08854, and 15,328 pounds of water.

R
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————

panel s through a heating and pressing zone is substanti al | ThissSheeniiaa BedRep,

pol yvi nyl acetate based adhesive of this invention is forrm

-1.5-4.5. preferably about 2-4, and nost preferably about 3. !uﬂw
tacki fied polyvinyl alcohol solids by weight of the adheS|ve

is also fornulated with about 20-35 percent starch solids. Preferably t he
starch i Adﬁ@ﬁx?esﬁbﬁﬂ'@hewwwwmé pplied &0 Bethafidedbotfoubby Bighit toatshastd of

vnfflh agbggé&xb @oérﬁzaﬁf( e!ﬂggfp rfér a Ebhgn& Pfhf%me maael;q?gj od4teed
Prefe_rab PE ‘? . %@Fa f@m gL gé q tﬁl S
et Eﬁwg@ plhspt st el e U

di spersi sn réhe haating zeaaat, mtiem@aa urg and exit at;a wtg SQg%WE -aRgessure
pr ef er abbf30440psi isvappiedzihrewgt nipi noliers asothel pang! is mayed througihthenbaating

pr ef er r edos@ulhergihesietofithedey arampies, Withrtdocsaneeningticraesttpolyvimgl sisdhol,
titani unhgﬁé%ﬁﬂbﬁﬁn famu@horgonnerm al | y avail abl e from Du Pont

Che g%g%%ﬁ/a E@@E Del awar e 1%%&3&!@{ eferred
enbgb#rre I's i nvention has I OWI ng formulation

XX-240 85.7/70.2 Vinyl Acetate Air Products & Chemicals
Homopolymer P. O. Box 538
Emulsion Allentown, PA 18105
15
Airvol 540 3.8M1.7 Polyvinyl Alcohol Air Products & Chemicals
(Blend) P. O. Box 2662
Allentown, PA 18105
20 Pearl Starch 28.05/26.2 Corn Starch A. E. Staley Mfg. Co.
2200 East Eldorado
Decatur, IL 62525
Tyzor 131 21.9 Mixed Titanium Ortho Du Pont Chemicals
25 Ester Complex 1007 Market Street

Wilmington, DE 19898
*Amount is percent solids by weight of the solids in the adhesive.

Corner peel back and stress cracking is determined by procedure described for the
30 previous examples.

% PVOH Corner Peel- Stress
Back Crack
3.8 severe __good
1.7 severe good-fair
Starch

The formulation of polyvinyl acetate emuision adhesive with different amounts of starch
and different basis weights of decorative paper is illustrated by the following examples.
35 Adhesives of these examples were applied to both sides of four by eight foot sheets of
particle board at 4 to 8 grams (wet)/sq.ft. for a coating of adhesive that is about 0.004 to
0.008 inches thick. A four by eight foot sheet of melamine treated paper is placed on
each of the adhesive treated surfaces and the resuiting panei is moved through a
heating zone. Residence time in the heating zone is about 40 seconds. These panels
40 enter the heating zone at ambient temperature and exit at about 180-200°F.. Pressure
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Conmponent Anmount Chem cal Manuf act ur.
60. 25 - Vinyl Acetate Air Products & Chemicals mﬂﬁﬂm‘i‘h"m“‘d

. P. 0. Box 538 Enul sion Al | ent own, PA 18105 Air ,mi
Pol yvi nyl Al cohol Air Products & Chenical s (Tacki fi ed
P. 0. Box 2662 Allentown, PA 18105 Pearl| Starch 25.7 Corn Starch
A E Sifadoey0 Webis dpblied2Afdbughsiip kbitkrs adahBaemiel is mbled Ardhighdne heatimg 160
8.6 cﬁ% Yth fﬁ&ﬁ&we of these exdYRPIEa Ha¥eFAERGIWIR tfbﬁh@hﬁons 800
North ber : Louis, MO 63167 Tyzor 131 1.85 M xed

Ti tani um Ot h Du Ghem ¢ t,er Conpl ex Mar ket
Street %ﬂ%qg%n Ao ercent soli dsM%l"rvf%éh f of the

sol i¥s in the adhesive. The pol

yVi nY acetate emul SI ased % si ve of
this pr&Ke#4®d enbodi 888 has  Vinyl Acetate roducts emncals
Homopolymer P. O. Box 538
Allentown, PA 18105
10 Pearl Starch 5-24 Corn Starch A. E. Staley Mfg. Co.
2200 East Eidorado
Decatur, IL 62525
Santicizer 160 5 Butyl Benzyl Monsanto Company
15 Phthalate 800 North Lindbergh Blvd.
(Tackifier) St. Louis, MO 63167
Tyzor 131 2 Mixed Titanium Ortho Du Pont Chemicals
Ester Complex 1007 Market Street
20 Wilmington, DE 19898

*Amount is percent by weight of the adhesive.

Two notches are cut along each edge of a twelve by twelve inch sampie cut from each
of these panels. Thereafter, the sample is placed in a oven at 65°C for 24 hours. After

25 the sample is removed from the oven and cools to ambient temperature, it is examined
for cracks. The length of the longest crack is reported. Frequency of cracks extending
form notches along the machine direction of paper are reported. Each sample has two
notches along each of its machine direction sides. Cracking did not occur on notches
along sides of the samples representing the cross direction for the paper. Machine

30 direction for the paper is the side of the paper formed along a forming screen of a paper
making machine, cross direction is across the forming screen. Cracking did not occur
outside the notches. Notching represents a severe test condition.

Starch* 85 lb.** 751b.** 62 Ib.** 50 Ib.*™ 43 lbs™
5 3/4” (8/8) 3/4” (4/8) 1 3/8" (2/4) 3/4" (5/8) 1/27 (4/8)
10 1/2” (5/8) 1/2" (1/8) 112" (718) 5/18" (6/8) 5/16" (5/8)

15 5/18" (11/16) 0" (0/16) 1/4” (8/18) | 1/8" (11/18) | 1/8" (9/16)
18 3/8" (3/18) 0" (0/16) 174" (2/18) | 1/4" (11/16) | 3/16" (13/16)
20 1/8" (1/16) 116" (1/16) | 1/8” (3/16) | 3/16" (5/18) | 1/16" (3/16)
22 5/16” (11/16) | 3/16” (2/16) | 1/4" (6/16) | 3/16” (12/16) | 1/16" (5/16)
24 1/4” (3/16) 7/16” (1/16) | 1/8"(3/16) | 1/4" (10/18) | 1/8" (6/16)
*Starch is percent by weight of the adhesive.
35 **Basis weight of decorative paper in pounds per 3000 square foot.
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sufficient wet bond strength for hol ding sheets of nelam ne resin treated
paper-on the top and bottom surfaces of sheets of particle board as they
.are noved through a heating and pressing zone. It substantially elimnate
stress cracking of these panels of nelam ne resin treated paper bonded to
particle board. It also substantially elimnates winkling and edge and
comer pepk féméﬁd;maf guwvm l éctaat@ymmmn Q@héé\@@ltﬁ@ift‘érénﬁ é‘rh@UQﬂ% of dtmhl ng
and pr egak iifer8Rtnadié 60:%'0%8 BFR i d By I‘Pé

e P
i nter namggeﬁgghaﬁée&%la% 8?. C @hﬁ@'@% OF]‘O ?"? ?%ﬁ?:%b é?o

d A JP a cpp "% B%%J?%F
H)?gtéel 9. %ﬂp@s thigk. OgefPWn %{ 8@ ﬁh@%t? {aamipe éqeg RRRET is 4aG

pol yvi ngactiof mﬁ)admswmtrgatﬁdemfacea amtibaurasuitmq; panelds nmqve;bthmgmg about
837 gr aimeatifg water Resitbneg tBng iratine tudatingraoneds iaboahd0 Seompisanthede panels
phos phorent:erame theatifg Zbas at athtdemtenmplerdiure ahd eXid at About 180-8007RMPressurez u

ooz e $ilis BB ﬁétﬁfh Flptr%lléiéeaéflﬁé M idinbved 16 ke hegtih about
S Bnt ]é%"%g?;@tludsr}‘?lz oft 0 '%;élesai? @%D%mvbmbqaé’,mJ e X 15 coofed t
Manufacturer

XX-240 70-89 Vinyl Acetate Air Products & Chemicals
Homopolymer P. O. Box §38
15 Allentown, PA 18105
Pear| Starch 5-24 Corn Starch A. E. Staley Mfg. Co.
2200 East Eldorado
Decatur, Il 62525
20
Santicizer 160 5 Butyl Benzyl Monsanto Company
Phthalate 800 North Lindbergh Bivd.
(Tackifier) St. Louis, MO 63167
25 Tyzor 131 1 Mixed Titanium Ortho Du Pont Chemicals -
Ester Complex 1007 Market Street

Wilmington, DE 19898
*Amount is percent by weight of the adhesive.

30 Two notches are cut along each edge of a twelve by twelve inch sample cut from each
of these panels. Thereafter, the sample is placed in a oven at 65°C for 24 hours. After
the sample is removed from the oven and cools to ambient temperature, it is examined
for cracks. The length of the longest crack is reported. Frequency of cracks extending
from notches along the machine direction of paper are reported. Each sample has two

35 notches along each of its machine direction sides. Cracking did not occur on notches
along sides of the samples representing the cross direction for the paper. Machine
direction for the paper is the side of the paper formed along a forming screen of a paper
making machine, cross direction is across the forming screen. Cracking did not occur

outside the notches. Notching represents a severe test condition.
40
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brand pol yvinyl al cohol is polyvinyl acetate that has been JP‘%
about : 87-89 percent pol yvinyl al cohol by weight. Arvol 523
available from Air Products & Chem cals. P. 0. Box 2662. All
18105. Mazu OF 132 brand nane defoaner is conmmercially avail ;
I ndustries, Inc., PPG Place, Pittsburgh, PA 15272. DETAI LED DESCRI
THE 1 NV ON Tackified Polyvinyl Alcohol The forpulation of polyvinyl

acet at e Stadchl dn &lbsTve (wi t75 bwd dilf f G2lbt*™ ampunt3® bt adki f42. Dol yvi nyl

al cohol | i s 161 | Ussigai(e2r1By |t h@" (a/igWing/4exeamEes. 1/ackimgrd 1pt8"\e1Me)
al cohol [USqg 17 FSE/FBANP! 65 (0A8) SRR r?ﬁWW?‘Wﬁ)
ltl | . \'J

descr i b T BOe T ey YR () -"@5&@@?[94
1 )1

—

appl i edH-e=bet i“:'o{:‘, “E fLot ght £ f Rc.

to 8 grhns2fuet)) A8 (12116) |r A IMB) | SH6L (BIAR) o THRAISME) 1nbdr (H1/a6) It o
0.008 i hch@4 tHi 82" (NH6ur Byd'eidétd) flobH162K&A6) df 36! 86k |t 88T Gl1Bhger s
pl aced orStarchisqdertéet mdheighy ef theedirdivelr f aces and the resulting panel is

moved t he@ighs RelPd bl B8carative pRESH iInYtMdsIgER 3000 sHBafkeRbt Ny zone is about
40 seconds. Thesieyhpanel s ent ePB?he heat i ng‘f@;one ata anbi ent tenperature and

exit at : ﬁ O[err]Pressure of 30-40 psi is applied through nip
roll ers | S. m)velg ttiroug{}%at.he heat.i n% zone, The-adhesiye of
t hese ex ptégoi zf.pd ?ﬁperm e silane, titanium and zircoaluminate coupling agents can

e used in polyvinyl acetate emulsion adhesive formulations for increasing the strength
of the bond between melamine formaldehyde resin treated paper and particle board.
Preferred coupling agents are titanate or zircoaluminate coupling agents. Additionally,

10 melamine treated paper can shrink as it further cures during the bonding of the
melamine formaldehyde treated paper to particle board under temperature and
pressure.

Titanium coupling agents and zircoaluminate coupling agents that are useful in the
15 adhesive of this invention are water soluble or dispersible and that can be used in the
pH range of 2-6. Tyzor LA Titanate - dihydroxybis (ammonium lactato) titanium and
Tyzor 131 Titanate - mixed titanium ortho ester complexes supplied by Du Pont
Chemicals increase adhesive bond strength. Manchem CPG - carboxy zircoaluminate
and Manchem APO-X -amino zircoaluminate solution supplied by Rhone-Poulenc Inc.
20 also increase adhesive bond strength.

Silane coupling agents, including Silquest A-187 Silane - gama-
glycidoxypropyltrimethoxy-silane, Silquest A-1100 Silane - gamma-
aminopropyitriethoxy-silane, and Silquest A-1128 Silane - amino modified organocsilane

25 ester supplied by OSI Specialties, inc., also increase bond strength. However, silane
coupliing agents may not have sufficient stability in polyvinyl acetate emulsion based
adhesives for long term storage prior to use.

Coupling agents are effective in the range of 0.5-1-5, preferably 0.5-4 and most
30 preferatgly 1.5-3 percent by weight of the adhesive formulation. Higher concentrations
of coupling agents can reduce the bonding capability of adhesive formulations.

The effectiveness of polyvinyl acetate emulsion based adhesives for bonding melamine
formaldehyde resin treated decorative solid color and print paper to particle board is

35 illustrated by the following examples. In these examples, titanate, zircoaluminate and
silane coupling agents are formulated in an adhesive containing polyvinyl acetate
emulsion and polyvinyl alcohol. This adhesive has the following formulation:
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concentrations of tackified polyvinyl alcohol, have the f olfQd%as Been Replaced

foormul ati ons: Conponent Amount Chem cal ] r
. XX- 240 60. 25/ 62. 05 Vi nyl Acetate Ar Pr oduck MHMHE

Honopol yner P. 0. Box 538 Enul sion '

18105 Airvol 523 1.8/3.6 Pol yvi nyl Al cohol Air Products &

Chem calgﬂ%@‘ﬁﬂ i ed) Amount* Chermical Manufactuekr 0. Box 2662
Al | ent own, PA 18105 Pear|l Starch 25.7/25.7 "Corn Starch A. E.

St al ey . 2200 El dor a | L 62525 LG ;
8 6/8 GI%Q' l‘}?& BenzyE%-sd5 (i?@ %{eConpany Pht’éﬁ tdduct€R Aitlinicals

saq 800
North Lindbergh Blvd. (Tackifier) 0mopolymer o

Loui s, é@ﬂ@‘égr 131
1. 85A1. 85 M xed Titani um Ot ho Du Pont Cheni caldlgBigwq. |

1007 Market Street WIm ngton. DE 19898 Ampunt is percent solids by weight
of the dedartiStdroht he 23BKi ve.  Corn Starch A. E. Staley Mfg. Co.

2200 East Eldorado
Decatur, IL 62525

10
Airvol 540 4.74 Polyvinyl Alcohol Air Products & Chemicals
P. O. Box 2662
_ Allentown, PA 18105
15  Ethylene Glycol 1.77 Ethylene Glycol Celanese Chemical Co.
1250 West Mockingbird
Dallas, TX 75247
Tektamer 38AD  0.29 1,2-dibromo-2 4- Calgon Corporation
20 dicyanobutane P. O. Box 1346
Pittsburgh, PA 15230
Nuosept 95 0.32 Bicyclic Huls America, Inc.
Oxazolidines P. O. Box 365
25 Solution Piscatawav, NJ 08854
Mazu DF 132 0.40 Proprietary PPG Industries, inc.
Defoamer PPG Place
Pittsburgh, PA 15272
30
Nuosept 120 0.09 tetrahydroxy-3,5- Huls America, Inc.
dimethyl-2H- P. Q. Box 365
1,3,5,thiadiazine-2- Piscataway, NJ 08854
thi
35
Water 42.66

*Amount is percent by weight of the adhesive.

Cross Hatch Test

40 The melamine formaldehyde treated paper is scored with a utility knife in a pattern
resembling a number sign, #. The tip of the knife is used to separate the melamine
formaldehyde treated paper from the particle board. If only particle board bonded to
melamine formaldehyde treated paper is removed, the bond is considered as good (P).

If no particle board removed with the melamine formaldehyde treated paper, the bond is
45 considered as a failure (F).

Mailed October 31, 1996 14 Express Mail Number EH429487381US



Cor ner peel -back determ nations were based on nore than 108% Yoced

bondi.ng four by eight foot sheets of nelam ne resin treated gh% |
top and bottom surfaces of four by eight foot sheets of pare‘mﬂﬂ ﬂHﬂH ﬂl‘h
an adhesi ve of these exanples as they are noved through a h

pressi ng zone. Every occurrence of corner peel represents a defected
pr oduct Fhe Trasstmdtchesstds perfotmad dwg tiemsh at cmen tmpenatusiey 24 mpu_rsf\eﬂeéthien ch
sanpl e ghpid 8Ms8antbled (B&RED dr\eltér thd iro@@dt hak beeheplscatbirean svehated in a

oven at 758t &fddnbits it Bobled 14 idih 1bhBerAlR (leh) T eoved from the oven and
cools to anbient tenperature, It 1S exam ne or cracks. Cracking occurs

only on_notches al o §(| des of the sanples representing the machine

di reeti ens RSX  Machine direction for the P ?er ﬁ t he Sigﬁ of the
paper f dnifiale cipekRoon thaprgeyokpanais, RACe ipaguen aazpré %%41 s, And &I -
rating fexamine fos crackagiomdl af the pre-rstched poinds aftar k5o pese this teat. the Tradk or

hi gher @frowtremust isd tsdsahans /4 inchbe lonigess direction on the sanples. A 'Fair
.means no cracks were found in 90%r higher of the notched areas in the

crosg difiseld P51 B isSRAMEERith HICaGheGles of hid &effiplRThé Toncentration
shown on the following table. Concentration is percent by weight of the adhesive of this
example. Tyzor 131 is a mixed titanium ortho ester complex and is commercially
available from Du Pont Chemicals, 1007 Market Street, Wilmington, Delaware 19888.

15 CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE) (AFTER)
None P F E
0.1 P P P
20 0.5 P P P
1.0 P P P
2.0 P P P
4.0 P P P

25 Tyzore LA titanate is mixed with the adhesive of this example at the concentration
shown on the following table. Concentration is percent by weight of the adhesive of this
example. Tyzor LA is dihydroxybis (ammonium factato)titanium and is commercially
available from Du Pont Chemicais, 1007 Market Street, Wilmington, Delaware 19898.

30 CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE) (AFTER)
None P F F
0.1 P P P
35 0.5 P P P
1.0 P P P
2.0 P P P
4.0 P P P

40 Tyzore GBA titanate was mixed with the adhesive of this example. The adhesive
became too viscous for bonding melamine formaldehyde treated decorative paper to
particle board. Tyzor GBA is described in NJ Trade Secret Registry #
008502010015522P and is commercially available from Du Pont Chemicals, 1007
Market Street, Wilmington, Delaware 19898.
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extended | ess than on fourth inch fromnotches along the edges of the
panel: - Cracki ng di d not occur outside the notches. Notching represents a

severe test condition. % ackified Cor ner Peel - Stress PVCH Back
Crack 3.6 0-10% good 1.8 10- 20% fair The
formul ati on of pol yvinyl acetate enul sion adhesive wth three different
anmounts of tackified polyvinyl alcohol is illustrated by the foll ow ng

exanpl eFyzdracKE titarhted mixedyWwiththeobdhesiee df this éxersplee Xidephdivsivesbeaaine by
the proeasivisgoly Y ibonding mershinbgemdaldehyte peftbe deedrativeqitipsrnd padidleesi ves
g]t tp hretssog keem% tHAR e% @a é;t laﬁeen%att:whdbycsmt&mta t sheets

oﬂt @RJO Q‘Jﬁ%rﬂfc gt S r%ét ﬁﬁﬁb#d?\g UH[ / eﬁ%ggg t hat

is a our 00t s ee

mel am n% 5 eﬁ ngﬁr i's pI on e the %ﬁ ve treated surfaces
and the EEN thro?{%}? heatSrFlul Resi dence tine in
the heating zone is about 44’1l Seldnds ter the heating zone
at anbi ent tenperature and éREFOﬁE)about(AFS'(E&OO[err] Pressure of 30-40 psi
is applied tiNoneggh nip rollersPas the paphel is nowed through the heating

zone. The adlgepi ve of these expnples, wiph three goncentrations of
tackified polgyyinyl alcohol, have the fgbl owi ng fqsnulations:

1.0 P P P
2.0 P P P
15 4.0 P P P

Manchem CPG is mixed with the adhesive of this example at the concentration shown
on the following table. Concentration is percent by weight of the adhesive of this
example. Manchem CPG is a carboxy zircoaluminate solution and is commercially

20 available from Rhone-Poulenc Inc., Metal Organics, 275 Keystone Drive, Bethlehem,

PA 18017.
CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
25 (BEFORE) (AFTER)
None P F F
0.1 P P P
0.5 P P P
1.0 P P P
30 2.0 P P P
4.0 P P P

Manchem APG-X is mixed with the adhesive of this example at the concentration
shown on the following table. Concentration is percent by weight of the adhesive of this
35 example. Manchem APG-X is an amino zircoaluminate solution and is commercially

available from Rhone-Poulenc Inc., Metal Organics, 275 Keystone Drive, Bethlehem,
PA 18017.

-
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Conmponent Anmou Chem cal Manuf act urer XX-240
64.5/:67.6/70.9 Vinyl Acetate Air Products & Chem cal s Honopol yner
P. 0. Box 538 Emul sion Al l entown, PA 18105 Airvol 523
5.6/3.7/1.8 Pol yvi nyl Al cohol Air Products & Chem cals (Tackified)
P. O Box 2662 Allentown, PA 18105 Pearl Starch 27.9/26.7/25.5 Corn
Starch CONCENTRATEDM ey MQROSE 2200RE83 El dB3TRBSSDecatur, IL 62525

Tyzor 131 2/1.9/1.8 MMATCH tamHA‘Il'OH ho CRBCKPont Chem cal s Ester
Conpl ex - © 1007 Mar ket (@Efe@RE (mmggpgp. DE 19898 *Anopunt is percent
solids by wei g eof the solids e adiesive. Cogner peel back and stress
cr ackg ng is d&Eer m ned by pr ocgﬂur e desch; bed for rPhe
0.5 P P P
1.0 P P P
2.0 P P P
4.0 P P P
10
Silquest A-1100 silane is mixed with the adhesive of this example at the concentration
shown on the following table. Concentration is percent by weight of the adhesive of this
example. Silquest A-1100 is gamma-aminopropyl-triethoxysilane and is commercially
available from OSI Specialties, Inc., 39 Old Ridgebury Road, Danbury, CT 06810-5121.
15
CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE) (AFTER)
None P F F
20 0.1 P P P
0.5 P P P
1.0 P P P
2.0 P P P
4.0 P P P
25
Silquest A-1128 silane is mixed with the adhesive of this example at the concentration
shown on the following table. Concentration is percent by weight of the adhesive of this
example. Silquest A-1128 is an amino functional silane ester and Is commercially
available from OS! Specialties, inc., 39 Old Ridgebury Road, Danbury, CT 06810-5121.
30
CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE) (AFTER)
None P F F
35 0.1 P P P This Sheet Has Been Repla
N ]
1.0 P P P
2.0 P F F
4.0 F F F
40
Silquest A-187 silane is mixed with the adhesive of this example at the concentration
shown on the following table. Concentration is percent by weight of the adhesive of this
example. Silquest A-187 is glycidoxypropyltrimethoxy-silane and is commercially
available from OSI Specialties, inc., 39 Old Ridgebury Road, Danbury, CT 06810-5121.
45
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previ ous exanples. % Tackified Cor ner Peel - Stress PVOH.

Back * - Crack 5.6 severe good 3.7

Dep{ x5 BeenRepIaced
good 1.8 1 0-20% fair Polyvinyl Al cohol The foj Ik

pol yvi nyl acetate enul si on adhesive with two different anmount|d§ I WMM
al cohol LS,/ by t ow | es vi nyl al coho

the fol |%Wg¢mgg i s wé‘ﬁ%bﬁém i RO 00 p%[:ﬁggéof Airvol 540 brand
pol yvi nyl al cohol, conmmerci AJCE ai | ECH om ARMModuct s & Chenicals, P.
0. Box 2662, Allentown, PA I R t HARABRunds of Mazu DF 132 brand
proprietary d¥émaner. commerci # |y avail &le from PPG I ndustries, Inc., PPG
Places; Pittshlngh, PA 15272. afd 17 poungs Nuosept 5 brand preservative
(tetrahydroxyg 8, 5- dinethyl-2Hp 1, 3,5, thipgadi azine-2 thi), commercially
avail able froypHul s Anerica, Impc., P. O. pBox 365, B scataway, NJ 08854, and

15, 328 poundsz' f water. Adhesiyes of the?,e exanpl eg, were applied to both
si des of four 'By ei ght foot shggts of particle board at 4 to 8 grans
(vvet?o/sq.ft. 4 r a coating of adhesive tfat is abofit 0.004 to

In the following comparative examples, titanate, zircoaluminate and silane coupling

agents are formulated in a vinyl acetate adhesive based on polyvinyl acetate. These

polyvinyl acetate based adhesives bond melamine formaidehyde treated paper to

particle board. However, they do not eliminate stress cracking. It is believed that the
15 adhesive of these comparative examples did not have sufficient flexibility for

accommodating shrinking of melamine formaldehyde resin treated decorative paper as
it is bonded to particle board.

Component Amount® Chemical Manufacturer
20 _
XX-240 79.59. Vinyl Acetate Alr Products & Chemicals
Homopolymer P.O. Box 538
Allentown, PA 18105
25 Pearl Starch 14.97 Corn Starch A. E. Staley Mfg. Co.
2200 East Eldorado
Decatur, L 62525
Santicizer 160 4,97 Butyl Benzyi Monsanto Company
30 Phthalate 800 North Lindbergh Blvd.
St. Louis, MO 63167
Nuosept 95 0.20 Bicyclic Huls America, Inc.
Oxazolidines P. . Box 365
35 Solution Piscatawav, NJ 08854
Tektamer 38AD  0.20 1,2-dibromo-2,4- Calgon Corporation
dicyancbutane P. O. Box 1346
Pittsburg, PA 15230
40
Mazu DF 132 0.07 Proprietary PPG Industries, Inc.
Defoamer PPG Place

Pittsburgh, PA 15272
*Amount is by weight of the adhesive.
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0.008 inches thick. A four by eight foot sheet of nelam ne treated paper is
pl aced- on each of the adhesive treated surfaces and the resulting panel is
noved t hrough a heating zone. Residence tine in the heating zone is about

40 seconds. These panels enter the heating zone at anbient tenperature and

exit at ghgid 138%4PRET Mk aRH e adn@liy@ Qs i BStnplatatiBRbiaRthiE 4t fgh ni-p
e

f ol | owi rRfhesMRAfdkisseempamafiyp RxaMPle. Tyzomhiihis<a mixes iaplip ortho ester

Manuf actapmeplexand imcommercially agaigble from DurRant &haraicals, 1007 Market $tregtoduct s
& Chem dAfimindgtomidélpwears 19898, P. 0. Box 538 Enul sion

Al l'entown, PA 18105 Airvol 540 3.6/1.7 Pol yvi nyi Al cohol Air
Product sScNGENITRATTONB! end)cROSS  CROSS ~ STRESS P.

0. Box 2662 Allentown, PA lq_mfcﬁearl Fﬁ'?éﬂh %WRS 2 Corn Starch
A. E. Staley Mg. Co. (BEFORE) (AFTER)

.10 None P P F
0.1 P P P

0.5 P P P

1.0 P P P

2.0 P P P

15 4.0 P P P

Tyzor LA titanate is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Tyzor LA is dihydroxybis (ammonium

20 lactatojtitanium and is commercially available from Du Pont Chemicals, 1007 Market
Street, Wilmington, Delaware 19898.

CONCENTRATION CROSS CROSS STRESS

HATCH HATCH CRACK

25 (BEFORE) (AFTER)

None P P F

0.1 P P F

0.5 P P F

1.0 P P F
30 2.0 P P F

4.0 P P F

Manchem CPG is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
35 adhesive of this comparative example. Manchem CPG is a carboxy zircoaluminate

solution and is commercially available from Rhone-Poulenc inc., Metal Organics, 275
Keystone Drive, Bethlehem, PA 18017.

This Sheet Has Been Replaced

AR
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2200 East El dorado Decatur, IL 62525 Santicizer 160 9.118.4 But yl

Benzyt -’ Monsant o Conpany Pht hal at e 800 North Lindbergh
Bl vd. (Tackifier) St. Louis, MO 63167 Tyzor 131 2/ 1.8
M xed Titanium O'tho Du Pont Chenicals Ester Conplex 1007 WMar ket

Street WIm ngton, DE 19898 *Ampunt is percent solids by weight of the
sol i ds IGONGENTRATION . Cor IEROBEel b&ROSBd st SBAREIPacki ng i s deterni ned

by procedure described for tHATQHevi oHATRHNP! eCRACRVOH % Tacki fier
Corner Peel- ~ Stress Back (BEFOREX a8RTERY 5 severe
good 1.7 None 5 p severe p good-gair The formul ation of

al cohol is i strated by the foll ow ng xarrpl es. ‘g’ol yvi nyl al cohol used in

pol y\él nyl ac te emul sion adhzm ve Wt h two diff gpent anmounts of pol yvinyl
I
the foll ow n3§

xanmpl es i s made by m xi ng 1 709 poqus of Airvol 540 brand

ol yvi nyl . P
Y. P P
4.0 P P P
10

Manchem APG-X is mixed with the adhesive of this comparative example at the

concentration shown on the following table. Concentration is percent by weight of the

adhesive of this comparative example. Manchem APO-X is an amino zircoaluminate

solution and is commercially available from Rhone-Poulenc Inc., Metal Organics, 275
15 Keystone Drive, Bethlehem, PA 18017.

CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE) (AFTER)

20 None P P F
0.1 P P P
0.5 P P P
1.0 P P P
2.0 P P P
25 4.0 P P P

Silquest A-1100 silane is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Silquest A-1100 is gamma-aminopropyl- -

30 triethoxysilane and is commercially available from OS! Specialties, inc., 38 Old
Ridgebury Road, Danbury, CT 06810-5121.

CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
35 (BEFORE) (AFTER)
“None P P F This Sheet Has BeenReplaced
0.1 P P F WU T T L T
05 PP F AR
1.0 P P F

40
Silquest A-1128 silane is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Silquest A-1128 is an amino functional silane
ester and is commercially available from 0S| Specialties, Inc., 39 Old Ridgebury Road,
45 Danbury, CT 06810-5121.
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al cohol, comercially available fromAir Products & Chemcals, P. 0. Box
2662, Al l entown, PA 18105, with 34 pounds of Mazu DF 132 brand proprietary
def oaner. conmercially available fromPPG Industries, Inc., PPG Pl ace,
Pittsburgh, PA 15272, and 17 pounds Nuosept 95 brand preservative
(tetrahy B - gJLaet hyl - 3,5, t.hiadiazi ng=.2-~ 1), commercially
avai | ablg%ﬁwéﬁgri ca. 6% P. ép«"%§ 365 Téi%%é]lt away, NJ 08854, and
15, 328 pounds of water. _HATChihesi HATCH theggﬁ‘&lﬁnpl es were applied to
both sides of four by eight (RRfOREdet ARFERArticle board at 4 to 8 grans
(wet)/sq.ft. Nonea coating of &lhesive that is abol® 0.004 to 0.008 inches
thicks A fourglly ei ght foot sheget of nel gm ne treatfed paper is placed on
each of the aghesive treated syfaces angthe resulging panel is noved
t hrough a hea igng zone. Residenge time in-the heatigg zone is about 40
seconds. ThesE‘ anel s enter the, heating zone at antg,ent t enperature and
exit at about 0- 200[err]Pres%re of 30-40 psi is applied through nip
rollers as th#%hanel is noved t rough t hd heat i ng z'%ne. The adhesi ve of
t hes® exanpl es, with two concentrations of polyvinyl alcohol,
Silquest A-187 silane is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Silquest A-187 is glycidoxypropyltrimethoxy-
silane and is commercially available from OSI Specialties, Inc., 39 Old Ridgebury Road,
15 Danbury, CT 06810-5121.

CONCENTRATION CROSS CROSS  STRESS
HATCH  HATCH  CRACK
(BEFORE) (AFTER)

20 None P P F
0.1 P p F
0.5 P P P
1.0 P P P
2.0 P P F
25 4.0 P P F

In the following comparative examples, titanate, zircoaluminate and silane coupling
agents are formulated in a vinyl acetate adhesive based on a polyvinyl acetate-ethylene

36 copolymer. These vinyl acetate-ethylene copolymer based adhesives bond melamine
formaldehyde treated paper to particle board. However, they do not eliminate stress
cracking. It is believed that the adhesive of these comparative examples did not have
sufficient flexibility for accommodating shrinking of melamine formaldehyde resin
treated decorative paper as it is bonded to particle board.

35

This Sheet Has Been Repl

il
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have the follow ng formnul ati ons:
Manuf-act urer XX-240

& Cheni cal s Honopol yner
Al l ent own, PA 18105 Airvol

0. Box

2/1.9

of the solids in the adhesi ve.
determ ned by procedure describe

65.7/70. 2

540
Products & Chem cal s (Bl end) )
nt own, ARQUWR105 Ehemical arch
A E. Staley Mg. Co. 2200 East El dorado Decatur,
AifflexehoTi t ani uigs@2 ho

Conponent

Vi nyl

Amount *
Acet at e

Chem cal

P. 0. Box 538 Enul sion

3.8/1.7

Pol yvi nyl Al cohol

Mangfachgles  corn Starch

L 62525 Tyzor 131

Viky| Peetateheni cAlrsProduets &@Qhemeiais
1007 Market Street W I m ngton, D@tﬁ,ﬂgag *Anmount pi &), BYxcs38 sol i ds by wei ght

| back king is
e PIEE o AR, T 18108 L o

Al r Products

Corner Fe ticizer 180 ©°° 5.53 Butyl Monsanto Company
Benzyl 800 North Lindbergh Bivd.
Phthalate St. Louis, MO 63167
10
Ethylene Glycol 1.86 Ethylene Celanese Chemical
Glycol Company
1250 West Mockingbird
Dallas, TX 75247
15
Mazu DF 132 0.14 Proprietary PPG Industries, Inc.
Defoamer One PPG Place
Pittsburgh, PA 15272
20  Triton X-100 0.01 Octylphenoxy-  Union Carbide Corporation
polyethoxy- Specialty Chemicals
ethanol Danbury, CT 06817-0001
Toluene 6.74 Toluene Phibro Energy USA, inc.
25 500 Dallas Avenue,

Suite 3200

Houston, TX 77002
*Amount is by weight of the adhesive.

30 Tyzor 131 titanate is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Tyzor 131 is a mixed titanium ortho ester

complex and is commerciaily available from Du Pont Chemicals, 1007 Market Street,
Wilmington, Delaware 19898.

35
CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE) (AFTER)
None P P F
40 0.1 P P F
0.5 P P F
1.0 P P F
2.0 P P P This Sheet Has Been Replaced
S P F 5 TG
45 LR
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Back Crack 3.8 severe : good 1.7 severe
good-fair Starch The formul ati on of polyvinyl acetate enulsion adhesive
with different amounts of starch and different basis weights of decorative
paper is illustrated by the foll ow ng exanpl es. Adhesives of these exanpl es
were applied to both sides of four by eight foot sheets of particle board
at 4 to [3Z@uke titsrate/is mixed Mtbrthﬁaggéﬁlwﬁ@fﬁﬂs&@H@@Tﬁﬁé’etwmg ajfmuit 0.004
t o 0. 008ohecenteationtshawn pnitoe following tehle.fGanceptration i perceatby weighdaf 8t paper
i s pl acedhesiveat thistconiparativeesxampler Fazerd A is dingdroxyvid (aMmenardsml ti ng panel

i s novegadtitoMitahiug BRATS BEmARIGialyasaitde Goli DB Foht OMentieals! PODZ Mafkdts

about 4 : ASBe er the heating zone at anbient
tenptgrafsl}'r%gé{'mﬁ%@? af a@outjasifgg-B'ZOO[err]Pressure of 30-40 psi is

0 SONBEANRORL s ol Pl TS 11 100 2o

Anount Chemn cal ture
(BEFORE) (AFTER)
10 None P P F
0.1 P P F
0.5 P P F
1.0 P P F
2.0 P P F
15 4.0 P P F

Manchem CPG is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Manchem CPG is a carboxy zircoaluminate

20 solution and is commercially available from Rhone-Poulenc inc., Metal Organics, 275
Keystone Drive, Bethlehem, PA 18017.

CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
25 (BEFORE) (AFTER)
None P P F
0.1 P P F
0.5 P P F
1.0 P P F
30 2.0 P P F
4.0 P P F

Manchem APG-X is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
35 adhesive of this comparative examplte. Manchem APO-X is an amino zircoaluminate

solution and is commercially available from Rhone-Poulenc inc., Metal Organics, 275
Keystone Drive, Bethlehem, PA 18017.

This Sheet Has Been Replaced

i
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XX- 240 69- 88 Vi nyl Acetate Air Products &

Chemi tal s Honopol yrer P. 0. Box 538 Allentown, PA 18105 Pearl
~Starch 5-24 Corn Starch A. E. Staley Mg. Co. 2200
East El dorado Decatur, IL 62525 Santicizer 160 5 Butyl Benzyl
Monsant o ComE) T¥2 Pht hal at e 800 North Lindbergh Bl vd.

( Tacki f C&NC ATION gt CRESS Mo ER@ISTyzoB TRESS 2

M xed Ti tanl um Ot ho Du BWCiEheni t&TﬁlEst er CBHfI ex 1007

Mar ket Street WI m ngton, DIBEBO®RE)* AWRETER)S percent by wei ght of the
adhesi ve. Twplomet ches are cut pl ong eachpedge of Ftwelve by twelve inch
sanpke cut fp each of these panels. Thereafter, ghe sanple is placed in a
oven at 65[er0r Cfore 24 hours After t sanpl e igs renoved fromthe oven

and cools to I ent terrperatu'_r,e it is gxam ned for cracks. The | ength of
t he | ongest é ck is reported. Fr equency’gof cracks{fextendi ng form notches
al ong the ma ne direction of';paper arePreported FEach sanpl e has two

Silquest A-1100 silane is mixed with the adhesive of this comparative example at the

concentration shown on the following table. Concentration is percent by weight of the

adhesive of this comparative example. Silquest A-1100 is gamma-

aminopropyltriethoxysilane and is commercially available from OSI Specialties, Inc., 38
15 Old Ridgebury Road, Danbury, CT 06810-5121.

CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE) (AFTER)

20 None P P F
0.1 P P F
0.5 P P F
1.0 P P F
2.0 P P F
25 4.0 P P F

Silquest A-1128 silane is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Silquest A-1128 is an amino functional silane

30 ester and is commercially available from OSI| Specialties, Inc., 39 Old Rldgebury Road,
Danbury, CT 06810-5121.

CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
35 (BEFORE) (AFTER)
None P P F
8 ; g F; }; This Sheet Hias Been Replaced
A N | [
40 2.0 P P F
4.0 P P F

Silquest A-187 silane is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
45 adhesive of this comparative example. Silquest A-187 is glycidoxypropyitrimethoxy-
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not ches al ong each of its machine direction sides. Cracking did not occur
on. not ¢ches al ong sides of the sanples representing the cross direction for
-t he paper. Machine direction for the paper is the side of the paper forned
along a formng screen of a paper naking machine, cross direction is across
the form ng screen. Cracking did not occur outside the notches. Notchin é;

r epr esersilgne asdiecemmercialy avatakia from 9] Bpecialiigs, |1ac.+ 89 Old Riggebyry-Roa

62 | b. **Danbury, 30T 0B8160-5121.43 | bs** 5 314- (818) 3/4" (4/8) 1
3/ 8" (2/4) 3/4" (5/8) 1/2" (4/8) 10 1/ 2" (5/8) 1/ 2" (1/8)

172" 1@% NCENTRETION/ 8) @ﬂ@@’s (5/ PRrA8s SEMKESSL 16) 0" (0/16)
5(8/16) /

1/ 4" 1/8" (11/16) C%% 3/ 16) 0" (0/16)
1/4" °(2/16)  1/4" (11/16) %’# = ? (1/16)  1/16"
(1/16) 178" (3/16) 3/ 164 3/ 16) 5/46" (31 1/16)

3/ 16" (2/ 16) 0@4 (6/16) 3/T6" (12/ 167 1/16" ( /16) 24 1/ 4" (3/16)

7/16" (1/16) 0.11/8" (3/16) 1P4" (107169 1 1/8" (B/16) ﬂstsgh@masse RRESIRE]

by wei ght of Qﬁe adhesi ve. **BESl s wei ghP of decorﬁtlve pa per
30001gsquar e fHot .

2.0 F
4.0 P p F

in the following comparative example Airflex 400H is a vinyl acetate-ethylene copolymer

15  that is commercially available from Alr Products and Chemicals, 7201 Hamiiton
Boulevard, Allentown, PA 18186-1501 Airflex 400H is a viny! acetate-ethylene
copolymer that is commercially available from Air Products and Chemicals, 7201
Hamiiton Boulevard, Allentown, PA 18195-1501 is used for bonding melamine
formaldehyde treated paper to particle board. However, they do not eliminate stress

20 cracking. ltis believed that the adhesive of these comparative examples did not have
sufficient flexibility for accommodating shrinking of melamine formaldehyde resin
treated decorative paper as it is bonded to particle board..

ADHESIVE CROSS CROSS STRESS
25 HATCH HATCH CRACK
(BEFORE) (AFTER)
Airflex400H P P F

Vinyi acetate-ethylene copolymers function in adhesives for bonding melamine -

30 formaldehyde treated paper to particle board. However, the examples of this application
did not eliminate stress cracking. It is believed that the adhesive of this example did not
have sufficient flexibility for accommodating shrinking of melamine formaldehyde resin
treated decorative paper as it is bonded to particle board.

35 While the illustrative embodiments of the invention have been described with
particularity, it will be understood that various other modifications will be apparent to
and can be readily made by those skilled in the art without departing from the spirit and
scope of the invention. Accordingly, it is not intended that the scope of the claims
appended hereto be limited to the examples and descriptions set forth herein but rather

40 that the claims be construed as encompassing all the features of patentable novelty
that reside in the present invention, including ail features that would be treated as
equivalents thereof by those skilled the art to which this invention pertains.
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-12- The fornul ation of polyvinyl acetate enulsion adhesive with different
amount s of starch and different basis weights of decorative paper 15

illustrated by the followi ng exanpl es. Adhesives of tl‘m mﬂ }me‘u .
! EE t

applied to both sides of four by eight foot sheets of
to 8 grans (wet)/sq.ft. for a coating of adhesive that ‘i s“abbut” 05004 to

0. 008 i wgh€i Al ck. A four by eight foot sheet of nelam ne treated paper is
pl aced on each of the adhesive treated surfaces and the resulting panel is

nmoved tRrough aoibew aae&@él%as&sadi@&% Fdr”&:ridh Reeibefid &S?nie%@w yde Al

40 seconds. h ﬁ% nd
exit at abou rr iEfe Eéﬁd ? &%’gﬁg‘ﬂ IéﬁsqngP% E{Eﬂ ?Hgﬁna
rollers as t \/%(é&fﬂr &Sﬂﬁh t?ﬂﬁ ‘9’8%2 & a&ﬁ @ %\"s&le
t hese exarrpl gsu H\Qeag fol | owing fornulations; COrponent
Cheni calk The vinyl acetaignadhasive ef chajmhovherein tackifigd-mgyyvinyl alqphgnsohds
Acet at e compétise dbooitidG-4.58patheni hypweight wbthe gdtesive. P. 0. Box
538 Al | @nt owTheRAnyi8ddttatéeadHeshientt Blaim f-WHerein tackifiedpdbvnghalcohol solids A.
E. Staley M gonmpriseddiit Baspeldef0bpdididi@cHing adhésife525
4, The vinyl acetate adhesive of claim 1, wherein tackified polyvinyl alcohol solids
comprise about 3.5 by weight of the adhesive.
5. The vinyl acetate adhesive of claim 1, wherein starch solids comprise about 20-
35 percent by weight of the adhesive.
6. The vinyl acetate adhesive of claim 1, wherein the starch is corn starch having a
particle size of about 5-25 micron and a median particle size of about 15
microns.

7. The vinyl acetate adhesive of claim 1, wherein tackifier solids comprise about 0-
15 percent of the adhesive.

8. The vinyl acetate adhesive of claim 1, wherein tackifier solids comprise about 5-
10 percent of the adhesive.

9. The vinyl acetate adhesive of claim 1, wherein the tackifier is butyl benzyl
phthalate.

10. The vinyl acetate adhesive of claim 1, wherein coupling agent solids comprise
about 1-5 percent by weight of the adhesive.

11.  The vinyl acetate adhesive of claim 1, wherein coupling agent sclids comprise
about 1.5-2.5 percent by weight of the adhesive.

12. The vinyl acetate adhesive of claim 1, wherein the coupling agent is a sxlane
titanate or zircoaluminate coupling agent or a mixture thereof.

13.  The vinyl acetate adhesive of claim 1, wherein coupling agent is a titanate or
zircoaluminate coupling agent or a mixture thereof.

14.  The vinyl acetate adhesive of claim 1, wherein the coupling agent is dihydroxybis
{ammonium lactate) titanium or a mixed titanium ortho ester compiex or mixtures
thereof.

16. The vinyl acetate adhesive of claim 1, wherein the coupling agent is carboxy
Zircoaluminate or amino zircoaluminate or mixtures thereof.

16. The vinyl acetate adhesive of claim 1, wherein the coupling agent is gama-
glycidoxypropylitrimethoxy-silane or gamma-aminopropyitriethoxy-silane or amino
modified organosilane ester or mixtures thereof.

17.  The vinyl acetate adhesive of claim 1, wherein the coupling agent is Tyzor 131
brand coupling agent, a mixed titanium ortho ester complex, commercially
available from Du Pont Chemicals, 1007 Market Street, Wilmington, Delaware

19898.
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Santicizer 160 5 Butyl Benzyl Monsant o Conpany

Pht hal at e 800 North Li ndbergh‘mmu[mmlum St.
‘Loui s, MO 63167 Tyzor 131 Otho Du Pont

Cheni cal s Ester Conpl ex 1007 Mar ket* Sfre'et "W Fni hgt on, DE 19898

Anmount i ent b f t dhesi ve. not hes are ¢ al.ong _each
edge of ia'!to wegv%"% XY %@%‘? ﬁ@ﬁegé’ﬁ%%’v&fpr ? aﬁiﬁw fésin
Thereafter, ttrﬁ@atgarﬂﬂr@nt@ RArtiele dbaafd LcHDRiiSiag: mﬁy@nvq aceZateh@er@ermwon‘he
sanple is r enabieut 2+dopetceat dackifieshgolysiolyk atoshahbolids by exgightiofithe sdhesive,
exanm ned for abouik20-3%percentgithrobfsdiie byomgight otthackdhesives @mbout §-10-pergericy
of cracks ext gipfifies sblideby Wetdt of Mo aghédite &g ibeet 4i5-26 perdent warpebiubles
reported Eachr gRpRlshiBoubity B86mNd8 by ﬁ‘F&t gé siyechi ne direction
si des. Cygceki THe ¥ l%‘&%@?&% e efb‘?tc‘r‘qq 1% et ¥ rg%éféfr havi
representing { ﬁ%’% Sg, 4 Lec rzqn’é ?ﬂc pba‘gfl“re 'Oag '}%
paper is the 8RAIVGE PRE B ?Utf Bidre 808N g 123 clg st
maki ng nachi nBICT®M8ss direction is across the form ng screen. Crackl ng did
not occulfout §L11§he\;lﬂt}‘|leaﬁeiatﬂ1@§hemec¢f i pigimepB.ewbarain dhectaskifier ds tbutyngnaybn.
phthalate

21. The vinyl acetate adhesive of claim 18, wherein the coupling agent is a silane,
titanate or zircoaluminate coupling agent or a mixture thereof.

22. The vinyl acetate adhesive of claim 18, wherein coupling agent is a titanate or
zircoaluminate coupling agent or a mixture thereof.

23. The vinyl acetate adhesive of claim 18, wherein the coupling agent is
dihydroxybis (ammonium lactate) titanium or a mixed titanium ortho ester
complex or mixtures thereof.

24. The vinyl acetate adhesive of claim 18, wherein the coupling agent is carboxy
zircoaiuminate or amino zircoaluminate or mixtures thereof.

25. The vinyl acetate adhesive of claim 18, wherein the coupling agent is gama-
glycidoxypropyltrimethoxy-silane or gamma-aminopropyitriethoxy-silane or amino
modified organosilane ester or mixtures thereof.

26. The vinyl acetate adhesive of claim 18, wherein the coupling agent is Tyzor 131
brand coupling agent, a mixed titanium ortho ester complex, commercially
available from Du Pont Chemicals, 1007 Market Street, Wilmington, Delaware
19888.

27.  Apolyvinyl acetate based adhesive for bonding melamine formaldehyde resin
treated paper to particle board, comprising; polyvinyl acetate polymer emuision,
about 2-4 percent tackified polyvinyl alcohol solids by weight of the adhesive,
about 20-35 percent corn starch solids having a particle size of about 5-25
micron and a median particle size of about 15 microns by weight of the adhesive,
about 5-10 percent buty! benzyl phthalate tackifier solids by weight of the
adhesive and about 1.5-2.5 percent Tyzor 131 brand coupling agent, a mixed
titanium ortho ester complex, commercially available from Du Pont Chemicals,
1007 Market Street, Wilmington, Delaware 19898, sclids by weight of the

adhesive.
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Ti tani um coupl i ng agents and zircoal um nate coupling agents that are useful
i n the adhesive of this invention are water soluble or dispersible and that
can be used in the pH range of 2-6. Tyzor LA Titanate - di hydroxybis (anmo
ni um [ act ato) titaniumand Tyzor 131 Titanate - mixed titaniumortho ester

conpl exes s | ed by Du K 9%51
Manchern CP L:'(:ar boxy mgggﬁ Eg éﬁ% ﬁgiﬁgbfl&"g&ﬂﬁ%%hﬁ

zi rcoal um nate soI ution s enc Inc. also increase
adhesi ve bond th. Splane.coupl.i n ents ng Silquest A-187
Sil ane’ - §Bg: doxpr%E;Q EE%QH‘%SI‘%L t A-1100 Silane
- gama- ém noprop ltriet hoxy si | ane. and SI I quest A— 128 SI | ane - am no
modi fied or daisaptisatiends 8 LondnkationdePg Serial )61 08/688,932. filed

i ncrease boddlys However, sil ane coupl ing agents nay not have

sufficient Stabi |ty I n pol yV| nyI acet ate enul si on based adhesives for |ong
termstorage prior to use. CB4 YENGEPNve in the range

of O . 5t 36. Opreferably 0 _5to 4. O and m)st preferabl y 1.5to 3.0 per cent
by wei ght offigidhef taefimesintien f or nul ati on. Hi gher concentrations of coupling
agents can [Tauawettivnm balatdsniy peipabyi adeyatef eradibiesi baseldo adhdsives ofas . boRkding
ef f ecti venesselahinadbinvaldeHydacesiateardudstorstivh asidl caidhasd pest Haper o pditioe
nel am ne f omadidlel e pobsiny! tacetate @nilfien Adsue sdtesie CRAL sufliBidnpielt bgraiper
to part i gl e seeadt fof holding sheets of melamine resin treated paper on the top and bottom
surfaces of sheets of particle board as these panels are moved through a heating and
pressing zone. This adhesive substantially eliminates stress cracking of cured
melamine rasin treated paper on these paneis. This adhesive substantially eliminates
wrinkling and edge and corer peel resuiting during the movement of these panels
o 20 through a heating and pressing zone. This adhesive alsoc bonds melamine
formaldehyde resin treated paper to particle board with greater bond strength than the
internal strength of the particle board. Thereby, melamine formaldehyde treated paper

would not be separated from particle board unless sufficient force is applied for tearing
pieces from the particle board.

25
iptd f R

High pressure laminate can be adhesively bonded to a substrate material such as
plywood, hardboard, particle board, cement-asbestos board, and the like, to give it
additicnal strength and rigidity for its intended structural use. The bonding process

30 usually requires, as the initial step, the sanding of the back surface of the laminate to
ensure an adequate bond between the laminate and adhesive used in bonding the
laminate and substrate material. The sanding step adds to the manufacturing costs of
laminate. Laminates are relatively inflexible after the resins contained therein have
been cured during the lamination process. Thin laminates (e.g., laminates comprising

35 merely an overlay sheet, a decorative sheet, and single sheet of kraft paper or liner
board) are particularly susceptible to damage during the sanding step due to their
britteness after famination. The need for sanding can be obviated by coating the
backing sheet with a thermoset adhesive. The resulting laminate is readily giueable to
substrates with conventional adhesives. (Hosmer, et. al., U.S. 4,258,103)

40

A useful adhesive composition comprises copolyester elastomer and a compatible low

molecutar weight thermoplastic resin. The copolyester elastomer possesses improved
adhesion particularly at high temperatures and under high applied stress. The
copolyester-elastomer consists essentially of a muitiplicity of recurring short chain ester

45 units and long chain ester units joined through ester linkages. These adhesive
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This Application is a Contnuation-in-Part of Application Senal Number 08/688.932. filed
July 31, 1896.
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This invention relates to polyvinyl acetate emuision based adhesives for bonding
melamine formaldehyde resin treated decorative solid color and print paper to particle
board. This polyvinyl acetate emuision based adhesive has sufficient wet bond
strength for holding sheets of melamine resin treated paper on the top and bottom
surfaces of sheets of particle board as these panels are moved through a heating and
pressing zone. This adhesive substantially eliminates stress cracking of cured
melamine resin treated paper on these panels. This adhesive substantially eliminates
wrinkling and edge and comer peel resulting during the movement of these panels
through a heating and pressing zone. This adhesive also bonds melamine
formaldehyde resin treated paper to particle board with greater bond strength than the
internal strength of the particle board. Thereby, melamine formaldehyde treated paper

would not be separated from particle board uniess sufficient force is applied for tearing
pieces from the particle board.

Description of the Related At

High pressure laminate can be adhesively bonded to a substrate material such as
plywood, hardboard, particle board, cement-asbestos board, and the like, to give it
additional strength and rigidity for its intended structurai use. The bonding process
usually requires, as the initial step, the sanding of the back surface of the laminate
ensure an adequate bond between the laminate and adhesive used in bonding the
laminate and substrate material. The sanding step adds to the manufacturing costs of
laminate. Laminates are relatively inflexible after the resins contained therein have
been cured during the lamination process. Thin laminates (e.g., laminates comprising
merely an overlay sheet, a decorative sheet, and single sheet of kraft paper or liner
board) are particularly susceptible to damage during the sanding step due to their
brittleness after lamination. The need for sanding can be obviated by coating the
backing sheet with a thermoset adhesive. The resulting laminate is readily glueable to
substrates with conventional adhesives. {Hosmer, et. al., U.S. 4.258,103)

A useful adhesive composition comprises copolyester elastomer and a compatible low
molecular weight thermoplastic resin. The copolyester elastomer possesses improved
adhesion particularly at high temperatures and under high applied stress. The
copolyester elastomer consists essentially of a multiplicity of recurning short chain ester
units and long chain ester uruts joined through ester linkages. These adhesive
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compositions have demonstrated improved adhesion to many substrates including
difficulty adherable substrates such as melamine formaldehyde [aminated plastics. This
adhesive can also contain Tyzor brand tetrabutyltitanate sold by E. 1. du Pont de
Nemours and Company, Inc. (Edinger, U.S. 4,247,427)

Pressure sensitive adhesives formulated with organofunctional silane additive have
improved adhesion, particularly to silane-modified acrylic/melamine paint systems.
(Fisher, et. al. U.S. 5,354,600)

Solid color and print decorative paper can be made with a coating of melamine
formaldehyde resin on its wear surface. Solid color and print decorative paper useful in
the making of high and low pressure decorative laminate are useful in making the
melamine formaldehyde coated paper. it is impregnated with resin for strength. It can
be adhesively bonded to substrate such as particle board.

Melamine formaldehyde resin is impregnated into overlay and partially cured by passing
the resin impregnated overlay through an oven. The overlay is positioned over
decorative solid color or print paper that has not been impregnated with resin and
laminated together under pressures of about 300-2000 psi {(20-136 bar) and preferably
about 750-1500 p.s.i. (5§1-102 bar).

The resin composition is adjusted for limiting flow as the partially cured resin in the
overlay is laminated with decorative paper that has not been impregnated with resin.
The resin in the overlay needs to flow through the decorative paper for impregnating
and providing strength to the decorative paper. The flow needs to be limited so that the
decorative side of the laminate has desired wear and decorative characteristics. The

amount of resin on the opposite side of the laminate that is to be adhesively bonded to
substrate is limited.

Solid color and print decorative paper coated with melamine formaldehyde resin have
been adhesively bonded to particle board with commercially available wood glue, vinyi
acetate-ethylene copolymer adhesive. This adhesive is commerciaily available under
the product name Airflex 400H Emulsion from Air Products and Chemicals, 7201
Hamilton Boulevard, Allentown, PA 18195-1501.

Structural element laminates are prepared with an adhesive which comprises a
copolymer of ethylene and vinyl acetate, a source of free radicals, and an organic
compound source of silicon. If desired, various adjuvants such as tints, heat stabilizers,
ultraviolet light stabifizers, ultraviolet light absorbers, fillers, and/or plasticizers can be
incorporated in the ethylene-vinyl acetate copolymer without impairing its adhesion to
the structural element laminae. (Snedeker, et. al. U.S. 3,622,440)

Where adjuvants are employed they must be materials which are physically and
chemically compatible with each of the other components of the adhesive compositions
under the described operating conditions. The adjuvants are used in amounts which
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fillers would be used in effective quantrtres therefor, as for example, if a remforcmg filler

is to be used, then the filler would be used in such amounts as to provide the desired
reinforcing effect.

Tashai lju .e

Polyvinyt alcohol is important not only as an emuisifier/protective colloid in the
manufacture of polyvinyl acetate emulsions; it can also be added as a modifier for
adjusting certain properties of adhesives. Certain bond properties can be influenced,
open time can be increased, and viscosity decreases as a function of the viscosity of
the polyvinyl alcohol solution. Thermal stability can be improved. Setting rate can be
improved by optimizing the polyvinyt alcohol content. Stability in storage is better with
partially hydrolyzed polyvinyl acetate than with fully hydrolyzed polyvinyl acetate. -
Additionally, tackified polyvinyl alcohol is useful in the formulation of polyvinyl acetate
emulsion based adhesives and is commercially available.

Adhesion promoter may be used as a primer or incorporated into the adhesive.
Examples of nonperoxidic organosilicon compounds which may be used as adhesion
promoters include alkoxy silanes, aminoalkoxysilanes, vinylalkoxysilanes, epoxy alkyl
alkoxy silanes, amino alkyl alkoxy silanes, cyano alkyl alkoxy silanes, hydroxy atky!
alkoxy silanes, and the like. {Snedeker, et. al. U.S. 3,622,440)

in preparing the laminates, a layer of the ethylene-vinyl acetate copolymer based
adhesive is applied between each pair of laminae which are to be bonded together and
the resulting laminae, after being laid up one upon the other, are bonded together
under elevated temperature and pressure conditions. The bonding is preferably
conducted at a temperature of about 80 to 205° C., and most preferably at about 110 to
140° C., and at a pressure of about 2 to 300 pounds per square inch {p.s.i.), and most
preferably at a pressure of about 150 to 250 p.s.i. The bonding is conducted below the
decomposition temperatures of all the components of the taminates, other than the free
radical generating compounds, when such compounds are employed. Bonding
operation may be conducted in any of the commonly employed pressurized devices
that have been used by those in the art for preparing structural element laminates such
as autoclaves and hydraulic presses and rolls. (Snedeker, U.S. et. al. 3,622,440)

Bonding systems comprising a filler dispersed or suspended in a resin or adhesive
material are improved, by improvement of bonding or associative interactions between
filler particles and resin polymer. Improvements resuit through utitization of a coupling
agent in the resin/filler suspension or mixture. These improvements result from
inclusion of silane-, titanate-, or zircoaluminate-, coupling agent(s) in the resin/filler
suspension. The coupling agent apparently acts to improve resinffiller interaction. The
results in many instances are reduced viscosity of suspension, improved retention of
filler within suspension and/or, improved strength andfor water insensitivity of the
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Coupling agents typically operate through two different reactive functionalities, an
organofunctional moiety and an inorganic functional moiety. When a coated abrasive
bond system (i.e., adhesiveffiller mixture) is modified with a coupling agent, the
organofunctional group of the coupling agent becomes bonded to, or otherwise
attracted to or associated with, the adhesive/resin matrix, as the adhesive polymerizes.
The inorganic functional moiety appears to generate bonding or similar association with
the dispersed inorganic filler. Thus, the coupling agent acts as a bridge between the
organic resinous adhesive and the inorganic filler. (DeWald, U.S. 4,871,376)

There is a need for a polyvinyl acetate emulsion based adhesive with sufficient wet
bond strength for holding sheets of melamine resin treated paper on the top and bottom
surfaces of sheets of particle board as these panels are moved through a heating and
pressing zone. The polyvinyl acetate emulsion based adhesive is cured in the heating
and pressing zone for bonding sheets of melamine resin treated paper on these panels.
There is a need to substantially eliminate stress cracking of cured melamine resin on
these panels. There is also a need for substantially eliminating wrinkling and edge and
corner peel resulting during the movemnient of these panels through a heating and
pressing zone. The polyvinyl acetate emulsion based adhesive must also adhesively
bond melamine formaldehyde resin treated paper to particle board with greater bond
strength than the internal strength of the particle board. Thereby, melamine
formaldehyde treated paper wouid not be separate from particle board unless sufficient
force is applied for tearing pieces from the particle board.

SUMMARY OF THE INVENTION

It has now been discovered that a polyvinyl acetate emulsion can be formulated as an
adhesive with, tackified polyvinyl alcohol, starch, a tackifier and a coupling agent for
effectively bonding sheets of melamine resin treated paper on the top and bottom
surfaces of sheets of particle board. Stress cracking is substantially eliminated.
Additionally, wrinkling and edge and comer peel resuiting during the movement of these
panels through a heating and pressing zone is substantially eliminated.

The polyvinyl acetate based adhesive of this invention is formulated with about 1.5-4.5,
preferably about 2-4, and most preferably about 3.5 percent tackified polyvinyl alcohol
solids by weight of the adhesive. This adhesive is also formulated with about 20-35
percent starch solids. Preferably the starch is corn starch having a particle size of
about 5-25 micron and a median particle size of about 15 microns. This adhesive is
also formulated with about 0-15 and preferably about 5-10 percent tackifier solids.
Preferably the tackifier is butyl benzyl phthatate. Additionally, this adhesive is
formulated with about 1-5 and preferably about 1.5-2.5 percent coupling agent solids.
Suitable coulping agents are water soluble or dispersible silane, titanium and
zircoaluminate coupling agents and preferably titanium and zircoaluminate coupling
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titanium ortho ester complex. commercially available from Du Pont Chemicals. 1007
Market Street, Wilmington, Delaware 16898.

A preferred embodiment of this invention has the following formulation:

Component Amount®  Chemicat Manufacturer
XX-240 60.25 Vinyt Acetate Air Products & Chemicals
Homopolymer P. Q. Box 538
Emulsion Allentown, PA 18108
Airvol 523 36 Polyvinyl Alcohol Air Products & Chemicals
(Tackified) P. O. Box 2662

Allentown, PA 18105

Peart Starch 25.7 Corn Starch A. E. Staley Mfg. Co.
2200 East Eldorado
Decatur, IL 62525

Santicizer 160 8.6 Butyl Benzy! Monsanto Company
Phthalate - 800 North Lindbergh Blvd.
St. Louis, MO 83167
Tyzor 131 1.85 Mixed Titanium Crtho Du Pont Chemicals
Ester Complex 1007 Market Street

_ Wilmington, DE 19898
*Amount is percent solids by weight of the solids in the adhesive.

The polyvinyl acetate emulsion based adhesive of this preferred embodiment has
sufficient wet bond strength for holding sheets of melamine resin treated paper on the
top and bottom surfaces of sheets of particle board as they are moved through a
heating and pressing zone. It substantially eliminate stress cracking of these panels of
meiamine resin treated paper bonded to particle board. It also substantially eliminates
wrinkling and edge and comer peel resuiting during the movement of these panels
through a heating and pressing zone. This adhesive also bonds melamine
formaldehyde resin treated paper to particle board with greater bond strength than the
internal strength of the particle board. Thereby, melamine formaldehyde treated paper

can not be separate from particle board unless sufficient force is applied for tearing
pieces from the particle board.

Tackified polyviny! alcohol of this preferred embodiment is made by agitating about 837
grams of water, adding 8 grams of boric acid and 3.2 grams of phospharic acid and
then 150 grams of Airvol 523. About 1.8 grams of Mazu DF 132 (defoamer) is then
added to the mix. The mix is then heated to about 200°F and maintained at 200°F for
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about 30 minutes. The mix is cooled to ambient temperature before use. Airvol 523
brand polyvinyt alcohol is polyvinyl acetate that has been hydrolyzed to about 87-89

percent polyvinyl alcohol by weight. Airvol 523 is commercially available from Air
Products & Chemicals. P. O. Box 2662, Allentown, PA 18105. Mazu DF 132 brand
name defoamer is commercially available from PPG Industries, Inc., PPG Place,

Pittsburgh, PA 15272.
1 IPT

Tackified Polyvinyl Algohol

The formulation of polyvinyl acetate emuision adhesive with two different amounts of
tackified polyvinyl alcohol is illustrated by the following examples. Tackified polyvinyl
alcohol used in these examples was made by the procedure previously described for
the preferred emboediment. Adhesives of these exampies were applied to both sides of
four by eight foot sheets of particle board at 4 to 8 grams (wet)/sq.ft. for a coating of

adhesive that is about 0.004 to 0.008 inches thick. A four by eight foot sheet of

melamine treated paper is placed on each of the adhesive treated surfaces and the
resulting panel is moved through a heating zone. Residence time in the heating zone is
about 40 seconds. These panels enter the heating zone at ambient temperature and
exit at about 180-200°F.. Pressure of 30-40 psi is applied through nip rollers as the
panel is moved through the heating zone. The-adhesive of these examples, with two

concentrations of tackified polyvinyl alcohol, have the following formulations:

Component Amount® Chemical Manufacturer
XX-240 60.25/62.05 Vinyl Acetate Air Products & Chemicals
Homopolymer P. O. Box 538
Emuision Allentown, PA 18105
Airvel 523 1.8/3.6 Polyvinyl Alcohol Air Products & Chemicals
(Tackified) P. Q. Box 2662
Allentown, PA 18105
Pearl Starch  25.7/25.7 " Corn Starch A. E. Staley Mfg. Co.
2200 East Eldorado
Decatur, IL 62525
Santicizer 160  8.6/8.6 Butyl Benzyl Monsanto Company
Phthalate 800 North Lindbergh Blvd.
(Tackifier) St. Louis, MO 63167
Tyzor 131 1.85/1.85 Mixed Titanium Ortho Du Pont Chemicals
Ester Complex 1007 Market Street

Wilmington, DE 19898

"Amount is percent solids by weight of the solids in the adhesive.
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Corner peei-back determinations were based on more than 10 panels made by bonding
four by eight foot sheets of melamine resin treated paper on the top and bottom
surfaces of four by eight foot sheets of particle board with an adhesive of these
examples as they are moved through a heating and pressing zone. Every occurrence
of corner peel represents a defected products.

Two notches are cut along each edge of a twelve by twelve inch sample cut from each
of these panels. Thereafter, the sample is placed in a oven at 65°C for 24 hours. After

the sample is removed from the oven and cools to ambient temperature, it is examined
for cracks.

Cracking occurs only on notches along sides of the samples representing the machine
direction for the paper. Machine direction for the paper is the side of the paper fomed
along a forming screen on a paper making machine. A “Good" rating for stress cracking
indicates that no cracks were found In 95% or higher of the notched areas in the cross
direction on the samples. A “Fair’ means no cracks were found in 80% or higher of the
notched areas in the cross direction on the samples. The cracks in these samples
extended less than on fourth inch from notches along the edges of the panel. Cracking
did not ocour outside the notches. Notching represents a severe test condition.

% Tackified Cormer Peel- Stress
PVOH Back Crack
3.6 0-10% good

1.8 10-20% fair

The formutation of polyvinyl acetate emulsion adhesive with three different amounts of
tackified polyvinyl alcohol is iflustrated by the following examples. Tackified polyvinyt
alcohol used in these examples was made by the procedure previously described for
the preferred embodiment. Adhesives of these examples were applied to both sides of
four by eight foot sheets of particie board at 4 to 8 grams (wet)/sq.ft. for a coating of
adhesive that is about 0.004 to 0.008 inches thick. A four by eight foot sheet of
melamine treated paper is placed on each of the adhesive treated surfaces and the _
resulting panel is moved through a heating zone. Residence time in the heating zone is
about 40 seconds. These panels enter the heating zone at ambient temperature and
exit at about 180-200°F.. Pressure of 30-40 psi is applied through nip rollers as the
panel is moved through the heating zone. The adhesive of these examples, with three
concentrations of tackified polyvinyl alcohal, have the following formulations:

Concentration is
Manchem APG- X i s an
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P P 4.0 P P P Silquest A-1 100
silane is mxed with the adhesive of this exanple at the concentration

shown on the follow ng table. Concentration is percent—by—wet %L. of=14)
adhesive of this exanple. Silquest A- 1100 is RE?LACEM:NT SHEE
ganmma- anmi nopropyl -tri et hoxysil ane and’i"s commerci al | y jayarTablre T1om {OS
Specialties, Inc., 39 AOd R dgebury Road, Danbury, CT 068}1%1%%{-119-,1

CONCENTRATI ON CRGCSS CRGCSS STRESS HATCH CK
(BEFORE) (AFTER) None P F TN = W, NN
P P P 0.5 P P P 1.
P P P 2.0 P P ~0
P P P Silquest A-1 128 silane is mxed with the adhesive
of this exan‘gbﬁg_@ﬁeﬂhe c .rati%@. on the fojjapuaargrerabl e.
Concentration 1s percent by wei ght of the adhesive of this
XX-240 64.5/67.6/70.9  Vinyl Acetate Air Products & Chemicals
Homopolymer P. O. Box 538
Emulsion Allentown, PA 18105
Airvol 523 5.6/3.7/11.8 Polyvinyl Alcohol Air Products & Chemicals
(Tackified) P. O. Box 2662

Allentown, PA 18105

Peari Starch  27.9/26.7/25.5  Corn Starch A. E. Staley Mfg. Co.
2200 East Eldorado
Decatur, IL 62525

Tyzor 131 2/1.9/11.8 Mixed Titanium Ortho Du Pont Chemicals
Ester Complex 1007 Market Street
Wilmington, DE 19898
*Amount is percent solids by weight of the solids in the adhesive.

Corner peel back and stress cracking is determined by procedure described for the
previous examples. :

% Tackified Cormer Peel- Stress
PVOH Back Crack
5.6 severe _good
3.7 10-20% good
1.8 10-20% fair
Polyvi I

The formulation of polyvinyl acetate emulsion adhesive with two different amounts of
polyvinyl alcohol is illustrated by the following examples. Polyviny! alcohol used in the
following examples is made by mixing 1,708 pounds of Airvol 540 brand polyvinyl
alcohol, commercially available from Air Products & Chemicals, P. O. Box 2662,
Allentown, PA 18105, with 34 pounds of Mazu DF 132 brand proprietary defoamer,
commercially available from PPG Industries, Inc., PPG Place, Pittsburgh, PA 15272,
and 17 pounds Nuosept 95 brand preservative (tetrahydroxy-3,5- dimethyl-2H-

1,3.5 thiadiazine-2- thi), commercially available from Huls America, Inc., P. O. Box 368,
Piscataway, NJ 08854, and 15,328 pounds of water.

Adhesives of these examples were applied to both sides of four by eight foot sheets of
particle board at 4 to 8 grams (wet)/sq.ft. for a coating of adhesive that is about 0.004 to
0.008 inches thick. A four by eight foot sheet of melamine treated paper is placed on
each of the adhesive treated surfaces and the resuiting panel is moved through a
heating zone. Residence time in the heating zone is about 40 seconds. These panels
enter the heating zone at ambient temperature and exit at about 180-200°F.. Pressure
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Sil quest A-187 silane is mxed with the adhesive of this exanple at the

concentration shown on the follow ng table. Concentration iIs percent by
wei ght of the adhesive of this exanple. Silquest A-1 87 is

gl yci doxypropyl tri met hoxy-silane and is commercially available fromCS
Speciaities. Inc., 39 Od R dgebury Road. Danbury, CT 06810-5121.

of 30-40 psi is applied through nip rollers as the panel is moved through the heating

zone. The adhesive of these examples, with two concentrations of polyvinyi alcohol.
have the following formuiations:

Component Amount* Chemical Manufacturer
XX-240 58/62.9 Vinyt Acetate Air Products & Chemicals
Homogolymer P. O. Box 538
Emuilsion Allentown, PA 18105
Airvol 540 3.6/11.7 Palyvinyl Alcohol Air Products & Chemicals
{Blend) P. O. Box 2662
Allentown, PA 18105
Peari Starch 27.3/125.2 Corn Starch A. E. Staley Mfg. Co.
2200 East Eldorado
Decatur, il 62525
Santicizer 160 8.1/8.4 Butyt Benzyl Monsanto Company
Phthalate . 800 North Lindbergh Blvd.
{Tackifier) St. Louis, MO 63167
Tyzor 131 2/1.8 Mixed Titanium Ortho Du Pont Chemicals
Ester Compiex 1007 Market Street

Wilmington, DE 19898
*Amount is percent solids by weight of the solids in the adhesive.

Corner peel back and stress cracking is determined by procedure described for the
prévious examples.

% PVCOH % Tackifier Corner Peel- Stress

Back Crack

3.6 5 ' severe _good
1.7 5 severe __good-fair

The formulation of polyvinyl acetate emuision adhesive with two different amounts of
polyvinyl alcohol is illustrated by the following examples. Polyvinyl alcohol used in the
following examples is made by mixing 1,709 pounds of Airvol 540 brand polyvinyl
alcohol, commerciaily available from Air Products & Chemicals, P. O. Box 2662,
Allentown, PA 18105, with 34 pounds of Mazu DF 132 brand proprietary defoamer,
commercially available from PPG Industries, Inc., PPG Place, Pittsburgh, PA 15272,
and 17 pounds Nuosept 95 brand preservative {tetrahydroxy-3,5- dimethyl-2H-

1.3,5,thiadiazine-2- thi), commercially available from Huls America. inc., P. O. Box 385,
Piscataway, NJ 08854, and 15,328 pounds of water.
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inches t A four by eight foot sheet of melamine treated paper is placed on
each of the adheswe treated surfaces and the resuiting panel is moved through a
heating zone. Residence time in the heating zone is about 40 seconds. These panels
enter the heating zone at ambient temperature and exit at about 180-200°F.. Pressure
of 30-40 psi is applied through nip rollers as the panel is moved through the heating

zone. The adhesive of these examples, with two concentrations of polyvinyl alcohol,
have the following formulations:

Component Amount* Chemical Manufacturer
XX-240 65.7/70.2 Vinyl Acetate Air Products & Chemicals
Homopolymer P. O. Box 538
Emulsion Allentown, PA 18105
Airvol 540 3.811.7 Polyvinyi Alcohol Air Products & Chemicals
{Blend) P. O. Box 2662

Allentown, PA 18105

Peari Starch 28.05/26.2 Corn Starch A. E. Staley Mfg. Co.
2200 East Eldorado
Decatur, IL 62525

Tyzor 131 21.9 Mixed Titanium Ortho Du Pont Chemicals
Ester Complex 1007 Market Street
Wilmington, DE 19898
*Amount is percent solids by weight of the solids in the adhesive.

Corner peel back and stress cracking is determined by procedure described for the
previous examples.

% PVOH Corner Peel- Stress
Back Crack
3.8 severe . good
17 severe ggod-fair
Starch

The formulation of polyvinyl acetate emulsion adhesive with different amounts of starch
and different basis weights of decorative paper is illustrated by the following examples.
Adhesives of these examples were applied to both sides of four by eight foot sheets of
particle board at 4 to 8 grams (wet)/sq.ft. for a coating of adhesive that is about 0.004 to
0.008 inches thick. A four by eight foot sheet of melamine treated paper is placed on
each of the adhesive treated surfaces and the resuiting panet is moved through a
heating zone. Residence time in the heating zone is about 40 seconds. These panels
enter the heating zone at ambient temperature and exit at about 180-200°F.. Pressure
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of 30-40 psi is applied through nip rollers as the panel is moved thr9ugh the heating
zone. The adhesive of these examples have the following formulations:

mponen Amount” Chemical Manufacturer
XX-240 69-88 Vinyl Acetate Alir Products & Chemicals
Homopolymer P. O. Box 538
Allentown, PA 18105
Peari Starch 5-24 Corn Starch A. E. Staley Mfg. Co.
2200 East Eldorado
Decatur, {L 62525
Santicizer 160 5 Buty! Benzyl Monsanto Company
Phthalate 800 North Lindbergh Blvd.
{Tackifier) St. Louis, MO 63167
Tyzor 131 2 Mixed Titanium Ortho Du Pont Chemicals

Ester Complex 1007 Market Street

Wilmington, DE 19898
*Amount is percent by weight of the adhesive.

Two notches are cut along each edge of a twelve by twelve inch sample cut from each
of these panels. Thereafter, the sample is placed in a oven at 65°C for 24 hours. After
the sample is removed from the oven and cools to ambient temperature, it is examined
for cracks. The length of the longest crack is reported. Frequency of cracks extending
form notches along the machine direction of paper are reported. Each sample has two
notches along each of its machine direction sides. Cracking did not occur on notches
along sides of the samples representing the cross direction for the paper. Machine
direction for the paper is the side of the paper formed along a forming screen of a paper
making machine, cross direction is across the forming screen. Cracking did not occur
outside the notches. Notching represents a severe test condition.

Starch* 85 Ib.™ 75 b.*" 62 Ib.** 50 lb.** 43 tbs**
S 3/4” (8/8) 3/4” (4/8) 1 3/8" (2/4) 3/4" (5/8) 1/2" (4/8)
10 1/2" (518) 1/2” (1/8) 1/2" {7/8) 5/16" (6/8) 5/16" (5/8)
15 5/16" (11/16) 0" (0/16) 174" (8/16) | 1/8" (11/16) | 1/8" (8/16)
18 3/8" (3/16) 0" (0/16) 174 (2116) | 1/4" (11/18) | 3/16" (13/16)
20 1/8" {1/16) 1/16" (1/16) | 1/8" (3/16) | 3/16" (5/16) | 1/18" (3/16)
22 5/16" (11/16) | 3/16" (2/16) | 1/4" (6/16) | 3/16" (12/16) | 1/16" (5/16)
24 1/4" {3/16) 716" (1/16) | 1/8" (3/16) | 1/4"(10/16) | 1/8" (6/18)

*Starch is percent by weight of the adhesive.
**Basis weight of decorative paper in pounds per 3000 square foot.
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The formulation of polyvinyl acetate emulsion adhesive with different amounts of starch
and different basis weights of decorative paper is illustrated by the following examples.
Adhestves of these examples were applied to both sides of four by eight foot sheets of
particle board at 4 to 8 grams (wet)/sq.ft. for a coating of adhesive that is about 0.004 to
0.008 inches thick. A four by eight foot sheet of melamine treated paper is placed on
each of the adhesive treated surfaces and the resulting panel is moved through a
heating zone. Residence time in the heating zone is about 40 seconds. These panels
enter the heating zone at ambient temperature and exit at about 180-200°F.. Pressure
of 30-40 psi is applied through nip rollers as the panel is moved through the heating
zone. The adhesive of these examples have the following formulations:

Component Amount® Chemical Manufacturer
XX-240 70-89 Vinyl Acetate Air Products & Chemicals
Homopolymer P. C. Box 5638
Allentown, PA 18105
Peari Starch 5-24 Com Starch A. E. Staley Mfg. Co.
2200 East Eldorado
Decatur, IL 62525
Santicizer 160 5 Butyl Benzyl Monsanto Company
Phthalate 800 North Lindbergh Blvd.
(Tackifier) St. Louis, MO 63167
Tyzor 131 1 Mixed Titanium Ortho Du Pont Chemicals
Ester Complex 1007 Market Street

Wilmington, DE 19898
*Amount is percent by weight of the adhesive.

Two notches are cut along each edge of a tweive by twelve inch sample cut from each
of these panels. Thereafter, the sample is placed in a oven at 65°C for 24 hours. After
the sample is removed from the oven and cools to ambient temperature, it is examined
for cracks. The length of the longest crack is reported. Frequency of cracks extending
from notches along the machine direction of paper are reported. Each sample has two
notches along each of its machine direction sides. Cracking did not occur on notches
along sides of the samples representing the cross direction for the paper. Machine
direction for the paper is the side of the paper formed along a forming screen of a paper
making machine, cross direction is across the forming screen. Cracking did not occur
outside the notches. Notching represents a severe test condition.



concentration shown on the follow ng table. Concentration is percent by
wei ght of the adhesive of this conparative exanple. Tyzor LA |s —
di hydroxybi s (ammoni um lactato)titaniumand is conpererati.oval

Du Pont Chemnicals, 1007 Market Street, \R ;

CONCENTRATI ON CRGCSS CRGCSS STRESS HA C CRACK
(BEFORE) (AFTER) None P . P

P P F 0.5 P 1.0

P P F20 P g 4.0

P P F Manchem CPG is mxed with the adhesi v S

conparati ve exanple at the concentration shown on the™TolTow ng tabl e.
Concentration is percent by weight of the adhesive of this conparative

exanpl e. Manchem CPG is a carboxy zircoalum nate solution and is
commercially avail abl e from Rhone-Poul enc Inc., Metal Oganics, 275
i ham A 18017

Keystone Dr's'tagr’ch*ggtl%sgl'?""" 5 16,77 62 Ib."" 50 Ib.** 43 1b.*
15 5/8" (12/16) 0" (0/16) 174" (12/16) | 1/4" (11/16) | 1/16" {11/16)
18 3/8" (1/16) 0" (0/16) 314" {5/16) 174" (14/18) | 1/4" (14/16)
20 0" (0/16) Q" (0/16) 0" {0/16) 3/18" (7118) | 1/16" (7/18)
22 3/8" (12/16) | 1/4" (7/16) 516" (8/16) | 1/4" (15/16) | 1/8" (11/16)
24 112" (11116) | 1/4" (4/16) 5/16" (6/16) | 3/16" (8/16) | 3/16" (6/16)

*Starch is percent by weight of the adhesive.
**Basis weight of decorative paper in pounds per 3000 square foot.

Water soluble and dispersible silane, titanium and zircoaluminate coupling agents can
be used in polyvinyl acetate emulsion adhesive formulations for increasing the strength
of the bond between melamine formaldehyde resin treated paper and particle board.
Preferred coupling agents are titanate or zircoaluminate coupling agents. Additionally,
melamine treated paper can shrink as it further cures during the bonding of the

melamine formaidehyde treated paper to particle board under temperature and
pressure.

Titanium coupling agents and zircoaluminate coupling agents that are useful in the
adhesive of this invention are water soluble or dispersible and that can be used in the
pH range of 2-8. Tyzor LA Titanate - dihydroxybis (ammonium lactato) titanium and
Tyzor 131 Titanate - mixed titanium ortho ester complexes supplied by Du Pont
Chemicals increase adhesive bond strength. Manchem CPG - carboxy zircoaluminate

and Manchem APO-X -amino zircoaluminate solution supplied by Rhone-Poulenc inc.
also increase adhesive bond strength.

Silane coupling agents, including Silquest A-187 Silane - gama-
glycidoxypropyltrimethoxy-silane, Silquest A-1100 Silane - gamma-
aminopropyitriethoxy-silane, and Silquest A-1128 Silane - amino modified organosilane
ester supplied by OSI Specialties, Inc., also increase bond strength. However, silane

coupling agents may not have sufficient stability in polyvinyl acetate emulsion based
adhesives for long term storage prior to use.

Coupling agents are effective in the range of 0.5-1-5, preferably 0.5-4 and most
preferably 1.5-3 percent by weight of the adhesive formulation. Higher concentrations
of coupling agents can reduce the bonding capability of adhesive formulations.

The effectiveness of polyvinyl acetate emulsion based adhesives for bonding melamine
formaldehyde resin treated decorative solid color and print paper to particle board is
illustrated by the following examples. In these examples, titanate, zircoaluminate and
silane coupling agents are formulated in an adhesive containing polyvinyl acetate
emulsion and polyvinyl alcohol. This adhesive has the following formulation:
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Keystone Drive,

CRCSS

STRESS
Component

XX-240

Pearl Starch

Airvol 540

Ethylene Glycol

Tektamer 38AD

Nuosept 95

Mazu DF 132

Nuocsept 120

Water

CRCSS

Amount®™ Chemical

26.05

23.68

4.74

1.77

0.28

0.32

0.40

0.08

42.66

Vinyl Acetate
Homopolymer

Corn Starch

Polyvinyl Alcohol

—

Ethylene Glycol

1,2-dibromo-2,4-
dicyanobutane

Bicyclic
Oxazolidines
Solution

Proprietary
Defoamer

tetrahydroxy-3.5-
dimethyl-2H-

1.3,5,thiadiazine-2-

thi

*Amount is percent by weight of the adhesive.

Cross Hatch Test

STRESS HATCH
P

Met al
Bet hl ehem PA 18017. CONCENTRATI ON

HATCH
=

0.1

oTrand~Ts
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P Manchem APG Xijs m xed with {he adhesive of
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Concentration is percent by weight of the adhesive of{ithis conparati\
Manchem APO- X is an am no zircoal um nate sol it
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this

e

CROSS
Manufacturer

Air Products & Chemicals
P. 0. Box 538
Allentown, PA 181058

A. E. Staley Mfg. Co.
2200 East Eldorado
Decatur, IL. 62525

Air Products & Chemicals
P. O. Box 2662
Alientown, PA 18105

Celanese Chemical Co.
1250 West Mockingbird
Dallas, TX 75247

Calgon Corporation
P. O. Box 1346
Pittsburgh, PA 15230

Huls America, inc.
P. Q. Box 365
Piscatawav, NJ 08854

PPG industries, inc.
PPG Place
Pittsburgh, PA 15272

Huls America, Inc.
P. O. Box 365
Piscataway, NJ 08854

The melamine formaldehyde treated paper is scored with a utility knife in a patten
resembling a number sign, #. The tip of the knife is used to separate the melamine
formaldehyde treated paper from the particle board. If only particle board bonded to
melamine formaldehyde treated paper is rémoved, the bond is considered as good (P).
If no particle board removed with the melamine formaldehyde treated paper, the bond is

considered as a failure (F).
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SIlquest A- 1100 silane is mxed with the adhesive of ithi i Ve
exanpl e at the concentration shown on -tlﬁe foll ow ng tadbl ei’ mﬁ%at oin S
percent by wei ght of the adhesive of this conparative exanple. Silguest

A-1100 i s gamma- am nopropyl - triethoxysilane and is cqgnmercially

avai l abl e

fromOSlI Specialties, Inc., 39 Ad R dgebury Road, Danbufy;—&H-8681+6-5121.

CONCENTRATI ON CROSS CROSS STRESS HATCH HATCH
CRACK (BEFORE) (AFTER) None P P F 0.1
P Phe cross hatch tefst is performed two times: at room temperature, 24 hours after the

sample is assembled (Before) and after the product has been placed in an oven at
70°C for 24 hours and cooled to room temperature (After)

Thermal Stress Crack

initiate cracks on the edges of panels, place in a oven at 70°C for 24 hours, and then
examine for crack growth at the pre-notched points after. To pass this test, the crack
growth must be less than 1/4 inches long.

Tyzor® 131 titanate is mixed with the adhesive of this example at the concentration
shown on the following table. Concentration is percent by weight of the adhesive of this
example. Tyzor 131 is a mixed titanium ortho ester complex and is commercially
available from Du Pont Chemicals, 1007 Market Street, Wilmington, Delaware 18898.

CONCENTRATION CROSS CROSS STRESS

HATCH HATCH CRACK
(BEFORE) (AFTER)

None P F F

0.1 P P P

0.5 P P P

1.0 P P P

2.0 P P P

4.0 P P P

Tyzore LA titanate is mixed with the adhesive of this exampie at the concentration
shown on the following table. Concentration is percent by weight of the adhesive of this
example. Tyzor LA is dihydroxybis (ammonium lactato)titanium and is commercially
available from Du Pont Chemicals, 1007 Market Street, Wilmington, Delaware 19898.

CONCENTRATION CROSS CROSS STRESS

HATCH HATCH CRACK
(BEFORE) (AFTER)

None P F F

0.1 P P P

0.5 P P P

1.0 P P P

2.0 P P P

4.0 P P P

Tyzore GBA titanate was mixed with the adhesive of this example. The adhesive
became too viscous for bonding melamine formaldehyde treated decorative paper to
particle board. Tyzor GBA is described in NJ Trade Secret Registry #
008502010015522P and is commercially available from Du Pont Chemicals, 1007
Market Street, Wilmington, Delaware 19898.
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Tyzore TE titanate is mixed with the adhesive of this example. The adhesive became
too viscous for bonding melamine formaldehyde treated decorative paper to particle
board. Tyzor TE is titanium, isopropoxy(triethanolaminato) and is commercially
available from Du Pont Chemicals, 1007 Market Street, Wilmington, Delaware 18898.

CONCENTRATION CROSS CROSS STRESS

HATCH HATCH CRACK
(BEFORE) (AFTER)

None P F F
0.1 P P P
0.5 p P P
1.0 P P P
2.0 P P P
4.0 P P P

Manchem CPG is mixed with the adhesive of this example at the concentration shown
on the following table. Concentration is percent by weight of the adhesive of this
example. Manchem CPG is a carboxy zircoaluminate solution and is commercially

available from Rhone-Poulenc Inc., Metal Organics, 275 Keystone Drive, Bethlehem,
PA 18017.

CONCENTRATION CRGSS CROCSS STRESS

HATCH HATCH CRACK
(BEFORE) (AFTER}

None P F F
0.1 P P p
0.5 P P P
1.0 P P P
2.0 P =] p
4.0 P P p

Manchem APG-X is mixed with the adhesive of this example at the concentration
shown on the following table. Concentration is percent by weight of the adhesive of this
example. Manchem APG-X is an amino zircoaluminate solution and is commercially

available from Rhone-Poulenc Inc., Metal Organics, 275 Keystone Drive, Bethlehem,
PA 18017.



2.0 P F P 4.0 F F
P Silquest A-1 87 silane is mxed wth the adhesive of this conparative

exanpl e at the concentration shown on the follow ng table. Concentration is
percent by weight of the adhesive of this conparative exanple——Sk-gte

A-187 is gl ycidoxypropyltrinethoxy- si g ne and is comriﬁE@LA@EMHﬂI SHEET
forom OSI Specialties, Inc., 39 Od R dgebury Road, Danburyr—C€T06810-5121
CONCENTRATI ON CROSS CROSS STRESS HATCH HA ACK
(BEFORE) (AFTER) None P P |J 8@&7 1991

P P F 0.5 P P P

P P P20 P P i F 4.0

P P FIn the follow ng conparative exa‘ﬁ"ﬁc, titanate;

tes
zi r coal um napRCENTRaTIGNe coROBY ageRBSare fIRE#%Ated in a vinyl acetate

adhesi ve based on a pol yvi nylH&EDEH at e-HATGH ene CRACK
(BEFORE)} (AFTER)

None P F F
01 P P P
0.5 P P p
1.0 P P P
2.0 p P P
4.0 P P P

Silquest A-1100 silane is mixed with the adhesive of this example at the concentration
shown on the following table. Concentration is percent by weight of the adhesive of this
example. Silquest A-1100 is gamma-aminopropyl-triethoxysilane and is commercially
available from OSI Specialties, Inc., 39 Old Ridgebury Road, Danbury, CT 06810-5121.

CONCENTRATION CROSS CROSS STRESS

HATCH HATCH CRACK
(BEFORE) (AFTER)

None P F F
0.1 P P P
0.5 P P P
1.0 P P P
2.0 P P P
4.0 P P P

Silquest A-1128 silane is mixed with the adhesive of this example at the concentration
shown on the following table. Concentration is percent by weight of the adhesive of this
example. Silguest A-1128 is an amino functionai silane ester and Is commercially
available from OSI Specialties, Inc., 39 Old Ridgebury Road, Danbury, CT 06810-5121.

CONCENTRATION CROSS CROSS STRESS

HATCH HATCH CRACK
(BEFORE)} (AFTER)

None P - F F
0.1 P P P
0.5 P P P
1.0 P P P
2.0 p F F
4.0 F F F

Silquest A-187 silane is mixed with the adhesive of this example at the concentration
shown on the following table. Concentration is percent by weight of the adhesive of this
example. Silquest A-187 is glycidoxypropyltrimethoxy-silane and is commercially
available from OS| Speciaities, Inc., 38 Old Ridgebury Road. Danbury, CT 06810-5121.



copol ymer. These vinyl acetate-ethylene copol yner based adhesi ves bond
nmel am ne fornal dehyde treated paper to particle board. However, they do not
glimnate stress cracking. It is believed that the adhe

.r" ‘v'e Uf ‘_‘I S <
conparative exanples did not have sufficient flexibili &EPMCBMEBW ng
shrinking of nelam ne fornmal dehyde resin treated decordtifvé paper as i}{ §s
bonded to particle board. Conponent 18 - Anmount Cherg ¢acT 1997
Manuf acturer Airflex 400 85.72 Vi nyl Acetat e- Ai'r Products &
Chemi cal s Ethyl ene P. 0. Box 538 Copol ymner L—Al--eat-owr—PA
18105 Santicizer 160 5.53 But yl Monsgnt o Conpany Benzy
800 North Lindbergh Blvd. Phthal ate St. Louis, MO63167 Efhyl ene
d ycol 1.86 Et hyl ene Cel anese Chem cal d ycol
Conpany 1250COMSENNReKIONbI rd CROSS CROSS STRESS

HATCH HATCH CRACK

(BEFORE) (AFTER)
None P F F
0.1 P P P
0.5 P P P
1.0 P P P
2.0 P P P
4.0 P P P

In the following comparative examples, titanate, zircoaluminate and silane coupling
agents are formulated in a vinyl acetate adhesive based on polyvinyl acetate. These
polyvinyl acetate based adhesives bond melamine formalidehyde treated paper to
particle board. However, they do not eliminate stress cracking. 1t is believed that the
adhesive of these comparative examples did nat have sufficient flexibility for

accommodating shrinking of melamine formaldehyde resin treated decorative paper as
it is bonded to particle board.

Component Amount*  Chemical @ Manufacturer

XX-240

Pearl Starch

Santicizer 160

Nuosept 95

Tektamer 38AD

Mazu DF 132

78.58.

14.97

4.97

0.20

0.20

0.07

Vinyl Acetate
Homopolymer

Corn Starch

Butyl Benzyl
Phthalate

Bicyclic
Oxazolidines
Solution

1,2-dibromo-2,4-

dicyanobutane

Proprietary
Defcamer

*Amount is by weight of the adhesive.

Air Products & Chemicals
P. 0. Box 538
Allentown, PA 18105

A. E. Staley Mfg. Co.
2200 East Eldorado
Decatur, {L 62525

Monsanto Company
800 North Lindbergh Bivd.
St. Louis, MO 63167

Huls America, Inc.
P. 0. Box 365
Piscatawav, NJ 08854

Calgon Corporation
P. O. Box 1346
Pittsburg, PA 15230

PPG Industries, Inc.
PPG Place
Pittsburgh, PA 15272



Dal I as, TX 75247 Mazu OF 132 0.14 Proprietary PPG

I ndustries. Inc. Defoaner One PPG Pl ace Pittsburgh, PA 15272 Triton
X- 100 0.01 Cct yl phenoxy- Uni on Car bi de Cor R y V-
Speci aity Chem cal s et hanol Danbury, CT 06817- %@EAQMeM

6. 74 Tol uene Phi bro Energy USA. Inc. 5Q0Dal |l as Avenue

O

Suite 3200 Houston, TX 77002 *Anpunt _i $ghy wei ght of the adhe0R99Tyzpr
131 titanate is mxed with the adhesive of this conpardtijve exanpl e ati the
concentration shown on the follow ng table. Concentratijormr TS PeTTENT™ D
wei ght of the adhesive of this conparative exanple. TyZor 131 is a m xed
titaniumortho ester conplex and is commercially available from Du Pont

Chem cal s, 1007 Market Street, WI m ngton. Del aware 19898. CONCENTRATI ON
CRGCSS CROSS STRESS

Tyzor® 131 titanate is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Tyzor 131 is a mixed titanium ortho ester
complex and is commercially available from Du Pont Chemicals, 1007 Market Street.
Wilmington, Delaware 19898,

CONCENTRATION CROSS CROSS STRESS

HATCH HATCH CRACK
(BEFORE) (AFTER)

None P P F
0.1 P P P
0.5 P P P
1.0 P P P
2.0 P P P
4.0 P P P

Tyzor LA titanate is mixed with the adhesive of this comparative example at .the
concentration shown on the following table. Concentration is percent by v_velght of the
adhesive of this comparative example. Tyzor LA is dihydroxybis (ammonium

factato)titanium and is commercially available from Du Pont Chemicals, 1007 Market
Street, Wilmington, Delaware 19888.

CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE) (AFTER)

None P p F
0.1 P P F
0.5 P P F
1.0 P P E
2.0 P P F
4.0 P P F

Manchem CPG is mixed with the adhesive of this comparative example at tpe
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Manchem CPG is a carboxy zircoaluminate

solution and is commercially available from Rhone-Poulenc Inc., Metal Organics, 275
Keystone Drive, Bethlehem, PA 18017.



HATCH
P

P

P
Tyzor

HATCH CRACK (BEFORE) (AFTER) None P

F 0.1 P P F 0.5

P F 1.0 P P F 20

P P 40 P REDL ACEMEN il

LA titanate is mixed with the adhesive of this ¢Oopparatiyve ipl e at

the concentration shown on the follow Bg table. Concent atlon I S ent by
wei ght of the adhesive of this conparative exanple. Tyz rOLhGCd @ 7 |
di hydroxybi s (ammonium | actato)titaniumand i s comer i al | y avail abl g firom

Du Pont Chemicals. 1007 Market Street, WI m ngton. Delaware 19898
CONCENTRATI ON CROSS CROSS STRESS HATCH ... _HATCH _

CRACK

CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE) (AFTER})

None P P F
0.1 P P P
0.5 P P P
1.0 P P P
2.0 P P P
4.0 P P P

Manchem APG-X is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Manchem APO-X is an amino zircoaluminate

solution and is commercially available fromi Rhone-Poutenc Inc., Metal Organics, 275
Keystone Drive, Bethlehem, PA 18017.

CONCENTRATION CROSS CROSS STRESS

HATCH  HATCH  CRACK
(BEFORE) (AFTER)

None P P F
0.1 P P P
0.5 P P P
1.0 P = =
2.0 P P P
4.0 P p P

Silquest A-1100 silane is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Silquest A-1100 is gamma-aminopropyl-
triethoxysilane and is commercially available from OS! Specialties, Inc., 39 Old
Ridgebury Road, Danbury, CT 06810-5121.

CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE) (AFTER)

Nonhe P P F
0.1 P p E
0.5 P P F
1.0 P P F

Silquest A-1128 silane is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Silquest A-1128 is an amino functional silane

ester and is commercially available from OSI Specialties, Inc., 39 Old Ridgebury Road,

Danbury, CT 06810-5121.



(BEFORE) (AFTER) None P P
= P

FO.5 P %EPL@@%@EW lﬁ%ﬁ@\
P 0

R P F 2.0 P F 4.
P P F Manchem CPG is nmixed with the aflhesOveO8T WhYs |
conparati ve exanple at the concentration shown on the f¢l|ow ng table.
Goncentration is percent by weight of e adhesive of this conparative-
exanpl e. Manchem CPG is a carboxy zircoal um nate solutipn.and s
commercially avail abl e from Rhone-Poul enc Inc., Metal Organics, 275

Keystone Drive, Bethlehem PA 18017. CONCENTRATI ON CRCSS CRCSS
STRESS HATCH HATCH CRACK (BEFORE) (AFTER) None P
P FO0.1 P P F 0.5
P P F

CONCENTRATION CROSS CROSS STRESS

HATCH HATCH CRACK
(BEFORE} (AFTER)

None P P F
0.1 P P F
0.5 P P P
1.0 P F F
2.0 P F P
4.0 F F P

Silquest A-187 silane is mixed with the adhesive of this comparative examp.le at the
concentration shown on the following table. Concentration is percent by wgtght of the
adhesive of this comparative example. Silquest A-187 is glycidoxypropyitrimethoxy-

silane and is commercially available from OS! Specialties, Inc., 38 Old Ridgebury Road,
Danbury, CT 06810-5121.

CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE) (AFTER)

None P P F
0.1 P P F
0.5 P P P
1.0 P P P
2.0 P P F
40 P P F

In the following comparative examples, titanate, zircoaiuminate and silane coupling
agents are formulated in a vinyl acetate adhesive based on a polyvinyl acetate-ethylene
copolymer. These vinyl acetate-ethylene copolymer based adhesives bond melamine
formaidehyde treated paper to particle board. However, they do not eliminate stress
cracking. It is believed that the adhesive of these comparative examples did not have
sufficient flexibility for accommodating shrinking of meiamine formaldehyde resin
treated decorative paper as it is bonded to particle board.



1.0
p

i xed with the adhesive of this conparative exanpl e &
shown on the follow ng table.

P P F20
F 4.0 p P

nchem APO- X iis

Concentration is percen %ﬂp‘?@, *ﬂwm SEEFS%

adhesi ve of this conparative exanple. an
zi rcoal um nate solution and is comerci-ally availabl ¢ fir Mwy%wl

Inc., Metal Organics, 275 Keystone Drive, Bethlehem {PA 18017,
CO\ICENTRATI ON CROSS CROSS STRESS HATCH HATCH
(BEFORE) (AFTER) None P P 0~
P P F 0.5 P P F 1
P P F
Component Amount Chemical Manufacturer
Airflex 400 85.72 Vinyl Acetate- Air Products & Chemicals
Ethylene P. O. Box 538
Copolymer Allentown, PA 18105
Santicizer 160 5.83 Butyl Monsanto Company
Benzyl 800 North Lindbergh Bivd.
Phthalate St. Louis, MO 63167
Ethylene Glycol  1.86 Ethylene Celanese Chemical
Glycol Company
1250 West Mockingbird
Dallas, TX 75247
Mazu DF 132 0.14 Proprietary PPG Industries, Inc.
Defoamer One PPG Place
Pittsburgh, PA 15272
Triton X-10Q 0.01 Octylphenoxy- Union Carbide Corporation
polyethoxy- Speciaity Chemicals
ethanol Danbury, CT 06817-0001
Toluene 6.74 Toluene Phibro Energy USA, Inc.

500 Dallas Avenue,
Suite 3200

Houston, TX 77002
*Amount is by weight of the adhesive.

Tyzor 131 titanate is mixed with the adhesive of this comparative example at the

concentration shown on the following table. Concentration is percent by weight of the

adhesive of this comparative example. Tyzor 131 is a mixed titanium ortho ester

complex and is commercially available from Du Pont Chemicals, 1007 Market Street,

Wilmington, Delaware 19898.

CONCENTRATION CROSS CROSS STRESS

HATCH HATCH CRACK
(BEFORE) (AFTER)

None P P F

0.1 P P F

0.5 P P F

1.0 P P E

2.0 P P P

40 P P P



2.0

P P F 4.0 P

F Sl Iquest A-1 100 silane is mxed with the adhesive of this conparative

exanpl e at the concentration shown on the follow ng table.

P

Concentration is

percent by weight of the adhesive of this conparative exas e S -GHR S -A- 1
100 is gamma- ami nopropyltriethoxysilape and is comrciﬁ&ﬁ@ﬁwﬂm SBEEET bm
@Sl Specialties. Inc., 39 Ad R dgebury Road, Danbury, GT [0681T0-5121"
CONCENTRATI ON CROSS CROSS STRESS HATCH Hﬁ:r@g) T 15y, CRAK
(BEFORE) (AFTER) None P P G

P P F 0.5 P H E..1

P P F 20 P P F 4.0

P P F Silquest A-1 128 silane is m xed-wth~the—adhestve

of this conparative exanple at the concentrati on shown on the foll ow ng

t abl e.

Concentration is percent by weight of the

Tyzor® LA titanate is mixed with the adhesive of this comparative example _at the
concentration shown on the following table. Concentration is percent by \fvexght of the
adhesive of this comparative example. Tyzor LA is dihydroxybis (ammonium

lactatotitanium and is commercially available from Du Pont Chemicals. 1007 Market
Street, Wilmington. Delaware 19898.

CONCENTRATION CROSS CROSS STRESS

HATCH HATCH CRACK
(BEFORE) (AFTER)

None p P F
0.1 P P F
0.5 P P F
1.0 P P F
2.0 P P F
4.0 P P F

Manchem CPG is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by wenghﬁ of the
adhesive of this comparative example. Manchein CPG is a carboxy zircoaluminate

solution and is commercially available from Rhone-Poulenc inc., Metal Organics, 275
Keystone Drive, Bethlehem, PA 18017.

CONCENTRATION CROSS CROSS STRESS

HATCH HATCH CRACK
(BEFORE) (AFTER)

None P P F
0.1 = =3 F
0.5 P P F
1.0 P P F
2.0 P P F
4.0 P P F

Manchem APG-X is mixed with the adhesive of this comparative example aj: the
concentration shown on the following table. Concentration is percent by weight pf the
adhesive of this comparative example. Manchem APO-X is an amino zircoaluminate

solution and is commercially available from Rhone-Pouienc inc., Metal Organics, 275
Keystone Drive, Bethlehem, PA 18017.



adhesive of this conparative exanple. Silquest A-1 128 is an am no

functi onal

L.nc. ,
CROSS
P

R

P

silane ester and is commercially available from OSI Specialties.

39 dd R dgebury Road, Danbury, CT 06810-5121. CC]\ICENTRATI (N

CRCSS STRESS HATCH HATCH CRACK None
P Fo.1 o4. P e ek A 0.5
P F 1.0 P P _ B 30
p F 4.0 =) p 1 0CT 1997 H
Sil quest A-187 silane is mxed wth the adhesive of this conparativdg

exanpl e at the concentration shown on the follow ng tabl e. Concentratlon IS

percent by weight of the adhesive of this conparativeé-exanple..Silquest A-1
87 is glycidoxypropyltrimethox

CONCENTRATION éOSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE) (AFTER)

None P P F
0.1 P P F
0.5 P P F
1.0 P P F
2.0 P P F
4.0 P P F

Silquest A-1100 silane is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Silquest A-1100 is gamma-
aminopropyltriethoxysilane and is commercially available from OS! Speciatlties, Inc., 38
Old Ridgebury Road, Danbury, CT 06810-5121.

CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE} (AFTER)

None P o) E
0.1 P P F
0.5 P P F
1.0 P P F
2.0 P P F
4.0 P P F

Silquest A-1128 silane is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Silquest A-1128 is an amino functional silane

ester and is commercially available from OS! Specialties. Inc., 39 Old Ridgebury Road,
Danbury, CT.06810-5121.

CONCENTRATION CROSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE) (AFTER)

None P P F
0.1 P P F
0.5 P P F
1.0 P P F
2.0 P P F
4.0 P =) E

Silquest A-187 silane is mixed with the adhesive of this comparative example at the
concentration shown on the following table. Concentration is percent by weight of the
adhesive of this comparative example. Silquest A-187 is glycidoxypropyltrimethoxy-



silane and is comercially available fromOSI Specialties. Inc.. 39 Ad

Ri dgebury Road. Danbury. CT 06810-5121. CONCENTRATI ON CRCSS
GROSS STRESS HATCH HATCH CRACK ( BEFORE) .
P P FO0.1 P ;
P P F 1.0 5 P

R P F 4.0 -25- p

foll ow ng conparative exanple Airflex 400H is a vinyl acetate-ethyl ene
copolynmer that is commercially available from A r Product's—and-Chemtceals)
7201 Hami | ton Boul evard. Allentown, PA 18196-1501 Airfljex 400H i s a vinyl
acet at e- et hyl ene copol yner that is commercially available fromAT Products
and Chem cals. 7201 Ham | ton Boul evard, Allentown, PA 18195-1501 is used
for bondi ngsiRe and ReohPRaTEhiedvyitdld fea OS] Spapeltied. inqaStQld IRidgsbuly Roafiowever ,
they do not pghtu, @atessIbsags cracking. It is believed that the adhesive of
t hese conparative exanples did not have
CONCENTRATION CROSS CROSS STRESS

HATCH HATCH CRACK

(BEFORE) (AFTER)

None P P F
0.1 P P F
05 P P F
1.0 P P F
2.0 P P F
40 P P F

In the following comparative example Airflex 400H is a vinyl acetate-ethylene copolymer
that is commercially available from Air Products and Chemicals, 7201 Hamiiton
Boulevard, Allentown, PA 18196-1501 Airflex 400H is a vinyl acetate-ethylene
copolymer that is commercially available from Air Products and Chemicals, 7201
Hamilton Boulevard, Allentown, PA 18195-1501 is used for bonding melamine
formaldehyde treated paper to particle board. However, they do not eliminate stress
cracking. It is believed that the adhesive of these comparative examples did not have
sufficient flexibility for accommodating shrinking of melamine formaldehyde resin
treated decorative paper as it is bonded to particle board..

ADHESIVE CROSS CROSS STRESS
HATCH HATCH CRACK
(BEFORE) (AFTER)

Airflex 400H P P F

Vinyl acetate-ethylene copolymers function in adhesives for bonding melamine .

formaldehyde treated paper to particie board. However, the examples of this application

did not eliminate stress cracking. It is believed that the adhesive of this example did not

have sufficient flexibility for accommodating shrinking of melamine formaldehyde resin

treated decorative paper as it is bonded to particle board.

While the illustrative embodiments of the invention have been described with
particularity, it will be understood that various other modifications will be apparent to
and can be readily made by those skilled in the art without departing from the spirit and
scope of the invention. Accordingly, it is not intended that the scope of the claims
appended hereto be limited to the examples and descriptions set forth herein but rather
that the claims be construed as encompassing all the features of patentable novelty
that reside in the present invention, including ail features that would be treated as
equivalents thereof by those skilled the art to which this invention pertains.



sufficient flexibility for accomudating—shrinking—ef mel am ne fornal dehyde

resin treated decorative paper as art i cl e board. ADHESI VE
GRGOSS CRGCSS STRESH] Flﬁ
( BEFORE) (AFTER) Airflex 400H

acet at e- et hyl ene copol yners function in adhe5| ves for chb&Cgﬁi)a‘gSM
foor mal dehyde treated paper to particle board. However, tihg exanples of {hfs -

application did not elimnate stress Céé:lckl ng. It is bell evqﬂqtm igdre
adhesive of this exanple did not have Sufficient flexibijlilty for

accomodati ng shrinking of nelam ne formal dehyde resin tiéated~decorative

paper as it is bonded to particle board. Wiile the illustrative enbodi nent{s
of the invention have been described with particularity, 1Tt wll be
understood that various other nodifications will be apparent to and can be

readi |y madevib@lalvose skilled in the art without departing fromthe spirit
and scope of the invention. Accordingly, it is not intended that the scope
of the clairfs appeniiedylasetatebised adhesivd fooberdingenalspinesogneldeyserPHti ons
set forth herei rreatad papehtr partiae bodrd. ciraprisingbpolpdms BEEIBE REYRH GRS ng
al | the feat uresacdfiedapaynim|aicohol eltargh,t taakifiereandiavater sdlebleprassdispersible

I nventi on, i ncl usbupiipgaadent eatures that woul d be treated as

2. The vinyl acetate adhesive of claim 1. wherein tackified polyviny! aicohol solids
comprise about 1.5-4.5 percent by weight of the adhesive.

3. The vinyl acetate adhesive of claim 1, wherein tackified polyvinyl alcohol solids
comprise about 2-4 percent by weight of the adhesive.

4. The vinyl acetate adhesive of claim 1, wherein tackified polyvinyl alcohol sofids
comprise about 3.5 by weight of the adhesive.

5. The vinyl acetate adhesive of claim 1, wherein starch solids comprise about 20~

35 percent by weight of the adhesive. )
8. The vinyl acetate adhesive of claim 1, wherein the starch is corn starch having a
particle size of about 5-25 micron and a median particle size of about 15

microns.

7. The vinyl acetate adhesive of claim 1, wherein tackifier solids comprise about 0-
15 percent of the adhesive.

8. The vinyl acetate adhesive of claim 1, wherein tackifier solids comprise about 5-

10 percent of the adhesive.

g. The vinyl acetate adhesive of claim 1 wherein the tackifier is butyl benzyl
phthalate.

10. The vinyl acetate adhesive of claim 1, wherein coupling agent solids comprise
about 1-5 percent by weight of the adhesive.

11.  The vinyl acetate adhesive of claim 1, wherein coupling agent solids compnse
about 1.5-2.5 percent by weight of the adhesive.

12.  The vinyl acetate adhesive of claim 1, wherein the coupling agent is a silane,
titanate or zircoaiuminate coupling agent or a mixture thereof.

13.  The vinyt acetate adhesive of claim 1, wherein coupling agent is a titanate or
zircoaluminate coupling agent or a mixture thereof.

14.  The vinyl acetate adhesive of claim 1, wherein the coupling agent is dihydroxybis
{ammonium lactate) titanium or a mixed titanium ortho ester complex or mixtures
thereof.

15. The vinyl acetate adhesive of claim 1, wherein the coupling agent is carboxy
zircoaluminate or amino zircoaluminate or mixtures thereof.

16. The vinyl acetate adhesive of claim 1, wherein the coupling agent is gama-
glycidoxypropyltrimethoxy-silane or gamma-aminopropyitriethoxy-silane or amino
modified organosilane ester or mixtures thereof.

17.  The vinyl acetate adhesive of claim 1, wherein the coupling agent is Tyzor 131
brand coupling agent, a mixed titanium ortho ester complex, commerciaily

available from Du Pont Chemicals, 1007 Market Street, Wilmington, Delaware
19898.
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equi val ents thereof by those skilled the art to which this invention

pertains.

Substitute sheet - 26 June 2000 S VE CLAIM 1. A

%ol yvinyl acetate based adhesi ve“f _- ﬂmllg epan ne fornal dehyde resin
treated paper to particle board, _ IVI nyl acetate polynmer ...,
Vi

emul sion, 5

tacki fi ed pol yvihyl* aFcohol* starch, kjdmer: RidERT
wat er sol ubl e or dispersible coupling agent. 2. The v . et-a&e-’j
adhesive of claim1, wherein tackifi edzgol yvi nyl al cohol {sélids %p‘i S
about 1.5-4.5 percent by weight of the“adhesive. 3. The | vOny Oldcl t’éte

adhesive of claim1, wherein tackified polyvinyl alcohol isélids 10
conpri se about 2-4 percent by wei ght of the adhesive. 4.

The vi nyl

acet at e adhesive of claim1, wherein tackified polyvinyl jal cohol..sokgs

conprise about 3.5 percent by weight of the adhesive.

18.

19.

20.
21.
22,

23.

24.

25.

26.

27.

A polyvinyl acetate based adhesive for bonding melamine formaidehyde resin
treated paper to particle board. comprising; polyvinyl acetate polymer emulsion,
about 2-4 percent tackified polyvinyl alcohol solids by weight of the adhesive,
about 20-35 percent starch solids by weight of the adhesive, about 5-10 percent
tackifier solids by weight of the adhesive and about 1.5-2.5 percent water soluble
or dispersible coupling agent solids by weight of the adhesive. _
The vinyl acetate adhesive of claim 18, wherein the starch is comn starch having
a particle size of about 5-25 micron and a median particle size of about 15
microns. :

The vinyl acetate adhesive of claim 18, wherein the tackifier is butyl benzyl
phthalate. _ .

The vinyl acetate adhesive of claim 18, wherein the coupling agent is a silane,
titanate or zircoaluminate coupling agent or a mixture thereof. _ ‘

The vinyl acetate adhesive of claim 18, wherein coupling agent is a titanate or
zZircoaluminate coupling agent or a mixture thereof. '
The vinyl acetate adhesive of claim 18, wherein the coupling agent is
dihydroxybis (ammenium lactate) titanium or a mixed titanium ortho ester
complex or mixtures thereof, _

The vinyl acetate adhesive of claim 18, wherein the coupling agent is carboxy
zircoaluminate or amino zircoaluminate or mixtures thereof. .

The vinyl acetate adhesive of claim 18, wherein the coupling agent is gama-
glycidoxypropyltrimethoxy-silane or gamma-aminopropyltriethoxy-silane or amino
modified organosilane ester or mixtures thereof.

The vinyl acetate adhesive of claim 18, wherein the coupling agent is Tyzor 131
brand coupling agent, a mixed titanium ortho ester complex, commercially
available from Du Pont Chemicals, 1007 Market Street, Wilmington, Delaware
19888.

A polyvinyl acetate based adhesive for bonding melamine formaldehyde res'fn
treated paper to particle board, comprising; polyvinyl acetate polymer emulsion,
about 2-4 percent tackified polyvinyl alcohol solids by weight of the adhesive,
about 20-35 percent corn starch solids having a particle size of about 5-25 _
micron and a median particle size of about 15 microns by weight of the adhesive,
about 5-10 percent buty! benzyl phthalate tackifier solids by weight of the
adhesive and about 1.5-2.5 percent Tyzor 131 brand coupling agent, a mixed
titanium ortho ester complex, commercially available from Du Pont Chemicals,

1007 Market Street, Wilmington, Delaware 19898, solids by weight of the
adhesive.

‘This Sheet Has Been Replaced ‘THIS SHFET HAS BEEN

AW




5. The vinyl acetate adhesive of claim1, wherein starch solids conprise
about 20-35 percent by weight of the adhesive. 15 6. he_vinyl acetate

dhesive of claim1l, wherein the starch is corn starch h Tt ¢Gl
:%i ze of about 5-25 micron and a nedian particle size of bM@WWLf% .T
7. The vinyl acetate adhesive of claim1, wherein tacki igr, égl [ ds)
gonpri se about 0-15 percent of the adhesive. 8. The vii nylY gc@bht
adhesive of claim1l, wherein tackifier solids conprise gbauf.5-10 20

percent of the adhesive. 9. The vinyB acetate adhesi e of claim T,
wherein the tackifier is butyl benzyABg?Rht@-[ate. 10. Fhe—vi ayl.acetate
adhesi ve of claim1, wherein coupling agent solids conprise about 1-5
percent by wei ght of the adhesive. Substitute 11. The vinyl acetate
adhesive of claim 1, wherein coupling agent solids conprise about 1.5-2.5

percent by vRhgklgk PR BSNBAIE DECORATIVE MELAMINE TREATED PAPER TO
PARTICLE BOARD

Polyvinyl acetate emulsion based adhesives can be made effective for bondjng
melamine formaldehyde resin treated decorative solid color and print paper to particle
board. This polyvinyl acetate emulsion based adhesive is formulated with tackifigd
polyvinyl alcohol, starch, a tackifier and a coupling agent. Stress cracking_ is
substantially eliminated. Additionally, wrinkling and edge and corner peel resulting
during the movement of sheets of melamine resin treated paper on the top and bottom
surfaces of sheets of particle board through a heating and pressing zone is
substantially eliminated.



12. The vinyl acetate adhesive of claim1l, wherein the coupling agent is
a silane, titanate or zircoalum nate goupling agent or a mxture thereof. 5
13. The vinyl acetate adhesive of charnr 1, wher ei n coupl i hg agent 53 a
titanate or zircoalum nate coupling agent orSl&W&W@che@bgﬁnuiﬁf. 19980
vinyl acetate adhesive of claim1l, wherein the coupling agent is _

di hydroxybi s (amonium | actate) titaniumor a mxed titaniumortho ester
conplex or mxtures thereof. 10 15. The vinyl acetate adhesive of claim
1, wherein the coupling agent is caer*g_gircoaluninate or am no

zircoalum nate or m xtures thereof. 16. The vinyl acetate adhesive of
claim 1, wherein the coupling agent is gama-

gl yci doxypropyl tri met hoxy-sil ane or ganmma-am nopropyltriethoxy-silane or
am no nodified organosilane ester or m xtures thereof 15 17. A pol yvi nyl
acet at e based adhesi ve for bondi ng nel am ne fornmal dehyde resin treated
paper to particle board, conprising; polyvinyl acetate polynmer enul sion,
about 2-4 percent tackified polyvinyl alcohol solids by weight of the

H & laYaNilleY m + beadacal i dce  hy ookt af tha ~dbaci
SO 1 TN M1 S M L M- P 4 SR T e
1.5-2.5 per Jgn R 3"1513 Q“:'oxts)’\ AL G TR OARSTO) 9%% A 1ES) gent
sol i de by AN Cf‘agr:;:ﬂ{ g0 L0/ BY 3/4” (511 1147 (1411 {(14/18)
20 "{0/18) [~ Q' (0/16) 0" (0/16) 3/16" (7/16) | 116" (7/16)
22 3/8" (12/16) | 1/4"(7T18) | 5/18" (8/18) | 1/4" (15/18) | 1/8" (11/16)
24 1/2° (11/16) | 1/4" (4/118) | 5/16" (6/16) | 3/16" (8/16) | 3/16” (6/16)
*8tarch is percent by weight of the adhesive..

""Basis weight of decorative paper in pounds per 3000 square foot.
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Water soluble and dispersible silane, titanium and zircoaluminate coupling agents can
be used in polyvinyl acetate emulsion adhesive formulations for increasing the strength
of the bond between melamine formaldehyde resin treated paper and particle board.
Prefer(ed coupling agents are titanate or zircoaluminate coupling agents. Additionally,
melamine treated paper can shrink as it further cures during the bonding of the

melamine formaldehyde treated paper to particle board under temperature and
pressure.

Titanium coupling agents and zircoaluminate coupling agents that are useful in the
adhesive of this invention are water soluble or dispersible and that can be used in the
pH range of 2-6. Tyzor LA Titanate - dihydroxybis (ammonium lactato) titanium and
Tyzor 131 Titanate - mixed titanium ortho ester complexes supplied by Du Pont .
Chemicals increase adhesive bond strength. Manchem CPG - carboxy zircoaluminate

and Manchem APO-X -amino zircoaluminate solution supplied by Rhone-Poulenc Inc.
also increase adhesive bond strength.

Silane coupling agents, including Silquest A-187 Silane - gama-
gly?‘tdoxypropyltrimemoxy-silane, Silquest A-1100 Silane - gamma-
aminopropyltriethoxy-silane, and Siiquest A-1128 Silane - amino modified organosilane
ester supplied by QS Specialties, Inc., also increase bond strength. However, silane

coupﬁ::lg agents may not have sufficient stability in polyvinyl acetate emulsion based
adhesives for long term storage prior to use.

Coupling agents are effective in the range of 0.5t05.0preferably 0.5 t04.0 andmost prefersbly
1_-§_E_9_§_:Q. percent by weight of the adhesive formulation. Higher concentrations
of coupling agents can reduce the bonding capability of adhesive formulations.

The effectiveness of polyvinyl acetate emulsion based adhesives for bonding melamine
formaldehyde resin treated decorative solid color and print paper to particle board is
il{ustrated by the following examples. In these examplies, titanate. zircoaluminate and
silane coupling agents are formulated in an adhesive containing polyvinyl acetate
emulsion and polyvinyl alcahol. This adhesive has the following formulation:
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18. The vinyl_ acetate adhesive of claim 17, wherein the starch is corn
starch having a particle size of about 5-25 mcron and a nedian particle
si ze of about 15 mcrons. 19. The vinyl acetate adhesive of claim 17,

wherejn the tackifier is butyl benzyl pht h?é@ﬁﬁ 568& 28 th\é%E:ygbg

acet ate adhesive of claim 17, wherein the

titanate or zircoal um nate coupling agent or a mi xt ure thereof. 21.
The vinyl acetate adhesive of claim 17, wherein coupling agent is a
titanate or zircoal um nate coupling agent or a m xture thereof. 22. The

vinyl acetate adhesive of claim 17, wherein the coupling agent is

di hydroxybi s (ammonium |l actate) titaniumor a m xed titaniumortho ester
conpl exor mxldres 5 HE%R&*@@& acbing JEEoKhMIE ABERANGE PRBRSEYC of
claim17, where| n the coup FE IS’ reqﬂib_% I rcoal um nate or am no
zircoal um nate or m xtures ereof E he vi nyl acetate adhesive of
claim 17, wherein the coupling agent is gama-

gl yci doxypr oy § tph MRda 9 cohheRBEndY tJUTRopATEANIBN Ot & T iNQberx B8 51302389, OF

am no filed October 31, 1996, which 1s a Continuation-In-Part of US
Application Serial Number 08/688,932, fiTed July 31, 1996.

T A\ !

Field of the Invention
This invention relates to polyvinyl acetate emulsion based adhesives for bonding
melamine formaldehyde resin treated decorative solid color and print paper to particle
== board. This polyvinyl acetate emulsion based adhesive has sufficient wet bond
strength for holding sheets of melamine resin treated paper on the top and bottom
surfaces of sheets of particle board as these panels are moved through a heating and
pressing zone. This adhesive substantially eliminates stress cracking of cured
melamine resin treated paper on these panels. This adhesive substantially eliminates
wrinkling and edge and comer peel resulting during the movement of these panels
through a heating and pressing zone. This adhesive also bonds melamine
formaldehyde resin treated paper to particle board with greater bond strength than the
internal strength of the particle board. Thereby, meilamine formaldehyde treated paper

would not be separated from particle board unless sufficient force is applied for tearing
pieces from the particle board.

> - f R
High pressure laminate can be adhesively bonded to a substrate material such as
plywood, hardboard, particle board, cement-asbestos board, and the like, to give It
additional strength and rigidity for its intended structural use. The bonding process
usually requires. as the initial step, the sanding of the back surface of the laminate to
ensure an adequate bond between the laminate and adhesive used in bonding the

N/ laminate and substrate material. The sanding step adds to the manufacturing costs of
laminate. Laminates are relatively inflexible after the resins contained therein have
been cured during the lamination process. Thin laminates {e.g., laminates comprising
merely an overlay sheet, a decorative sheet, and single sheet of kraft paper or liner
board) are particularly susceptible to damage during the sanding step due to their
brittleness after lamination. The need for sanding can be obviated by coating the
backing sheet with a thermoset adhesive. The resulting laminate is readily glueable to

" substrates with conventional adhesives. (Hosmer, et. al., U.S. 4,258,103)

A useful adhesive compaosition comprises copolyester elastomer and a compatible low
molecutar weight thermoplastic resin. The copolyester elastomer possesses.improved
adnesion particularly at high temperatures and under high applied stress: fhe
copolyester elastomer consists essentially of a multiplicity of recurring short chain ester
units and long chain ester units joined thraugh ester linkages. These adhesive
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10 - . nodified organosilane ester or m xtures thereof. 25. A

polyvi nyl acetate based adhesive for bondi ng nel am ne fornmal dehyde resin
treafted paper to particle board, conprising; polyvinyl acetate polyner

emul si on, about Z-Z percent—tacki fi ed pol yvi nySubstitnitelsheet + @6 Jynen280gBt of

t he. adhesi ve, ’ Hull yppent corn starch solids_having a particle size
Li gl muﬁﬂ"mm: and a nedian particl H{}_?JLM@@ .

of about 5-25

m crons by wei ght® of- t He &dhesi ve, about 5- 10 percent-
pht-hal ate tackifier solids by weight of 26 he adhesi v and about 1.5
percent a mixed titaniumortho ester conplex solidsi by ViR i cof t
adhesi ve. [

| ]

WE CLAIM: B
R __!
1. A polyvinyl acetate based adhesive for bonding melamine formaldehyde resin
treated paper to particle board, comprising; polyvinyl acetate polymer emulsion,
5 tackified polyvinyl alcohol, starch, tackifier and water soluble or dispersible
coupling agent.

2. The vinyl acetate adhesive of claim 1, wherein tackified polyvinyl alcohol solids
comprise about 1.5-4.5 percent by weight of the adhesive.

3. The vinyl acetate adhesive of claim 1, wherein tackified polyvinyl alcohol solids
10 comprise about 2-4 percent by weight of the adhesive.

4, The vinyl acetate adhesive of claim 1, wherein tackified polyvinyl alcohol solids

comprise about 3.5 percent by weight of the adhesive.

5. The vinyl acetate adhesive of claim 1, wherein starch solids comprise about 20-35
percent by weight of the adhesive.

15 6. The vinyl acetate adhesive of claim 1, wherein the starch is corn starch having a

particle size of about 5-25 micron and a median particle size of about 15 microns.

) 7. The vinyl acetate adhesive of claim 1, wherein tackifier solids comprise about 0-15
percent of the adhesive.

8. The vinyl acetate adhesive of claim 1, wherein tackifier solids comprise about 5-10
20 percent of the adhesive.

9, The vinyl acetate adhesive of claim 1, wherein the tackifier is butyl benzyl
phthalate.

10.  The vinyl acetate adhesive of claim 1, wherein coupling agent solids comprise

about 1-5 percent by weight of the adhesive.
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The vinyl acetate adhesive of claim 1, wherein coupling agent solids comprise

about 1.5-2.5 percent by weight of the adhesive.

The vinyl acetate adhesive of claim 1, wherein the coupling agent is a silane,

titanate or zircoaluminate coupling agent or a mixture thereof.

The vinyl acetate adhesive of claim 1, wherein coupling agent is a titanate or

zircoaluminate coupling agent or a mixture thereof.

The vinyl acetate adhesive of claim 1, wherein the coupling agent is dihydroxybis
(ammonium lactate) titanium or a mixed titanium ortho ester complex or mixtures
thereof.

The vinyl acetate adhesive of claim 1, wherein the coupling agent is carboxy

zircoaluminate or amino zircoaluminate or mixtures thereof,

The vinyl acetate adhesive of claim 1, wherein the coupling agent is gama-
glycidoxypropyltrimethoxy-silane or gamma-aminopropyltriethoxy-silane or amino

modified organosilane ester or mixtures thereof.

A polyvinyl acetate based adhesive for bonding melamine formaldehyde resin
treated paper to particle board, comprising; polyvinyl acetate polymer emulsion,
about 2-4 percent tackified polyvinyl alcohol solids by weight of the adhesive,
about 20-35 percent starch solids by weight of the adhesive, about 5-10 percent
tackifier solids by weight of the adhesive and about 1.5-2.5 percent water soluble or

dispersible coupling agent solids by weight of the adhesive.

The vinyl acetate adhesive of claim 17, wherein the starch is corn starch having a

particle size of about 5-25 micron and a median particle size of about 15 ‘microns.

The vinyl acetate adhesive of claim 17, wherein the tackifier is butyl benzyl
phthalate.

The vinyl acetate adhesive of claim 17, wherein the coupling agent is silane,

titanate or zircoaluminate coupling agent or a mixture thereof.
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The vinyl acetate adhesive of claim 17, wherein coupling agent is a titanate or

zircoaluminate coupling agent or a mixture thereof.

The vinyl acetate adhesive of claim 17, wherein the coupling agent is dihydroxybis
(ammonium lactate) titanium or a mixed titanium ortho ester complex or mixtures

thereof.

The vinyl acetate adhesive of claim 17, wherein the coupling agent is carboxy

zircoaluminate or amino zircoaluminate or mixtures thereof.

The vinyl acetate adhesive of claim 17, wherein the coupling agent is gama-
glycidoxypropyltrimethoxy-silane or gamma-aminopropyltriethoxy-silane or amino

modified organosilane ester or mixtures thereof.

A polyvinyl acetate based adhesive for bonding melamine formaldehyde resin
treated paper to particle board, comprising; polyvinyl acetate polymer emulsion,
about 2-4 percent tackified polyvinyl alcohol solids by weight of the adhesive,
about 20-35 percent comn starch solids having a particle size of about 5-25 micron
and a median particle size of about 15 microns by weight of the adhesive, about 5-
10 percent butyl benzyl phthalate tackifier solids by weight of the adhesive and
about 1.5-2.5 percent a mixed titanium ortho ester complex solids by weight of the

adhesive.



