1 COVPOSI TI ON," ADHESI VE AND AQUEQUS EMULSI ON The present invention relates
to a-COnﬂﬁSITTﬂﬂ‘ —an_adhe évg and an aqueqyg,.emul sion. Mre particularly,
it pertaiihs PRPYRRITDOR! t YR Usef ul fommamvaxw@kwhmﬁmuse espec&ally*as an

adhesi ve,, an adhesiv HE strength
and vvater’ resi stance gﬁ%ﬁ%ﬁ' 2@5%‘;‘%! @gﬂ}pg@% and" an aqueous

enul si-on as, ‘the material for said adhesive and the Ilke Differing fromthe
conventlonal am nopl ast adhesi ve, an adhesi ve whi ch conprises as princi pal

i ngredi'ents, a water- soluble high nolecular conpound, an aqueous enul sion
and an isocyanate conmpound is free fromthe generation of formalin and

devel ops an extr el ¥l tAdRRenMe ot NHR ARG WRiRnposition, an
adhesive and an aqueous emulsion. More particularly, it
pertains to a composition useful for a variety of use
especially as an adhesive, an adhesive excellent in initial
adhesivity, adhesive strength and water resistance which
comprises said composition, and an aqueous emulsion as the

material for said adhesive and the like.

Differing from the conventional aminoplast adhesive, an
adhesive which comprises as principal ingredients, a water-
soluble high molecular compound, an aqueous emulsion and an
isocyanaté compound is free from the generation of formalin
and develops an extremely high adhesive strength and water
resistance only by press bonding at ordinary temperature for
a relatively short time and therefore, is admirably used as
an adhesive for wood (refer to, for example Japanese Patent
Application Laid-Open Nos. 94739/1973 and 69139/1975). There
have been proposed also as the similar adhesives, an aqueous
adhesive composition which comprises the emulsion of a
copolymer of a hydroxyl group-containing monomer such as
allyl alcohol, 2-hydroxyethyl acrylate, N-methylolacrylamide
or the like and vinyl acetate-or the like; and a divalent
isocyanate compound (Japanese Patent Application Laid-Open
No. 26346/1974) and water-resistant adhesive composition

comprising a polyvinyl acetate emulsion using a polyvinyl
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resi stance only by press bonding at ordinary tenperature for a relatively

short tinme and therefore, is admrably used as an adhesive for wood (refer

to, for exanple Japanese Patent Application Laid-COpen Nos.:. 947391973 and

69139/ 1975). There have been proposed al so as the .sinilar adhesi'ves, an

aqueous adhesi ve conposition which conprises the enul sion of a cogolyner of

a hydroxyl grlmghabrasiaidispencast tpodtestive ycobledfhdl and. AyRPSXYELAPE

acrylate, N-nethylolacrylanmde or the |ike and vinyl acetate 8r, h& like;

and” a di val éifoq¥aNALE RMRAHRDuHIRPIReRM Ratent MPPRHFRFLAPRi BATEaPEEBpen

No. 26346/ 1974) and water-resistant adhesive co osiéﬂon.conggis%ggig a

pol yvi nyl ad¥-at3B A X3 Dh) usi Tese pbs yXepg¥ted an adhesive comp g

polymer emulsion stabilized by polyvinyl alcohol, said

polymer emulsion being produced by two-stage polymerization
process wherein in the first stage is produced a vinyl

acetate copolymer having a glass transition temperature of 10

to 40°C and in the second stage is produced a methyl

methacrylate copolymer having a glass transition temperature
of 50 to 120°C at a ratio of the vinyl acetate copolymer to

the methyl methacrylate copolymer being 10:1 to 10:6

(Japanese Patent Application Laid-Open No. 302485/1990).

Moreover, there is disclosed an aqueous emulstion usable
for an adhesive comprising as the dispersoid, polystyrene,
polymethyl methacrylate, polymethyl acrylate, methyl
methacrylate/butadiene copolymer, polyvinyl chloride or
polyvinyl acetate and as the suspending agent, polyvinyl
alcohol having a mercapto group at an end thereof (Japanese

Patent Application Laid-Open No. 197229/1985).

! Under such circumstances, there has recently been
established Japanese Industrial Standard (JIS) regarding
adhesives for wood comprising an aqueous high molecular
compound and an isocyanate compound.

With increase in the objects to be bonded, however,
there has arisen the necessity for further enhancing the
present adhesivity level as the case may be. Specifically,

an adhesive is sometimes required to-have higher durability

as the structural adhesive or further enhanced initial
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2 al cohol as a dispersant (protective colloid) and a polyval ent isocyanate

compaound (lapanese Patent Application Laid-COpen No. 33178/1991). These is
r epd @isthesi ve conprising a polyner enul sion stabi'lized by ponV|nyI
al cd I pol ymer emnul si on being produced by two-stage ‘pol yneri zation
pr o ninthe first stage is produced a V|nyI acetate copolyner

s agiﬁfgtg-%;[%%égﬂgt %ﬁ’l’rm’étrer @at LA ft 7 40 a g ass 4 ransi fﬁ)%ét "9°
@Lﬁigfy%g%iﬁl%%gsﬁ%&m?ée%'al ff Ea%pfa%ﬁ%i%ﬂ% S to
nemu fN% v1%2%§5/1% QL resin using polyvinyl alcohol
(hereinafter sometimes abbrev1ated to "PVA") as the
dispersant has enhanced initial adhesivity but has caused the
problem of water resistance being insufficient.

For the requirement of high durability and/or high water
resistance there have heretofore been admirably employed an
aqueous emulsion of acrylic series and that of
’ styrene/butadiene rubber (SBR). However, since in the above-

mentioned aqueous emulsions has been used an anionic
surfactant or a nonionc surfactant alone or in combination
with each other as the dispersant at the time of emulsion
polymerization, the aqueous emulsions have involved the
problem that they could not develop such initial adhesivity
like the aqueous emulsion of vinyl acetate resin obtained by
using PVA as the dispersant and the problem of inferior
operation efficiency.

‘ It is the present state of the aforementioned
conventional adhesives that in spite of their performance
being recognized to some extent, an adhesive having
satisfactory performance in all respects of initial
adhesivity, adhesive strength and water resistance still

remains undeveloped.

It is an object of the present invention to solve the
problems of the prior arts as described hereinbefore and

thereby provide a composition well suited for use in an
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there is disclosed an aqueous enul stion usable for an adhesive
;A4S the dispersoid, polystyrene, polynethyl nethacrylate,
rylate, methyl nethacryl ate/butadi ene copol-yner, - pol yvi.nyl"
pol yvi nyl acetate and as the suspendi ng agent, polyvinyl
ing a nmercapto group. at an end thereof (Japanese Patent
N habdiPeenaMangl 8423 YrhoRoky Wnderajuedheisieutst ascesll kes e has
een established Japanese Industrial Standard (JI'S) regarding
f gkcabbentoaphesing atraefggehuanii ghten eeslistagaepound and an
it e conmpound. Wth increase in the objects to be bonded, however,
as ari senIthésnevetbery objecitucthéhee prasentg inveniiesetio aftasside ty

as the case nmay be. Specifically,
' an adhesive having satisfactory initial adhesivity as well as

excellent adhesive strength and water resistance which
adhesive is obtained by the use of the above-mentioned
composition.

It is Stiil another object of the present invention to
provide a wooden product excellent in adhesive strength and
) water resistance which is obtained by the use of the above-
mentioned adhesive.

It is a further object of the present invention to
provide an aqueous emulsion which constitutes a component of
the above-mentioned composition.

It is a still further object of the present invention to
provide a process for efficiently producing the above-
mentioned agueous emulsion.

Other objects of the present invention will be obvious
from the text of therspecification hereinafter disclosed.

The composition according to the present invention
comprises an (A) aqueous emulsion selected from an (A-1)
aqueous emulsion comprising a dispersoid which comprises a
vinyl ester polymer (1) and a copolymer having a glass
transition temperature of lower than 50°C containing
a methacrylic ester monomer unit and/or an
acrylic ester monomer unit; and a primary hydroxyl group-
containing ethylenically unsaturated monomer unit (2), said

polymer (1) being present principally in the central part of
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an adhesive is sonetines required to have higher durability as the
structural adhesive or further enhanced initial 3 dispersoid, said
copol ymer (2) being present principally in the peripheral thereof, the
ratio by weight of said polymer (1) to said copolyner-(2) being in the
range of 9:1 to 1:9; and a dispersant conprising a vinyl alcohol polyner.

10.  An aquesniy eMEesoid] CHa L@NBEHSESMER (2 De iy epresent| psincipally
conprising a dlsper50|d whi ch conprises a copol yner containing at | east one

hydr ophobi ¢ ifhstielirpéetbliralrepatiti theeéef) ethé roatio ney eeightcoéssedd
nmononmer unit, acrylic ester nmononer unit, styrenic nononer unit, diene
nmonomer uni tpadnenal gk Nt esia 1dh sedpio byeer noRpnpeingiin the mange of 9:1
to 1:9; and a dispersant comprising a vinyl alcohol polymer
and an (A-2) aqueous emulsion comprising a dispersoid which
comprises a copolymer containing at least one hydrophobic
unsaturated monomexr unit selected from
a methacrylic ester monomer unit, acrylic ester monomer
unit, styrenic monomer unit, diene monomer unit and
b halogenated unsaturated monomer unit; and a primary hydroxyl
group-containing ethylenically unsaturated monomer unit in an
amount of 0.1 to 50% by weight based on said copolymer; and a
dispersant comprising a vinyl alcohol polymer having a
mercapto group at an end thereof and a (B) polyvalent

isocyanate compound.

Fig. 1 is an explanatory drawing schematically showing
the structure of the dispersoid in the (A-1) agueous emulsion
ib in which the symbol 1 is the polymer (1) and the symbol 2 is

b the copolymer (2).

The composition according to the present invention
comprises (A) an aqueous emulsion and (B) a polyvalent
isocyanate compound, said emuision.comprising an (A-1)
aqueous emulsion or (A-2) aqueous emulsion. The tA—l)
aqueous emulsion comprises the dispersoid and the dispersant

described hereinbefore. The disperséid is the aggregate of

each being composed of the vinyl ester polymer (1) and the
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pri mary hydroxyl group-containing ethylenically unsaturated nononmer unit in
an anmount of 0.1 to 50% by wei ght based on said copol yner; and a di spersant
conprising a vinyl alcohol polyner having a nercapto-group at an.enhd -
thereof. 11. A process for producing an (A-1) aqueous -enul sion as set
forth in Caim?7 which conprises subjecting a vinyl ester nonomer to

enul si on patopEIyret | RAvingt AegPagsepesngtiondtengesatureosir Loweg ahannyl
al cohol polyner to produce a vinyl ester polyner (1) and thereafter
subj ecti ng 50 NEtEGSt¥IhENnGSAEr 168886MBhe AMEMDEr a8eBacybdc fesmemerhacmyl iznd.

a primary hydroxyl group-containing ethylenically unsaturated nonomer to
emul si on pagteEr iRGhdmer absdt i and hecpyksenestet mandmdrspeitant to produce
a copolynmer (2).
(hereinafter sometimes collectively referred to as
"(meth)acrylic ester monomer unit") and a primary hydroxyl
group-containing ethylenically unsaturated monomer unit (2).
The vinyl gster polymer (1) includes a.variety of
polymers and is generally exemplified by the (co)polymers
comprising as primary unit, the vinyl ester unit such as
’ vinyl acetate, vinyl propionate, vinyl pivalate, vinyl ester
of tertiary carboxylic acid having 8 to 10 carbon atoms (for
example, vinyl ester produced by Shell Chemical Co., Ltd.
under the tradenamel"Veova 10"), vinyl stearate, vinyl
formate, vinyl valerate, vinyl caprinate, vinyl laurate and
vinyl benzoate; and the copolymer of any of the above-
mentioned vinyl ester units and not more than 30% by weight
of a copolymerizable monomer unit such as ethylene or vinyl
chloride and a monomer unit having a small amount of a
functional group such as éarboxyl group or amide group. The
. glass transition temperature (Tg) of the aforementioned wvinyl
ester polymer (1) is not specifically limited but is
preferably in the range of -10°C to 40°C. A Tg of the
polymer (1) of lower than -10°C or higher than 40°C may lower
the adhesive strength when thevaqueous emulsion is used as an
adhesive.
The copolymer (2) is the copolymer containing a

(meth)acrylic ester monomer unit and a primary hydroxyl

group-containing ethylenically unsaturated monomer unit and
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adheS|V|ty as ordinary adhesive for individual use. In the case of the
| at t G satile application of an aqueous emnul sion of a vinyl acetate
' yvi nyl al cohol (hereinafter sonetines abbreV|ated to " PV, ")

resi
as t nt has enhanced initial adhesivity but has-caused the
pr obl r resistance being insuff|C|ent For t he requirement of high
dur al nd/or h| ance th f
riesan
%s\é.ﬁtt‘}fansﬂsez]%% e g; o Al VSt b@r‘fé})f

n aqueous enu

o dcen@egm%rly(% d%@veaberl,oww d“std‘% aheues JERIL AN

I'6ns has beén used an ani oni ¢ surfactant ‘or a noni onc

2l ANS00E itd aorki.nah ay Wit B RREN tNREs 26 ndie diSRUSBNthat the

S on
adhesive strength because of insufficient cohesive force in

*~+he case where the aqueous emulsion is used as an adhesive,
whereas a Tg of higher than 50°C deteriorates the film-
forming proper?ies resulting in decrease in the adhesive
strength in the case same as above.

The (meth)acrylic ester monomer unit constituting the
copolymer (2) is methacryiic ester monomer unit and/or
acrylic ester monomer unit and desirably contains both the
methacrylic ester monomer unit and the acrylic ester monomer
unit.

The methacrylic ester monomer unit includes a variety of
species and is preferably exemplified by a monomer unit
having an alkyl group of.1 to 12 carbon atoms such as those
derived from methyl methacrylate, ethyl methacrylate, propyl
methacrylate, butyl methacrylate, 2-ethylhexyl methacrylate,
dodecyl methacrylate and dimethylaminoethyl methacrylate; the
units each derived from a quaternary compound of any of the
aforestated 7 monomer units; and the units each derived from
any of methacrylamide and ethylene glycol dimethacrylate,
among which is preferable a methacrylic ester unit having an
alkyl group of 1 to 4 carbon at;;s.

As is the case with the above, the acrylic ester monomer
unit includes a variety of species and is exemplified by a
monomer unit having an alkyl group of 1 to 12 carbon atoms

such as those derived from methyl acrylate, ethyl acrylate,
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pol yneri zati on, the aqueous enul sions have involved the problemthat they
coul d not develop such initial adhesivity |ike the aqueous enul sion of

vinyl acetate resin obtained by using PVA as the di spersant--and the "probl em
of inferior operation efficiency. It is the present state of the

af orenenti oned conventional adhesives that in spite of their performance
bei ng t ecogMrARY Y ARt dmtylamemifatiee It nenykiaervljte, decyl
performance in all respects of initial adhesjivity, adhesive stren ih and
wat er resi s@&Fddadg | 1IGqdarinfandaks @@H.dnmevwwm%m%fa?ﬁg BF8sent

I nvention to_solve the probl ens of the prior arts as descri bgdogeé&irnggfore

and t her eby FfoWddSh &G HhASTHEVET I &iqurbsTemE TP

the aforesaid 8 monomer units; and the units each derived

from any of acrylamide, N,N-dimethylacrylamide, acrylamide-2-

methylpropanesulfonic acid and sodium salt thereof, among

which is preferable an acrylic ester unit having an alkyl

group of 1 to ; carbon atoms.

Also, the primary hydroxyl group-containing

' ethylenically unsaturated monomer unit includes a variety of
species and is preferably exemplified by those derived from
hydroxyethyl acrylate, hydroxyethyl methacrylate,
caprolactone-modified (meth)acrylic ester, N-alkylolamide
from «,B-ethylenically unsaturated carboxylic acid having 3
to 10 carbon atoms such as N-methylolacrylamide, N-
ethanolacrylamide, N-propanolacrylamide, N-
methylolmethacrylamide, N-ethanolmethacrylamide and N-
methanolmaleamide, and allyl alcohol.

The aforestated (meth)acrylic ester monomer unit and
primary hydroxyl group-containing ethylenically unsaturated
monomer unit may contain one member or at least two members
in combination, respectively.

The foregoing copolymer (2) may contain a copolymerized
monomer unit in addition to the above-described (meth)aérylic
ester monomer unit and primary hydroxyl group-containing '
ethylenically unsaturated monomer unit insofar as the
copolymer has a glass transition temperature (Tg) of lower

than 50°C, such copolymerized monomer unit being exemplified
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5 adhesive having satisfactory initial adhesivity as well as excellent
adhesive strength and water resistance. It is another object of the present
i nvention to provide an adhesi ve havi ng satlsfactory initi-al adhesivity as
wel | as excellent adhesive strength and water resistance which adhesive is
obtai ned by the use of the above-nentioned conposition. It is still another
obj ect of tiwe presemiciandht and 8depeounte sumbodanbptgdmenee%@élIent I n
adhesive strength and water resistance which is obtained by the use of the
above- isoprene. In addition, the copolymer (2) may contain a

monomer unit having a functional group other than a primary

hydroxyl group or divinyl monomer unit such as ethylene

glycol dimethacrylate.

As mentioned hereinbefore, the copolymer (2) is composed
of the (meth)aq;ylic ester monomer unit and primary hydroxyl
group-containing ethylenically unsaturated monomer unit. The
proportion of each of the aforesaid constitutional units is

? not specifically limited insofar as the copolymer has a Tg of
lower than 50°C, but the (meth)acrylic ester monomer unit is
in an amount of usually 85 to 99.8% by weight, preferably 99
to 99.5% by weight each based on the total amount of the
copolymer (2). In the case where both the methacrylic ester
monomer unit and acrylic ester monomer unit are used as the
(meth)acrylic ester unit, the methacrylic ester monomer unit
is in an amount of usuallf 20 to 70% by weight, preferably 30
to 65% by weight, and the acrylic ester monomer unit is in an
amount of 20 to 50% by weight, preferably 25 to 45% by
weight. The primary hydroxyl group-containing ethylenically
unsaturated monomer unit is in an amount of 0.1 to 50% by
weight, desirably 0.2 to 15% by weight, more desirably 0.5 to
10% by weight. An unreasonably small content of the primary
hydroxyl group-containing ethylenically unsaturated monome?
unit results in insufficient improvement in water resistance
of the adhesive obtained therefrom.

The dispersoid in the (A-1) aquéous emulsion according

to the present invention is the aggregate of each dispersoid
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mentioned adhesive. It is a further object of the present invention to
provi de an aqueous enul sion which constitutes a conponent_ of the

above- nentioned conposition. It is a still further'.object- of "tthe preSent
invention to provide a process for efficiently producing the above: '
menti oned aqueous emul sion. O her objects of the present invention wll be

obvi ous frogehpeiseny ?gl%ﬁsrswiqiBheahbselgﬁé%i@QBEehhdbﬁc&@&@danIhe

conposition according e present invention conprises an (A) aqueous
emul si on sedesbed iaparastcdcthradubewsismehsi polgmep i(1i)ng sa pdiespeitsoi d

whi ch conprises a vinyl ester polymer (1) and a copol ymer having a gl ass

transition peimpetpblle oh theetehltzalSphetr b€ thet dispegsoid, while the
copolymer (2) is present principaily in the peripheral part
thereof. In more detail, the structure of the dispersoid is
such that the polymer (1) (specifically in an amount of at
least 70% by wg;ght, desirably at least 80% by weight,
particularly desirably at least 90%) is present in the
central part of the dispersoid, whereas the copolymer (2)

; (specifically in an amount of at least 70% by weight,
desirably at least 80% by weight, particularly desirably at
least 90%) is present in the peripheral part thereof. The
polymer (1) and copolymer (2) which constitute the dispersoid
are each not always in the shape of sphere, but may be in
different shapes as illustrated in Fig. 1 schematically
showing the magnifiéd structure of the dispersoid, wherein
the symbol 1 is the polymer (1) and the symbol 2 is the
copolymer (2). Such double layer structure of the dispersoid
can be confirmed by means of a transmission electron
microscope. The ratio by weight of the polymer (1) to the
copolymer (2) in the suspensoid is 9:1 to 1:9, preferably 8:2
to 2:8. In the case where the percentage by weight of the
polymer (1) based on the total amount of the polymer (1) and
copolymer (2) exceeds 90%, the‘adhesive obtained from the
aqueous emulsion is deteriorated in water resistance, whereas
the percentage less than 10% by weight decreases the emulsion
stability.

As described hereinbefore, the (A-1) aqueous emulsion

AR S S
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a nethacrylic ester nononmer unit and/or an acrylic ester nononer unit; and

a primary hydroxyl group- containing ethylenically unsaturated nononmer unit
(2), said polymer (1) being present principally in the central ‘part of 6
sai d di spersoid, said copolynmer (2) being present principalfy in the '

e B et S ot e B G AR
G spet sor d wRRERRCBHBT s BCETRdp BETHEFLc S Bty S cadle GHS RIS e
the previously known PVA is available and suitable examples
thereof include the PVA having a degree of hydrolysis of 80
to 99 mol% and a degree of polymerization of 200 to 8000 and
the so called modified PVA, in which a functional group is
introduced in the main or side chain or to the end of
molecule therééf. Also, a previously known emulsion
stabili;er other than PVA may be used in combination with the

PVA as a component of the dispersant to the extent that the

-

addition of the dispersant does not impair the performance
such as initial adhesivity.

lThe average particle diameter of the dispersant in the
(A-1) aqueous emulsion according to the present invention is
not specifically limited but is desirably 0.5 to 2 um, more
desirably 0.8 to 1.5 uym. The concentration of the dispersoid
in the (A-1) agueous emulsion may be suitably determined
according to the various situations, but is desirably 40 to

3 60% by weight, more desirably 45 to 55% by weight. The

%s concentration of the dispersant in the (A-1) agqueous emulsion

¥
:
&
o~

is not specifically limited as well but is desirably 0.2 to
50 parts by weight, more desirably 1 to 10 parts by weight
per 100 parts by weight of the dispersoid.

As described hereinbefore, the dispersoid in the (A-1)
aqueous emulsion according to the present invention forms the
specific double layer structure. In the case, however, where
a double layer structure is not formed or in spite of a

double layer structure being formed, the polymer (1) is

This Sheet Has Been Replaced

AN




unsat urated nononer unit selected from a nethacrylic ester nononmer unit,
acrylic ester nononmer unit, styrenic nmononer unit, diene nonomer unit and
hal ogenat ed unsaturated nononmer unit; and a primary - hydroxyr C o
group-containing ethylenically unsat urated monomer: umit”in an amount of 0.1
to 50% by wei ght based on said copolyner; and a di spersant conprising a
vi nyl aIccﬁunrgﬁﬁqwmmrimm1p@lbynencvpeopgrnnbea@lanaéhd0§h§h60ﬁ1§§5r§°69)
pol yval ent isocyanate conpound. Fig. 1 is an explanatory draw n
schemat i cal 13n& Heve recpdLyBer UE2 Ur s opresentli BpERGHPYL LY %ﬁett‘ﬁ- EPr&gadous
emul sion in which the synbol 1 is the p Xner (1) and the éng g, 'S %he
copol ymer :Qaquﬁh%%m%%slF?%na%ﬁ%%ﬂﬁlﬁ@u $ienelHrBBHt IRNFEAPLLATY an
further fails to develop sufficient water resistance when
used in an adhesive.
In the (A-1) agueous emulsion according to the present
invention, the foregoing dispersoid is stabilized in aqueous
emulsion by the dispersant comprising the PVA. To the (A-1)
aqueous emulsion, if necessary, different types of aqueous
v emulsions may be added and exemplified by vinyl acetate,
ethylene/vinyl acetate copolymer, polychloroprene,
polybutadiene, styrene/butadiene copolymer,
butadiene/acrylonitrile copolymer, butyl rubber, polyacrylic
acid ester, polyvinyl chloride and polyvinylidene each in the
form of emulsion.
On the other hand, the (A-2) agqueous emulsion comprises,
as described hereinbefore, the dispersoid and dispersant.
The aforementioned dispersoid comprises a copolymer
containing as constitutional units, at least one hydrophobic
unsaturated monomer unit selected from ) ) -
a methacrylic ester monomer unit, acrylic ester unit,
styrenic monomer unit, diene monomer unit and halogenated
unsaturated monomer unit; and a primary hydroxyl group-
containing ethylenically unsafurated monomer unit.
Here, the methacrylic ester monomer unit and acrylic
ester monomer unit include each a variety of species and are

preferably exemplified by those in the case of the above-

described (aA-1) agqueous emulsion.
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conprises (A) an aqueous emul sion and (B) a polyval ent isocyanate conpound,
sai d emul sion conprising an (A-1) aqueous enul sion or (A-2) aqueous

enul sion. The (A-1) aqueous enul sion conprises the dispersoid and the

di spersant described hereinbefore. The di spersoid is the aggregate of each
bei ng conposed of the vinyl ester polyner (1) and the 7 copol ynmer havi ng
a gl ass transti @xamplesy aifurthefstymiiid hivhdtd:erudit condhnde ng widéeast

one nmenber selected fromnethacrylic ester nononer unit and acrylic ester
mononer unidi vighresidgiynafft evpesiret,i rarsorep [Wieicth \eetey predfragly oumkts
derived from styrene, g-methylstyrene, p-methylstyrene, o-
methylstyrehe, p—styrenesulfonic acid and an alkali salt
thereof such as sodium salt and potassium salt.

Examples of the diene monomer unit include a large
variety of species, among which are preferably units derived
from bﬁtadiéne, isoprene, chloroprene and neoprene.

Examples of the halogenated unsaturated monomer unit

} include a variety of species, among which are preferably
units derived from vinyl chloride, vinylidene chloride, vinyl
bromide and vinylidene bromide.

The primary hydroxyl group-containing ethylenically
unsaturated monomer unit in the (A-2) aqueous emulsion
includes a variety of species and is preferably exemplified
by those in the case of the above-described (A-1) aqgueous
emulsion.

The aforementioned at least one hydrophobic unsaturated
monomexr unit selected from a
methacrylic ester monomer unit, acrylic ester monomer unit,
styrenic monomer unit, diene monomer unit and ﬁalogenated
unsaturated monomer unit, and primary hydroxyl group-
containing ethylenically unsaturated monomer unit may contain
one member or at least two memﬁérs in combination,
respectively.

The above-mentioned copolymer which constitutes the
dispersoid of the (A-2) aqueous emulsion of the present

invention indispensably comprises the aforesaid hydrophobic
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"(meth)acrylic ester nmononer unit") and a prinmary hydroxyl group-containing
ethyl enically unsaturated nononer unit (2). The vinyl ester polyner (1)
includes a variety of polyners and is generally exenpl’i fied by the-

(co)pol ymers conprising as primary unit, the vinyl éster unit such- ‘as V|nyl
acetate, vinyl propionate, vinyl pivalate, vinyl ester of tertiary

b oduokd by ST sy e SRR g gl R SRl 1) vy
stearate, Q&Waﬂrﬁrﬁﬁat@uhy’i&ﬂcﬂﬁiﬁr@ﬁ&?d Fd¥da GRIMAHREE Cun¥t NYAnb OHEG! €

and. vinyl benzoate;" and the copolymer any of the above- nentioned vinyl

ester unitso¥hiiol IMrRldieibs0fe bhaed e Hiated GRMIMNEF | dRDLE, MRNOMET
unit such as ethylene or vinyl chloride and a nonomer unit haV|ng a snall

amount of @opolymerized monomer unit exemplified by vinyl ester monomer
unit such as those derived from vinyl acetate, vinyl formate,
vinyl versate and vinyl pivalate, mono-olefinic monomer unit
sﬁch as ethylene and propylene and nitrile monomer unit such
a acrylonitrile and methacrylonitrile to the extent that the
addition thereof does not impair the effect of the preéent
) invention.

The content of the above-mentioned copolymerized monomer
unit in the copolymer is desirably 20% or 1ess.by weight,
more desirably 10% or less by weight.

The content of the primary hydroxyl group-containing
ethylenically unsaturated monomer unit in the copolymer
constituting the dispersoid in the (A-2) aqueous emulsion
according to the present invention is indispensably 0.1 to
50% by weight, desirably 0.2 to 15% by weight, more desirably
0.5 to 10% by weight.

An unreasonably low content of the primary hydroxyl
group-containing ethylenically unsaturated monomer unit
decreases the effect on the crosslinkage with the polyvalent
isocyanate compound as the component (B), thus failing to
sufficiently develop water resi;tance required for the
adhesive obtained therefrom. Conversely, an excessively high
content thereof unreasonably increases the hydrophilic nature
of the copolymer constituting the dispersoid, thereby

decreases the polymerization stabiiity at the time of
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functional group such as carboxyl group or am de group. The gl ass
transition tenperature (Tg) of the aforenentioned vinyl ester polynmer (1)
is not specifically limted but is preferably in the Tange- of --10[errJC to .
40[err]C. A Tg of the polynmer (1) of lower than -10[err] C or higher -than =
40[ err] C may Iomer the adhesive strength when the aqueous emulsion is used

as an adhesigg, M&@izé@ioﬁ%ﬁ@%&@@?lé‘%@{sf & ENghé aqueous

(neth)acryllc ester no unit and a primary hydroxyl group- contalnlng

et hyl eni cal lghyins@id!r S £ch FONSERE] $0hg ARdFaildre to sufficiently develop
water resistance required for the adhesive to be made from
the aqueocus emulsion.

The content of the hydrophobic unsaturated monomer unit
in the copolymer is desirably 50 to 99.9% by weight, more
desirably 85 to 99.8% by weight, furthermore desirably.90 to
99.5% by weight.

The.glass transition temperature (Tg) of the copolymer

'ﬂ which constitutes the dispersoid in the (A-2) aqueous
emulsion according to the present invention is not
specifically limited, bﬁt is desirably not lower than -10°C
to lower than 50°C, more desirably from -10°C to 40°C. A Tg
of lower than -10°C may decrease the adhesive strength on
account of insufficient cohesive force, while a Tg of 50°C or
higher may deteriorate the film-forming properties resulting
in decrease 1in the adhesive strength.

The (A-2) agueous emulsion according to the present

*b invention, as described hereinbefore, comprises the

? aforestated dispersoid and dispersant, which comprises PVA

having a mercapto group at an end thereof. Such PVA as above
may be chemically bonded to the copolymer of the dispersoid
by graft reaction or may be physically adsorbed on the

copolymer of the dispersoid, but the former chemical bonding

is preferable.
Although the use of a PVA having a mercapto group in the
main chain thereof instead of at an end thereof can develop

the effect to some extent, the use thereof is not desirable
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a glass transition tenperature (Tg) of lower than 50[err]C, desirably from

5[err]Cto lower than 50[err]C, nore desirably from10[err]Cto 40[err]C A
Tg of lower than 5[err]C may decrease the adhesive.strength because of

i nsufficient cohesive force in the case where the adqueous enul sionis used

as an adhesive, whereas a-Tg of higher than 50[err]C deteriorates the film

form ng prepertises g Hddd it 1 et eant Tibi e, 260651 dife Sté epgsh in the
t J)a ry

case sane as above. The (ne | c ester nononer unit constituting the

copol ymer (£dlrmati®Rf RAC I 10l BES bIRN WPt HE) dx AW Don a6f YPYA £6$€LEf.
nmononer unit and desirably contains both the nethacrylic ester nononer unit

and the acriplerefRTes! IHPRNEN(AND ) .achitbuRtdineIgidt fst@rdimporer thai t
i ncludes a variety of
present invention, there should be used the PVA having a
mercapto group at an end thereof, preferably the PVA having a
mercapto group at one end only thereof, since the use of the
latter can eliminate the fear of insolubilization and
facilitate the handling thereof. The PVA having a mercapto
group at an end thereof to be used in the present invention
} may have a different functional group in the main or side
chain of the PVA in addition to the mercapto group at an end
thereof.
| The aforesaid PVA having a mercapto group at one énd
only thereof can be prepared for example, by hydrolyzing a
vinyl ester polymer obtained by polymerizing, in the presence
of a thiolic acid, a vinyl monomer comprising a vinyl ester
monomer as primary component.

The degree of polymerization of the PVA having a
mercapto group at an end thereof to be used in the present
invention may be determined according to respective
situations without specific limitation, but is desirably 3500
or less, more desirably 1500 or less. The degree of
hydrolysis thereof depends on the type of the other modifying
group and can not be uhequivocaily determined, but is
desirably not less than 70 mol% from the viewpoint of watef—
solubility. The dispersant may be composed of the PVA having
a mercapto group at an end thereof alone but may contain, in

addition to the above, a known PVA or an emulsifying agent
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species and is preferably exenplified by a nononer unit having an al kyl
group of 1 to 12 carbon atons such as those derived from nethyl

met hacryl ate, ethyl methacrylate, propyl methacryl ate,- butyl..methacy{ ate,
2-et hyl hexyl nethacryl ate, dodecyl -nethacrylate and di-met hyl ani noet Kyl

nmet hacryl ate; the units each derived froma quaternary conpound of any of
the af or est aiithekr MMMHBIVAINEG Sthd ek {10t UbhAE eR6ehadi®ityed thepeasydets
nmet hacryl am de and et hyl ene gl ycol dinethacrylate, anmong which. is
preferabl e angy Haciudd ctins teriulilidn eyl fpgeflzatkoh grabpl bEy lotoiditaabon
atons. As is the case wth the above, the acrylic ester nonomer unit

I ncl udes a vadheisivdftyspecies and is exenplified by a nononer unit having
an al kyl group of 1 to 12 carbon atons such as those derived from net hyl
acryl ate, ethyl a®whairtue of the high activity of the mercapto group in

radical reaction, the PVA having a mercapto group at an end
thereof can be highly reactive even with a monomer having a
relatively low radical reactivity such as methacrylic ester
monomer, aciylic ester monomer, styrenic monomer, diene

monomer and halogenated unsaturated monomer which have been

extremely difficult tb be made into a stable emulsion by the

%

use of the conventional PVA not having a mercapto group at an
end thereof as the dispersant. As a result, the PVA having a
mercapto group at an end thereof can be chemically bonded to
the particles of the dispersoid composed of the copolymer
comprising any of the aforementioned monomers as the

constitutional unit, thereby providing an exceptionally

stable agqueous emulsion.

The average particle diameter of the dispersoid in the
(A-2) aqueous emulsion according to the present invention is
not specifically limited but is desirably 0.2 to 2.0 uym, more
desirably 0.3 to 1.5 uym. The concentration of the dispersoid
in the (A-2) aqueous emulsion may be suitably determined
accoridng to the various situations, but is desirgbly 30 to
70% by weight, more desirabl§ 40 to 60% by weight. The
concentration of the dispersant in the (A-2) agueous emulsion
is not specifically limited as well but is desirably 0.5 to
30 parts by weight, more desirably 1 to 10 parts by weight

per 100 parts by weight of the dispersoid. In the case where
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9 propyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, decyl acrylate,
dodecyl acrylate and di net hyl am noet hyl acrylate;. the units each_derived
froma quaternary conpound of any of the af or esai d -8 nonofer unlts- and the
units each derived fromany of acrylam de, N, N-di nethylacfyl ani de,
acryl am de-2- net hyl propanesul fonic acid and sodi um sal t_thereof, among

whi ch is FPef SVaRRg Pl de‘%t%l t"%ﬁr}ﬁ%%l&ﬁ Sup of 1 to 4

Cnsat ur at SFSRERSHEA (T (Ohen ANRER A/ arL e dibe aepdudehdubaRte™! 1Y
from the foregoing desirable range in the (A-2) aqueous
emulsion of the present invention, polymerization stability
at the time of emulsion polymerization and water resistance,
durability and initial adhesivity of the adhesive obtained
from the aqueous emulsion may not be developed with favorable
balance amohg fhem.

To the (A-2) aqueous emulsion of the present invention,
if necessary, different types of agueous emulsions may be
added to the extent that the addition thereof does not impair
thé performance such as water resistance and initial
adhesivity, which emulsions are exemplified by those
described in the case of the foregoing (A-1) agueous
emulsion.

As described hereinbefore, the composition according to
the present invention comprises an (A) aqueous emulsion and a
(B) polyvalent isocyanate compound, which possesses at least
two isocyanate groups in a molecule and is enumerated by
tolylene diisocyanate (TDI1); hydrogenated TDI:; trimethylol
propane-TDI adduct (é.g. produced by Bayer AG under the
tradename "Desmodur L"); triphenylmethane triisocyanate;
methylenebis(diphenyl isocyanate) (MDI):; hydrogehated MDI;
polyﬁerized MDI; hexamethylene diisocyante; xylylene
diisocyanate; 4,4-dicyclohexylmethane diisocyanate: and
isophorone diisocyanate. There may be also used a prepolymer
having an isocyante group at an end thergof which is obtained

by preliminarily polymerizing a polyol with excessive
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species and is preferably exenplified by those derived from hydroxyet hyl
acryl ate, hydroxyethyl nethacrylate, caprolactone-nodified (nmeth)acrylic.
ester, N-alkylolamde from[err]-ethylenically unsat.urated- carboxyllc aci d
havifig 3. to 10 carbon atons such as N-nethyl ol acryl am de, N

et hanol acryl am de, N-propanol acryl am de, N net hyl ol net hacryl am de,
N-ethanolnetﬁ@éY?ﬁQﬁYéeaaﬁd N- net hanol mal eam de, and al lyl al cohol. The
af orestated (nmeth)acrylic ester nononer unit and primary hydrQxyl

gr oup- cont ai ni ng PﬁyP@ﬁP@HPﬂynGn§§¢Gpapédthﬁnéﬁéra&HFP“ﬁaﬁmH&ﬁﬁ%q1§9u§he
menber or at Ieast two_menbers in conbination, res i vely. % fare |ng
copol ymer (2§B ﬁa?oéﬁﬁ?é?ﬂtalﬁeﬁﬁpyﬁ§ﬁlE@BPﬁBﬁéweFo F efnc &@Fﬁ o

above- descrlg nmet h) acr
oregoing comg051t10n of the present invention, may be

suitably determined according to the various conditions, but
is desirably 10 to 150 parts by weight, more desirably 20 to
100 parts by weight of (B) polyvalent isocyanate compound per
100 pérts by wéight of (A) aqueous emulsion expressed in
terms of solid content.
é’ The composition according to the present invention.
comprises (A-1) aqueous emulsion in which is contained PVA as
the dispersant or (A-2) aqueous emulsion in which is
contained PVA having a mercapto group at an end thereof as
the dispersant, and according to the demand, a known PVA may
be added to either of the PVA in (A-1) aqueous emulsion and
the PVA in (A-2) aqueous emulsion.

The composition according to the present invention may
be incorporated, if necessary, with starch, denatured starch,
oxidized starch, sodium alginate, carboxymethyl cellulose,
methyl cellulose, hydroxymethyl cellulose, maleic
anhydride/isobutene copolymer, maleic anhydride/styrene
copolymer, water-soluble high molecular compound such as
maléic anhydride/methylvinyl ether copolymerrand a
thermosetting resin such as uréa/formalin resin,
urea/melamine/formalin resin and phenol/formalin resin, eaéh
resin being generally used in an adhesive.

In addition, the composition according to the present

invention may be incorporated as required with a filler such
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ester nmononer unit and primary hydroxyl group-containing ethylenically
unsat urated nmononer unit insofar as the copolyner has a.glass transition

tenperature (Tg) of lower than 50[err]C, such copo+yner|zed mohaner. unit -

bei ng exenplified 10 by styrenic unit and diene-unit ‘such as bt adi ene
and isoprene. In addltlon the copol yner (2) may contain a nononer unit

nav 19,2, R O {10 & BN W U S Todiady Y

her ei nbef @, Q:entd@?: CSQM WY, l-(e?a)t 'fsi&ﬁrgpozse%f&tion accelerator such as
boric acid and aluminum sulfate; pigment such as titanium
oxide; and various additives such as preservative and rust
preventive.

The adhesive of the present invention is used for
joining a variety of objects and above all for joining wood
and lumber. )

The coating amount of the adhesive of the present
invention is desirably 20 to 300 g/mz, more desirably 30 to
200 g/m2 expressed in terms of solid content.

As the method for coating, brush coating, roll coating
and the like are available. As the method for drying after
coating of the adhesive, drying at room temperature to 200°C
is acceptable, but the adhesive of the present invention
develops a sufficient adhesive force even after drying at
room temperature.

The adﬁesive of the present iﬁvention is characterized
in that it is excellent in both initial adhesivity and water
resistance in boiling water. The drying time after coating
is desirably 30 minutes to 5 hours, preferably under press
.bonding. The pressure required for the press bonding is
determined in the range of 5 to 20 kg/cmz, preferably higher
in the case where the object to g; joined is a hard wood or
lumber and preferably higher, so far as the object is not.
broken, in the case where the object to be joined is a soft
wood or lumber.

The wooden product according to the present invention is

e
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of the (nmeth)acrylic ester nononer unit and primary hydroxyl _
group-contai ning ethylenically unsaturated nononer unit. The proportion of

each of the aforesaid constitutional units is not &pecifiecally |i-nited

i nsof ar as the copol ymer has a Tg of lower than 50[err]C, -but the-
(meth)acrylic ester nonomer unit is in an amount of usually 85 to 99. 8% by

wei ght, pReMeOSsn pPaus o) Gndry wigity hithee stiovrastab ani tdik dditesivepunt of
the copolyner (2). In the case where both the ngthacryllc ester nonomner
unit and aBFMAdNGs PlYwassbnefuami ture @ndsdtheaslites (emxtth)iwingd oviester
unit, the methacrylic ester nononer unit is in an ambunt of usually 20 to
70% by wethRt 2dhesdvean| Fhsp kigdsmfhyoed gm thenwaatdem@saductesiemot
mononer unit is.in_an anmount of 20 to 50% by weight, preferably 25 to 45%
LR sk ARy e seamidiehiad Rt iz c A193panese )

by wei ght SPe¢
hemlock, (Japanese) cedar, lauan, zelkova tree and the like.

For the production of the above-described (A-1l) aqueous
emulsion or (A-2) aqueous emulsion according to the present
invention, vari;us processes are taken into consideration,
among which a process for efficiently producing a high
quality aqueous emulsion will be described as follows:

The desirable process for producing (A-1) aqueous
emulsion is the two-step polymerization process comprising
the first steb wherein a vinyl ester monomer is subjected to
emulsion polymerization in the presence of a PVA as the
dispersant to produce the vinyl ester polymer (1) ; and the

second step in which a (meth)acrylic ester monomer and a
primary hydroxyl group-containing etﬁylenically unsaturated
monomexr are subjected to emulsion polymerization to produce
the above—deséribed copolymer (2) around the vinyl ester
Dolymer already formed in the preceding first step.

The polymerization of the vinyl ester monomer is
Sasirably completed substantially in the first step of the
Dxrocess, which however may be transferred to the second step
&@fter about 70% conversion to the'polymer. It is not always

Decessary to effect polymerization in the first and second

Steps in the same polymerization reactor, but the polymer may

- produced by means of seed polymerization process in which

-.(: .
35533 aqueous emulsion of a vinyl ester polymer is separately
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unsaturated nmononer unit is in an anount of 0.1 to 50% by wei ght, desirably
0.2 to 15% by weight, nore desirably 0.5 to 10% by weight. An unreasonably
snali content of the primary hydroxyl group- contai'ni ng ethyleni call'y
unsa&urated monomer unit results in insufficient inprovenent in water
resistance of the adhesive obtained therefrom The di spersoid in the (A1)
aqueous egnrodueed atn cadvagcé cahdeaffi€dctd theentaotion swstaggpagae be

each di spersoid conprising polymer (1) and copolyner (2), which form an

doubl e | ayrer staottaf ceminbsbon tbpopphgntzatidni sfpaesmathpecayilgatly in

the central part of the dlspersmd whil e the
ester monomer and a primary hydroxyl group-containing
ethylenically unsaturated monomer. The polymerization
initiator to be used for the emulsion polymerization is not
specifically limited but is preferably a water-soluble
initiator such as an oxidative substance exemplified by
hydrogen' peroxide, cumene hydroperoxide, tert-butyl
hydroperoxide, persulfate (salt of potassium, sodium or
ammonium), tert-butyl peracetate'and tert-butyl, perbenzoate:;
a reductive substance exemplified by Rongalite and 1-
ascorobic acid.

In the two-step polymerization process according to the
present invention, it is necessary to carry out the first and
second steps of emulsion polymerization in the presence cf a
dispersant'comprising PVA. In the case where PVA is not used
as a dispersant, the aqueous emulsion obtained is inferioxr in
initial adhesivity when used as an adhesive, thereby failing
to attain the object of the present invention. The PVA to ke
used in the two-step polymerization process is the same as
that described in the (A) aqueous emulsion according to tHe
present invention.
The amount of PVA to be used is not specifically

limited, but is in the range of 0.2 to 50% by weight,
desirably 1 to 10% by weight based on the total amount of the
polymer (1) in the first step and the copolymer (2) in the
second step. The PVA may be added to the reaction system in

whole at the initial feeding or may be added thereto in perxrt
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copolymer (2) is present principally in the peripheral part thereof. In
nore detail, the structure of the dispersoid is such.that .the polynmer (1)
(specgifically in an anobunt of at |east 70% by wei ght; desi‘rably at--{east
80% by weight, particularly desirably at |east 90% is present in the
central part of the dispersoid, whereas the copolyner (2) (specifically in
an anount ofoRtiheauslyOéxrbynterghtiedesiyrabliy atidiedehn, 8a%kimpwnei ght ,
particularly desirably at |least 90% is present in the peripheral part

t hereof . The"wbEyfELing1pgant esberytban(PYAwhaghbeonsedt dne codigiadiarsoi d
are each not Imags i n the shape of sphere, but may be in different shapes’
as illustradfethiRvEi §nsefaEnefathearsy thewrn§ cpesnhghi AMeaist thet ure of

the di spersoid, wherein the, s ol 1 is the polyner (1) and the synbol 2 is
t he P performance o% %heygghesive such gs ¥nitigl)adhesivity¥

The vinyl ester monomer to be used in the first step of
the two-step polymerization process according to the present
invention constitutes the starting raw material for the
above—mentionea.vinyl ester polymer (1), therefore the type
of the monomer is desirably correspondgnt to the type of the

D vinyl ester polymer (1) to be obtained therefrom.

The (meth)acrylic ester monomer and primary hydroxyl
group-containing ethylenically unsaturated monomer to be used
in the second step of the two-step polymerization together
constitute the starting raw material for the aforestated
copolymer (2), thus the types and the proportion to be used
is desirably correspondent to the tyﬁe and composition of the
copolymer to be obtained therefrom.

The ratio by weight of the vinyl ester polymer (1) to be
produced in the first step to the copolymer (2) to be
produced in the second step is desirably determined so that
the above ratio corresﬁonds to the ratio by weight of the
polymer (1) to the copolymer (2) in the (A-1) agueous
emulsion according to the present inventiop.

The desirable process for ﬁroducing (A;Z) agueous
emulsion is the process which comprises emulsion—polymerizing
at least one hydrophobic unsaturated monomer selected from
the group consisting of methacrylic ester monomex, acrylic

ster monomer, styrenic monomer, diene monomer and halogenated
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copol ymer (2). Such double layer structure of the dispersoid can be
oed by means of a transmission electron mcroscope.. .The ratio by

wei the polyner (1) to the copolyner (2) in the suspensoid is 91 to-
1:9 erably 8:2 to 2:8. In the case where the percentage by wei ght of
t he mer (1) based on the total anmount of the polyner (1) and copol yner
(2) eds, 94 utdee@diesdNer oObhai 0ed £6050% hey awekght efiuaspohimasy

det Yt ated in water resistance, whereas the percentage |ess than 10% by

wei decrﬁyamdxjhegﬁmw¢s¢@mtaiﬁbmg|éyhypenﬂeatlybedShéuEahgéf@péomﬁﬁe

( A- Bzaqueous emul si on
based on the total amount of the aforementioned monomer in

the preseﬁce of PVA having a mercapto group at an end
thereof.

In putting the above-mentioned process into practice,
there is available the conventional emulsion polymerization
method in whicﬁ.the aforesaid monomer is added to the
reaction system at a time or continuously followed by heating
a and stirring in the presence of water, said PVA and a
polymerization initiator. There is also-available the method
in which a preliminarily emulsified mixture of a monomer and
the aqueous solution of said PVA is continuously added to the
reaction system.

As the polymerization initiator to be used in the
aforesald process, there is available a Redox system
comprising the terminal mercapto group of a PVA having a
mercapto group at an end thereof and a water-soluble
oxidizing agent such as potassium bromate, potassium
persulfate, ammonium persulfate and hydrogen peroxide. Among
them potassium bromate is a particularily desirable
polymerization initiator since it does not generate a radical
independently under usual polymerization conditions, but is
decomposed only by the Redox r;action with the terminal
mercapto group of a PVA having a mercapto group at an end .
thereof to generate a radical, thereby effectively producing
a block copolymer with the PVA having a mercapto group at an

end thereof with the result that the stability of the aqueous
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12 conprises the above-nentioned di spersoid and di spersant in which vinyl
00l ymer (PVA) is used. As the above PVA, the previously known PVA

bl e and suitabl e exanpl es thereof include the PVA Having- a_degree.’

b1 ysis of 80 to 99 nol % and a degree of polyneriZati én of 200 to

the so called nodified PVA, in which a functional group is

d epuiptonnia ephapgedehalh &8 adsehpoerdbde ¥BI BEB 8™ her eof .

¢ previously known enul sion stabilizer other than PVA may be used in

conbiEat i oW §hzing PYRPEsin eempdnations thatdispetSaHfet BOTRESEXfent

t hat gf-he addition of the disgersant does not inpair éhﬁ gerf rnanﬁg such as

initgal adnRSPRRES. a¥nthaveFagt ParPPLVEeBiZRELeP BPYt B HF§%§F§é 4n the

? another oxidizing agent.

It is particularly desirable that the polymerization
system is acid in the case of emulsion (co)polymerization in
the presence of the PVA having a mercapto group at an end
thereof. The réason for the above is that under alkaline
condition, the mercapto group which exhibits an extremely

9 active reactivity at the time of radical polymerization
increases the velocity of ionically adding to the doublé bond
of a hydrophobic unsaturated monomer, resulting in a marked
decrease in polymerization efficiency. Accordingly, the pH
in the polymerization system depends on the type of the
hydrophobic unsaturated monomer, but is desirably 6 or less,
particularly desirably 4 or less for all of the emulsion
polymerization operations to be carried out according to the
process of the present invention.

The composition of the present invention finds a wide

b diversity of use typified by adhesive. The use of the
composition as an adhesive can drastically improve initial
adhesivity as well as adhesive strength and water resistance.
The adhesive according to the present invention is applicable
for joining miscellaneous objeCts, particularly favorably for
joining wooden products, and also can be used for joining hot
only two or more woods but also wood to paper, fiber product,
inorganic board, and the like.

By virtue of its adhesive film excellent in water
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may be suitably determ ned according to the VarIOUS S|tuat|ons
sirably 40 to 60% by wei ght, nore desirably 45 to 55% by meight.

The cogigent raldi@taticd, haeH Rfipoiitidh Id¥e e Prasper Uinwsnit Sooncars fittd
speciffcally limted as well but is desirably 0.2 to 50 parts by weight,

mor e desir aklfffettiivrel disgarirs the Wi daerinkddyaraird dindew) gitimndr t fror

di spersoi d. As described hereinbefore, the dispersoid in the (A1) aqueous

emul si on acdaodigegito bdaerdyr eseriern el amd dthes tike speci fic doubl e | ayer

structure. In the case, however, where a double |layer structure is not
formed or in spi i@ ¢hea following, the present invention will be

described in more detail with reference to the examples and

comparative examples, wherein "part(s)" and "%" denote

part(s) by weight and % by weight, respectively, unless

othexwise sbecified.

Example 1

(1) First step

In an autoclave equipped with a stirrer, a nitrogen
introduction pipe and a chemicals injection pump, 4 parts of
partially hydrolyzed PVA having an average degree of
polymerization of 1700 and a degree of hydrolysis of 88 mol%
waé dissolved in 85 parts.of ion-exchanged water with
heating, 6 parts of vinyl acetate was added therein, after
atmosphere in the autoclave was replaced with nitrogen the
mixture was heated to raise the temperature to 70°C,

b polymerization was initiated by the use of 0.06 part of 1%
hydrogen peroxide aqueous solution and 0.03 part of 5%
Rongalite aqueous solution, and 54 parts of vinyl acetate was
continuously added in the autoclave over a period of 2 hours,
during which 0.54 part of 1% hydrogen peroxide agueous
solution and 0.3 part of 5% ébngalite aqueous solution were
continuously added therein. At the time when the
concentration of the residual vinyl acetate in the

polymerization system decreased to 3%, an sample was

collected for Tg measurement.
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doubl e | ayer structure being forned, the polyner (1) is 13 present

| N Gefada in the peripheral part of the dispersoid and the copolynmer (2)
. principally in the central part thereof, the:aquebus enulsion is
@ability and further fails to devel op sufficient water resistance
n an _adhesive. In the (A-1) aqueous enul sion according to the
ent 28nSeERBYf §t8Foi ng di spersoid is stabilized in aqueous
y the di gggga&g@% LE t%%% ndtny Uy 1ate

I f neces
(MMA)/butyl acrylate (BA)/2-hydroxyethyl methacrylate (HEMA)

in a ratio by weight of 21/16/3 was continuously added in the
autoclave over a period of 2 hours, during which period 4
parts of 1% hydrogen peroxide agqueous solution and 2.0 parts
of 5% Rongalite aqueous solution were continously added
therein.

In the course of the polymerization 1.0 parf of PVA same
as that used in the first step as 15% aqueous solution was

added therein over a period of 1.5 hour.

The aqueoué emulsion thus obtained had a solid
concentration of 52.0% and a viscosity of 2350 mPas‘s
(milliPascal-.second).

Separately, copolymerization was carried out at a
composition by weight of MMA/BA/HEMA = 21/16/3 to measure Tg
of the resultant copolymer.

As a result of analysis by differential scanning

calorimetry (DSC), the Tg was 30°C for the polymer in the

first step and 15°C for the copolymer in the second step.

The ratio by weight of the polymer in the first step to the
copolymer in the second step was 60:40.
(3) Adhesion test

By the use of the afore$aid agqueous emulsion, adhesion
test was carried out under the following conditions. The
result are given in Table 1.
Conditions of adhesion test

[Adhesive composition]
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enul si ons may be added and exenplified by vinyl acetate, ethylene/vinyl

acetate copolyner pol ychl oroprene, pol ybutadi ene, styrene/butadi ene N
8% but adi ene/ acrylonitrile copol ynmer, butyl rubber~~po|yaeryklc__~,

B pol yvinyl chloride and pol yvi nylidene each in the form of

enul si on. Cn the other hand, the (A-2) aqueous enul sion conprises, as

descri bed herei nbnéoaahebheedit&pe:bsezbétaadwd'sspbrcaantad Plye adlidimey =& i oned

di spersoi d conprises a copolyner containing as constitutional units, at

| east one hpdropholfi t0&NPHRURguUedusDsOdBLioNi havdngceedebrea ®fret hacrylic .

ester nmonomer unit, acrylic ester unit, styrenic nononer unit, diene

mononmer uni poiymehakaginat of 3798t andt addsonesePfURYAXOANSLE B B yrols

hydr oxyl group- .
(produced by Kuraray Co., Ltd. under the tradename "PVA 117")

and 10 parts of calcium carbonate'to 45 parts of said aqueous
emulsion, and to the resultant mixture further adding 15
parts of polymethylene polyphenyl isocyanate (produced by
Nippon Polyurethane Industry Co., Ltd. under the tradename
"Millionate MR-100") followed by mixing.

9 Adhesion conditions

Object to be joined: birch/birch (grain face) with 8%
water content

Coating amount : 250 g/m2 (for both sides)

Open time : 1 min.

Pressure bonding condition: 20°C, 24 hours, 10 kg/cm2
pressure (only for test pieces for
dry strength and for ones for
repeated boiling)

Measuring condition

Compression-shear adhesive strength was measured

according to JIS K-6852

Dry strength: After curing at 20°C for 7 days, measured
as such.

Repeated boiling: after cﬁring at 20°C for 7 days, a
test piece was immersed in boiling water for 4'hours, then
dried in the air at 60°C for 20 hours, again immersed in
boiling water for 4 hours, allowed to stand in the water

until the boiling water cools to room temperature and
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contalnlng ethylenically unsaturated nononer unit. Here, the nethacrylic

A

r unit and acrylic ester nmononmer unit include each a variety of
are preferably exenplified by those in the -case of th&.above- -

-1) aqueous enul sion. 14 Exanpl es of -t he 'st'yreni ¢ wononer

e a wide diversity of species, anong which are preferably units

'anggﬁe§?3pé%§§ukp tgylsg%&g &% g%%£¥x§}§#ﬁggﬁeréof such as

a”QnE%EQES%ﬁ%E%QQth: A pair of test pieces was stuck

Gtogether, subjected to press bonding at 20°C and 10 kg/cm2

and immediately thereafter measured for compression-shear
adhesive strength.
Example 2
(1) First step

In the autoclave which was used in Example 1, 4 parts of
partially hydrolyzed PVA having an average degree of
polymerizatidn of 500 and a degree of hydrolysis of 88 mol%
(produced by Kuraray Co., Ltd. under the tradename "PVA 205")
was dissolved in 85 parts of ion-exchanged water, 8 parts of
vinyl acetate was added therein, and under a pressure of 40
kg/cm2 by ethylene at 60°C potassium persulfate and agueous
solution of Rongalite were added therein to initiate
polymerization. The amount of the polymerization initiator
was adjusted so as to attain an appropriate polymerization
rate in the same manner as in Example 1, (The same procedure
was applied to the Examples described hereinafter).

Subsequently 36 parts vinyl acetate was continuously
added in the autoclave over a period of 3 hours and the
polymerization was continued until the concentration of the
vinyl acetate monomer reached 4%.
(2) Second step )

Subsequently, a monomer mixture of MMA/2-ethylhexyl
acrylate (2-EHA)/2-hydroxyethyl acrylate (HEA) in a ratio by
weight of 28/15/2 was continuously added in the autoclave

over a period of 2 hours to proceed with polymerization,
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Exanpl es of the diene nononer unit include a |arge variety of species,
among which are preferably units derived from but adi.ene, 4 soprene,
chlg@igerne and neoprene. Exanples of the hal ogenated" unsaturated nononer.
' ude a variety of species, anong which are preferably uni ts deri ved
chloride, vinylidene chloride, vinyl bronmide and vinylidene

Tﬁ\fff‘ﬁs yf‘l\y%?lé%eguﬁu@ﬁﬁ? EhATpRRGLPER, 48 LhatTRak 300
%ﬁgé%ﬁ €608 Tééeg anéegﬁgs'g H@l?ﬁsﬁagfa&ggdaQHéQeQQSCV'bed

% &t Si on. ore AtTongd east one hydrophobic

f:ated MONPIET 2 40b bu S eLRGt §8ohT PHUE obtained had a solid

concentration of 51.5% and a viscosity of 1010 mPas-s.

; As the result of analysis by DSC, the Tg showed 0°C for
the polymer in the first step, and 15°C for the copolymer in
the second step. The ratio by weight of the polymer in the
first step to the copolymer in the second step was 55:45.
(3) Adhesion test

, By the use of the aforementioned aqueous emulsion,

adhesion test was carried out in the same manner as in

Example 1. The results are given in Table 1.

Comparative Example 1

In the same manner as in Example 2, (co)polymerization
was effected in the first and second steps except that
polyoxyethylene nonylphenyl ether having 40 mol of
oxyethylene units (produced by Sanyo Chemical Industries,
Ltd. under the tradename "Nonipol 400") was used in place of
PVA.

As a result, the Tg of the polymer in the first step
went down to -3°C, presumably because of the plasticizing - --- -
effect of the above-mentioned nonionic surfactant.

- The aqueous emulsion thus obtained had a solid -
concentration of 50.9% and a viscosity of 100 mPas.s. The
ratio by weight of the polymer in the first step to the |
copoiymer in the second step was 55:485.

By the use of the aforesaid agqueous emulsion, adhesion

test was carried out in the same manner as in Example 1. The
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met hacrylic ester nononer unit, acrylic ester nonomer unit, styrenic
nmononer uni t, diene nononer unit and hal ogenat ed unsaturated nononer- uni t-,
y hydroxyl group- containing ethylenically-tnsaturated nunoner-’
contain one nember or at |east two menbers in combination,
ely. The above-nenti oned copol ymer which constitutes the
pi d Pés&hgs(gfg)ggqgﬁo§ﬁ @gghgi%n of the present invention

|

ably conprises™the aforesa ydr ophobi ¢ 15 unsat urat ed nononer
Pr E8BpArBY §GEXEkafipQHP2

In the autoclave which was used in Example 1, 4 parts of
partially hydrolyzed PVA having an average degree of
polymerization of 1700 and a degree of hydrolysis of 88 molsg
5 (produced by Kuraray Co., Ltd. under the tradename "PVA 217")
% was dissolved iq 85 parts of ion-exchanged water with
? heating, and then 20 parts of a monomer mixture of vinyl

acetate (VAc)/MMA/BA/HEMA in a ratio by weight of 60/21/16/3
;’ was added therein, followed by adding aqueous solution of
potassium persulfate at 70°C to initiate polymerization.'
Further, the balance 80 parts of the monomer mixture was
continuous;y added therein over a period of 3 hours along
with the continuous addition of 1.0 part of PVA as 15%
aqueous solution. At the last stage of polymerization,
however, the reaction was uncontrollably abnormalized to
produce a large amount of agglomerate in the autoclave.
Example 3
(1) First step

In the autoclave was placed 60 parts of ion-exchanged
water, in which was dissolved 3 parts of partially hydrolyzed
PVA having an average degree of polymerization of 500 and a
degree of hydrolysis of 88 mol% (produced by Kuraray Co.,
Ltd. under the tradename "“PVA 265") and to the agqueous
solution were added 10 parts of monomer mixture of VAc/vin?l
versate (produced by Shell Chemical Co., Ltd. under the
tradename "Veova 10") in a ratio by weight of 29/21 and

aqueous solution of potassium persulfate at 70°C to initiate
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contai ning ethylenically unsaturated nononer unit, and may contain, in

addi tpsadatn- t he af orest ated nononer units, a copolynerlzed nmononer uni t

. by vinyl ester nonomer unit such as those ‘derived fronavrnyl

yl formate, vinyl versate and vinyl pivaldte, noho-ol efi-nic
such as ethyl ene and propylene and nitrile nononer unit such a

n%@l sherieaBachy| orukithee,t aot parexst efit thBamohbmeaddiititanre Reyseof
air the effect of the present i nvention. The content of the

| gprtinoposypeadded soeenar puplibdi 6t Behoopsl, ymed i s desirably

s by weight, nore desirably 10* or |less by weight. The content of -

rypbyﬂmexytagnoupwesnCanmungeéthytémlthbl9ounga¢uﬁau@@ eigleriii:y

he copol yner
monomer mixture dropped as low as 0.5%.

(2) Second step
In another reactor preliminarily containing a solution
of 2 parts of the aforesaid PVA in 25 parts of ion-~-exchanged

water was fed the total amount of the aqueous emulsion of the

’ : Subsequently, 10 parts of a monomer mixture of MMA/BA in a

VAc/vinyl versate copolymer as obtainéd in the first step.

ratio by weight of 31/16 was added therein, polymerization
was initiated by the use of potassium persulfate at 70°C, and
40 parts of the above monomer mixture and 20% aqueous
solution of 3 parts of N-methylolacrylamide (N-MAM) were
continuously added therein over a period of 2 hours. The
aqueous emulsion thus obtained had a solid concentration.of
49.5% and a viscosity of 960 mPas.s.

The Tg showed 15°C for the polymer in the first step and
30°C for the copolymer in the second step. The ratio by
weight of the polymer in the first step to the copolymer in
the second step was 50:50.

By the use of the aforestate& aqueous emulsion, adhesion
test was carried out in the same manner as in Example 1. The

-

results are given in Table 1.
Example 4
(1) First step
In a pressure resistant autoclave, 3 parts of PVA as

used in Example 2 was dissolved in 85 parts of ion-exchanged
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constituting the dispersoid in the (A-2) aqueous enul sion according to the
present invention is indispensably 0.1 to 50% by weight, desirably 0.2 to
159y wei ght, nore desirably 0.5 to 10% by wei ght .- ‘An unr.easondabl™y- | ow
content of the primary hydroxyl group-containing ethylenically unséaturated
monomer unit decreases the effect on the crosslinkage with the pol yval ent

| socyanat g, LuPou gl ﬁég%fw%éﬁ? ;%?11‘3 igibipgstossyifjei ently

devel op wat er resistance req for sive obtai ned t herefrom
Conver sel yogh Ik £4€ 685+ A ¥adt SPhEAM €Nte tNETI &R WaS easonedhyeneheaeen the

hydrophilic nature of the copolynmer constifuting the dispersoid, thereby

decr eases tdesHsW Vi i pids OirStEPi 35 tyg adm T het t6OeC pfand polymerization
was initiated by the use of hydrogen peroxide and aqueous
solution of Rongalite. After 3 hours, when the concentration
of vinyl acetate in the polymerization system went down as
low as 0.5%, thg reaction product was taken out from the
system. The polymer had a Tg of 35°C.
(2) Second step

) Subsequently, the aforesaid aqueous emulsion was
transferred to a reaction kettle at atmospheric pressure, in
which were placed 10 parts of monomer mixture of MMA/styrene
(St)/2-EHA/HEMA in a ratio by weight of 18.5/18/22/1.5 and
aqueous solution of potassium persulfate to initiate
polymerization at 70°C. Then to the polymerization system
was continuously added 51.5 parts of said monomer mixture
over a period of 3 hours and was further added 15% aqueous
solution of 2 parts of PVA over a period of 2 hours during
the course of polymerization. The copolymer produced in the
second step had a Tg of 15°C. The aqueous emulsion thus
obtained had a solid concentration of 50.8% and a viscosity: - - -
of 850 mPas.s. The ratio by weight of the polymer in the
first 'step to the copolymer in the second step was 40:60. ™ -
By the use of the agqueous e;ulsion thus formed, adhesion

test was carried out in the same manner as in Example 1. fhe
results are given in Table 1.

Example 5
(1) First step
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16 emul sion polynmerization and water resistance of the aqueous emul sion

I tse resulting in failure to sufficiently devel op -water: resistance
requigsl for the adhesive to be made fromthe aqueous enulsron The" cont ent
of t§EE ydrophoblc unsat urated nmononer unit in the copolyner is desirably -
50 t# more desirably 85 to 99.8* by weight, furthernore

y 90 tO¥S©g§§§b9meP§hFam¢h8V§Ia§stbﬁ§n§§?ﬂohntgﬁﬁ@?&@uﬂeW@Fg) of
: €%%§%¢%% %gn é i tut s tge d|spersg|deln %Qer %) yeous,

£ & t BREEENEE) AvBnereRangefiot

vinyl acetate was added to the solution and ethylene was
introduced to show the pressure of 30 kg/cm2 at 50°C.
Polymerization was conducted by the use of hydrogen peroxide
and aqueous solution of Rongalite. After 2 hours the
concentration of the vinyl acetate in the polymerization
system dropped és low as 2%.

(2) Second step

Subsequently a monomer mixture of MMA/2-EHA/HEA in a
ratio by weight of 11.6/6.4/2.0 was added to the system to
continue polymerization. The aqueous emulsion thus obtained
had a solid concentration of 51.0% and a viscosity of 300
mPas.s.

The Tg showed 10°C for the polymer obtained in the first
step and 15°C for the copolymer formed in the second step.
The ratio by weight of the polymer in the first step to the
copolymer in the second step was 80:20.

By the use of the aforestated aqueous emulsion, adhesion
test was carried out in the same manner as in Example 1. The
results are given in Table 1.

Comparative Example 3

(1) First step

4 parts of the same PVA as that used in Example 2 (an
average degree of polymerization of 500 and a degree of
hydrolysis of 88 mol%) was dissolved in 85 parts of ion-
exchanged water, 74 parts of vinyl acetate was added to the

solution and ethylene was introduced to show the pressure of
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specifically limted, but is desirably not |ower than -10[err]C to | ower
than_,50[err]C, nore desirably from-10[err]C to 40[err]C . A Tg.--of | ower
than%élo[err]c may decrease the adhesive strength oen account of - ""- :
insufficient cohesive force, while a Tg of 50[err]C or "hi gher may ™~
deteriorate the fhlmform ng properties resulting in decrease in the

adhesi ve 40rkagen. Fhe60AC2) Zheeopslgmelrszariancwed g nriadh@yl dsent

i nvention, as described hereinbefore, conprises the aforestated dispersoid
and di speFBanesewRfchY8srgens perPyAdraendgagueesased Uieip oft an end

t hereof. Such PVA as above nagpbe chem cally bonded to the cqpol ynmer of the

di sper soi ROBgaLitet rREERFoR BPuraythe BRPSERANEF198sSthddH @REE I yrer
of ‘the di 3RelRQ Sysleh GR8ppetTEE Shaag g 0N N0 IS preferable.
(2) Second step
Subsequently, total amount of a monomer mixture of _
MMA/BA/HEA in a ratio by weight of 3.5/2.5/2.0 was added to
the system to continue polymerization, during which 1.0 part
of the same PVA as above was added to the system as 10%
aqueous solution.
The aqueous emulsion thus obtained had a solid
concentration of 49.6% and a viscosity of 2500 mPas-.s.
The Tg showed 0°C for the polymer obtained in the first
step and 15°C for the copolymer formed in the second step.
The ratio by weight of the polymer in the first step to the
copolymer in the second step was 92:8.
By the use of the aforestated aqueous emulsion, adhesion
test was carried out in the same manner as in Example 1. The

results are given in Table 1.

Comparative Example 4

- (1) First step e e e e g
0.5 part of the same PVA as that used in Example 2 was

dissolved in 20 parts of ion-exchanged water, 4 parts of =~

vinyl acetate was added to the séiution and ethylene was

introduced to show the pressure of 40 kg/cm2 at 60°C. Then

polymerization was carried out by the use of hydrogen

peroxide and aqueous solution of Rongalite. After 0.5 hour

the concentration of vinyl acetate in the system dropped as
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Al t hough the use of a PVA having a nercapto group in the main chain thereof
instead of at an end thereof can develop the effect. to sone extent, the use

the@&f is not desirable 17 because of possibility of- knsolubillzatlon
duef®d the formation of disulfide bond by the oxidation- of PVAitself.

The ore, in the (A-2) aqueous enul sion according to the present

| NVERT | om.ow hes e1 $hotll Hokerused t he PVA having a nercapto group at an end

;%bf, preferably the PVA having a nmercapto group at one end only
themﬁof, 2 hceedtdmd ustepf the latter can elimnate the fear of
|nsclub|I|zat|on and

Subsequently, a monomer mixture of MMA/BA/HEA in a ratio
by weight of 52.9/40.1/2 was added to the system to conduct
copolymerization, during which aqueous solution of 4.5 parts
of the same PVA as above in 65 parts of ion-exchanged was
added to the system.

The aqueoﬁ; emulsion thus obtained contained coarse
particles and after filtration, had a solid concentration of
48.0% and a viscosity of 620 mPas-s.

The Tg showed 0°C for the polymer obtained in the first
step and 15°C for the copolymer formed in the second step.
The ratio by weight of the polymer in the first step to the
copolymer in the second step was 5:95.

By the use of the aforestated agqueous emulsion, adhesion
test was carried out in the same manner as in Example 1. The
results are given in Table 1. |

Comparative Example 5

(1) First step

3.0 parts of the same PVA as that used in Example 2 was
dissolved in 85 parts of ion-exchanged water, 45 parts of
vinyl acetate was added to the solution and ethylene was
introduced to show the pressure of 40 kg/cm2 at 60°C. Then

" polymerization was carried out byfthe use of.hydrogen

peroxide and aqueous solution of Rongalite. After 3 hours‘
the concentration of vinyl acetate in the system dropped as

low as 2%.

(2) Second step
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facilitate the handling thereof. The PVA having a nercapto group at an end
thereof to be used in the present invention nay have_a different functional

gramp in the main or side chain of the PVA in addltlon t0 the nercapto
gr%p at an end thereof. The aforesaid PVA having a nercaptc group at one
en —onIy thereof can be prepared for exanple, by hydrolyzing a vinyl ester

pol yrrer obt ai n@lm}eq)m:ytfbm 7% ngarts 6Hea aswmee BIXELYRi®Fic acid, a
V|myl nmononer conprising a vinyl ester nononer ri mary conggnent The
degree of MEIARBHENA im dfratio VA weighly of r%‘?cfa&o‘%‘? otR® atddrdeha
thereof to be used in the present invention my be(gﬁi néggg acc rd| g to
respect i vébhg 1SR tem st eoRriicE peel yrerizakian i dh, 7 ?35

: the above monomer mixture was further added over a period of
2 hours during which 2 parts of the same PVA as above was
added to the system as 15% aqueous solution.

The aqueous emulsion thus obtained had a solid
concentration of 50.2% and a viscosity of 1260 mPas-s.

The Tg showed 0°C for the polymer obtained in the first
step and 55°C for the copolymer formed in the second step.
? The ratio by weight of the polymer in the first step to the
copolymer in the second step was 60:40.

By the use of the aforestated aqueous emulstion,

adhesion test was carried out in the same manner as in

Example 1. The results are given in Table 1.

Comparative Example 6

The procedure in Example 2 was repeated to conduct
polymerization in the first step and copolymerization in the
second step except that in the second step a monomer mixture
of MMA/2-EHA in a ratio by weight of 29/16 without HEA was
used in place of MMA/2-EHA/HEA.

The aqueous emulsion thus obtained had a solid
concentration of 48.9% and a viscosity of 1800 mPas-.s.

The Tg showed 0°C for the polymer obtained in the first
step and 14°C for the copolymer formed in the second step.
The ratio by weight of the polymer in the first step to the
copolymer in the second step was 55:45.

By the use of the aforestated aqueous emulsion, adhesion
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or less, nore desirably 1500 or |less. The degree of hydrolysis thereof
depends on the type of the other nodifying group and can not be -
uneQU|vocaIIy deternined, but is desirably not |ess than .70 mof %-fromthe
vi ewpoi nt of water- sol ub| lity. The dispersant may"be'.cofiposed of -t he PVA
having a nercapto group at an end thereof alone but may contain, in

addi ti ortest twees alzoveied dunowWn Fiffe fant neemresr fas nin speaiple 18 oTher than
PVA to the extent that the addition thereof does not injure the emulsion
pol yner iresuildrs sixghidiven gin i Tehlall adhesi vity.

Comparative Example 7

In the same autoclave as that used in Example 1, 3 parts
of the same PVA as that used in Example 2 was dissolved in 85
parts of ion-exchanged water with heating, then 4 parts of a
monomer mixture of MMA/BA/HEMA in a ratio by weight of
21/16/3 was-addéd to the solution, aqueous solution of
potassium persulfate was added thereto to initiate
polymerization at 70°C and further 36 parts of the above
monomer mixture was continuously added to the polymerization
system over a period of 3 hours.

Thereafter 60 parts of vinyl acetate and 2 parts of PVA
as 15% agueous solution were continuously added to the system
over a period of 3 hours, but a large amount of agglomerate

was formed in the autoclave, failing to procduce favorable

agqueous emulsion. The results are given in Table 1.
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By virtue of the high activity of the mercapto group in radical reaction,
the A having a nercapto group at an end thereof can be highly reactive
@ th a nononer having a relatively |low radical reactivity such as

even &
nmet hag¥ yl i c ester nononer, acrylic ester nononer, styrenic nononer, diene
nonori@ and hal ogenat ed unsaturated nononer mhich have been extrenely
diffiult to be nade into a stable emulsion by the use of the conventional
PVA n having a nercapto group at an end thereof as the dispersant. As a
resul& the PVA having a nercapto group at an end thereof can be chemcally.
bonde@ to the particles of the dispersoid conposed of the copol yner

#ing any of the aforenmentioned nononmers as the constitutional unit,
@ providing an exceptionally stable aqueous enul sion.

o .
¥

L. \

: S v O & E
o g = <
‘B o%?ouguuuo\

E £ 2 £ £ £ & & & P &
o 2 = & g < S S N S g
<DSDDu&’DDBD%
S m S @™ @ i S M @ ] m

e

6

o

nl o

~| 0
G e~

5ol Ol o o w
s 2 R 3 8 g9 9 a © © © ° pd

ninl Dy

28 &

v—ig‘fh

v

~

al 1% | &

E‘_‘U 'SO.CD..O..OOOOOOO
g
Q—(l\lﬂmlﬁmol\lﬂlﬂlﬂlﬁm
o] 4 ©O o o © o @ - © D ©o ©o ©o
UNNNNNQ‘NNNNNN

~
8 & & = « « < < < « < o
pEEEEZS £ E E E OE B

e, 2. 8 g 8 g 3

! — N M < NN A HM™N - ™ A < Hn A0 -?n\
| o e 0o 6o o Ko “fe Be Beo Be Bo B
208 4 9 8 8 me Hd Hd Hed HA Hd b
%%%%%%%%g%“’%%%&%”%

; E & 3
A4 A & 4 & 34 8& 84 85 84 84

This Sheet Has Been Repj

L I




The average particle dianmeter of the dispersoid in the (A 2) aqueous
errul sion according to the present invention is not specifically limted but

bhyQ.3 to 2.0 [err]m nore desirably 0.3 to 1.5 [err]m The
tlogof the dispersoid in the (A-2) aqueous enul sion may be -
det g, mined accoridng to the various situations, but is desirably
p By ilght, nore desirably 40 to 60% by wei ght. The concentr @ti on
ilsper gt in the (A-2) aqueous enulsion is not specifically limted
utf |®5desirably 0.5 to 30 parts by weight, nore desirably 1 {o 10
par%fts by {wei jﬁféper 100 parts by weight of the dispersoid. In the cas¢ -
wher e 29
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19 the average particle diameter, concentration of the dispersoid or the

PRV

ot ey A
e cetmis

Table 1 (Continued 2)

f the dispersant departs fromthe foregoing desirable range
ueous emnul sion of the present invention, -polynerization-
ifhe time of emul sion polynerization and water resistances- :
initial adhesivity of the adhesive obtained fromthe aqueous.
ot be devel oped with favorabl e bal ance anong them To the
enul sion of the present invention, if necessary, different
eous enul sions may be added to the extent that the addition
not inpair the performance such as water resistance and
esivity, which enul sions are exenplified by those

Brookfield viscosity at 30°C (mPas«s)
2,350
1,010
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described in the case of the foregoing (A-1) aqueous enul sion. As descri bed
her eipbef. t he conposition according to the present invention conprlses
enul sion and a (B) polyvalent isocyanate. conpound whi ch
Teast two isocyanate groups in a nolecule and is enumerated by
ocyanate (TDI); hydrogenated TDI; trinethyl ol propane-TDI
produced by Bayer AG under the tradenane "Desnodur L");

t-hane triisocyanate; nethyl enebi s(di phenyl isocyanate) (Ml);

d MDI; polynerized MDI; hexanet hyl ene diisocyante; xylylene

: e; 4, 4-di cycl ohexyl net hane diisocyanate; and i sophorone

diis e. There nmay be al so used a prepol yner having an isocyante

gro end t hereof which is obtained
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by prelimnarily polynerizing a polyol with excessive 20 pol yi socyanat e.
The gonpounding ratio of the (A) aqueous enulsion to the (B):polyvalent
[ fat e conpound, toget her constituting the foregoing- oonp05|t|on of the
= invention, nmay be suitably determ ned according to the various

~°~“I'OI’IS but i's desirably 10 to 150 parts nor e, desi rably 20
to 1§O par 3+ b;@“\ﬁé’i"’%t”bfp ')é') S R yRedight Hesroéﬁbné’caég‘c% ?(}étf %10 parts
by V\?} ght of (é) 11 U%%%Steerjg,ll Sé oarau%x ursese?n% sllrg)r;[ etrlnalo.lfy So%éagl Coé't ent.

(1) PVA 217 -- PVA having an average degree of

polymerization of 1700 and a degree of
hydrolysis of 88 mol$% produced by Kuraray
Co., Ltd.
(2) PVA 205 -- PVA having an average degree of
' polymerization of 500 and a degree of

hydrolysis of 88 mol% produced by Kuraray

9 Co., Ltd.
*2: (1) VAc -- vinyl acetate
(2) Et -~ ethylene

(3) Veova -- Veova 10 (tradename, product of Shell

Chemical Co., Ltd.)

(4) VCl -- vinyl chloride

(5) MMA -- methyl methacrylate

(6) HEMA -- 2-hydroxyethyl methacrylate
(7) HEA -- 2-hydroxyethyl acrylate

(8) N-MAM -- N-methylolacrylamide

(9) BA -~ butyl acrylate

(10) 2-EHA -- 2-ethylhexyl acrylate

(11) st ~- styrene
*3: Figures in parenthesis denote wood breakage ratio in %.
*4: Composition could not be prépared

*5: Coarse particles formed in dispersion
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The conggsition according to the present invention conprises (A1) aqueous
enul si 1'n which is contained PVA as the dispersant or (A-2) aqueous
enul si g1 n which is contai ned PVA having a nmercapto group at--an end..

t her eoffas the di spersant, and according to the demand; & known PVA may be
added either of the PVA in (A-1) aqueous enul sion and the PVA in (A-2)

g-emeagyle'Emaconp05|t|on according to the present invention may be
i ncorp@ratéd, if necessary, with starch, denatured starch, oxidized starch,
sodi u ;algMddt@renaﬂﬂﬁennHQSﬂaqnﬁdusc&m&lsmmhyl cel | ul ose, hydroxynet hy
cellulpse mal ei ¢ anhydri de/i sobutene copol yner, nuleic anhydride/styrene
copol yper, vat edis @ @HiassTinperRAamerni 2y e atkIr LAWHPReE with a

anhydride/nethyIV|nyI et her copol yner and a
reflux condenser, a dropping funnel, a thermometer and a

nitrogen injection nozzle were placed 5 parts of PVA having a
mercapto group at an end thereof (average degree of
polymerization of 550, degree of hydrolysis of 88.0 mol% and
mexrcapto group ESH) content of 3.2 x 10"5 equivalent/g) and
100 parts of ion-exchanged water, in which the PVA was
completely dissolved at 95°C. The solution was adjusted to
pH 3.0 with sulfuric acid, incorporated with 10 parts of
methyl methacrylate and 10 parts of n-butyl acrylate, heated
to 65°C after atmosphere in the reactor was replaced with
nitrogen, incorporated with 1.3 part of 2% potassium bromate
aqueous solution to initiate polymerization and to the
mixture were continuously added 40 parts of methyl
methacrylate, 38 parts of n-butyl acrylate and 2 parts of 2-
hydroxyethyl acrylate-over a period of 2 hours. The
polymerization was completed after 3 hours from the start
thereof, producing a stable copolymer emulsion (I) of methyl
methacrylate/n~butyl acrylate/2-hydroxyethyl acrylate having
a solid concentration of 50.9%, a viscosity of 750 mPas:s and
an average particle diameter of 0.9 uym.
(2) Adhesion test -

By the use of the aforementioned aqueous emulsion,
adhesion test was carried out in the same manner as in

Example 1. The results are given in Table 2.

Example 7
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thernosetting resin such as urea/formalin resin, ureal/nelam ne/formalin
resi geand phenol/formalin resin, each resin being generally. used in an
adhelis In addition, the conposition according to the presént invention
ncorporated as required with a filler such 21 as clay, kaoline,

may
tal clg cium car bonate and wood powder; extender such as wheat flour
r eacys actk) ePreRRrratian a8f hagueousi emahgianum num sul fate; pigment such

as t
prev

um oxi de; and_various additives such as preservative and_rgs;
In a glass-made polymerization reactor equipped wit

reflux condenser, a dropping funnel, a thermometer and a
nitrogen injection nozzle were placed 5 parts of PVA havivd @
mercapto group at an end thereof and a carboxyl group in the
gside chain thereof (average degree of polymerization of w4,
degrée of hydrolysis of 89.2 mol%, content of carboxyl g\“up
of 1.0 mol%-and.mercapto group (SH) content of 2.3 x 107"
equivalent/g) and 105 parts of ion-exchanged water, in whtoh
the PVA was completely dissolved at 95°C. The solution wi¥
adjusted to pH 3.0 with sulfuric acid, incorporated with M
parts of styrene and 12 parts of 2-ethylhexyl acrylate,
heated to 60°C after atmosphere in the reactor was :r:epla(‘»"‘“i
with nitrogen, incorporated with 1.0 part of 2% potassiu
bromate aqueous solution to initiate polymerization and L)
the mixture were continuously added 32 parts of styrene, 48
parts of 2—ethylhe#yl acrylate and 3 part of 2—hydroxyet“\"L
methacrylate over a period of 2 hours. The polymerizatid!!
was completed after 3 hours from the start thereof, prod“"-lng
a stable copolymer emulsion (II1) of styrene/2-ethylhexyl
acrylate/2-hydroxyethyl methacrylate having a solid
concentration of 49.7%, a viscosity of 2800 mPas-s and at!
average pérticle diameter of 0.8 um.
(2) Adhesion test -

By the use of the aforestated aqueous emulsion (II),

adhesion test was carried ocut in the same manner as in

Example 1. The results are given in Table 2.

Examgle 8

This Sheet Has Been Replaced

TR



The adhesive of the present invention is used for joining a variety of

obj ects and above all for joining wood and | unber. The coating anpount of

t hef@dhesi ve of the present invention is desirably 20 ta"300-g/nlefr], nore
desgrably 30 to 200 g/ nm2 expressed in ternms of solid contént. As the nethod
for¥coati n?mbrush coating, roll coating and the |like are avail able. As the

met hod f or yPrngpataedonoatfl agueloudhemdlRgenve, drying at room tenperature
to 200[err]C is acceptable, but the adhesive of the present invention
devel ops a suf fIRi @npredbesiey eebdstanty e tableredyuigpaid radrh tenmper at ur e,
The adhesive of the present invention is characterized in that it is
excel | ent BhtIRgen | injeatiedheskzeley andd anvdhermometer was placed 120

parts of 5% PVA aqueous solution having a mercapto group at
an end thereof, said PVA being the same as that used in
Example 6. By the use of sulfuric acid, the solution was
adjusted to pH 4.0 and thereafter incorporated with 53 parts
of styrene and 2 parts of 2-hydroxyethyl methacrylate.
Subsequently, the autoclave was pressurized with 45 parts of
butadiene through a metering pressure bottle. After raising
the temperature of the contents in the autoclave to 70°C, 25
parts of 2% potassium persulfate aqueous solution was added
into the autoclave to initiate polymerization. An internal
pressure of 4.8 kg/cm2 decreased with the progress of
reaction and dropped to 0.5 kg after 20 hours.:

The conversion to polymer was obtained as 98.5%.

The resultant copolymer emulsion (III) of
Styrene/butadiene/2-hydroxyethyl methacrylate was stable and
had a solid concentration of 42.9%, a viscosity of 850 mPas-*s
and an average pazticle diameter of 1.1 um.

(2) Adhesion tast

By the use c©£ the aforestated agqueous emulsion (III),

adhesion test was carried out in the same manner as in

-

Example 1. The —esults are given in Table 2.

~Example 9
(1) Preparatiom ot agueous emulsion

In a pressur= resistant autoclave equipped with a

nitrogen injectfcam mozzle and a thermometer was placed 120
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gec in boiling water. The drying tinme after coating is desirably 30
% 5 hours, preferably under press bonding. The pressure required

B ess bondlng is determned in the range of 5 to 20 - kg/cn{err],”

¥y hi gher in the case where the object to be jOIned is a hard wood

;- and pref erabl her so far as the object is not broken, in the

t hé¥Dh %c‘?ft%% ‘T‘o‘"f‘%‘é%lo‘il§ gokwtionobavong | anBeFCarke gseuenat

ccordlnq§g$ %hﬁsent nventlon i's 22 a moodﬁn pr odyct, jOIned
es?%%, PVA being the same as that used i

Example 6. By the use of sulfuric acid, the solution was
adjusted to pH 4.0 then after atmosphere in the autoclave was
replaced with nitrogen, incorporated with 3 parts of 2-
hydroxyethyl methacrylate. Sﬁbsequently, the autoclave was
pressurized with 80 parts of vinyl chloride monomer through a
metering pressﬁre bottle. Thereafter the autoclave was
pressurized with ethylene up to show the pressure of 30
kg/cm2 and, after temperature raising to 60°C, 25 parts of 2%
potassium persulfate aqueous solution was added. After 6
hours from the start of polymerization, the concentration of
the residual vinyl chloride monomer dropped to 0.01% or
lower, indicating the completion of polymerization. The
vinyl chloride/ethylene copolymer emulsion (IV) thus obtained
was stable and had a solid concentration of 43.3%, wviscosity
of 1000 mPas-.s and an average particle diameter of 1.0 pm.
(2) Adhesion test

By the use of the aforementioned aqueous emulsion (IV),

adhesion test was carried out in the same manner as in

] Example 1. The results are given in Table 2.

) Comparative Example 8

The procedure in Example 6 was repeated to produce

methyl methacrylate/n—butyi acrylate copelymer emulsion (V)

% except that the use of 2-hydroxyethyl acrylate containing

primary hydroxy group was omitted. The aqueous emulsion th
obtained was stable and had a solid concentration of 50%,

viscosity of 700 mPas:s and an average particle diameter of
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i ncl udi ng pl ywood, furniture and the |ike, each joined wth the adhesive.
The kinds of wood in the wooden product is not specifically |limted-and is
exenplified by birch, (Japanese) hem ock, (Japanese)-cedar,--i-auan,” “zel kova -
treerand the like. For the production of the above- descrlbed (A-1) aqueous
emul sion or (A-2) aqueous enul sion according to the present invention,

vari ous processms are taken into consideration, anong which a process for
efficiently producing a high quality aqueous emul sion will be described as
fol lows: The desyrahéeupeooesshéoafpredantignéd- aguequeoesudmibsi 6N Ji.s the
two-step pol ynerization process conprising the first step wherein a vinyl
est er nonomdessosubgsttedst casmiiedi ontpbnytbei saneoRaPRerh8Spi®sence of a

PVA as the dispersant to produce the vinyl ester golyner (1) ; and the
Example 1. The results are given in Table’ 2

Comparative Example 9

The procedure in Example 6 was repeated except that an
unmodified PVA having an average degree of polymerization of
500 and a degre; of hydrolysis of 88 mol% (producted by
Kuraray Co., Ltd. under the tradename "PVA 205") was used in

g place of the PVA having an mercapto group at an end thereof
to try to effect emulsion polymerization of methyl
methacrylate, n-butyl acrylate and 2-hydroxyethyl acrylate.
However, after 30 minutgs from the start of the trial coarse
particles of several mm in size were formed at a conversion
to polymer of 15.5%, thus failing to afford a stable aqueous
emulsion.

Comparative Example 10

The procedure in Example 8 was repeated except that an
unmodified PVA having an aberage degree of polymerization of
500 and a degree of hydrolysis of 88 mol% (producted by
Kuraray Co., Ltd. under the tradename "PVA 205") and an
unmodified PVA having an average degree of polymerization of
1700 and an average degree of hydrolysis of 88 mol% (also
i produced by Kuraray Co., Ltd. uﬂﬁer the tradename "PVA 217")
| in a ratio by weight of 8:2 were used in place of the PVA °
having an mercapto group at an end thereof to try to conduct
emulsion polymerization éf styrene, butadiene and 2-

hydroxyethyl acrylate. However, after 2 hours from the start

i

T
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second step in which a (neth)acrylic ester nononer and a prinmary hydroxyl
gr ouggcont ai ni ng ethylenically unsaturated nononer are subjected to.

;%n pol ynerization to produce the above-described caqpol'yner (2) ar ound
} nyI ester polyner already forned in the preceding first step The

feri zation of the vinyl ester nononer is desirably conplete

ot (ol P the e inlo blacking RN pasEs St Vi CETIRAER Shypaymer
trangferred to_the _second step after about 70@60 verS|

F not  aPhays -rdc&des Faldiaa & adidRted £ ‘ﬁ?)‘}s](‘)l ﬁseleodi Zrenéz)nd,

£ N ths sane pol yneri zati reactor, but the poI ymer may be produced
ans of—ggga—ﬁﬁﬁﬂﬁegﬁiﬁﬂﬁﬁhi&rocess in which an agueous enul sion of a
- ester polyggr IS se d;gGEQ/Example 7 was repeated except that a

polyoxyethylene nonylphenyl ether having 40 mol of
-oxyethylene units (produced by Sanyo Chemical Industries,
Ltd. under the tradename "Nonipol 400") was used in place of
the PVA having a mercapto group at an end thereof and a
carboxyl group in the side chain to obtain a styrene/2-

4 ethylhexyl acrylate/2-hydroxyethyl methacrylate copolymer

ég emulsion (VI). The emulsion thus obtained was stable and had
a solid concentration of 49.8%, viscosity of 110 mPas-s and
an average particle diameter of 0.15 um. By the use of the
aqueous emulsion (VI), adhesion test was carried out in the
same manner as in Example 1. The result are given in Table
2.

Comparative Example 12

The procedure in Example 8 was repeated except that a

“ sodium salt of alkyldiphenyl ether disulfonic acid (produced
é§ by Sanyo Chemical Industries, Ltd. undef the tradename
"Sundet BL") was used in place of the PVA having a mercapto
group at an end thereof to obtain a styrene/butadiene/2-
hydroxyethyl methacrylate copolymer emulsion (VII). The
emulsion thus obtained was stdble and had a solid
conceﬁtration of 42.5%, viscosity of 85 mPas+«s and an avergge
particle diameter of 0.1 um. By the use of the aqueous
emulsion (VII), adhesion test was carried out in the same

manner as in Example 1. The results are given in Table 2.
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23 produced in advance and added to the reaction systemprior to the start

of ergl.sion copolynerization of a (meth)acrylic ester monoper and a prlnary
hydr yI gr oup- cont ai ni ng et hyl eni cal | y unsaturated nonorer.- The” U
pol yrgrization initiator to be used for the enulsion polynerlzatlon IS noti
Specif |caIégmgéghgggebg&ahﬁlgrggerably a water-soluble initiator such as an
oxi dg by hydrogen peroxi de, cunene hydroper oxi de,

tertgoutyl hydr@ﬁeaoFkégsu%r sukfidtantsalitosh ape! astiipPeds aditinor

amomi um), tert-butyl peracetate and tert-butyl, perbenzoate: a reductive -
substance gxerphehi edjbytRoAJAbZEEcaBHdla thermometer was placed 100

parts of 6% PVA aqueous solution having a mercapto group at
an end thereof, said PVA being the same as that used in
Example 6. By the use of solfuric acid, the solution was
adjusted to pH 4.0 and théreafter incorporated with 80 parts
of vinyl acetate and 2 parts of 2-hydroxyethyl acrylate.
After raising the temperature of the contents in the
autoclave to 60°C and replacing atmosphere therein with
nitrogen, the autoclave was pressurized with ethylene to show
the pressure of 40 kg/cm2 and polymerization was initiated by
the use of a redox initiator of hydrogen peroxide/Rongalite
system. After 4 hours from the start of polymerization, the
concentration of the residual vinyl acetate monomer dropped
to 0.5%. The ethylene/vinyl acetate/2-hydroxyethyl acrylate
copolymer emulsion (VIII) thus obtained was stable and had a
solid concentration of 50.0%, viscosity of 900 mPas-s and an
average particle diameter of 0.7 um.

d By the use of the aforementioned aqueous emulsion
(VIII), adhesion test was carried out in the same manner as
in Example 1. The results are given in Table 2.

Comparative Examples 14 to 17

In the same manner as in Example 1, adhesion test was
carried out for agqueous emulsions (I) to (iV) obtained in
Examples 6 to.9, respectively except that polymethylene
polyphenyl isocyanaté.was not used.

The results are given in Table 2.
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ascorobic acid. In the two-step pol ynerization process according to the
present invention, it is necessary to carry out the.first. and second steps
genul si on polynerlzatlon in the presence of a dlspersanL_conpr|S|ng PVA.
e case where PVA is not used as a dispersant, the-agueous emul sion
ned is inferior in initial adhesivity when used as an adhesive,
th&geby failing to attain the object of the present invention. The PVAto
be fased in the two-step pol ynmerization process is the sane as that
destribed in the (A) aqueous enul sion according to the present invention.
The” anbunt of PVA to be used is not specifically limted, but is in the

range of ;0.2 toj50% by wei ght, desirably 1 to 10% by melght hased on the
t ot al an&unt §f t he
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polymer (1) in the first step and the copolyner (2) in the second step.
The B\A may be added to the reaction systemin whole at the-i-nitial .feeding
B be added thereto in part 24 conti nuously or: |ntern1{tently" In "
i #on, a known enul sifying agent other than PVA may be used |n
;ation Jth PVA insofar as the use thereof does not gy‘)alr
h

mance “of° tihe d‘H’eé}%"sﬂJ& MACGaREQ HTORAAT AT PG TRy ester
nDnoi4r to be used in the first step.of the two-ste I rization ocess
accogling to the pr e‘?erﬁrq%éfﬁ RIFIREZ T He Igtogft!?gn% r%v\?’ﬁ% e$
hydrolysis of 88.0 mol%, mercapto group (SH)

content of 3.2x10”° equivalent/g).

(2) carboxyl modified PVA having a mercapto group at
an end thereof (average degree of polymerization of
700, degree of hydrolysis of 89.2 mol%, content of
carboxfi group of 1.0 mol%, mercapto group (SH)
content of 2.3x107° equivalent/g).

(3) PVA 205 (unmodified PVA, average degree of
polymerization of 500, degree of hydrolysis of 88
mol%, produced by Kuraray Co., Ltd.)

(4) PVA 217 (unmodified PVA, average degree of
polymerization oft1700, degree of hydrolysis of 88
mol%, produced by Kuraray Co., Ltd.)

(5) Nonipol (polyoxyethylene nonylphenyl ether having 40
mol oxyethylene units, produced by Sanyo Chemical

Industries, Ltd.)

Ié (6) Sundet BL (sodium salt of alkyldiphenyl ether
disulfonic acid, produced by Sanyo Chemical

Industries, Ltd.)

*2: (1) MMA -- methyl methacrylate
(2) n-BA -~ n-butyl acrylate
(3) st -- styrene -

(4) 2-EHA -- Z2-ethylhexyl acrylate

(5) Bt -- butadiene
_ (6) HEA -~ 2-hydroxyethyl acrylate
? (7) HEMA -- 2-hydroxyethyl methacrylate
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above-nentioned vinyl ester polyner (1), therefore the type of the nononer
is dagirably correspondent to the type of the vinyl ester.polyner (1) to be
gd therefrom The (meth)acrylic ester nononer and fprdimary hydroxyl

gr oy ont ai ni ng et hyl enical |y unsaturated nononer to be used in the second
stegmt the two; ol ymerj zatjon _together -constitute the starting raw
mat | for th%ggfg?gstafédvﬁﬁﬁgl9hi?g%§?, thus the types and the

prop

] ionto b is desirab correspondent to the type and
conpl t i on of f%gsggpolynereﬁgyéénﬁbtained therefrom The ratio by weight

of t vi nyl 1&1 weLymer_( rpduced in the first step to the
copdmgrer (Z)Qfo Le ﬁ%oduced&%%§?h€g%§%g%d step is desirably determ ned so
t hat@@he above ratio corresponds to the ratio by weight of the

e s 2 o i $Evms dut
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polymer (1) to the copolyner (2) in the (A-1) aqueous enul sion according to

the gresent invention., The desirable process for producing (A-2) aqyeous
emul J@nN i$ tHe pfocess which conprises enul sion-pol ynerizing at |east one
hydr@hobi ¢ unsat uratgfl nononmer sel ected fromthe group consisting o¢f
met NgEryli ¢ eqter| ngnedrer, acrylic ster nononer, styrenic nononer, diene
monofger ang hgl ogen@ gf o 25 upsaiuratgd nongner 3nd 1 te«50%by {wei ght
of agnhydroxyl |gropp pit8nt & niddig &t hyl eni gal |y Unsat Ur at efl nordner dHaged on
t he gotal anoynt afgga af or ement i oned nonomer in
" o D
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the presence of PVA having a nercapto group at an end thereof. In putting

t he above- ant | oned process into practice, there is avail able the
conventional enulsjon polynerization nethod in which the:afotesaid nononer
is added to thenre ction systemat a tine or continuously followed by
heating andfstijgriing in the presence of water, said PVA and a
pol yneri zat|onjgnijtiator. There is also available the nmethod in which a
prelimnari|y epRuljstff+ee m~xture of a nononmer-and the agueous- sol ution-of -
said PVA isjcontiffigou8| ¥ addedeto the reacti o® sysPem #&s the o = <
pol yneri zat| on {Enift+t ator~te be-used in thi af o esard process;—there is~ ~
avail able a Redg%system conprising the term nal nercapto group of a PVA
having a 2o 0w g g g »° & 8 8 g =
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mercapto group at an end thereof and a water-sol ubl e oxidizing agent such
as pgtassiumbro ate, potassium persulfate, amoni um persul fate and
hydrg@en peroxi de. Anong them potassium bromate is a'particularily

desi @bl e pol ymerization initiator since it does not generate a radical

i ndegendent | y under usual pol ynerization conditions, but is deconposed only
by tfe Redox r ddkl iNRrWP@ h-t heolprethplemer pabyphenplipisbcgaR¥Behavi ng a
mer ci@pt o group at an end thereof to generate a radical, thereby effectively

prodici ng a bl ock copol ymer w¥edeerd ivA Nmpory Bohewrapbangr Snguatran end

ther®of with the result that the stability of the aqueous
3 Co., Ltd.

(2) Figures in parenthesis in the column of Adhesion

test denote wood breakage ratio in %.
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26 enulsion is enhanced. It is also possible to us an oxidizing agent in
conbination, that is, to use potassiumbromate at the jmm”ﬂ'""m”l'
polynerlzatlon and thereafter add anot her oxi di zi ng ag I l“"”
particularly desirable that the polynerization systemis aci d'in"the case
of enul sion (co)polynerization in the presence of the PVA having a nercapto
group at an &idIMsereof. The reason for the above is that under alkaline
condition, the nmercapto group which exhibits an extrenely active reactivity
at the timi.of madiongosidiiyrenidath eeniprdses @ tfY AEIURIUS PristiRal |y

adding to the double bond of a hydrophobic unsaturated nmononer, resulting
in a narkesedectedsriom Fal derli z AAUGPUS BMUIIESHAR SRIBFFI 2 the pH

dispersoid which comprises a vinyl ester polymer (1) and a

copolymer having a glass transition temperature of lower than

50°C containing a methacrylic ester monomer

unit and/or an écrylic ester monomer unit; and a

primary hydroxyi group-containing ethylenically unsaturated

monomer unit (2), said polymer (1) being present principally
) in the central part of said dispersoid, said copolymer (2)
being present principally in the peripheral part thereof, the
ratio by weight of said polymer (1) to said copolymer (2)
being in the range of 9:1 to 1:9; and a dispersant comprising
a vinyl alcohol polymer and an (A-2) agueous emulsion
comprising a dispersoid which comprises a copolymer
containing at least one hydrophobic unsaturated monomer unit
selected from a methacrylic ester
monomer unit, acrylic ester monomer unit, styreﬁic monomer
unit, diene monomer unit and halogenated unsaturated monomer
unit; and a pfimary hydroxyl group-containing ethylenically
unsaturated monomer unit in an amount of 0.1 to 50% by weight
based on said copolymer; and a dispersant comprising a vinyl
alcohol polymer having a mercapto group at an end thereof and

a (B) polyvalent isocyanate coﬁbound.

2. The composition according to C€laim 1, wherein the (A)

aqueous emulsion is an (A-1) aqueous ‘emulsion.
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in the polynerization system depends on the type of the hydrophobic

unsatge at ed nononer, but is desirably 6 or |ess, particula,u
or | @ for all of the enulsion polymerization operations " ﬁﬂﬂi'ﬂ ll ul'

accof ng to the process of the present invention. The conposition
pres@ invention finds a wide diversity of use typified by adhesive. The
use @ the conposition as an adhesive can drastically inprove initial

EV|ty as well as-adhesive strength and water resistance. The adhesive
accofdi ng t®, t herps esembos MVESHI 88cbeddRg! t6ableinol , j ehaired nmitheel(lAgneous |
obj egts, particularly favorably for joining wooden products, and al so can
be uged fOraq@édilhé\gemlsﬂﬁhﬁ‘sV\QnO(AnDoeamédﬁsbemuhSSOW\/ood to paper,

fi bef product, inorgamc board.- .and the Ilke___ S

: 4. The composition according to any of claims 1 to 3, wherein said (B)
polyvalent isocyanate compound is compounded in an amount of

10 to 150 parts by weight per 100 parts by weight of said (A)

agqueous emulsion expressed in terms of solid content.

—_ - - — — —.

) 5. Use of the composition according to any of claims

1 to 4 for the production of an adhesive. -

6. An adhesive which comprises the composition set forth in

any of claims 1 to 4.

7. Use of the adhesive according to claim 6 for joining

objects, particularly wood and lumber.

8. A wooden product characterized in that the wooden product
is joined by the adhesive as set forth in claim 6.

9. An aqueous emulsion which comprises an (A-1) agueous
emulsion comprising a dispersoid which comprises a vinyl
ester polymer (1) and a copolymer having a glass transition
temperature of lower than 50°C containing a methacrylic
estér monomer unit and/or an ad}ylic |

ester monomer unit; and a primary hydroxyl group—containing
ethylenically unsaturated monomer unit (2), said polymer (1)

being present perincipally in the central part of said
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By virtue of its adhesive filmexcellent in water 27 re5|st

conposi tion of the present invention can find effective use in ﬂ!ﬂl' "IEEH”#IL””"‘
i norgani ¢ binder, prinmer for inorganic board, wood I 0

the follow ng, the present invention will be descr ]

ref er enceqligpkheoguanebes aupholymear i)V et naMpresend gt
"% denote part(s) by wei ght and @6by wei ght,” respect i vel ¥

e detai |l with

to 1:9; and a dispersant comprising a vinyl alcohol polymer

- ee——— -

10. An aqueous emulsion which comprises an (A-2) aqueous
emulsion coﬁprising a dispersoid which comprises a copolymer
containing at least one hydrophobic unsaturated monomer uﬂit
selected from a.methacrylic ester

monomer unit, acrylic ester monomer unit, styrenic monomer
unit, diene monomer unit and halogenated unsaturated monomer
unit; and a primary hydroxyl group-containing ethylenically

unsaturated monomer unit in an amount of 0.1 to 50% by weight

based on said copolymer; and a dispersant comprising a vinyl

alcohol polymer having a mercapto group at an end thereof.

11. A process for producing an (A-1) aqueous emulsion as set
forth in Claim 7 which comprises subjecting a vinyl ester
monomer to emulsion polymerization in the presence of a
dispersant comprising a vinyl alcohol polymer to produce a
vinyl ester polymer (1) and thereafter subjecting

a methacrylic ester monomer and/Qr an

acrylic ester monomer and a primary hydroxyl group—containing
ethylenically unsaturated monomer to emulsion polymerization
also in the presence of said dispersant to produce a

copolymer (2).
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(1) First step In an autocl ave equipped with a stirrer, a nitrogen
i ntrgggiction pipe and a chemcals injection punp, 4 parts I“Hu““““
hydrzed PVA havi ng an average degree of pol ynmeri zation a ENM“;

g of hydrolysis of 88 nol % was dissolved in 85 parts o *IOﬂ axcManged”

wat ergM t h heating, 6 parts of vinyl acetate was added therein, after
atnog#here in the autoclave was replaced with nitrogen the nixture was
heat g% to raise the tenperature to 70[err]C, polynerization was initiated

B Usc of 0 06 part of 1% hydrogen peroxi de aqueous solution and 0.03

by t I
part @f 5% Rongal i te aqueous solution, and 54 parts of vinyl acetate was
cont i@uously added in the autoclave over a period of 2 hours, during which

Bart ofi21% hy Pregais P i go@it gy San (A-2) aqueous emulsion as set
: forth in Claim 8 which comprises subjecting at least one
hydrophobic unsaturated monomer selected from g

? methacrylic ester monomer, acrylic ester

% monomer, styrenié monomer, diene monomer and halogenated
unsaturated monomer; and a primary hydroxyl group-containing
ethylenically unsaturated monomer in an amount of 0.1 to 50%
by weight based on the total amount of the monomer to
emulsion polymerization in the presence of a dispersant
comprising a vinyl alcohol polymer having a mercapto group at

an end thereof.
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solution and 0.3 part of 5% Rongalite aqueous sol ution were continuously
added therein. At tAbSticheIwhen the concentration of the resi dual -vinyl
acetjate in the pol ynerization system decreased to 3% an sanple waS -
col liected for Tg nmeasur enomposit28n(2pdBesovd snépAsupyeguem kysignononer
m xtiure of nethyl nethacrylate (MVA)/butyl acrylate (BA)/2-hydroxyet hyl
met hacryl ate (HEMA) in a ratio by weight of 21/16/3 was conti nuously added
in the autoclave over a period of 2 hours, during which period 4

There is disclosed a composition which comprises an (A)

aqueous emulsion selected from (A-1l) aqueous emulsion
comprising a dispersoid which comprises a vinyl ester polymer
(1) and a copolymer a (meth)acrylic ester and a primary
hydroxyl group-containing ethylenically unsaturated monomer
(2), the polymer (1) being present principally in the central
part of the:dispersoid, the copolymer (2) having a glass
transition temperature of lower than 50°C an being present
principally in the peripheral part thereof; and a dispersant
comprising a vinyl alcohol polymer and (A-2) agueous emulsion
comprising a dispersoid which comprises a copolymer of a
hydrophobic unsaturated monomer such as (meth)acrylic ester
and a primary hydroxyl group-containing ethylenically
unsaturated monomer; and a dispersant comprising a vinyl
alcohol polymer having a mercapto group at an end thereof and
a (B) polyvalent isocyanate compound. Disclosed also are an
adhesive comprising the aforementioned composition and a
wooden product which is joined by the use of the adhesive.
The above-disclosed adhesive is excellent in initial

adhesivity, adhesive strength, water resistance and so forth.
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e .o
parts of 1% hydrogen peroxi de aqueous solution and 2.0 parts of 5%
Rongal i te agueous sol ution were continously added therein. In the course of
the polymerization 1.0 part of PVA same as that used in the firgt siep as
15% aqueous sol ution was added therein over a peribd- ofe’ ]e -5 hoyr<: The, - .~ .
aqueous enul-si on thus obtained had a solid concent t atii on o-f"52 -O%and a,.”.n.
viscosity *of 2350 nPas.s (milliPascal. second) Separ dt eI’y copol yrrerl zation
was carried out at a conposition by weigHt/df M BA/ HEMA = 21/16/3 to
measure Tg of the resultant copolyner. As a result of analysis by
differential scanning calorinetry (DSC), the Tg was 30[err]C for the
polymer in the

FI1G. |
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first step and 15[err]C for the copolyner in the second step REpL - 0)" pietmingaig
wei ght of the polynmer in the first step to the copolyner in 131 &f
was 60:40. (3) Adhesion test By the use of the aforesaid aq
adhesi on test was carried out under the follow ng conditiong.
are given in Table 1. Conditions of .adhesion test [Adhesive
29 The adhesive to be tested was obtainfd by add ng 45

eous ehuIS|on
The4rddliit99s

cdnposi tion]

COMPOSITION, ADHESIVE AND AQUEOUS EMULSIONi

The presenr invention relates to a composition, an
adhesive and an aqueous emulsion. More particularly, it
pertains to a oomposztion useful for a variety of use
especially as an adhesive, an adhesive excellent in initial
adhesivity, adhesive strength and water resistance which
oomprises said composition, and an aqueous emulsion as the

material for said adhesive and the like.

Differing from the conventional aminoplast adhesive, an
adhesive which comprises as principal ingredients, a water-
soluble high molecular compound, an aqueous-emulsion and an
isocyanate compound is free'from'the generation of formalin
and develops an extremely high adhesive strength and. water
resistance only by press bonding at ordinary temperature for
a relatively short time and therefore, is admirably used as
an adliesive for woocd (refer to, for example'Japanese'Patent
Application Laid-Open Nos. 9473971973 and 69139/1975). There
have been proposed also as the similar adhesives, an aqueous
adhesive composition which comprises the emulsion of a
copolymer of a hydrokyl group-containing.monomer such as

'aliyl elcohol, 2-hydroxyethyl eorylate, N-methylolacrylamide
or the like and vinyl acetate or the like; and a divalent
isocyanate compound (Japanese Patent Application Laid-dpen
No. 26346/1974) and water-resistant adhesive composition

comprising a polyvinyl acetate emulsion using a polyvinyl



parts of 10% PVA aqueous sol ution having a degree of pol ymedREBLAGhMIN (18604 . .
and a degree of hydrolysis of 98 nol % (produced by Kuraray Qo.[,” Ctd. under ;
the tradename "PVA 117") and 10 parts of cal ci um carbonate Yo {45 pajfis

sai d aqueous enul sion, and to the resultant m xture further |aqding 15 parts
of pol ynmet hyl ene pol yphenyl isocyanate (produced by N ppon Rolbtethare

I ndustry Co., Ltd. under the tradenane 3M I 1lionate MR-100") |foll owed by

m xi ng. Adhesion conditions Qbject to be joined: birch/birch Ttgrairn tace) ~~
wi th 8% wailtoholt ast aCddispagsany! (iprotectivdaligid) |aidoa poliralens)
Open tine 1 mn. Pressure bonding condition: 20[err]C, 24 .
hours, 10 igdcydmaté compound (Japanese Patent Application Laid-Open

No. 33178/1991). These is reported an adhesive compfis;ng a |
polymer emulsion stabilized by polyvinyl alcohol, said
polymer emulsion being produced by two-stage polymerization
process wherein in the first sfage is produced a vinyl
ac;;ate copolymer havihg a glass transitipd temperature of 10
to 40°C and inﬂfhe second stage is produéed a methyl
methacrylate copolymer having a glass transition temperature
of 50 to 120°C at a ratio of the vinyi acetate copolymer to
the methyl methacrylate copolymer being 10:1 to 10:6
. (Japanese Patent Application Laid-Open No. 302485/1990).
Moreover, there is disciased an aqueou§ emulstion usable
for an adhesive comprising as the dispersoid, polystyrene,
polymethyl methacryl;te, polymethyl acrylate, methyi
methacrylate/bpéadiené copolymer, polyvinyl chloride or
polyvinyl acetate and as the suspending agent, poly@inyl
alcohol having a mercapto group.af an end tﬁereof'(aapanese
Patent Application Laid-Open No. 197229/198S). |
Under such circumstances, there h#s regehtly been
established Japanese Industrial.Standard (JIS) regarding
adhesives for wood comprising an aqueous high molecular
compound and an isocyanate compound.
ﬁith.increase in the objécts to be bonded, howevef.
there has arisen the necessity.for further enhancing the
present adhesivity level as the case may be. SQecifiéally,
an édhesive is sometimes required to-have higher durability

as the structural adhesive or further enhanced initial



pressure (only for test pieces for dry strength and for oneg i Arepe i
boi i ng) Measuring condition Conpression-shear adhesive st rerﬁ\&}; (’Eﬂ E' ?%f' &
nmeasured according to JIS K-6852 Dry strength: After curing {at gﬁ)ke\&s ]C for
7 days, measured as such. Repeated boiling: after curing at {2([ MV 399sr
days, a test piece was imersed in boiling water for 4 hourg, en dried in
the air at 60[err]C for 20 hours, agai M imersed in boili ng{water for 4
hours, allowed to stand in the water until the boiling vat eft—~eeets—t-o_room
t enperature and

_ dispersoid, said copolymer (2) being present principally in the peripheral
thereof, the ratio by weight of said polymer (1) to said copolymer (2) being in the

range of 9:1 to 1:9; and a dispersant comprising a vinyl alcohol polymer.

10. An aqueous emulsion which comprises an (A-2) aqueous emullsion '
comprising a dispersoid which comprises a copolymer containing at least
one hydrophobic unsaturated monomer unit selected from a methacrylic
ester monomer unit, acrylic ester monomer unit, styrenic monomer unit,
diene monomer unit and halogenated unsaturated monomer unit; and a
primary hydroxyl group-contaihing ethylenically unsaturated monomer
unit in an amount of 0.1 to 50% by weight based on said copolymer; and
a dispersant comprising a vihyl alcohol polymer having a mercapto group
at an end thereof. o |

11. A process for producing an (A-1) aqueous emulsion as set forth in
Claim 7 which comprises subjecting a vinyl ester monomer to emulsion
poiymerization in the presence ofa dispersant comprising a vinyl alcohol
‘polymer to produce a vinyl ester polymer (1) and thereafter subjecting a
methacrylic. ester monomer and/or an acrylic ester monomer and a
primary hydroxyl group-containing ethylenically unsaturated monomer to
emulsion polymerization also in the presence of said dispersant to produce -
a copolymer 2.



30 subjected to the test as such under wet condition. InitijREPhAkEsimNt BHELI
pair of test pieces was stuck together, subjected to press (bdnding at
20[err]C and 10 kg/cnferr] and imediately thereafter nmeasurgd 4$arjuL 1995
conpr essi on-shear adhesive strength. Exanple 2 (1) First stleg In the

aut ocl ave which was used in Exanple 1, 4 parts.of partially h
havi.ng an average degree of polynerization of 500 and a degree of

hydrol ysis of 88 nol % (produced by Kurfaray Co., Ltd. under the TTadenane
PVA 205 Ldnesivity as ordinary adhesive for individual use. In the

case of the latter, the versatile application of an aqueous
emulsion of a vinfl écetate resin using polyvinyl alcohol
(hereinafter sometimes abbreviaféd to "PVA") as the

~ dispersant has enhanced initial adhesivity but has caused the
problem of water resistance being insufficient.

For the requirement of high durability and/or high water
resistance there have heretofore been admirably employed an
_aqueous emulsion of acrylic series and that of
styrene/butadiene rubber (SBR). However, since in the above-
mentioned.aquequs emulsions has been used an anionic
surfactant or a nonionc surféctant alone or in combination
with each other as the dispersant at the time of emulsion
polymefization, the aqueous emulsicné haye involved the
problem that they could not develop such initial a_dhesivi.ty
like the aqueous emulsion of vinyl acetate resin obtained by

- using PVA as the dispe;sant and the.problem of inferior
operation efficiency. |

It is the present state of the aforementioned
conventional adhesives that in spite of their performance
being recognized to some eitenf; an adhesive having
satisfaétory performance in all respects of initial
adhesivity, adhesive strength and water resistance still

remains undeveloped.

It is an object of the present invention to solve the
problems of the prior arts as described hereinbefore and

thereby provide a composition well suited for use in an



was di ssolved in 85 parts of ion-exchanged water, 8 parts of
was added therein, and under a pressure of 40 kg/cnferr] by
60[ err] C pot assi um persul fate and agueous sol uti on of Ronga
therein to initiate polynerization. The anount of the poly
initiator was adjusted so as to attain an appropriate polym
In the sane nmanner as in Exanple 1, (The sane procedure was

i
e
I

a

Exanpl es descri bed hereinafter). Subsequently 36 parts viny

RERL X CRRTET STRRT

1 e V\B!’e added
| 224 UOL. 1995
zation rate
pptTed—to—the
acet ate was

continuously added .in the autoclave over a period of 3 hours and the

pol yrer | zadhesie hawing satinfactorE isdtial adhesiithes ivRtl RState

m xt ure of

mononer reached 4% (2) Second step SubsequentLy, a .nononer
NWA/Z-ethFBﬁe%ﬁent adhesive strength and water resistance.

It is another object of the present invention to provide

an adhesive having satisfactory initial adhesivity as well as

excellent adhesive strength and water resistance which

adhesive is obtained by the use of the above-mentioned

composition.

It is still another object of the present invention to

provide a wooden product excellent in adhesive strength and

water resistance which is obtained by the use of the above-

mentioned adhesive. 

It is a further object of the preéent invention to

ptovide an agueous emulsion which conétitutes a component of

the above-mentioned composition.

It is a still fufther objeét of the present invention to

provide a_prdcéss for efficiently producing the above-

mentioned agqueous emulsion.

Other objects of the present invention will be obvious

from the text of theﬂspecification hereinafter disclosed.

The composition according to the present invention

comprises an (A) aqueous emulsion selected from an (A-1)

aqueous emulsion comprising a-dispersoid.which_cqmprises a

vinyl ester polymer (1) and a copolymer having a glass

transition temperature of lower .than S0°C containing

a methacrylic ester monomer unit and/or an

acrylic ester monomer unit; and a primary hydroxyl group-

containing ethyleniéally unsaturated ‘monomer unit (2), said

polymer (1) being present principally in the central part of




acrylate (2-EHA)/2-hydroxyethyl acrylate (HEA) in a ratio by

28/ 15/ 2 was continuously added in the autoclave over a period
proceed with polynerization, 31 during which period 1.0 pa
PVA as that used in the first step as 15% aqueous sol uti on wa
t herein. The aqueous enul sion thus obtained had a solid conce
51.5% and a viscosity of 1010 nPas.s. Ag the result of analys

A CEMENT, SHEET

t{of the sane
5 ad@stlJUL 1996
it g ati on of

s Py DSC1The

Tg showed O[err]C for the polyner in the first step, and 15[ efr]C for the

t he

copol yrnergdid tdispersofldst spidleopclymed\ 2k bingf prasepd principatly

in the peripheral part thereof, the ratio by weight of said
polymer (1) fo said éopolymer (2) being in the range of 9:1
to 1:9; and a dispersant comprising a vinyl alcohol polymer
and an (A-2) aqueous emulsion comprising a dispersoid which
comprises a copoiymer containing af least one hydrophobic
unsaturated mogémer unit selected from.

2 methacrylic ester monomer unit, acrylic ester monomer
unit, s;yrenié monomer unit, diene monomer unit and
haiogenated unsaturated monomer ﬁnit; and a primary hydroxyl
group~containing ethylenically unsaturated monomer unit in an
amount of 0.1 to.SO% by weight based on said coéolymer: and a
dispersant comp;ising'a vinyl alcohol polymer having a'

mercapto group at an end thereof and a (B) polyvalent

. isocyanate compound.

Fig. 1 is an explanatory drawing schematically showing

the structure of the dispersoid in the (A-1) aqueous emulsion

in which the symbol 1 is the polymer (1) and the symbol 2 .is

the copolymer (2).

B

The composition according to the present invention

comprises (A) an aqueous emulsion and (Bi a polyvalent

"isocyanate compound, said emulsion. comprising an (A-1)

aqueous emulsion or kA-z) aqueous emulsion. The (A-1)
aqueous emulsion comprises the dispersoid and the dispersant
described hereinbefore. The disperséid is the aggregate of

each being composed of the vinyl eStef polymer (1) and the



first step to the copolymer in the second step was 55:45. (?Eﬁﬂﬁgiaﬂgqrqﬁﬁﬂfr

By the use of the aforenentioned aqueous enul si on, adhesi on
carried out in the sane manner as in Exanple 1. The results jarle %lven in
Tabl e 1. Conparative Exanple 1 In the sanme nanner as in Exanplie
(co)polynerization was effected in the first and second steps jexcept that
pol yoxyet hyl ene nonyl phenyl ether havi ng740 nol of oxyethyl gne units
(produced by Sanyo Chemical Industries, Ltd. under the tradepane "Naonipol. ..
400") wasceSEUymBrPhasAny £ '\Yrads ¢ Prd©stién téfipdfathrbNePalowey thanhe

first step went down to -3[err]C, presunably because of the plasticizing -
50°C containing at least ome member selected from methacrylic

ester monomer unit and acrylic ester.monomer unit
(hereinafter sometimes collectively referred to as
"(meth)acrylic ester monomer unit") and a primary hydroxyl
group-containing ethyienidally unsaturated monomer unit k2).
The vinyl;gster polymer (1) includeé a-variety of
polymers and is_generally-exemplified by the (co)polymers
comprising as primary unit, fhe vinyl ester unit such as
vinyl acetate, vinyl propionate, vinyl.pivalate, vinyl ester
of tertiary carboxylic acid having 8 to 10 carbon atomé (for
example, vinyl ester prddqced by Shell Chemical Co., Ltd.
under the tradename "Veova 10!), vinyl stearate, vinyl
formate, vinyl valerate, v1nyl caprinate, vinyl 1aurate and.
vinyl benzoate; and the copolymer of any of the ‘above-
mentioned vinyl ester units and not more than 30% by weight
of a copolymetizable mdnomér unit such as ethylene 6r vinyl
chloride and a monomer unit haviné a small amount of a
funcfional grouﬁ such as carboxyl gro&p.or amide group. The
. glass transition teﬁperature (Tg) of the gforémentioned vinyl
ester polymer (1) is not specifically limited but is
preferably in the range of -10°C to 40°C. A Tg of the
po;ymer (1) of lower than -10°C or higher than 40°C may lower
' the adhesive strength when the aqueous emulsion is used as an
adhesive. _ |
The copélymef (2) is the copolymer containing a
(meth)acrylic ester monomer unit and ‘a primary hydroxyl

group-containing ethylenically unsaturated monomer unit and




effect of the above-nentioned nonionic surfactant. The aqueoﬂhfhﬁﬁtﬁﬁ%ﬂ'bﬂhbl
t hus obtained had a solid concentration of 50.9% and a visc¢sity of I00
nmPas.s. The ratio by weight of the polymer in the first step. 102t$'gUL 1996
copol ymer in the second step was 55:45. By the use of the afioq esar aqueous
emul si on, adhesion test was carried out in the sane manner as HA—Exeafpre—i—
The . 32 results are given in Table 1. @nparative Exanplej2 In the’

aUtOC|aVi£xu£§'waslgggdtkgngi%qghpt%mpgﬂgﬁafﬁ(ng) of lower than

EO‘C desirably from 5°C to lower than 50°C, more desirably
grom 10° c to 40°C. A Tg of lower than 5°C may decrease the
adhesive strength because of insufficient cohesive force ‘in
the case where the aqueous emulsion is used as an adhesive,
gnereas a Tg of higher than 50°C deteriorates the film-
forming properoies'resulting in decrease in the adhesive
strength in the case same as.above.-

The (meth)acrylic ester monomer unit constituting the
oopolymer (2) is methacryiic ester monomer unit and/or
acrylic ester monomer unit and desirably contains both the
methacrylio ester monomer unit and the acrylic ester monomer
unit. . _

The methacrylic ester monomer unit inoludes a variety of
species and is preferably exemplified by a monomer unit
having an alkyl -group of 1l to 12 carbon atoms such as those
derived from methyl methacrylete, ethyl methacrylate, propyl
methacrylate, butYl métﬁacryLate, 2-ethylhexyl methacrylate,
dodecyl methacrylate and dimethylaminoethyl methacrylate; the
units each derived from a quaternary compound of any of the
aforestated 7 mohome; units; and the units each derived from
any of ;ethacrylamide and ethylene glycol dimethacrylate,
among which is preferable a methacrylic ester.unit having an
alkyl group of 1 to 4 carbon atoms. |

As is the case with the above, the acrylic ester monomer

| unit includes a variety of speciee and is exeﬁplified by a
monomer unit having an alkyl group.of 1 to 12 carbon atoms

such as those derived from methyl acrylate, ethyl acrylate,



partially hydrolyzed PVA having an average degree ofipolyner"
and a degree of hydrolysis of 88 nol % (produced by Kuraray (O

the tradenanme "PVA 217") was dissolved in 85 parts of ion-exchagged

with heating, and then 20 parts of a nononer m xture of viny

ter

1996

(VAc)/ MVW BA/HEMA in a ratio by weight of 60/21/16/3 was added_t herein,

fol Lowed by addi ng aqueous sol ution of gpotassi um persulfatejat 70[err]C to

initiate polynerization. Further, the balance 80 parts of .th

m xture wmngxtnacmymatg,audeylthmmyhateawae;mylhale acrydases| glecyl th

the continuous addition of 1.0 part of PVA as 15% aqueous sol ution.

At the

| ast st ageryflame yndodeayloacriydabec and imethylamingethyd opcryilatia y
abnornali Zed to produce a | arge anmount of agglonerate in the autocl ave.

the units each derived from a guaternary compound of any of
the aforesaid 8 monomer units; and the units each derived
from eny of acrylamide, N,N-dimethylacrylamide, acrylamide-2-
methylpropanesulfonic acid and sodium salt thereof, among
which is preferable an acrylic estef unit having an alkyl
group of 1 to charbon atoms. |

Also, the primarf'hydroxyl group-containing
ethylenically unsaturated monomer unit includes a variety of
species and is preferably exemplified by those derived from

hydroxyethyl acrylate, hydroxyethyl methacrylate,
| caprolactone-modified (meth)acrylic ester, N-alkylolamide
from ¢ B-ethylenically unsaturated carboxylic acid having 3.
to 10 carbon atoms such as N-methylolecrylamide, N-
eéthanolacrylamide, N-propanoclacrylamide, N-
methylolmethacrylamide, N-ethanolmethacrylamide and N-
methanolmaleamide, and allyl alcohol.

The aforestated (meth)acrylic ester monomer unit and
primary hydroxyl group-containing ethylenically unsaturated
monomer unit may contain one member or at least two members
in combination, respectively. _

The foregoing copolymer (2) may contain a copolymerized
monomer unit in addition to the above-deecribed_(meth)aerylic
ester monomer unit and primary hydroxyl group-containing
ethylenically unsaturated monomer unit insofar as the
copolymer has a glass transxtion temperature (Tg) of lower

than 50°C, such copolymerized monomer unit being exemplified



Exanpl e
i on-exch
PVA havi
hydrol ys
"PVA 205
m Xxt-ur e
t he trad
solutlon

3 (1) First step In the autoclave was placed 60 parFEefiarE 'f“ﬁ'&«ji'
anged water, in which was dissolved 3 parts of part HL I éﬁEET
ng an average degree of polynerization of 500 and a d,gree

is of 88 nol % (produced by Kuraray Co., Ltd. under {hé %d@ﬁmwé
") and to the aqueous sol utiongvere added 10 parts ¢f {nononer

of VAc/ vinyl versate (produced by Shell Chem cal Co., Ltd. under

3 TmHa At ofacabiie vntr BN oY Hftaduane Beos

isoprene. 1In addition, the copolymer (2) may contain a

monomer unit having a functional group other than a primary
hydroxyl group or divinyl'monomer unit such as ethylene -
glycol dimethacrylate.

As mentioned'héreinbefore, the copolymer (2) is composed
of the (meth)ag?ylic ester monomer unit and primary hyéroxyl
group-containing ethylenically unsaturated monomexr unit. The
proportion of each of the aforesaid constitutional units is
not specifically limited insofar-as the copolymer has a Tg of
lower than 50°C, but the_(mgth)acrylic ester monomer unit is
in an amdunt'of psually 85 to 99.8% by weight, p;eferably 99
tc 99.5% by_weight each_based on the total amount of the
copolymer (2). In the case where both the methacrylic ester
monomer unit and acrylic ester monomer.ghit aie used as the
(meth)acrylic ester unit, fhe methacrylic ester monomgr'unit
is in an.amount of usuall§ 20 to 70% by weight, préferably 30
to 65% by weight, and thé actylic ester monomer unit is in an .
amount of 20 to 50% by weight, preferably.ZS to 45% by
weight. The primary hydroxyl group—containing ethylenically
unsaturated monomer unit is in an amount of 0.1 to 50% by
weight, desirably 0.2 to 15% by weight, more deszrably 0.5 to
10% by weight. An unreasonably small content of the primary
hydroxyl group-containing ethylenically unsaturated monome;
unit resulté in insufficient impfbvement in water resistance
of.the.adhesive obtained therefrom;

Tﬁe dispersoid in the (A-1) aqueous emulsion according

to the present invention:iéithe aggregafe of each dispersoid



33 polynmerization. Further, 40 parts of the nonomer m xturg AT o
continuously added over a period of 2 hours, and pol yneri zat EAELNH$HTSHEEF
continued until the concentration of the nononer m xture drqpped as, Iom/as
0.5% (2) Second step In another reactor prelimnarily cont i ni Ryt AUL 1996
solution of 2 parts of the aforesaid gf in 25 parts of ion{ejxchanged water
was -fed the total amount of the aqueous™emul sion of the VAcjqvinyl versate
copolymer as obtained in the first step. Subsequently, 10 pasts_af a
mononmer rgonprissbngMpalphern (1 )r ando copolymex () 3ivhichagormdan t herein,
pol yneri zation was initiated by the use of potassium persulfate at

70[ er r] C deukilel0lprers ssruchurah ohenedno the [odymer ankl) 265, REasens

principally in the central part of the dispersoid, whiie the

copolymer (2) is present principaily in the peripheral part
thereof. In more detail, the structure of the dispersoid is
such that the polymer (1) (specifically in an amount of at
least 70% by wg}ght, desirably at least 80% by weight,
particularly desirably at least 90%) is present in the
central part of the dispersoid, whereas the copolymer (2)
(specifically in an amount of at least 70% by weight,
desirably at least B80% by weight, particularly gesirablx at
least 90%) is preseht in the peripheral part thereof: The
polymer (1) and copolymer (2) which constitute the dispgrsoid
are each not always in the shape.of sphere, but may be ip
different shapes as illusfréted'in Fig. 1 schematicaily
showing the magnifiéd structure o£ the dispersoid, wherein
the symbol 1 is the polymer (1) and the symbol 2 is the
copolymer (2). Such double layer structure of the dispersoid
can be confirmed by means of a transmission electron
micrdscope. The ratio by weight of the polymer (1) to the-

| copolymgr (2) in rhe suspensoid is 9:1 to 1:9, preferably 8:2
to 2:8.° In the case where the percentage by weight of the
po;ymer (1) based on the total amount of.the polymer (1) and
copolymer (2) exceeds 90%, the ;@hesive obtained from the
agueous emulsron is deteriorated in water resistance, Qhereas
the percentage less than 10% by weight decreases the emulsion
stability. |

As described hereinbefore, the (A—l) aqueous ‘emulsion




solution of 3 parts of N-nethylolacrylamde (NMAM were cont rgERU
therein over a period of 2 hours. The aqueous enul sion thus o h
solid concentration of 49.5%and a viscosity of 960 nPas.s. The
15[err]C for the polynmer in the first step and 30[err]C for tHe
in the second step. The ratio by meigh&gof the polynmer in thg flirst step

Tg showed .
c Al He996

to the copolyner in the second step was 50:50. By the use of the
af orest at ed aqueous .enul si on, adhesi on test was carried out injthe _sane

nmanner agompribed® | the . aﬂé\@eiﬁéaﬂénaaedgspea:sdidTamda disgersahe 4n(1)
First step I'n a pressure resistant autoclave, 3 parts of PVA as
which vinyl alcohol polymer (PVA) is used. As the above PVA,
the previously known PVA is available and suitable exaﬁples
thereof include the PVA having a degree of hydrolysis of 80
to 99 mol% and a degree of polymerization of 200 to 8000 and
the so called modified.PVA, in which a runctional group is
introduced in the main or side chain or to the end of
molecule thereef. Also, a previously known emulsion
stabilizer other than FVA may te used in combination with the
PVA as a eomponent of the dispersant touthe extent that the
addition of the dispersant does not impair the performance
such as initial adhesivity.
The average particle diameter of the dispersant in the
(A-1) aqueous emulsion according to the present invention is
not'specifically limited but is desirably 0.5 to 2 uh, more
desirabiy 0.8 to-1.5 Mm. The concentration of the dispersoid
in the (A-1) adueous emulsion may be suitably determined
according to the variqus-situations, but is desirably 40 to
60% by weight; mere desirably 45 to 55% by weight. The
concentration of the dispersant in the (A-l)'aqueous emulsion
is not specificallf limited as well but is desirably 0.2 to
50 parts by wezght more desirably 1 to 10 parts by weight
per 100 parts by weight of the dispersoid.
| As descrzbed hereinbefora, the dispersoid in the (A—l)
agueous emulsion according to the present invention forms ‘the
specific douSle layer structure. In the case, however, where
a double layer structure is not formed or in spxte of a

double layer structure being formed, the polymer (1) ‘is



used in Exanple 2 was dissolved in 85 parts of ion-exchangegs
18 parts of vinyl acetate and 18 parts of vinyl chloride wefe
therein, ethylene was introduced therein to show the pressuge OEU§§
kg/cnferr] at 60[err]C, and polynerization was initiated byj|the U&fﬁﬁé
hydr ogen peroxi de and aqueous solution of Rongalite. After .
the.concentration of vinyl acetate in 1Be pol ynerization sy$tem went down
as low as 0.5% the reactjon product was taken out fromthe

pol ymer REES&N¥yPFingiRally in pofhecperdpbezpl part of the dispersoid
an@‘the copolymer (2) is present principally in the central

part thereof, the aqueous emulsion is poor in stability and
further fails to develop sufficient water resistance wheﬁ
used in an adhesive.

In the (A-1) aqueous emulsion according to the present
invention, the foregoing dispersoid is stabilized in aqueous
emulsion bY'thé-diépersant comprising the PVA. To the (A-l)
aqueous emulsion, if necessary, different types of aqueous
emulsions may be added and exemplified by vinyl acetate,
ethylene/vinyl acetate copolymer, polychloroprene,
polybutadiene, étyrene/butadiene copolymer,
butadiene/acrylonitrile cépolYmer, butyl rubber, polyacrylic
acid ester, polyvinyl chloride and polyvinylidene each in the
form of emulsion. _

On the other hand, the (A-2) aqueous eﬁulsion comprises,
as described hereinbefore, the dispersoid.and dispersant.
The aforementioned dispersoid compriées a copolymer
containing as constitutional units, at least one hydrophobic
unsaturated monomer unit selected from'

a methacrylic ester monomef.unit, acrylic ester unit,
styrenié‘monomer unit, diene monomer unit and halogenated
unsaturated monomer unit; and a primary hydroxyl group-
containing ethylénically unsaturated monomer unit.

Here, the methacrylic ester monomer unit and acrylic
ester monomer unit include each a variety of species and are
preferably exemplified by those in the case of the above-

_aescribed'(A-l) agqueous emulsion.



Subsequently, the aforesaid aqueous emul sion was transferred t NGB HOR arir
kettle at atnospheric pressure, in which were placed 10 parts gﬁ? éﬁﬁﬁgg?éidﬂ
m xture of MV styrene (St)/2-EHA/HEMA in a ratio by weight off o
18.5/18/22/1.5 and aqueous sol ution of potassiumpersulfate tq ifni2@haddl 1996
pol ynerization at 70[err]C. Then to the polynerization systemwas
cont.i nuously added 51.5 parts of said Wbnoner mixture over a period ol 3
hours and was further added 15% aqueous solution of-2 parts oﬂ PVA_gver_a
period of 2 hoBxampliesngft lthec sbyxeniic munorer zaridninghudeopomice
produced in the second step had a Tg of 15[ err]C. The aqueous enul sion thus
obt ai ned dirdewsityi ofc speciesat iameng Wodv.are Breferabivyupitsso nPas. s.
The ratio by weight of the polyner in the first step to the copolyner in:
the secordesiveduwfromostyrene, c-methylstyrene, p-methylstyrene,” o-

methylstyrehe, p—styfehesulfonic acid and an alkali salt

thereof such as sodium salt and potassium salt.

Examples of the diene monomér unit include a large
'variety of spec}es, among which are preferably units derived
frbm bﬁtadiéne; isoprene, chléroprene and neoprene.

Examples of the ﬁalogenated unsaturated monomer unit
include a variety of species, émong which are preferably
units derived from vinyl éhloride, vinylidene ch;ofide, vinyl
bromide and viﬁylidene bromi@e. _

The primary hydroxyl group-containing ethylenically
unsaturated monomer unit in the (A-2) aqueous emulsiod
includes a variety of species arnd ié preferably exemplified

. By_those in the case of the above-described (A-1l) aqueous
emulsion. |

The aférementionéd at leasf one hydrophobic unsaturated
monomer unit selected from a _ | - |
methacrylic ester monomer unit, acrylié ester monomer unit,
styrenig monomer unit, diene mdﬂomer unit and ﬁalogenated
unsaturated monomer unit, and primary hydroxyl group-
containing ethylenically unsaturéted monomer unit may contain
one member or at least two members in cdmbination,
respectively. _

Tpe above-mentioned copolymef which con;titutes the
dispersoid of the (A-2) aqueous emulsion of the present

invention indispensably comprises the aforesaid hydrophobic



By the use of the aqueous enulsion thus formed, adhesion te'@jy@${¢6ﬁ1$45§525f
out in the sanme manner as in Exanple 1. The results are givgnp aphe 21
Exanple 5 (1) First step 35 3 parts of the same PVA as tHhat gdy|1
Exanmpl e 1 was di ssolved in 85 parts of ion-exchanged water, {73 ;g L1996
vinyl acetate was added to the solutign and ethylene was infraduced to show
the .pressure of 30 kg/cnferr] at 50[err]C. Polynerization s conducted by

t he use of hydrogen peroxide
unsaturated monomer unit and primary hydroxyl group-

containing ethylenically unsaturated monomer unit, and may
contain, in addition to the aforestated mbnomer units, a
copolymerized monomer unit exemplified by vinyl ester moﬁomer
unit such as those @erived from vinyl acetate, vinyl formate,
vinyl versate an& vinyl pivalate, mono-olefinic monomer unit.
such as ethylqu and propylene and nitrile monomer unit such
a acrylonitiile and mefhacrylonitrile to the extent that the
addition thereof doeé ﬁot impair the effect of the preéent
invention.’ '

The content of the abgve-mentioned copolymgriied monomer
unit in the_copolymér is desirably 20% of lessiby weight,
more desirably 10% or less by weight.

The content of the prim;ry hydrbxyl group-containing
ethylenically unsaturated monomer unit in thé copolymer
constituting the dispersoiad iﬁ the (A-2) aqueous emulsion
according to the present in&entioh is indispensably 0.1 tb
S0% by weight, desirably 0.2 to 15% by weight, more desirably
0.5 to 10% by weight. |

An unreasonably.low content of the primary hydroxyl
group-containing ethylenically'ﬁnsaturatéd monomer unit
decreas;; the effect on fhe crqéslinkage with the polyvalent
isocyanate compound as the ccmpoﬁent (B),.thus failing to
sufficiently develop water resistance required for the
adhesiVe obtained therefrom. Conversely, an excessively high
content thereof unreasonably 1ncre$se§ the hydrophilic ﬁature
of the copolymer conétitut{ng the dispersocid, thereby

decreases the polymerization stabiiity at the'time_of



and aqueous sol ution of Rongalite. After 2 hours the concentratqéﬁfbﬁLthﬁﬁﬁfSg;
vinyl acetate in the polynerization system dropped as | ow as 2% eC
step Subsequently a nmonormer m xture of MVA/2-EHA/HEA in a ratiofby
-of 11.6/6.4/2.0 was added to the systemto continue pol ynerizat{op.
aqueous emul sion thus obtained had a solid concentration of 51.p%amt—& _
vi scosity- of 300 npas.s. The Tg showed610[err]C for the pol yner| obtained in

C for the copolyner forned in the second step.

the first s %aéﬁnd Slerr
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adhesi on
~ water resistance required for the adhesive to be made from

the aqueous emulsion.

The content of the hydrophobic unsaturated monomer unit
in the copolymer-is desirablylso to 99.9% by weight, more
desirably 85 to 99.8% by weight, furthermore desirably'go to
99.5% by weight. '

The.glass transition temperature (Tg) of the copolymer
which constitutes'the'dispersoid in thé (A-2) aqueous
emulsion according fo the present invention is-pot
.specifically 1imited, but ié-désirably not lower th;p —iO‘C
to lower than 50°C, more desirably from -10°C to 40°C. .A Tg
of lower than -10°C may decrease.fhe adhesive strength on

- account of insufficient cohesive force, while a Tg of 50°C or
higher may deteriorate tﬁe film-forming properties resﬁlting
in decrease in the adhesive strength.

The (A-2) aqueous'emulsion aééording to the present
invention, aé described hereinbefo:e, comprises the
aforestated dispersoid and dispersant, which comprises PVA-
having a mercapto gfoup at an end thereof. Such PVA as abovg
may be égemically bonded to the copolymer of the dispersoid
by.graft reaction or may be physically adsorbed on the
‘copolymer of the dispersoid, but the former chemical bonding
is preferable,

Although'the'use of a PVA having a mércapto.grodp in the
main chain thereof instead of at an end thereof can deveiop

the effect to some extent, the use thereof is not;desfrable



[—

test was carried out in the same manner as in Exanple 1. The r ﬁ§§T§?7~—___m
given in Table 1. Conparative Exanple 3 (1) First step 4 part l¢ A HNESHTE?
PVA as that used in Exanple 2 (an average degree of polynerizdtifon of

and a degree of hydrolysis of 88 nol% was dissolved in 85 pant (24Lmﬂfﬂﬂé
exchanged water, 74 parts of vinyl acetate was added to the s¢lgytion and

et hyl ene was introduced to show the pﬂé%sure of 36 40 kg/cper

60[ err] Chechiin REY YIBEL7R11 PHy"RE §AELLEH19Y2aMon due to thE————
formation of disulfide bond by the oxidation of PVA itself.
Therefore, in the (A-2) aqueous emulsion according to the
present invention, there should be used the PVA having a
mercapto group at an end thereof, preferably the PVA having a
mercapto group at one end only thereof, since the use of the
latter can eliq?nate the fear of insolpbiiization and
facilitate the handling theredf. ' The PVA having a mercapto
group at an end thereof to be used in the present invenfion
may have a different functional group in the main or side
chain of the PVA in addition to the mercapto group at an end
thereof. ' |

The aforesaid PVA having a mercapto'group at oﬂe énd
only thereof can be prepared for example, by.hydrolyziﬁg a
vinyl ester polymer obtainedrby'polymerizing, in-thé,presencé
of a thiolic acig, a vinyl.monomer comprising a vinyl ester
monomer as primary cbmponent.

The degree of polymeriéat;on of the.PVA having a
mercapto group'at an end thereof to be used in the present
inventign may be determined_aééording to respective
situations without specific limifation, but i; desirably 3500
or less,:more desirablyllsoo or less. The degree of
hydrolysis thereof dépends'on the type of the other hodifying
-gréup and can not bé unequivocally determined, but is |
desirably not less than 70 mol% from the.viewpoint of watef-
solubility. The dispersant may be composed of the PVA having
a mercapto group at an end thereof alone but may contain, in

éddition'to the above, a known PVA or an emulsifying agent



t he use of hydrogen peroxide and aqueous sol ution of Rongal A0
hours the concentration of vinyl acetate in the systenldropdaﬁqéujﬂﬂﬁNISSHEET
1% (2) Second step Subsequently, total anmount of a nonomer{nf xture of '

MVA/ BA/HEA in a ratio by weight of 3.5/2.5/2.0 was added to he2§y§ggn§§€a
conti nue pol ynerization, during which_ 1.0 part of the same PVA as abov S
added to the system as 10% aqueous sol ion The aqueous enpl st+ofr—i-hRus

e ToCenathed M| 08 L8| EAL! 2ReBhe  Rnal 30G 2aA3SR %@%&———Of' e
15[err]C Fx% %ﬁﬁ;@lﬁfégpggﬁt '883.%@%:: S90S Sen NGy A ey 9Nt

of the polyner
adhesivity.

—+

By virtue of the high activity of the mercapto groﬁp in
radical reaction, the PVA héving a mercapto group at an end
thereof can be highly reactive even with a monomer having a
relatively low_?adical reactivity such as methacrylic ester
monomef, acrylic ester monomer, styrenic monomer; diene
monomer and halogenated unsaturated monomer which have been
extremely difficult t6 be made into a stable emulsién by the
use of the conventional PVA pot having a mercapto group at an
end thereof as fhe dispérsang. As a result, the PVA having_a
mercapto group at an end £hereof can be chemically bonded to
the particles of the dispersoid composed of the copolymer
comprising any of the aforementiéned monomers as the
constitutiqnal hnit, thereby providing an exceptionally
stable aqueous emulsion. |

The avefage ﬁarticle diameter of the dispersoid in the
(A-2) aqueous emulsion according to the present invention is
not specifically limited but is desiraﬁly 0.2 to 2.0 uym, more
desirably 0.3 to 1;5 um. The cancentration_of the disperscid
in the (k-Z) agueous emulsion may be sﬁitably determined
accoridng to the various situations, but is desirably 30 to
70% by weight, more desirably 40 to 60% by weight. The
concentration of the-dispefsant in the (A-2) agqueous emulsion
is not specifically limited as well but is deéirably 0.5 t6
30 parts by weight, more desirably 1 to 10 parts by weight

per 100 parts by weight of the dispersoid. In the case where




copolynmer in the second step was 92:8. By the use of the afor
aqueous enul si on, adhesion test was carried out in the sane
Exanple 1. The results are given in Table 1. Conparative Exa
. First step 0.5 part of the same PVA as that used in Exanple 2
in 20 parts of ion-exchanged water, 4 parts of vinyl acetate
the.solution and ethylene was introduced to show the pressure
kg/cnierr] at 60[err]C. Then pol ynmerization was carried out by the usSe of
hydrogent}peréyea‘égawwdm diameten, oconsegtratdomifethe 5 hour the

concentration of vinyl acetate in the systemdropped as
dispersoid or the concentration of the dispersant departs

from the foregoing désirable range in the (A-2) aqueous
emulsion of the present invention, polymerization stability
at the time of emulsion polymerization and water resistance,
durability and initial aahesivity of the adhesive obtained
from the agqueocus emulsion may not be devéloped with favorablé
balance amohg éhem. ,

To the (A-2) aqueaus emulsion of the present invention,
if necessar}, different types oflaqueous_emulsions may be
added to the extent that the addition thereof does not impair
thé éerformance such_as water resistance and initial
adhesivity, which emulsiqns are exemplified by fhose
described in the case of theiféregoing'(g-l) agqueous
émulsionf |

- . As described hereinbefore, the composition according to
the present invention comprises an (A) agqueous emulsion and a
(é) polyvaleﬁt isocyanate compound, which possesses at least
two isocyanate groups in a molecule and is enumerated by
tolylene diisocyanate (TDI): hydrogenated TDI; trimethylol
propane-TDI adduct (;.g. produced by Bayer AG under the
tradenaﬁ; "Desmodur L"):; triphepy;methane triisocyanate:
methylenebis(diphenyl isocyanate) (MDI); hydrogehated MDI;
polyﬁerized MDI; hexamethflene diisocyante: xylylene
diisocyanate; 4,4-dicyclchexylmethane diisoc?gnatef and
isophogone diisocyanate. There maf be'also.used a prepolyﬁer
having an isocyante group a; an end thergof which is obtained

by preliminarily polymerizing a polyol with excessive



37 low as 1% or lower. (2) Second step Subsequently, a nonone ﬁ!Xt“FP af
MVW BA/HEA in a ratio by weight of 52.9/40.1/2 was added to t
conduct copol ynerization, during which aqueous solution of 4.
sanme PVA as above in 65 parts of ion-exchanged was added to t
aqueous emul sion thus obtained containgd coarse particles and
filtration, had a solid concentration of 48. 0% and a viscosit
nPas. s.

The Tg showed OC for the polymer obtained in the fir
polyisocyanate. .

The compounding ratio of the (A) aqueous emulsion to the
(B) polyvalent isocfanate compound, together constituting the
foregoing composition o£ the present invention, may be
suitably determined according to the verious conditions, but
is desirably 10 to 150 parts by weight, more desirably 20 to
100 parts by weight of (B) polyvalent isocyanate compound per
100 parts by weight of (A) aqueous emulsion expressed in
terms of solid content.

The eemposition aecording to the present invention
comprises (5-1) aqueous emulsion in which is contained PVA as
the dispersant or (A-2) aqueocus emulsion in which is
contained PVA having a mercapto group at an end thereof as
the dispersant, and according to the.demand, a known PVA ﬁay
be added to either of the PVA in (A-1)  aquecus emulsion and
the PVA in (A-2) agueous emulsion.

The compositien according to the present invention may
Ee incorporated, if necessary, with starch, denatured starch,
oxidized starch, sodium alginate, carboxymethyl cellulose,
methyl cellulose, hydroxymethyl cellulose, maleic
anhydride/isobutene copolymer,.haleic anhydride/styrene
copolymer, water-soluble high mqlecula: compound such as
maleic anhydride/methylvinyl ether copolymer.and a
thermosetting resin such as urea[fdimalin resin,
urea/melamine/formalin resin and pﬁenol/formalin resin, eaeh
resin:being generally used in en adhesive.

In addition, the'compqsition according to the present

. invention may be incorporated as required witﬁ a filler such



step and 15[err]C for the copolyner fornmed in the second step.
wei ght of the polyner in the first step to the copolyner in th
was 5:95. By the use of the aforestated aqueous emnul sion, adhe
carried out in the sane manner as in Exanple 1. The results afe

t hat- used in Exanple 2 was dissolved in 852parts of ion-exchang
45 parts of vinyl acetate was added to the solution and ethyl g&ne was
i nt r oduce®B tS+3¥iovnkandipees ale.ocalcing garkanats aand cvoodhpowdersean
D T on St oAR PUGh as wBRaF KGNS reactitn ackaldrater Such ag oS
boric acid and aluminum sulfate; pigment such as titanium
oxide; and various additives such as preservative and ruét
preventive.
The adhesivé of the present ihvention is used for
joining a variety of objects and above .all for joining wood
and lumber. |
The coating amount of the_aﬁhesive of the present
invention is desirabl& 20 to- 300 g/mz, ﬁore desirably 30 to
200.g/m2 expressed in terms of solid content. _
As the method for coating, brush coating, roll goating
and the like are available. As the method for drying aftex
coating of the adheéive,_drying at room temperature to 200°C
is acceptablé, but the adhesive of the present invenfion
develops a sufficient adhesive force even after drying-at
room temperature. | .
The adﬁesive of the present i;vention is characterized
in that it is excellent in both initial adhesivity and water
' resistance in boiling water. The drying time after coating
is desirably 30 minutes to 5 hours, preferably under press
.bonding: The pressure required for the press bonding is
de;ermined in the range of 5 to 20 kg/cmz, preferably higher'
'in the case where the object to be joined is a hard wodd of
lumber and preferably higher, so far as the object is nét.
broken, in the case wﬁere the objéét to be joined is a.soft

.wood or lumber.

The wooden product according to the present invention is



the concentration of vinyl acetate in the system dropped as | qy
Second step 38 Subsequently, 5 parts of a nononer m xture g
in aratio by weight of 29.6/7.4/3 was added to the systemto

pol ynmeri zation at 70[err]C and 38 parts of the above nonomer i
further added over a period of 2 hours during which 2 parts of| tihe sane PVA

as above was added to the system as Yo aqueous sol ution. The jagueous
emul si on 2 HRORRaPROdUCH] joiswd with the above-described adhesiva,

including plywood, furniture and the like, each joined with

the adhesive. The kinds of wood in the wooden product is not
specifically limited and is exemplified by birch, (Japanese)
hemlock, (Japanese) cedar, lauan, zelkova tree and the like.

For the préduction'of the above-described (A-l) aqueous
emulsion or (A-2) aquecus emulsion accbrding to the present
invention, vari;us processes are taken into consideration,
among which a process for éfficiently producing a high
qualitj aqueocus emulsion will be deséribed as follows: -

The desirable process for producing (A-l) aqueous
emulsion is the two-step.polyﬁerization process comprising
the first step-wherein a vinyl ester monomer is subjected fo
emulsion polymerization in the presence qf a PVA as the
dispersant to produée the vinyl ester.pqumer (1) ; and the
sec&nd step in which a (meth)acrylic ester monomer.and a |
primary hydrbxgl group-coﬁtainihg etﬁylenically unsaturated
monomer are subjected to emulsion .polymerization to produce
the above-des;fibed copolymer (2) around the vinyl ester
Polymer already formed in. the preceding first step. |

The polymerization of the vinyllester monoﬁer is
ﬁesirabiy completed substantially in thé fifét sfep of the
2=ocess, which however may be trahsferred to the second step
.2fter about 70% conversion to the polymer. It is not always

. Decessary to effect polymerization in the first and second'
STteps in the. same polymerization reactor, but the polymer may
e produced by means of seed pqumerization proéess in which

an aqueous emulsioh of a vinyl ester polymer is separptely



concentration of 50.2% and a viscosity of 1260 nPas.s. The Tg_showed
O[err]C for the polyner obtained in the first step and 55[er
copolymer formed in the second step. The ratio by wei ght of
the first step to the copolyner in the second step was 60: 40
t he af orestated aqueous enulstion adhesi23n test mas carrie

nparative
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ethylenically unsaturated monomer. The polymerization

initiator to be used for the emulsion polymerization is not
specifically limited §ut is preferably a wafer-soluble
initiator such ?s an oxidative substance exemplified by
hydrogen' peroxide, cumene hydroperoxide, tert-butyl
hydroperoxide, persulfate (sait of potassium, sodium oxr
ammonium), tert-butyl peracetate and tert-butyl, perbenzoate:
a reductive substance exempiifiéd by Rongalite and 1l-
ascorobic acid. . _

In the two-step polyﬁerization process according to the
present invention, it is neceséary to cérry out the -first an
second steps of emulsion Ipolymeriz'ati'on in the presence of a
dispersant'compfising PVA. In thé case where PVA is not used
as a dispersant, the aqueoﬁs emu;sion_obtained is inferiox in
initial adhesivity when used as an adhesive, thereby failing
to attain the object of the present invention. The PVA to be
used in the two-step polymerization process is the same as
that described in the (A) adueous emulsion according to toe
present invention.

Thé:amount'of PVA to be used is not specifically
limited, but is in the range of 0.2 to 50% by weight,
desirably 1 to 10% by weight based on the total amount of the
polymer (1) in the first step and the copolymér (2) in the .
second step. The PVA may be added to the reaction system m

whole at the initial feeding'or may be added thereto in paxt



The aqueous emul sion thus obtained had a solid concentration of 48. 996and a

viscosity of 1800 nPas.s. The Tg showed O[err]C for the poly oy o) ey —

the first step and 14[err]C for the copolynmer fornmed in the q@i&ﬁﬁjﬁﬂg T'SHEti

The ratio by weight of the polynmer in the first step to the :EEolyner I n
o

t he second step was 55:45. By the ugf of the aforestated aqu s2¢3ilsi 994
adhesi on 39 test was carried out *lthe sane nmanner as in anple 1

The results f %lgon in Table 1. anratlve Example 7
continuo y or intermittent In addition, a kn

emulsifying agent other than PVA may be used in combination
wioh PVA insofar as the use thereof does not impair the
performance of the adhesive such as initial adhesivity.

The vinyl ester monomer to be used in the first step of
the two-step polymerizafion process according to the preseut
invention constitutes the starting raw material for the
above-mentioneofvinyl ester polymer (1), therefore the type
of the monomer is desirably correspondent to the type of the
uinyl ester polymer (1) to be obtained therefrom.

The (meth)aorylic estor monomex aud primary_hydroxyl
group-contaioing_ethylenically unsaturated monomer to be used
in the second step of the two;step polymerization together
constitute the starting raw material for the aforestated
copolymer (2), thus the-typeé and the proportion to be used
is desirably"correspondent to the tyue and composition of the
copolymer to be cbtained therefrom. |

The ratio by weight of the vinyl ester polymer (1) to be
produced in the first step to the copolymer (2) to be |
produced in the second step is desirably determined so that
the aboveliatio corresponds to the ratio by weight of the
polymer 21) to the copolymer (2) in the (A-1) aqueous
emulsion according to the present-inventiop.

The desirable process for producing (A;Z) aqueous
emulsion is the process which comprises emulsion-polymerizing
at least one hydrophobic unsaturated monomer selected from
the group consisting of methaorylic'ester monomer, acrylic

ster monomer, styrenic monomer, diene monomer and halogenated




In the sanme autoclave as that used in Exanple 1, 3 parts of t
that used in Exanple 2 was dissolved in 85 parts of ion-exch
with heating, then 4 parts of a nmonomer m xture of MVA/ BA/ HE
by wei ght of 21/16/3 was added to the solution, aqueous sol ufi 29{ UL
pot assi um persul fate was added thereto to initiate polynerizpt|on a# 1996
70[err] C and further 36 parts of the abovas nononmer m xture steoentinuoysl y

arts of W RELHERa, A8hRes KRB o Yo ROk B ohelonts 2L ERBA T e
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the presence of PVA having a mercapto group at an end
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thereof.

In putting the.ebove-mentioned process into practice,
there is available the conventional emulsion polymerization
method in which.the aforesaid monomer is added to the
reaction system at a time or continuously followed by heating
and stirring in the presence of water, seid PVA and a
polymerization initiator. There is also availeble the method
in which a nrelininerily emulsified mixture of a monomer and
the aquecus solution of said PVA is continuously added to the
reaction system.

_ As the polymerization‘initiator-to'be used in the
aforesaid process, there is available a Redox system
comprising the terminal mercapto group of a Pva hating a
mercapto group at an end thereof-and a water-soluble
oxidizing agent such as potassium bromate, potassium
persulfate,.emmonium persulfate end nydrogen peroxide. Among
them potassium oromate is a particularily desirable |
polymeri;ation initiator since it does not generate a radical
independently under usual polynerizetion conditions, but is
decomposed only by the Redox reaction with the terminal
mercapto group of a. PVA having-e‘nercapto group at an end '
thereof to generate a radicel, thereby effectively producing
a block copolymer with the PVA having a mercapto group at an

end thereof with the result that the stebility of the aqueous



[err] 41 [err] - | 42
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emulsion is enhanced. It is also possible to us 11

oxidizing agent in combination, that is, to use ﬁofassium
bromate at the start of polymerization and thereafter add
another oxidizing agent; |

It is particularly desirable that the polymerization
system is acid in the case of emulsion (co)polymerization in
the presence of the PVA having a mercapto group at an end
thereof. The r;ason for the abo#e is fhat under alkaline
condition, the mercapto group which exhibits an extremely
. active feactivity at the ti@g of radical polymerization
increases the velocity of ionically adding to the double bond
of a hydrophobic unsatufatéd ﬁonomer, resulting'in a marked
decrease in polymerization efficiéncy. Accordingly,'the pH
in the polymerization systém.depends on the type of the
hyd;oghobic unsaturated monomef, but is desirably 6 or Iéss,.
particularly desirably 4 or iess fof all of the emulsion
polymerization -operations fo be'cafried out accordiné to the
process of the present invention.

The composition of the present invention finds a wide
diversity of use typif;ed by adhesive. The use of the
composition as an adhesive can drastically improve initial
adhesivfty as well as adhesive strength and water.resistance.
The adhesive according to the present invention is applicable
. for joining miscellaneous objéctsﬁ particularly favorably for
joining wooden products, and also can be used for joining hpt
oﬁly two or more woods but also wood to paper, fiber product,
inorganic board, and. the like. |

By virtue of its adhesive film excellent in water,
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. 27
resistance, the composition of the present invention.can find

effective use in the field of inorganic binder, primer for
inorganic board, wooden panel.and the like. | -

In the following, the presenf invention will be
described in more detail with reference to the examplés and
comparative examples,'whérein "part(s)" and "3" denote
part(s) by weight and % by weight, respedtively, unless
otherwise séecified.

Example 1
(1) First step

In an autoclave equipped with.a stirrer, a nitrogen
introduction pipe and a chemicals injection pump, 4 parts of
partially hydrolyzed PVA having_an average degree of
polymerization‘of 1700 and é degree of hydrolysis of 88 mol%
was dissolved in 85 parté of ion-exchanged water with
heating, 6 parté.of vinyliacetate was added therein, after .
atmosphere in the autoclave was replaced with nitrogen the
mixture was heated to raise the temperature to 70°C, .
polymerization was inifiated by the use of 0.06 part of 1%
hydrogen peroxide agqueous solution and'0.03 ﬁart.of 5%
Rongal%te aqueous'solution, énd.54 parts of vinyl acetate was
continuously added in the autoclave over a period of 2 hours,
during which 0.54 part of 1% hydrogen peroxide aqueous
solution and 0.3 part of 5% Rongalite aqueous solution were
continuously added therein. At the time when the -
concentratidn-of'the residual vinyl acetate in the
polyﬁer;zation system decreased to'a%, an sample was

golleéted for Tg measurement.



nitrogen injection nozzle were placed 5 parts of PVA having .a
group at an end thereof (average degree of polynerization of
hydrol ysis of 88.0 nol % and nmercapto group (SH) content of 3.
equi val ent/g) and 100 parts of ion-exchanged water, in which
conpletely dissolved at 95[err] C. Thg sol ution was adj usted t
sulfuric acid, incorporated with 10 parts of nethyl nethacrylfat
parts of (Zhfegondrgtepe, heated to 65[err]C after atnospherfe in the
react.or was replaced with nitrogen, incorporated with 1.3 part o
pot assi um br orkuksequentiysobumooomes mdixtiune qb | nethyl methagrylase he
m xture wer.e continuously added 40 parts of nethyl nethacrylate, 38 parts
of n- but MMReYABuREL sa@xYlpset { Ba)/2-hydnoruwathyd nethrerilater (HENMS) od

of 2 hours. The
in a ratio by weight of 21/16/3 was continuously added in the

autoclave over a period of.2 houts, during which period 4
parts of 1% hydrogen peroxide aqueous solution and 2.0 parts
of-s% Rongalite aqueous'solution were continously added
therxein. _ _ |

In the course of the polymerization 1.0 part of PVA same
as that used in the first step as 15% aqueous solution was
added therein over a period of 1.5 hour. .

The équeoué emulsion thus obtained had a solid
concentration of 52.0% and a viscosity of 2350 mPas*s
(milliPascalosecond). |

Separately,-COpolymerizatiog was carried out at a
coméosition by weight of MMA/éA/HEMA = 21/16/3 to measure Tg
of the resultant copolymer; '

| As a result of analysis by differential scanning
calorimetry (DSC), the Tg was 30°C for_the polymer in the
firsf step and 15‘c.for the copolymer in the second step.
The ratio by weight of the polymer in the first step to the
copolymér in tﬁé secénd step was 60:40. '
(3) Adhesion test

By the use of the aforesaid aqueous emulsion, adhesion
test was carried out under the following conditions. The
result are given in Table 1. '

Conditions of adhesion test

- [Adhesive pomposition]



pol yneri zati on was conpleted after 3 hours fromthe start thereof,

produci ng a stabl e copolyner emulsion (1) of nmethyl nethacryl 3 R~PUEY] —
acryl ate/ 2- hydroxyet hyl acrylate having a solid concentratio1RF u@gﬁgﬁéhhSHEEi;
P lerrfm (2) '

viscosity of 750 nPas.s and an average particle dianeter of 9 {
Adhesion test By the use of the aforemggti oned aqueous enuls oh, 2adUEki 94 ’
. test. was carried out in the sane manner "as in Exanple 1. The}results are ,

given in Tabl @h2 ddtepiee 'to bdStested was obtained by adding 45

parts of 10% PVA aqueous solution having a deQree of
poiymerization of 1700 and a degree of hydrolysis of 98 mol$%
(prqduced by Kuraray Co., Ltd. under the tradename "PVA 117")
and 10 parts of calcium carbonate to 45 parts of said aqueous
emulsion,_and to the resultant mixture further adding 15 .
parts of polyme?hylene polyphenyl isocyanate (produced by
Nippon Polyhrgthane Industry Co., Ltd. under the tradename
"Millionate MR-100") followed by mixing.
' Adhesion conditions _

Object to be joined: birch/birch (grain face) with 8%

' water content ' |

Coating amoﬁnt : 250'g/m2 (for both sides)

Open time : 1 ﬁin. _

Pressure bonding condition: 20°C, 24 hours, 10 kg/cm2

| preésure (only for test pieces for
dry strength and for ones for
repeated boiling)

Measuring condition .

COmpression-éhear adhesive strength ﬁas measured

according to JIS K-6852

Drjfstrength: After curing at 20°C for 7 days, measured
as such. |

Repeated boiling: after curing at 20°C for 7 days, a
test piece was immersed in boiling water for 4'ﬁours, then.'
dried in the air at 60°C for 20 h6urs,_again immerseé in
boiling water for 4 hours, allowed to stand in the water

until the boiling water cools to room temperature and



(1) Preparation of aqueous enulsion In a glass-nmade pol yneri zatjon reactor
equi pped with a reflux condenser, a dropping funnel, a therno RE
nitrogen injection nozzle were placed 5 parts of PVA having a 1 !
group at an end thereof and a carboxyl group in the side chain|thereof
(average degree of polymerization of 700, degree of hydrolysisfof 8% dUL 1994
- nmol % content of carboxyl group of 1. 03%ol % and nmer capt o groupf (SH) content
of 2.3 x 10[err] equivalent/g) and 105 parts of ion-exchanged ter, 11

whi ch t he BWaa§egoﬁﬁﬂ &he) tast Ryecsuch waderr wpt. condiddion.i

adjusted t® pH 3.0 with sulfuric acid, incorporated with 8 parts of styrenée
and 12 parts of ID:SERl Mswﬁﬂht%,P%tég tessopérFpe wWRSeStQlbsphere

in the reactor was regl aced \g’th nitrogen, ncorporated with 1.0 partyof 2%
pot assi um together, subjected to press bonding at 20°C and 10 kg/cm

and immediately thereafter measured for compression-shear
adhesive strength.

Example 2 |

(1) First step _

In the autoclave which was used in Example 1, 4 parts of
partially hydrolyzedﬁpva having an average degree of
polymerization of 500 and a degree of hydrolysis of 88 mol%
(produced by Kuraray Co., Ltd. under the tradenamé "PVA 205")
was dissqued in 85 parts of ion-exchanged wafer, 8 parts of
vihyl acetate was added therein, and under a pressure of 40
kg/cm2 b} ethylene at 60°C potassiuﬁ persulfate and aqueous
.solution of Rongalite were added therein to initiate -
polymerization. The amount of the polymeriiatién_initiator
was adjusted so as to attain én appropriate polymerization
rate in the same manner as in Example 1, (The same procedure
was applied to the Examples described hereinafter).

Subsequently 36 parts vinyl acetate was continuously -
added in the autoclave over a period of 3 hours and the
polymef;zation was continued qntil the concentration of the
vinyl acetate monomer reached 4%; ' -

(2) Second step .

Subsequently; a monomer mixture of MMA/2-ethylhexyl .
_aérylate (2-EHA)/2-hydroxyethyl 'aéryl'ate (HEA) in a. ratio by
weighf of 28/15/2 was continuously added in the autoclave

over a period of 2 hours to proceed with polymerization,



bromat e aqueous solutlon toinitiate polynerization and to the-mxture were
continuously added 32 parts of styrene, 45 parts of 2-ethylh th @sryTatE"
and 3 part of 2-hydroxyethyl nethacrylate over a period of 2 :
pol yneri zati on was conpleted after 3 hours fromthe start t er
produci ng a stable copol yner enmulsion (11) of styrene/2-eth
acryl at e/ 2- hydr oxyet hyl nethacryl ate h3%ing a solid concentfa
a VISCOSIty of 2800 nPas.s and an average partlcle dlaneter
(2) Adheduadngsthigh iperiad O paras %eé‘hﬁ Eang) BR
adhesion test _was carried out _in the sane _manner as |n le 1. The
resul ts &he FLRSE ister@e 25¥-agugpusgsolution was added herein.

The aqueous emulsion thus obtained had a solid

ex‘§/14 JUL 199
of 49. 7%

concentration of 51.5% and a viscosity of 1010 mPas-s.

As the result of analysis by DSC, thé Tg showed 0°C for
the pblymer in tﬁe first step, and 15°C for the copolymer in
the second step: The ratio by weight of the polymer ii. the
first step to the copolymer in thé second step was 55:45.
(3) Adhesion test

By the use of the aforementioned dqueous emulsion,
adhesion test was carried out in the same manner as in
Example 1. The results are given in Table 1. .

Comparative Example 1

In the same manner és'in dxamplé 2, (co)polymerization
was .effected in the first and second steps except that |
polyoxyethylene nonylphenyl ether having 40 mol of .
6xyethylene-units (produced by Sanyo Chemical Industries,
Ltd. under the tradename "Nonipol 400“) was used in place of
PVA. | |

As a result, the Tg of'fhe'poiymef in the first step -
went dan to -3°C, presumably because of the plasticizing
effect of the above-mentioned nonionic surfactant.

- The agqueous emulsion thus obtained_ﬁad a soliad
‘concentration of 50.9% and a viscosity of 100 mPas-s. The
ratio by weight of the polymer in the first step to the
copolymer in the second step was 55 45. |

By the use of the aforesaid aquéous emulsion, adhesion

test was carried out in the same mannér as in Example ‘1. The



46 (1) Preparation of aqueous enulsion In a pressure resist gitaqtathave

equi pped with a nitrogen injection nozzle and a thernoneter

parts of

said PVA being the sane as that used in Exanple 6. By the LS% 02 40V Y998
acid, the solution was adjusted to pH 4.0_and thereafter indor

53 parts of styrene and 2 parts of 2- hydré%y

Subsequently, the autoclave was pressurized with 45 parts o
t hrough aresuditish@xe giver ot TableAlter raising

5% PVA aqueous sol ution having a nercapto group at {arf end t hereof,

porated with

—

et hyl nethacrqu .
f{_but adi ene

Comparative Example 2

In the autoclave which was used in Example 1, 4 barts of
partially hydrolyzed PVA having an average degree of |
polymerization of 1700 and a degree of hydrolysis of 88 molsg
(produced by Kuraray Co., Ltd. under the tradename "PVA 217")'
was dissolved in 85 parts of ion-exchanged water with
heating, and then 20 parts of a monomer mixture of vinyl
acetate (Vﬁc)/MMA/éA/HEMA in a ratio by weight of 60/21/16/3
was added therein, followed by adding aqueous solution of
potassium persulfate at 70°C to initiate polymerization.
Further, the balance 80 parts of the monomer mixture was
continuously added therein over a period of 3 hours along
with the continuous addition of 1.0 part of PVA as 15%
aqueous solution. At the last stage of polymerization,
however, the reaction was-uncontsollably abnormalized to
produce a large amount of agglomerate in the autoclave.
Example 3
(1) First step

In the autoclave was placed 60 pants of ion-exchanged
water, in which was dissolved 3.parts of partially hydrolyzed
PVA having an average degree of polymerization of 500 and a
degree of hydrolysis of 88 mol¥ (produoed by Kuraray Co.,
Ltd. under the tradename "PVA 205") and to the agqueous
solution were added 10 parts of monomer mixture of VAc/vinyl
versate (produced by Shell Chemical Co.,_Ltd; under the

tradename "Veova 10") in a ratio by weight of 29/21 and

aqueous solution of potassium persulfate at 70°C to initiate



the tenperature of the contents in the autoclave to 70[err]
2% pot assi um persul fate aqueous sol uti on was added into the
initiate polynerization. An internal pressure of 4.8 kg/cni
with the progress of reaction and dropped to 0.5 kg after 2
conversion to polyner was obtai-ned as 98.5% The resultant

emul sion (I11) of styrene/butadienelz hydﬁﬁ&yethyl nmet hacry,

copol vner

or 1] de ased !
D ﬂoa 3ﬂ§ l

ate was stable

average pepLvRERANTAA Aikthers 44 pdrds “GE LD RopbiRaTy _
he cane FRARGRUGENTY %ﬁ%ﬂi%‘%@r%eﬂ%ﬁﬁaﬂhﬁaﬁ‘h G Bl o

polymerization was continued until the concentration of the

.monomer mixture dropped as low as 0.5%.
(2) Second step

In another reactor preliﬁinarily containing

abl e 2.

a solution

of 2 parts of the aforesaid PVA in 25 parts of ion-exchanged

water was fed the total amount of the aqueous emulsion of the

VAc/vinyl versate copolymer as obtained in the first step.

Subsequently, 10 parts of a monomer mixture of MMA/BA in a

ratio by yeight of 31/16 was added therein, polymerization

was initiated bf the use of potassium persulfate

at 70°*C, and

40 parts of the above monémer'mixture and 20% aqueous

solution of 3 parts of N-methylolacrylamide (N-MAM) were

continucusly added therein over a period of 2 hours. The

aqueous emulsion thus obtained had a solid'boncentration.of

49.5% and a viscosity of 960 mPas.s.

The Tg showed 15°C for the polymer in the first step and

30°C for the copolymer in the second step. The ratio by

weight of the polymer in the first steé to the copolymer in

the second step was 50:50.

-1

By the use of the aforestated aqueous emulsion, adhesion

test was carried out in the same manner as in Example 1. The

results are given in Table 1.

Examgie 4
(1) First step

In a pressure resistant autoclave, 3 parts of PVA as

‘used in Example 2 was dissolved in 85 parts of ion-exchanged -



Example 9 (1) Preparation of aqueous enulsion In a pressure rgsjstant
aut ocl ave equi pped with a nitrogen injection nozzle and a the Mpted Ueg9sh
pl aced 120 47 parts of 5% PVA aqueous sol ution having a nefchpto an end
t hereof, said PVA being the sane as that used in Exanple 6. e
sul furic acid, the solution was adjugiged to pH 4.0 then afterjatnosphere in

the autocl ave was replaced with nitrogen, incorporated with 3 parts of 2Z-
hydr oxy emiatienet i pates cof Sulbagjuacebate mndiut dcpavtswat vinyl

. chloride were added therein, ethylene was introduced therein

2 at 60°C, and polymerization

to show the pressure of 35 kg/cm
was initiated by the use of hydrogen peroxide and aqueous.
solution of Rongalite. After 3 hours, when the concentration
of vinyl acetate in the polymerization system went down as
low as 0.5%, th reaction product was taken out from the
system. The polymer had a Tg of -35°C.

(2) Second step |

. Subsequently, the afo;esaid agueous enmulsion was
transferred to a reaction kettle at atmospheric §ressu:e, in
which weré placed 10 parts of monomexr mixture of MMA/styrene
(St)/2-EHA/HEMA in a ratio by weight of 18.5/18/22/1.5 and
aqueous solufion of potassium persulfate to initiate
polymerization at 70°C. Then to the polymerization system .
was.continuously added 51.5 parts of said mdnomer mixture
over a period of 3 hours and was further added 15% aqueous
solution of -2 parts of PVA over a period of 2 hours during
the course of polymerization. The copolymer produced in the
second step had a Tg of 15°C. The aqueous emulsion thus
obtained had a solid concéntrat;on of 50.8% and a viscosity
of 850 mPas.s. The ratio by weight of the polymer in the
first ‘step to the copolymer 1n'the'sécona step was 40:60.

By the use of the aqueous emulsioh thus formed, adhes;on
test was carried out in the same manner as in Example 1. The
results are given in Table 1.

Examgie 5
(1) First step



pressurized with 80 parts of vinyl chloride nononer through
pressure bottle. Thereafter the autoclave was pressurized w f§hlet hyl ene up
to show the pressure of 30 kg/cnferr] and, after tenperaturejra € £gidlo1994
60[err]C, 25 parts of 2% potassium persul fate aqueous sol uti ¢niwas added.
After 6 hours fromthe start of polynerization, the concentr atiomn oftte
resi dual vinyl chloride nonomer dropped t320.01* or |ower, i | cating the

conpl etion of polynerization. The vinyl chloride/ethyl ene copol yner

emul sion (1V) $hB¥FEE: afhddheaame AiA agdthat used| 1 EFFERHS 2 (WAS of

43. 3% vi s.cosii1 8f 10%% nPas.s and an average particle gi aneter of (1.0
[err]m (235S%Q é? o™ 83 PAFYs O sonrexshangedcNaterondd RFULEMI sion

I , adhesiopn tes s carrige ut in the sa manner i.n
(V) vinyf acega@% was adégé)to the solution an e%%ylene was

introduced to show the pressure of 30 kg/cm® at 50°C.
Polymerization was eonducted by the use of hydrogen peroxide
and aqueocus SOquion of Rongelite. After 2 hours the
concentration of the vinyl acetate in the_poiymerization
system dropped as low as 2%. |

(2) Second step .

Subsequently a monomer mixtﬁre of MMA/2-EHA/HEA in a
ratio by weight of 11.6/5.4/2.0 was added to the system to
continue poiymefizafion. The aqueous emulsion fhus obtained
had a solid concentration of $1.0% and a viscosity of 300
mPas.s. | |

. - The Tg showed 10°C for the polymer'obtained in the first
step and 15°C for the copolymer formed in the.second eéep.
The ratio by weight of the polymer in the first step to the
eopolymer in the second step was 80:20.

By the use of the aforestated agueous emulsion, adhesion
test was carfied cut'in the same manner as in Example 1. The
results are given in Table 1.

Comparative Example 3

- {1) First step '
4 parts of the same PVA as Ehat used in Example 2 (an
average degree of polymerization of 500 and a degree of '
hydro;ysis of 88 mol%) was dissolQed in 85 parts of ion-
exchanged water, 74 parts of vinyl acetate was added to the

solution and ethylene was introduced to show the pressure of



Exanple 1. The results are given in Table 2. Cbnparative:
procedure in Exanple 6 was repeated to produce methyl met

acrylate containing primary hydroxy group was omtted.
enul sion [err] obtained was stable and had a solid conce tratlon of 509
viscosity of 700 nPas.s and an average p&ticle dianeter jof 48 0.9

[err]m By.4 H?g}'éﬁzo L ey or Then | Orley%ear zation nvyesSIgarriea out by

the use of hydrogen peroxide and aqueous solution of
Rohgalite. After 3 hours the concentration of vinyl.acetate
in the system dropped as loﬁ as 1%.

(2) Second step

Subsequently, total amount of a monomer mixture of
MMA/BA/HEA in a ratio by weight of 3.5/2.5/2.0 was added to
the system to continue polymerization, during which 1.0 part
of the same PVA as above was added to the system as 10%
aqueous solution. '

The aqueous emulsion thus obtained had a solid
concentration of 49.6% and a viscosity of 2500 mPas-s.

The Tg showed 0°C for the polymer obtained in the first
step and 15°C for the cooolymer formed in the second step.
The ratio by weight of the polymer -'in the first'steo'to the
oopoiymer in the second step was 92:8. | -

By the use of the aforestated aqueous emulsion, adhesion
test was carried out in the same manner as in Exaople_l. The
results are given in Table 1.

Comparative Example 4

- (1) First step

0.5 part of the same PVA as that used in Example 2 was
dissolved in 20 parts of ion-exchanged weter; 4 parts‘éf"'
.vinyl acetate was added to the solution and ethylene was

2 at 60°C. Then

introduced to show the pressure of 40 kg/cm
polymerization.was carried out by the use of hydrogen
peroxide and aqueous solution of Rongalite. After 0.5 hour -

the concentration of vinyi acetate in the system dropped as



“adhesion test was carried out in the same manner as in Exa Te e s o
results are given in Table 2. Conparative Exanple 9 The pr égiéézﬁﬂpdT.SHEL-

Exanpl e 6 was repeated except that an unnodified PVA havin n aver age
degree of polynerization of 500 and a degree of hydrolysis Jof 8B4anL€W96
(producted by Kuraray Co., Ltd. undg the tradenane "PVA 206") was used in
pl ace of the PVA having an nercapto Zroup at an end thereof}{to ITy 1O

oy 0n

|

effect e IS|on | ynegi zati on of nethyl nethacrylate, n-butyl acrylate and
2-hydrox3@h é@?ygﬁti° WRGwever, after 30 ninutes fromthe start of the

trial gzs Sé)artlileg of several mmin size were fornmed at a conversion to
pol ymer h hd Pailing to afford a stabl e aqueous emnul si on. -

Subsequently, a monomer mixture of MMA/BA/HEA in a ratio
by weight of 52.9/40.1/2 was added to the system to conduct
copolymerization, during which aqueous solution of 4.5 barts
of the same PVA as above in 65 parts of ibn-exchangéd was.
added to the system.

The aqueous emulsion thus obtained contained coarse |
particles and after fi;tratioﬁ, had a solid concentration of
48.0% and a viscosity of 620 mPas-s.

The Tg showed 0°C for the polymer obtained in the first
step and 15°C for the copolymér formed in the second step.
The ratio by wéight of the.polymer in the first steé to the
copolymer in the second step was 5:95. . _

By the use of the aforestated aqueous emulsion, . adhesion
test was carried out in the same manner as in Example 1. The
results are given in Table 1. |

Comparative Example S5

(1) First step
3.0 parts of the same PVA as that used in Example 2 was
dissolved in 85 parts of.ion-excﬁahged water, 45 parts of

-4

vinyl acetate was added to the solution and ethylene was

2 at GO'Q. Then -

introduced to show the pressure of 40 kg/cm
"poiymerization was carried out by.the use of hydrogen

peroxide and aqueous solution of Rongalite. After 3 hours-

tﬁe concentrafion'of vinyl-acetate-in the system dropped as
 low as 2%.

(2) Second step °



Conpar ative Exanple 10 The procedure in Exanple 8 was repeated—e*eeﬁ+—%hak-;t3
an unnodi fi ed PVA having an average degree of polynerization BEPE@@ NﬂﬁﬂhSHDElg

degree of hydrolysis of 88 nol % (producted by Kuraray Co., Ltd

under 1

tradename "PVA 205") and an unnodified PVA having an averageld¢gmeg jof
8

pol ymeri zation of 1700 and an average desree of hydrol ysis of
produced by Kuraray Co., Ltd. under the Badenane” " PVA 217")

ol % (

ne

Lt

wei ght of 8:2 were used in place of the PVA having an nercapf{o group at an

Tl bty t o Baa S s o

end thereof tSubsequentiyjus pantsicf poigmener Misguse oy ene —bUratrene

and 2- hydroxyethyl acrylate. However, after 2 hours fromthe start

MMA/BA/HEMA in a ratio by weight of 29.6/7.4/3 was added to

the system to conduct polymérization at 70°C and 38 parts of

the above monomer mixture was further added over a period of

2 hours during which 2 parts of the same PVA as above was
added to the system as 15% aqueous solution.
" The aqueous emulsion thus obtained had a solid

concentration of 50.2% and a viscosity of 1260 mPas-s.

The Tg showed 0°C for the polymer obtained in the first

.étep and 55°C for the copolymer formed in the second step.
The ratio by weight of the polymer in the first step to the
copolymer in thé second'step was 60:40. | |

By the use of the aférestated aqueous emulstion,
adhesion test was carried out in_the same manner as in
Example 1. The results are given in Table 1.

Comparative Example 6

The procedure in Example 2 wés repeated to conduct

polymerizatidn in the first step and copolymerization in the

second step except that in the second step a monomer mixture

of MMA/2-EHA in a ratio by weight of 29/16 without HEA was
used in place of MMA/Q-EHA/QEA.
The aqueous emulsion thus obtained had a solid.

concentration of 48.9% and a viscosity of 1800 mPas-.s.

The Tg showed 0°C for the polymer obtained in the first

step and 14°C for the copolymer formed in the"gecond step.’.

The ratio by weight of the polymer in the first step to the

copolymer in the second step was 55:45.

By the use of the aforestated aqueous emulsion, adhesion




49 of the trial, blocking took place at a conversion to pol yRE R AT
thus failing to afford a stabl e aqueous enul si on. Conparati §E§£§F§§§“QKSHE :
The procedure in Exanple 7 was repeated except that a polyo yat%&lggﬁ
nonyl phenyl ether having 40 nol of oxyethylene units (produgef v 8§96
Chem cal Industries, Ltd. under the tradenane "Noni pol 400" s.used in
pl ace of the PVA having a nercapto up at- an end thereof jnd a carboxyl
group in the side chain to obtain a styrene/2- ethyl hexyl
acryl ate/ 2- hydr oxyet hyl Egthacrylate copol ymer emul si on éVI). The emul si on
thus obt AYSEH YRS CPakied eyt An Fhesane. JRANAT A% G GEXBEDAS, Ly o Tha Ly

of 110 nFage$188%zre given in Table 1.

Comparativé Example 7

In the same autéclavé as that used in Example 1, 3 parts
of the same PVA as that used in Example 2 was dissolved in 85
parts of ion-exchanged watér with heating, then 4 parts of a
monomer mixture of MMA/BA/HEMA in a ratio by weight of
21/16/3 was-add;d to the solution, aqueous solution of
‘potassium gersulfate was added thereto to initiate
polymerization at 70°C and.further 36 parts of the above
monamer mixture was continuousiy added to the polymerization
system over a period of 3 hours.

Thereafter 60 parts of vinyl acetate and 2 parts of PVA
as 15% aqueous solution were continﬁously added to the systém
over a period of 3 hourg; but a large amount of agglomerate
was formed in the autoclave, failing to produce favorable

agqueous emulsion. The results are given in Table 1.



an average particle dianmeter of 0.15 [err]m By the use of the _aqueous
emul sion (VlI), adhesion test was carried out in the same manngny

Exanple 1. The result are given in Table 2. Conparative Exanpt

procedure in Exanple 8 was repeated except that a sodium salt of

al kyl di phenyl ether disulfonic acid (produced by Sanyo Chem c4
Ltd.” 'under the tradenane "Sundet BL") was used in place of thg¢
mercapt o group at an end thereof to obtain a styrene/butadi en¢/
hydr oxyet hyl net hacryl ate copol yner emg@sion (VI1). The enul sk

obtai ned was stable and had a solid concentration of 42.5% viscosity of 85
nPas. s and an aver age partlcle dianeter of 0.1 [err]m By the use of the
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emul sion (VI1), adhesion test was carried out in the same manngr=as—h -
Exanple 1. The results are given in Table 2. 50'CbnparativéRE?EﬁﬁE@ﬁBﬁH‘Sﬁi
In a pressure resistant autoclave equi pped with a nitrogen injdctfifon nozztre—:

and a therponeter, was placed 100 parts of 6% PVA aqueous sql utifon i i
mer capt o gf upaht an end thereof, said PVWA being the sane as tHat B%éd |ra'99'_6 i
Exanpl e 6. | By gpe use of solfuric acid, the solution was adj ustlet=te—pH-4-0 !
and thereaftlenfdl ngorporated with 80 parts of vinyl acetate and {2 parts of
2- hydr oxye hyISagrylate. -
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After raising the tenperature of the contents in the autoclav W

and repl aci ng atnosphere therein with nitrogen, the autocl ave?‘TL 'Mbl\T Smf.-
pressurized with ethylene to show the pressure of 40 kg/cnier{] {and
polymerization was initiated by the use of a redox initiator pf]hgdsggen 9%
per oxi de/ Rongal ite system After 4 hours fromthe start of po y’rerlzatlo??
the concentration of the residual vinyl a&&2tate nononer dropped-to—6—5%—— __J
The et hyl ene/ vinyl acetate/2-hydroxyethyl acrylate copol yrmer Jerul si on

(VI'I'1) thus obtained was stable and had a solid concentration of 50.0%
viscosity of 900 nPas.s and an average particle dianeter of 0.7 [err]m By

the use of the aforementioned aqueous emulsion (VII1), adhesion test wgs
carried out, ijnytjhe sane manner as in Exanple 1. The results are-.-given ifn
Tabl e 2. o~
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test was carried out for aqueous enulsions (1) to (I1V) obtai
respectively except that polynethyl ene pol yphenyl
51 [err]

6 to 9,
not used. The results are given in Table 2.

Conparative Exanples 14 to 17 In the sane manner as in Exanple 1, adhesion
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52 *1:

(SH) content of 3.2x10[err] equivalent/g). (2) carboxyl nodiffife

o= s - s v———

(1) PVA having a nercapto group at an end thereof (ay
pol yneri zati on of 550, degree of hydrolysis of 88.0 nol % ne%f?ﬂ%iggiﬁﬁrQi”*“

oﬁ’ aV|ng
a nercapto group at an end thereof (average degree of pol yngrifz

700, degree of hydrolysis of 89.2 nol4d% content of carboxyl |gr

nmol %

of 1. 0

mercapto group (SH) content of 2.3x10[err] equivalent/lg). (3) PVA 205

(unnDdifE?éqﬁ%gr@yerage degree of polynerization of 500, dégwee—of

hydr ol ysi

nol % produced by Kuraray Co., Ltd.) (4) PVA 217

(unnodi f I(e.cb Brepawatign d€gacmenius emulsion

In a glass-made polymerization reactor equipped with a
reflux condenser, a dropping funnel, a thermometer and a-
nitrogen injection nozzle were placed 5 parts of PVA having a
mercapto group at an end thereof (average degree of
polymexrization of 550 degree of hydrolysis of 88.0 mol% and

-5

mercapto group (SH) content of 3.2 x 10~ equivalent/g) and

100 parts of ion-exchanged water, in which the PVA was

" completely dissolved at 95°C. The solution was adjusted to

pH 3.0 with sulfuric acid, incorporated with 10 parts of
methyl methacrylate and 10 parts of n-butyl acrflate, heated
to 65°C after armosphere.in'the,reactor was replaced with
nitrogen, incorporated with 1.3 part of 2% potassium bromaoe
agueous solution-to initlate-polymerization and to the
mixrure were continuously added 40 parts of methyl
methacrylate, 38 parts of n-butyl acrylate and 2 oarts of 2-
hydroxyethyl acrylafe-over a period of 2 hours. The
polymerization was completed after S-pours from the start
thereof, producing a stable copolymer emulsion () of methyl
methacrylate/n-butyl acrylate/2-hydroxyethyl acrylate having
a solid concentration of 50.9%, a viscosity of 7S50 mPas-s and
an average particle diameter of 0.9 um.
(2) Adhesion test

By the use of the aforementioned aqueous eﬁulsion,
adhesion test was carried out in-the same maﬁner_as_in

"Example 1. The results are given in Table 2.

Example 7



acrylate (5) Bt -- butadiene- (6) HEA -- 2-hydroxyethyl

pol ymeri zation of 1700, degree of hydrolysis of 88 nol% produced by
Kuraray Co., Ltd.) (5) Nonipol (polyoxyethylene nonyl phenyl effer— |
oxyethylene units, produced by Sanyo Chem cak |ndustries,

Sundet BL (sodiun1sa|t of al kyl di phenyl ether disulfonic acid (o)
Sanyo Chemical Industries, Ltd.) *2:. (@ MVA -- nethyl nethacty gtguéz,'b
n-butyl acrylate (3) St -- styrene (4) 2-EHA -- Z ¢t hyl hekyl 96
acryate

(1) Preparation of aqueous emulsion

In-a glass-made polymerization reactor equipped with a
reflux condenger, -a .dropping funnal, a tharmometer-and a

nitrogen injection nozzle were placed 5 parts of PVA having a

mercapfo group at an end thereof and a carboxyl group in the
side chein thereof (average degree of polymerization of 700,
degree of hydrolysis of 89.2 mol%, content of carboxyl group
of 1.0 mol¥ and mercapto groué (SH) content of 2.3 x 10™°
.aquivalent/g) and 105 parts of ion-exchanged water, in which
the Pvn'w;s completaly dissolvﬁd at 95°C. The solution was
adjusted to pH 3.0 with sulfuric acid, incorporated with 8
-parts ot'styrgna and 12 parts of z-othylh.xyl-aétyiate,
heated to 6§0°C after atmospheres in.the reactor was replaced
with nitrogen, incorporated with 1.0 part of 2% potassium

" bromate agqueous aolh;ion,ta ihititge polymerization and tb

. the mixture were continucusly edded 32 parts of styrenes, 45
parts of 2-ethylhexyl acrylate and 3 part of z-hyaroifethyl
mathacrflate over a ﬁexiod'of 2 hours. The polymerization

was conplafad after 3 hours from the start thereof, producing

a stabla copolymer emulsion (II) of styrene/2-ethylhexyl
acrylata/2-hydrokyethyl uathgqrylate having-a solid .
concqnt:htion;o£'49.7¥, a viséoaity of 2800 mPag:s and an
avaerage particle diameter of.0.8 um.
(2) Adhesion test’
By the use of the aforestated aqueous emulsion (II),
_ adhi.ion test was carried out in the same manner as in

Example 1. Thae results are given in Table 2.
Example 8



(7) HEMA -- 2-hydroxyethyl nethacryl ate 53 (8) Vvd -- vinyl chloride

(9) Et

-- ethylene (10) VAc -- vinyl acetate 54 [err le—====
gREPLACEMEm

16 2.4 JUL 1996 :

(1) Preparation of aqueous emulsion %___q

In a pressure resistant autoclave equipped Jf¥ﬁ=a=*-'
nltrogen injection nozzle and a thermometer was placed 120
parts of 5% PVA aqueous solution having a mercapto group-at
an end thereof, said PVA being the same as that used in
Example 6. By the use of sulfuric acid, the solution was
adjusted to pH 4.0 and thereafter incorporated with 53 parts
of styrene and 2 partsiof_2¥hydroxyethyi methacrylate.

Subsequently, the autoclave was pressurized with 45 parts of

butadiene through a metering pressure bottle. After raising'

the temperature of the contents in. the autoclave to 70°C, 25
parts of 2% potassium per'sulfate aqueous solution was added
into the autoclave fo initiate polymerization. An ‘internal
pressure of 4.8 kg/cm2 decreased with the progress of
reaction and dropped to 0.5 kg after 20 hours.:

The convexrsion to polymer was obtained as 98.5% -

The resultant copolymer emulsion (III) of .
styrene/butadienejz-hydroxyethyl 'méthacrylate was stable and
had a solid concentration .of 42.9%,_ a viscosity of 850 mPas‘s
and an average pacticle diameter of 1.1 um.

(2) Adhesion testc
By:the use cf the aforestated aqueous emulsion (III),

adhesion test was carried out in the same manner as in

Example 1. The results are given in Table 2.

_Example 9

(1) Preparatiomm == aqueous emulsion

In a pressuor= resistant autoclave equipped with a

nitrogen injecticm nozzle and a themomeéer was placed 120



55 [err]

produced by N ppon Pol yurethane Industry Co., Ltd. (2) Figureg
parenthesis in the colum of Adhesion test denote wood breakap

56 *3: (1) MR-100 -- pol ynet hyl ene pol yphenyl iso

n e ET
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parts of 5% PVA aqueous solution having a mercapto group at
an end thereof, said PVA being the same as that used in
Example 6. By the use of sulfuric acid, thg solution was
adjusted to pH 4.0 then after atmosphere in the autoclave was
replaced with nitrogen, incorporated with 3 parts of 2-
hydroxyethyl methacrflate; 'Sﬁbsequently, the autoclave was
pressurized with 80 parts of vinyl chloride monomer through a
meterihg préessure bottle. Thereafter the autoclave was
pressurized with ethylené'up to show the pressure of 30
kg/cm2 and, after temperatu;e raising to 60°C, 25 parts of 2%
potassium persulfate aqueous solution was added. After 6
hours from the start of polymérization, the concentratién of
the residual vinyl chloride monomer dropped to 0.01% or
lower, indicating the completion of polymerization. The
vinyl chloride/ethylene copolgmér emulsion (IV)_thus_obtainéd
was stable and had a solid concentration of 43.3%, viscosity
of 1000 mPas-s and an average particle diameter of 1.0 um. |
(2) Adhesion test

By the use of the aforementioned aqueous emulsion (IV),
adhesion test was carried out in the same manner as in
Example 1. The results are given in Table 2.

Comparative Example 8

The procedure in Example 6 was repeated to produce

- methyl methacrylate/n-butyl acrylate copolymer emulsion (V)

~except that the use of 2-hydroxyethyl acrylate containing

primary hydroxy group was omitted. . The agueous emulsion tht
obtained was stable and had a solid concentration of S0%,

'viscosify-of 700 mPas-s and an average particle diameter of



CLAIMS 1. A conposition which conprises an (A) aqueous enul s|ior gslected

froman (A-1) aqueous enul sion conprising a dispersoid which cp
vinyl ester polymer (1) and a copol ynmer having a glass trans|t

unit and/or an acrylic esteggnononer unit; and a prijma

nprises a

_ o@ 4 JUL 1994
temperature of [ower than 50[err]C containing a methacrylic psjer monomer

group-cont ai ning ethyl enically unsaturated nononer unit (2), {said_polyner_

(1) being present principally in the central part of said dispersoid,

sai d

copol ym®.q @mdbei ng present principally in the peripheral part thereof, the

rati o by weight of said polymer (1) to said copolyner (2)

By the use of the aforementioned aqueous emulsion (V),
adhesion test was carried out in the same manner as in
Example 1. The results are given in Table 2.

Comparative Example 9

The procedure in.Example 6 was repeated except that an
unmodified PVA having an average degree of polymerization of
500 and a degre; of hydrolysis of 88 mol% (producted by
Kuraray Co., Ltd. under the tradename "PVA 205") was used in
place of the PVA having an'mercapto group at an end thereof
to try to effect emulsion polymerization of methyl
methacrylate, n-butyl aérylate and 2-hydroxyethyl acrylate.
However, after 30 minutes from the start of the trial coarse
‘particles of several mm in size were formed at a conversion
to polymer of 15.5%, thué failiné to afford a stable agueous

emulsion.

Comparative Example 10

The proéedure in Example 8 was repeated except that an
unmodified PVA having an average degree of polymerization of
500 and a degree of hydrdlysis of 88 mol%¥ (producted by
Kuraray Co., Ltd. under the.tradename "pvAa 205") and an
unmodifiéd PVA having an average degree of polymerization of
1700 and an average degree of hydrolysis of 88 mol% (also
produced by Kuraray Co.; Ltd. uﬁder the tradename "PVA 217")
in a ratio by weight of 8:2 were uéed in place of the PVA ~
having an mercapto group at én end thereof to try to conduct
_emulsion polymerization of styrene, butadiene and 2-

hydroxyethyl acrylate. However, after 2 hours from the start



being in the range of 9:1 to 1:9; and a di spersant ‘conpri si ng|&daAyfmng| &ﬁ=
al cohol polyner and an (A-2) aqueous enul sion conprising a di $p¢rsoid whi ch™

conpri ses a copol yner containing at |east one hydrophobic unst {ir 2tedUL 1996 ;

nononer unit selected from a nethacrylic ester nononer unit| pcrylic |
ester nononer unit, styrenic nononer ungh, diene nononer unit|and d
hal ogenat ed unsaturated nmonomer unit; and a primary hydroxyl
gr oup- contalnlng et enlcally unsat ur at ed monorer nt of 0. T

to 50% Fyoh | Bt tb‘ h&i% ing Ak Rraca Rt ad?%‘é?Eﬁﬁ?“cBﬁpPP
B).
ol yval et 23C XN FRES. o o SHARFd hbeatonSHEs %?%égﬁsi%?nf X

wherein tgoméé%atiueo S enq]5|%n is an (A-1) aqueous emul sion.

' The procedure in Example 7 was repeated except that.a
polyoxyethylene nonylphenyl ether having 40 mol of
- oxyethylene units (produced by Sanyo Chemical Industries,
Ltd. under the tradename “Nonipol 400") was used in place of
the PVA having-a mercapto group at an end thereof and a
‘carboxyl group in the-side chain to obtain a styrenelz-
ethylhexyl acrylate/2-hydroxyethyl methacrylate copolymer.
emulsion (VI). The emulsion thus obtained was stable and had
a solid concentration of 49. 8% viscosity of 110 mPas's and
an average particle diameter of 0.;5 pm. By the use of the
aqueous emulsion (VI), adhesion test'was carried out in the.
same manner as in Examole-l. The result are given in Table
2.

Comparative Example 12

The procedure in Example 8 was repeated except that a
sodium salt of alkyldiphenyl ether disulfonic acid (produced
by Sanyo Chemical Industries, Ltd. under the tradename
“Sundet BL") was used in place of the PVA having a mercapto
group at an end thereof to obtain a styrene/butadiene/2-
hydroxyethyl methacrylate copolymer emulsion (VII). The
emulsion thus obtained was stdble and had a solid
concentration of 42.5%, viscosity of 85 mPas-°s and an average'
particle diameter of 0.1 uym. By the dise of the agueous '
emulsion (ViI), adhesion test was carried out in the same

manner as-in Example 1. The results are giver in Table 2.
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Is an (A-2) aqueous enulsion. 4. The conposition according to
1 to 3, wherein said (B) polyval ent isocyanate conpound is con
anount of 10 to 150 parts by wei ght per 100 parts by wei ght of
aqueous enul si on expressed in terns of Id content. 5. Use ¢
conposition according to any of clainms I'to 4 for the productiforrof—an

The conposition according to claim1, wherein the aque

adhesi ve.c&npd¥Patdbes BxampfliFhFonpri ses the conposition set florth in any
of clains~I tO Z. '

In a pressure resistant autoclave equipéed with a
nitrogen injection nozzle and a thermometer was placed 100
parts of 6% PVA aqueous solution having a mercapto group at
an end thereof, said PVA being the same as that used in
Example 6.' By the ﬁse of solfuric acid, the solution was
adjusted to pH 4.0 and tﬁéreafter incorporated with 80 parts
of vinyl acetate and 2 parts of 2-hydroxyethyl acrylate.
After raising the temperature of the cohtents in the
autoclave to 60°C andjreplaéing étmosphere therein with
nitrogeh, the autocléve was pressurized with ethylene to show
the pressuré of 40 kg/cm2 énd polymerization wa; initiated by
the dse of a redox initiator of hydrogen peroxide/Rongalite
system. After 4 hours from the start of polymerization, the
concentration of the residual vinyl.agétate monomer dropped
€0 0.5%. The ethylene/vinyl acetate/2-hydroxyethyl acrylate
copolymer emulsion (VIII) thus obtained was stablé aﬁa had a
solid concentration of 50.0%, viscosity of 900 mPas+s and an
average particle diameter of 0.7 um.

_ By théluse of the aforementioned agueous emulsion.
(VIII), adhesion test was carried out in the saﬁe manner as
in Examﬁle 1. The results are given in Table 2. |

Comparative Examples 14 to 17

In the same manner as in Example 1, adhesion test was
carried out for agueocus emulsions (I) to (IV) obtained in

Examples 6 to_9, respectively except .that polymethylene

polyphenyl isocyanate was not used.

The results are giveﬁ in Table 2.



7. Use of the adhesive according to claim6 for joining objects, - ...._.
particularly wood and [ unber. 8. A wooden product characterizﬁrnr Tl x s
wooden product is joined by the adhesive as set forth in clain P%’%(':EMENT"ESHM
aqueous emul si on which conprises an (A-1) aqueous enul sion conprj sing,a
di spersoi d which conprises a vinyl ester_polynmer (1) and a co o|yd§#~#&brmgs
a gl-ass transition tenperature of | ower Fﬂan 50[err] C containijng..a...___

met hacrylic ester nononer unit and/or an acrylic ester nononerf unit; and a

primary hydroxyl group-containing ethylenically unsaturated novwerss=uail
(2), said polyner (1) being present perincipally in the central part of
said
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di spersoi d, sai d copol ymer (2) Dbeing present principall é{ﬂH¥;~‘““““
peri pheral part thereof, the ratio by wei ght of said polynmer ( ifin Aﬁﬁbﬁ%ﬂ‘swﬁi
copolymer (2) being in the range of 9:1 to 1:9; and a di spersarjt [conprti -
a vinyl al cohol polyner. 10. An aqueous emnul sion which conprisgs a'I‘ﬁ'ﬁU%)

aqueous emul si on conprising a di spersoi gwhi ch conprises a copgl ynmer 1996
contal ning at | east one hydrophobi ¢ unsaturated nononer unit s

ronomor o 1 G ARRRNE e HeteaREE) aryBnaR. s AR i W

and a prlnary NYUWY¥ige dgree of polymerization of 550, degree of

Rt VS 1

hydrolysis of 88.0 mol%, mercaptoc group (SH)

content of 3.2x10°

equivalent/qg).

(2) carboxyl modified PVA having a mercapto group at
an end thereof (average degree gf polymerization of
700, degree of hydrolysis of 89.2 mol%, content of
carboxfi group of 1.0 mol%, mercapto group (SH)

~content of 2.3x1073 equivalent/g). |

(3) PVA 205 (unmodified PVA, average degree of
polymerization of 500, degree of hydrolysis of 88

| mol%, produced by Kuréray Co., Ltd.) .

(4) PVA 217 (unmodified PVA, average degree of

polymerization oft1700, degree of hydrolysis of 88
" mol%, produced by Kuraray Co., Ltd.) j

(5) Nbﬁipol (poiyoxyethylgne nonylphenyl ether having 40
mol oxyethylene uhits, produced by Sanyo Chemical
Industries, Ltd.)

(6) Sundet BL (sodium salt of alkyldiphenyl ether
disulfonic acid, produced bf Sanyo Chemical
I%ndustries,'Ltd.) '

*2: (1) MMA ~- methyl methacrylate

(2) n-BA ~- n-butyl acrylate

(3) st -~ styrene

(4) 2-EHA.—- 2-ethylhexyl acrylate

(5) Bt - -- butadiene. '

(6) HgA -- 2-hydrox§ethy1.acrylate

(7) HEMA -~ 2-hydroxyethyl methacrylate



group-containing ethylenically unsaturated mononer unit in angZgmonit:. of "ol
to 50% by weight based on said copol yner: and a di spersant coffifiditeigiit orici:
vi nyl al cohol polyner having a nercapto group at an end therepf
process for producing an (A-1) aqueous enul sion as.set forth |n{Cha gUL 1996
whi ch conprises subjecting a vinyl ester_nononer to enul sion pofynerization
in the presence of a dispersant conprisﬂﬁﬁ a vinyl alcohol poly 0
produce a vinyl ester polymer (1) and thereafter subjecting & nethacrylic

ester nononer and/or an acrylic ester nononmer. and a primary hydroxyl

group- cont ai ni g )ekieyl enicaldinynsehisaigd mononer to enul sion
pol ynmeri zat.ion also in the presence of said

(%) Et -- ethylene

(10) VAc -- vinyl acetate



di spersant to produce a copolynmer (2). 60 12. A process for produci ng an

(A-2) aqueous enulsion as set forth in Caim8 which conprisesis e
at | east one hydrophobi ¢ unsaturated nononer selected froma nf,g

ester nonomgr, pcrylic gster nononer, styrenic nononer, diene i oner. and
hal ogenat ed junspt ujat ed jnononer; and a | mary hydroxyl group- tzw@gmb :
et hyleni cal I}y unsatura d nmononmer in an anount of 0.1 to 50% I ght i
based on thg tofal of the nmonomer to enul sion pol yneri zjat Tom¥rthe '
presence of fa d spe-r ru A © m O o l | - n S
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*3: (1) MR-100 -- polymethylene polyphenyl isocyanate,
produced by Nippon Polyurethane Industry
~ Co., Ltd. | ' '
(2) Figures in pafenthesis in the column of Adhesion

test denote wood breakage ratio in $.
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CLAIMS
1. A composition which comprises an (A) aqueous emulsion
selected from an (A-l1) agueous emulsion comprisihg a
dispersoid which comprises a vinyl‘gster polymer (1) and a
copolymer ha&ing a glass transition temperature of lower than
50°C containing a methacrylic ester monomer | |
unit and/or an acrylic ester monomer unit; and a
primary hydroxyi group-containing ethylenically unsaturated
monomer unit (2), saiad bolymer (i) being present principally
in the central part of said dispersoid,'said copolymer (2)
being present principal@y in- the periphéral part thereof, the
ratio by weight of said polymer (1) to said copolymer (2)
being in the range of 9:1 to 1:9; and a dispgrsant comprising
a vinyl alcohol polymer and an (A-2) aqueous_emuls;pn
'comprising a digpersoidiwhich comprises a copolfmer'
containing at least one hfdrophobic unsaturated monomer unit
selected from a methacrylic ester -
monomer unit, aprylic ester monomer unit, styreﬁié monomer
unit, diene monomer unit and halogenated unsaturated monomer
unit; and a primary hydroxyl group-containinﬁ ethylenically
unsaturated monomer unit in an amount of 0.1 to 50% by weight
based on said copolymer; and a dispersanf comprising a vinyl
alcohol polymer having a mercapto group ét an end thereof and

a (B) polyvalent isocYanate compound.

2. The composition according to €laim 1, wherein the (A)

_aqueogs.emu;sion is an'(A-l) aﬁueouS'emulsion.

e
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3. The composition according to €laim 1, wherein the (A)

aqueous emulsion is an (A-2) aqueous emulsion,

4. The composition according to any of Claims 1 to 3, wherein said (B)

polyvalent isocyanate compound is compounded in an amount of

10 to 150 parts by weight per 100 parts by weight of said (A)

aqueous emulsion expressed in terms of so;id content.

. 5. Use of the composition according to any of claims
1 to 4 for the production of an adhesive. -

6. An adhesivé which comprises the composition set forth in

any of claims 1 to 4..

7. Use of the adhesive according to claim 6 for join'ipg

objects, particularly wood and lumber.

8. A wooden product characterized in that the wooden product
'~ is joined by the adhesive as set forth in claim 6.

9. An agqueous emulsion which pomprises an (A-1l) agueous
emulsion comprising é dispersoid which comprises a vinyl
ester polymer (1) and a copolyﬁer having a glass transition
temper;ture of lower than 50°C containing a methacrylic

ester monomer unit and/or an acrylic .
ester monomer unit; and a primary hydroxyl group-containing
ethylenically unsaturated monbmg; unit (2), said polymer (1)

being present perincipally in the central paft of said
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dispersoid, said <copolymer (2) being present

. principally in the peripheral part thereof, the ratio

by weight of said polymer (1) to said copolymer (2)

being in the range of 9:1 to 1:9; and a dispersant -
comprising a vinyl alcohol polymer.

10. An aqueous emulsion which com];Srises an (A-2)
aqueous emulsion comprising a dispersoid which
comprises a copolymer containing_ at least one
hydrophobic unsaturated monomer unit selected from a
methacrylic ester _ _

monomer unit, acrylic ester monomer unit, styrenic
monomer unit, diene nionomer unit and halogenated
unsaturated monomer unit; and a primary hydi‘oxyl
group-containing ethylenically unsaturated monomer
unit in an afnount of 0.1 to 50% by weight based on
said copolymer; and a dispersant comprising a vinyl
alcohol polymer having a 'mercaptio group at an end
thereof. '

11. A process for producing an (A-1) aqueous emulsion
as set forth in Claim 7 which comprises subjecting a .
vinyl ester monomer to emulsion polymerization in the
presence of a dispersant comprising a vinyl alcohol
polymer to produce a vinyl ester polymer (1) and
thereafter subjecting a methacrylic ester monomer
and/ér an acrylic ester monomer and a primary hydroxyl
group-~-containing éthylenically unsaturated monomer to
emulsion polymerization also in the presence of said-
dispersant to produce a copolyiner (2).
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12. A procéss for producing an (A-2) agueous emulsion as set
forth in Claim 8 which comprises subjecting at least one
hydrophobic unsaturgted monomexr seleéted from g
'methacrylic ester monomer, acrylic ester
monomer, styrenié monomer, diene monomer and halogenated
unsaturated monomer; and a primary hydroxyl group-containing
ethylenically unsaturéted monomer in an amount of Ofl to 50%
by weight based on the total amount of the monomer to
emulsion polymerization in the presence of a dispefsant

comprisihg a vinyl élcohol polymer having a mercapto group at

an end thereof.
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ABSTRACT

Combosition, Adhesive and Aqueous Hmlsion

There is disclosed a composition which comlil'-".-ses an (A)
aqueous emulsion selected from (A-1) aqueous emulsion
comprising a dispersoid which comprises a vinyl ester polymer
(1) and a copolymer a (meth)acrylic ester and a primary
hydroxyl group-containing ethylenically unsaturated monomer
(2), the polymer (1) being present principally in the central
part of”the:dispersoid, the cdpolfmer (2) having a glass
transition temperature of lower than 50°C an being present
principally in the peripheral part thereof; and a dispersant
comprising a vinyi alcohol polymer and (A-2) aqueousnemulsion
comprising a dispersoid'which'comprises a copolymer of a
hydrophobic unsaturated monomer such as (meth)acrylic ester -
and a primary hydroxyl group-containing ethyleniééllf'
unsaturated monomer ; and a dispersant comprising a v;pyl
alcohol polymer having a ﬁercapto group at an end thereof and
a (B) polyvalent isocyanate compound. Disclosed aiéo are an
adheéive comprising the aforementioned composition and a
wooden product which is joined by the use of fhe adhesive.
The above-disclosed adﬁesive is excellent in initial

adhesivity, adhesive strength, water resistance and so forth.

This Sheet Has Been Replaced
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ABSTRACT

Composition, Adhesive and Aqueous Emulsion

There is disclosed a composition which comprises an (A)

aqueous emulsion selected from (A-1) aqueous emulsion

comprising a dispersoid which comprises a vinyl ester polymer

(1) and a copolymer a (meth)acrylic ester and a primary
hydroxyl group-containing ethylenically unsaturated monomer
(2), the polymer (1) being present principally in the central
part of ‘the dispersoid, the copolyher (2) having a glass
transition temperature of lower than 50°C an being present
principally in the peripheral part thereof; and a dispersant
comprising a vinyl alqohol polymér'and (A-2) aqueous .emulsion
comprising a dispersoid which comprises a copolymer of a
hydrophobic unsaturated monomer such as (meth)acrylic ester
and a primary hydroxyl group-containing ethylenlcally
unsaturated monomer; and a dispersant comprising a vinyl
alcohol polymer having a mercapto group at an end the;eof and
a (B) polyvaLent_isocyanate compound. Disclosed aléo aré an
adhesive comprising the aforementioned composition and a
wooden product which is joined by the use of the adhesive.
The abové-disclosed adﬁesive is excellent in initial

adhesivity, adhesive strength, water resistance and so forth.

FIGURE 1




