2113232 POLYURETHANE ADHESI VE COVPOSI TIONS This invention relates to novel
adhesi ve conpositions, and is particularly concerned wi th pol yurethane
adhesi ve conpositions which are useful as an adhesive for netals, plastléf
r ubbglew=etc. 5 Recently, as packaatng materials for foodstuffs 1
etc.., there haewe been devel oped and put 0 W de use rrultlzilegmlte
fIFﬂB conprisifng two, three or four layers and consisting o

pl &stics, such as pol yet hyl ene, polypropylene, nonn pol yester and 10

pfl yvinyl chloride, |ampa o0 el al L aluniniumfoil.. For
Jbondi ng toget her these p ‘ been known to

Giycol, an 15 epoxy raBER %%&F%%% Hel e%%r%? %@F%Sv%uLieséef
;polylsocyanatgPﬁg Fggng gg e? %%at t gor C%Ehgdbon ver, this

conposi tion su romt e I'ES t ant dOES not

al ways eXh'b'bo%QﬁﬂH%kSnédﬁﬁﬁbgﬁvétE%&?BQi%ﬁ@ 5S whillh' b2k Bge kafis For

resi stance or resi stance to chemc suc as acl ds an

.exanpl e, therggi §nehgREBEGeCEoirNfietala]Vanhads dshatrubber!,eailt,i ng conposite
film when heat-sterilized by high-tenperature hot water of not |ess than
120 C after5hi ghly acRdckagdy(oabaipaickgginge mbtleiriade dori Fopdslkaddd,25
therein, not only shows a reduction in adhesive strength

: ) etc., there have been developed and put into wide use

A
s

multi-ply composite films comprising two, three or four
layers and consisting of films of plastics, such as
- polyethylene, polypropylene, nylon, polyester and
10 polyvinyl chloride, laminated to metal foils, such as
aluminium foil..

For bonding together these plastic films or
metal foils, it has been known to use an adhesive composi-
tion containing a linear saturated polyester glycol, an

15 epoxy-resin having not less than 2 hydroxyl groups, a
W/ polyisocyanate compound and an ester of phosphoric acid.
However, this composition suffers from the defects that
; .the resultant bond does not always exhibit adequate-
adhesive strength and is inferior in heat resistance or
20.resistance to chemicals, such as aqids-and alkalis.
For example, there is encountered the disadvantagé that
the resulting composite £film, when heat-sterilized by
high-temperature hot water of not less than 1éo°c after
highly acid food 66ntaining free fatty acids is packaged

25 therein, not only shows a reduction in adhesive strength
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-2- between the netal foil and the plastic films but also exhibits reduced’

strength as a packaging material and, in extreme cases, devel ops conpl ete
deragigplkon, with the resultant induction of pinholes through the netal
Qducing the air-barrier properties inherent to netals and hence,

foil,:

constituting a serious hindrance to achi evement of the object of preserving

foodstuffs f
conduct ed w
found thatth
conposition
superior to
can yield co
chemi cal res
devel opnent
t hese invest

adhesi ve conposition, 20 wherein th

or a long period of tine. After extensive investigations
th a 10 specific viewto elimnating these defects we have
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conposi tion conprises an of ganfc

pol yi socyanakeduine ¥hle adtr-Batddict Froasihy Qi ¥erit 485 indid V€

t hereof, an

epoxy resin and a silane coupling agent, and wherein sonme or

all of the | apactiendles GonstdtutdivNta iseritd HiRd¥ared S td oW S5aRast . 25

Exanpl es of .

present conpesi then objelctd®fp praserasiaa tiodsHuiEy £ors U Loty apéphed | c

di i socyanat e

10

sui t abl e organi ¢ pol yi socyanates which are useful in the

S
of time.

After extensive investigations conducted with a

spécific view to eliminating these defects we have found |

that the incorporation of a silane coupling agent in the
said composition can produce adhesive compositions having

an adhesive strength superior to those obtained using the

- previously known compositions and thus can yield coating

15

20

25

films having outstandingly excellent heat- and chemical
resistance. Further investigations have ‘culminated in
the development §f the present adhesive composition.:

Accordingly, based on these ihvestigations, the present

invention provides a polyurethane adhesive composition,

wherein the composition comprises an organic polyisocyanate,

a polyol, an oxyacid of phosphorgus or a derivative thereof,

an epoxy resin and a silane coupling agent, and wherein
some or all of the ingredients may be present in the form
of a reaction product.

Examples of suitable organic polyisocyanates
which are useful in the pPresent composit;on include

polyisocyanates monomers, such as aliphatic diisocyanates

Qﬁ



3 119 exenplified by trinmethylene diisocyanate,
tetranet hyl ene dii socyanate, hexanethyl ene diisocyanate, pentanethyl ene

dii socyanate,, 1, 2-propyl ene diisocyanate, 1,2-butylene diisocyanate, .
2,3-butylene diisocyanate, 1,3-butylene 5 diisocyanate, 2,4,4- or AR
2,2, 4-trinmet hyldiexanmet hyl ene diisocyanate3 2, 6-dii socyanat onet hyl capr.??t(e,
ete.; alicyclic diisocyanates exenplified by 1, 3-cycl opent ane- J
di i'secyanat e, ‘1, 4-cycl ohexanedi i socyanate, 1, 3-cycl ohexane- diisocyanate,
3-isocyanat onet hyl - 3,5, 5-trinmethyl cycl ohexyl 10 isocyanate,

4, 4" - met hyl enebi s(cycl ohexyli socyanat e),

et hyl - 2- 4- cycl ohexanedi_i socyanat e, methyl -2, 6-cycl ohexane- diisocyanate,
1, 4- bi s(i socyBKaMBAEERSH) ByctahBeshy lene3ddisocyanpirat Sedteapethydearexane,

‘etc.; aromati ¢ diisocyanates exenplified .m phenyl ene diisocyanate, 15
p- phenyl ene dﬁ?%ﬁ??ﬂﬁgﬁéﬁ'4§$xgﬁﬁﬁhgﬁﬁpedBﬁ%@@fXﬁ&F@?' pentame%%y ene

1,5- ht hal di i t ,4' -diph l.neth di_i,.so- w 2, 4-
28 tolyl one AELEBEYAHALE ~or A PEGPISPRLABIFOY SRAtEG] dir HERISDE anat e,
2 6-torylene HiS for | % t oy

02 510 1o o BYARALE 4.4 3RAER YU SR Y i 20,
‘m xture theéeﬁﬁiséh?%hgkb§OQXQnQLOb%’ﬁ;29MQEQXEQ%B§QB%x%HQthQﬁeEbke?
-organic triisocyanates exénpl'ified by _

L7 phenyl et hasgsdogandial ! o, $00Ya88cgankdnBthil SapaRtedbRIES T,

2,4, 6-triisocyanatotol uene, 35 etc.; and organi C tetrai socyanates

exenplified bylicyclic diisocyanates exemplified by 1,3-cyclopentane-
diisocyanate, 1,4-cyclohexanediisocyanate, 1,3-cyclohexane-
diisocyanate, 3-isocYanatomethyl-3,5,5-trimethylcyclohexyi

10 isocyanate, 4,4'emethy1enebis(cyclohexyiisocyanete),
methyl—2-4—cyclohexanediisecyanete, methyl—Z,G—cyclohexaneé
diisocyanate, l,4-bis(isocyanatomethyl)Eyclehexane,
1,3-bis(isocyahatomethyl)cyclohekane, etc.; aromatic
diisocyanates exemplified by m—phehylene diisocyanate,

15 p-phenyiene diisocyanate, 4,4'-diphenyl diisocyanate,

%u/ l,5-naphthalenediisocyanate; 4,4‘-diphenylmethanediiso-
cyanate, 2,4- or 2,6-tolylene diisocyanate or mixtures
thereof, 4,4'-toluidinediisocyanete, dianisidinediiso-
cyanate, 4;4'-aiphenyl'ether diisbcyanate, ete.;

20.aralkyl diisocyanates exemplified by 1,3- or 1,4-xylylene
diisogyenate or mixture thefeof, Q,m'-diisocyana£0—1,4-
diethylbenzene and the iikew organic triisocyanates
exemplified'by triphenylmethaﬁeé4,4'-4“—triisocyanate,
1l,3,5-triisocyanatobenzene, 2,4,G—triieocyanatotoluene,

25 etc.; and orgaﬂic tetraisocyanates exemplified by



120 4 4, 4' -di phenyl di met hyl nethane-2 2'-5,5' -tetrai socyanate and the |ike; ~
dimers, trimers, biurets and all ophanates derived fromthe above

pol yi sq q%?nate nonomners; polyi socyanates having a 2, 4,6-oxi diazi netrione
ring 5 obtained from carbon di oxi de andgt he above polylsocyanate nononers;
adducts formed with | ow nol ecul ar-wei ghT pol yol s having a nol eeul ar MEIght
of not nore than 200 such as ethylene glycol, propylene glycol, butylene

gl ycol, hexyl ene glycol, neopentyl glycol, cyclohexanedi- 10 nethanol, ';f'

di et hyl ene glycol, triethylene glycol, dipropylene glycol, glycerol,
trimet hyl ol propane, pentaerythritol and sorbitol; or adducts fornmed with

t hose havi rfy 4' nil phenpldime gy 1mé thanert 2 220~5 o5 16teb0aisobpadaster i bed
herei nafter such as polyester polyols, polyether polyols, polyether 15
ester pol yoind $he ybiker &imemspo Iyi-in%rsac iﬂlretgoal}élsllpphghydeexyal kanes
and castor o0il, Exapples of the polyols which are useful -in-this invention
i ncl ude coﬁbﬁﬁﬁﬁ%ﬂh%VWhgt#?OH?QV?OPQ#Y%ﬁ%ﬁﬁﬁﬁﬂF? RORGMATs¢ ynct i onal groups
and a nol ecul ar, wei 0, 000 ref erably about 300

to 5, 000. %ﬁxlri‘iﬁgﬁ’i‘?t?ﬁ é?%‘ﬁ‘é%l ardr ‘bo%y%%‘{o'@ aﬁbP?tFE"“ﬁoFi‘rBEher pol yol s,

bol Yhydr o e Bt FHHE Ghoflherpin o snpec pofy enrEenene cor .
25

- AL ES, of aduishs pPéé&Eé& Sl ysé,-mw&wfsrﬂ u&ﬁeef |

polyols having a molecular weight of not more than 200 QJ

such as ethylene glycol, propylene glycol, butylene
glycol, hexylene glycol, neopentyl glycol, cyclohexanedi-
lolmethanol, diethylene glycol, triethylene glycol, dipropylene
glycol, glycerol, trimethylolpropane, pentaerythritol and
sorbitol; or adducts formed with those having a molecular
weight of about 200 to 10,000 to be described hereinafter
such as polyester-polyols, polyether polyols, polyether
15 ester polyols, polyester amide polyols, acrylic polyols,
polyhydroxyalkanes and castor oil.
Examples of the polyols which are useful in this
invention include compounds having from 2 to 6, preferably
2 to 4, functional groups and a molecular weight of 200
20 to 10, 000, preferably about 300 to 5, 000. Particularly
' preferred are polyester polyols, polyether polyols,
polyether ester polyols, polyester amide polyols, acrylic
polyols, polyhydroxyalkenes, castor Oll, polyurethane
polyols or mixtures thereof.

25 Examples of such polyester polyols include polyester



zpolyols obt ai ned by reacting dibasic aC|ds such as terephthalic acid,
:Lsophthalic acid, adipic acid and sebacic acid, their dialkyl esters or

m xtures thereof with glycols such as ethylene glycol, propylene glygoly 5

di et hyl ene glycol, butylene glycol and neopentyl glycol or mxtures 217
t hereof . Exanples of suitable polyether pélyols i ncl ude pol yet her pol-yols 1
oht.ai ned by pol yneri zi ng oxi rane conpounds- such as ethyl ene oxide,

pr &pyl ene oxi de, butyl ene oxide 10 and tetrahydrofuran with the use of a

| ow nol ecul ar wei ght pol yol, such as water, ethylene glycol, propylene

gl ycol, trinethyl ol propane and glycerol, as an initiator. Exanples of

bl I ' | % Lncl b nmbi ned

of starting TEOKEPLP APERBoR Y reRstoRg AEBERTR TeRaR, THukHCaRTT T 1o
I d | ' t

Feact i on. 'a”kﬁﬁsﬁﬁghaié?féﬁﬁé §§?$§P?H%§?y0P°ia§c?Bgégfﬁékéaé%PE?néﬁ”by

copol yer i 2! ngepRRORCLS. B2 kA1 80k1 29y 5 BaklEa BRomNILRLY thkauasi N (Ne

nol ecul e, suc ydroxyéthy acryla roxypropyl acryl ate,

hydroxybutyl ggg 'g&gcoikcsucﬁr akh@khyieneegoeeaingprephaeny! gayeeild
derivatives, wt I'itc acid, methaCrylic acid or thelr esters. 25

Exanpl es Ofssaiéehbqeaglghyébaxyah&9neae'@Q&ud& andb neopghttyadiglyeolol yol s

obt ai ned by pol ynefi zi ng "but adi ene
or mixtures thereof.

~ Examples of suitable polyether polyols include
polyether polyols obtained by polymerizing oxirane compounds’
such as ethyléne oxide, propylene oxide, butylene oxide
10 and tetrahydrofuran with the use of a low molecular weight
polyol, such as water, ethylene glycol, propylene glycol,
trimethylolpropane and glycerol, as an initiator.
Examples of suitable polyester amide polyols
include those obtained by the combined use of starting
15 materials having amino groups such as ethylenediamine,
\,/ propylenediamine and hexamethylene diamine in the above
esterification reaction.
Examples of suitable acrylic polyols include-
those obtained by copolymerizing monomers having not
20 less than one hydroxyl group in the molecule, such as
hydroxyethyl acrylate, hydroxypropyl acrylate, hydroxybutyl
acrylate, etc., or their corresponding methacrylic
acid derivatives, with acrylic acid, methacrylic acid
or their estéfs.

25 ~ ‘Examples of suitable polyhydroxyalkenes include



or copol ymerizing butadiene with acrylam de, etc. The pol yurethane pol yols
whi ch may be used are pol yols having a urethane |inkage in the nolecule and -
are 5 for exanple obtained by reacting pol yether polyols, polyester polyols
or. pol yet her ester polyols having a n1§gular wei ght of about 200 to 5,000

w th the %gbve-nentioned organi ¢ pol yi socyanates in a ratio of - NCO OH of

| ess thaA— Pout 1, preferably not nore than about 0.8. 10 Besi des -

t he pol yol s descri bed above, further, |ow nolecular weight polyols having\&
nol ecul ar wei ght of 62 to 200 may be included in the conposition in order

to adjust the average nol ecul ar wei ght of the polyol conponent. Exanpl es of

t hese | ow ' ol | Cl . yl ene

ol yool . buPSt EEHEARIMRLO o1 IR O ol ¥ VR A Mt e RHIE) ) Cne

gl ycol , negpe |y, ,ﬁ%ﬁﬁgﬂﬁp'u [y - .
glycerol,.??i%%?h%?g%%?gég'e%gn t he IP?%?PVVt ﬁ&%ﬁ%ﬁu§§?%)the oxyaci ds
of phosphorus or 2@ndepolFuréthanee RAfyoy Ghidte mseBe dded se i nvention,

exanpl es of suitable oXyacids of phosphorus include hypophosphorous acid,

phosphor oupoiyatsdha®tingoRharttiane ddinkayed iy phe asdlletiXe agnd, aped
condensed phosphoric acids, such as netaphosphoric acid, 25 pyrophosphoric

acid, trbpsbypbaamplei obiaiithed dyy peesytiorg olyether’ puliyblsd .
ul traphosphoric acid; exanples of the derivatives
: polyester polyols or polyether ester polyols having a molecular

weight of about 200 to 5,000 with the above-mentioned e
organic polyisocyanates in a ratio of NCO/OH of 1less
than about 1, preferably not more than about O.8.
10 . Besides the polyols described aboﬁe, further,
low molecular weight polyols having a molecular weight
of 62 to 200 may be included in the composition in order
'to-adjus; the averaée molecular weight of the polyol
component. Examples of these low molecular weight
15 polyols includelethylene glycol, propylene glycol,
butylene glycol, diethylene glycol, dipropylene - ' Q;;
glycol, hexylene glycol, neopentyl glycol, cyclohexanedi-' |
methanol, glycerol, trimethylolpropane and the like..
With reference to the oxyacids of phosphorus or
20 derivatives thereof which are useful in this invention,
- examples of suitable oxyacids df phosphorus include
hypophosphorous-acid, phosphorous
acid, orthophosphoric acid and hypophosphoric acid, and

condensed phosphoric acids, such as metaphosphoric acid,

25 pyrophosphoric acid, tripolyphosphoric acid, polyphosphoric



~of the oxyacids of phosphorus nmentioned above include salts of phosphoric
acid and condensed phosphoric acids with sodium potassium etc.,
nonoesters of oxyacids of 5 phosphorus such as nononet hyl orthophosphate
nonoet hyl orthophosphat e, nonopropyl orthophosphate, nonobutyl ji23
or t hophosphat e~.nono- 2- et hyl hexyl orthophbsphate, nonophenyl L

or thophosphat &, nonoet hyl phosphite, nonoethyl phosphite, nohopropyl
phdephite, nonobutyl phosphite, nono-2-ethyl- 10 hexyl phosphite and
nmonophenyl phosphite, di- and triesters of oxyacids of phosphorus such as
'di - 2- et hyl hexyl ortho- phosphate, diphenyl orthophosphate, trinethyl

‘ort hophosphate, triethyl orthophosphate, tripropyl orthophosphate, tributyl
or t hophosphat2¢id rand- a1 hyapkespPheriprbdpRxambles of pRapyferivatives

oL e e
L s A
églﬁorghz,oigéﬂ Bé %ﬁ%ﬁ%@s 83?3??%ﬁmbyegﬁdrng°epoxy conpgug§g guc% %gus' e
éoxyécids of5gﬁ%@%ﬁ%?%gggéﬁggr?%a@?%%@e%ﬁg%gg?gggﬂgégg%%??bnggﬁg ge imay be

used singly og.{ RAELOT Monopropyl orthophosphate, mofoBu¥j¥re of two
or_pore there%¥#93£g§§£t%e ébovenggﬁ%%%ndg, th%se ﬁaviné not lesg

; orthophosphate, mono-2-eth¥1hexyl orthophosphate, monophenyl
orthophosphéte, monoethyl phosphite, monoethyi phosphite,
moﬁopropyl phosphite, monobutyl phosphite, mono-2-ethyl-

10 hexyl phosphite and monophenyl éhosphite, di- and triesters
of oxyacids of phosphorus such as di-2-ethylhexyl ortho-
phosphate, diphenyi orthophosphate, trimethyl orthophosphate,

E, triethyl ortho?hosphate, tripropyl orthophosphate,
tributyl orthophosphate, tri-2—ethylhexy1'orthophosphate,

15 triphenyl orthophosphate, dimethyl phosphite, diethyl

grf phosphite, dipropyl phosphite, dibutyl phosphite, di-2-

: ethylhexyl phosphite, diphenyl phosphite, trimethyl

% phosphite, triethyl phosphite, tripropyl phosphite, tributyl

i ph05phite,Htri—Z-ethylhexylphosphite and triphenyl phosphite,

20 and mono-, di- and tri-esterified products'of condensed

phosphoric acids wiﬁh alcohbls,'such as adducts obtained
by adding epoxy compounds such as ethylene oxide and
propylene oxide to the ébove oxyacids of phosphorus.

The oxyacids of phosphorus or derivatives thereof‘*

K 25 as mentioned above may be used singly or in the form of a
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~than one free oxyacid group are particularly preferred, and orthophosphoric

acid, pol yphosphoric aci'd or partial 5 adducts of orthophosphoric acid or

.polyphosgﬁbﬂlc acid wi th epoxy conpounds are favourabl e.. The oxyacid of

phosphorus or derivative thereof is cagable of formng an ionic or coval ent
bond with metals, and can al so react wrth the epoxy resin and isocyanate
groups to be described 10 hereinafter, with the result that the oxyacid of-
phosphorus or derivative thereof plays a very inportant role in enhancing
adhesi on of the conposition to netals and also in inproving the acid and

al kali resistance of the conposition. The anobunt of oxyacid or derivative
to be addesixtyrdeof ntwd dhemoregeheredbfom 0. 01 to 10 wei ght percent based -
on the wei ght of the total adhesive-conposition, preferably about 0.05 to 5
wei ght percent, noAropgctireadbgveboompOuidse thaseghavpagcaot. 1Egexy resins
whi ch are useful in this invention 20 include, for exanple, reaction
product s bhamrerneof yeg dekraphdngroupsatt narbicphandy prefdrred,

t et rahydr oxydi phenyl et hane, ' and pol yfunctional hal ohydrins, such as

epi chl or o3 igEt WWPB%%?oﬁcgﬁiodaef-zphaeeh«ar#sl eeadaprmeagﬁtlaéf about
320 to 5 0001§§refe about 320 ,to 4, 800 and_an ZSEﬁ equi val ent of
about 140 39 %% %%??ngﬁl?oaﬁl Br P?AEPBHEH Prif gRddepdtR resin

.present in the n305|t|on may be in

the range ?ﬁ°’§bo‘iﬂmﬁ°?%d%0aﬁ%| favopeskife . Phes 8?‘35?

per cent,

ut 5 to 30 weight ..
@%%sphorus or derivative thereof is capable of forming A

an ionic or covalent bond with metals, and can also react
w1th the epoxy reSin and isocyanate groups to be described
10 hereinafter, with the result that the oxyacid of phosphorus
or derivative thereof plays a very important role 1n
enhancing adhesion of the composition honetaLs and.also in
improving the acid and alkali resistance of the composition.
The amount of oxyacid or derivative to be added may be in
15 the range of from 0.0l to 10 weight percent based on the
weight of the.total_adhesive composition, preferably_about
O.OSIto 5 weight percent, more preferably about o.llto
1l weight_percent. | |
| Epoxy.resins which are useful in this invention
2oinciude, for example, reaction products betveen polyhydric
phenols, such as bisphenol A and tetrahydroxydiphenyiethane,
and polyfunctional halohydrins, such as epichiorohydrin,
waich reaction products have a molecular weight of_ |
about 320 to 5,000, preferably about 320 to 4,000 and an ¥
25epoxv_equiva1ent of about 140 to 3,500, preferably._

450 to 1,000. The amount of the epoxy resin present in the



} on the weight of the total adhesive conposition. Exanples of silane

*<coupling agents which are 5 useful in this invention include conmpounds
having the structural formula R-Si(X)[err] or RSi(R)(X)2 (where.R-i's an
organic vinyl, epoxy, amno, imno or nefcapto radical; R is an alkyll -
radi cal having'l to 8 carbon atons; X i s2a met hyoxy, ethoxy or 25
[err]-methoxy ethoxy radical or a chlorine aton). Such 10 sil ane coupling

ts are exenplified by chlorosilanes, such as vinyltrichlorosilane etc.;

i m no- or am nosilanes, such as
N—(d|nethoxynethyI5|IyIpropyI) et hyl enedi am ne and

N-(triet hoxyézi:ﬁz%wi?g%ié%ﬁégyﬁ&”f.‘ascélg%g %%a&”&ﬂ Pyi télrﬂi@té??f%ﬁ{:l ane

etc.; epoxysi propyl trinet hoxysi e and -

S- (3, 4- epoxyg ﬁ Eé&@exyféféPﬂﬁlytébaﬁihQXMS'ﬁ@”ﬁef&ﬁt %afeaﬁts'ﬁagsa such

as V|nyltr|e oXYy- ane, vinyl tris([err]-methoXyethoxy) si{ane etc.; and

nmeer capt 0si | gReeh& UG81 Rt YoBERE@PEORADPY AR ES IPE NOXMBbs o] C.  The anpunt
of the silane coupling agent to be added 20 is preferably in the range of

about Q QS to 20 wei phamprées evt bﬁ;gﬂeoeotﬁgimglg@énaé wmgcﬁogﬁé adhesi ve
conposition, preferably about 0.1 to 5 weight percent. In addition to the
si | ane coupl usg@fajebh, thisi inpentidheinoludel compoundschavipgstheon, if
necessary, conventional 25 additives such as antioxidants, ultraviolet
absorbers, stgochydadl fermuiaaRrsi(B) g onnR+E168a) (Bl ,atwhenet Br Lal
agents, t hi ckeni ng agents | asticizers, pignents and fillers. Al so, known
calal ysts, aduierganicevinylea@pPoxy, amlno, imino or mercapto radical;
R' is an alkyl radical having 1 to 8 carbon atoms; X is a
J .
methyoxy, ethoxy or B-methoxy ethoxv radical or a chlorine atam). Such
10 silane coupling agents are exemplified by chlorosilanes,
such as vinyltrichlorosilane etc.;_imino— or aminosilanes,
such as N—(dimetﬁoxymethylsilylpr0py1)-ethylenediamine and

it N—(triethoxysilylprop&l)ethylenediamine, Y-aminopropyl-

i triethoxysilane: etc.; epoxysilanes, such as Y—glycidoxy-

15 pfopyltrimethoxysilane and B-(3,4-epoxy-cyclohexyl)ethyl-

S trimethoxysilane etc.; vinyl silanes, such as yinyltriethoxy-
- silane, vinyl tris(B-methoxyethoxy)silane etc.; and
mercaptosilanes such as y-mercaptoprdpyltrimethoxysilane
etc. The amount of the silane coupling agent.to'be added

20 is preferably in the range of about 0.05 to 20 .weight
percent based on the weight of the total adhesive
composition, preferably about 0.1 to 5 weight percent.

In addition to the silane coupling agent, it is possiﬁle to

include in the composition, if necessary; conventional

25 additives such as antioxidants, ultraviolet absorbers,



be used for the regulation of the curing reaction. 5 The present

pol yur.et hane adhesi ve conposition nay be obtained by m xing the

above- nenquned organi ¢ polyi socyanate, polyol, oxyacid of phosphorus or
derivative thereof, the epoxy resin anglot he silane coupling agent. 10

The NCO' H rati o, i.e., the ratio of th& nunber of the NCO groups of the
organi ¢ polyi socyanate / the nunber of the active hydrogen atons (H) of the-

pol yol, the oxyacid of phosphorus or the derivative thereof and the epoxy “

resin is preferably chosen to be in the 15 range of about 0.4 to 20. The
present pol yurethane adhesive conposition can be used either as a one-can
type (one-dmm@nnbmsisostahbltaersypentiﬁnnga&poneantihdbEerialaccord|ng to
the i ntended object. 20 Thus, the one-can type adhesive is obtained.
by reacti ngagents othigkening sgentSanPbﬁsuipéE§UE, RAgoRRLsi dndf
phosphorus or derivative thereof, an epoxy resin and a silane coupling
agent with Bhlbeyani cAbePyi kpeyanaatainstie pAdithvesef e4R-excads of
i socyanate 25 groups. This type_of adhesive is cured by reaction with - 11
127 wat er dPenﬁﬁ%@uf%rlHh?hﬁeﬁP;at+ﬂin§dEBPnSuFﬁ§90ﬁ8§E§ﬁ°Pype adhesi ve,
It is convenient to_sel ect th g é Eb g ags %NCI» with the active
hydr ogen &toms (H) etﬁﬁeﬁﬁP RHrEkyat e5h¥epFompesiftion may
bé obtained by_mixlng the above-mentioned organic
polyisoéfanate,_polyol, oxyacid of phosphorus or o
derivative thereof, the epoxy resin and the silane
coupling agent. -

10 i The NCO/H_ratio, i.e., the ratio of the number
of the NCO groups of the organic polyisocyanate / the
number of the active hydrogen atoms (H) of the polyol,
the oxyacid of phosphorus or the derivative thereof
and the epoxy resin is preferably chosen to be in the

15 range of about 0.4 to 20. _

The present polyurethane adhesive compositionf
can be used either as a one-can type (one-component)
or two-can type (two-component) adhesive according to
the intended object.

20 ‘Thus, the one-can type adhesive is obtained
by reacting a uniformly mixed solution of a polyol, an
oxyacid of. phosphorus or derivative thereof, an epoxy
resin and a silane coupling agent with an organic

polyisocyanate in the presence of an excess of isocyanate

25 groups. This type of adhesive is cured by reaction with



5 derivative thereof and the epoxy resin so as to result in an NCOH ratio
of about 1.5 to 20, preferably about 2 to 10. An NCO' Hratio of less than
1.5 results jn an excessive increase in the viscosity of the resuktapt
conposition, and leads in some instance.to its 10 °gelation. Wen NCFfﬁ
ratio is in excess of 20, curing charac Istics are inpaired and a
comrposition with an adequat e adhesive strength cannotin sone instances, be
obtai ned. The reaction is carried out normal |y at 30 to [err], wher eby the
organic netal catalyst, tertiary 15 amne catalyst, etc., if deS|red may
be added. Anot her enbodi ment of the present conposition is t he so- caIIed

e Y P et #Cmoigﬁukssw#tEHa aghesi ¥R 5PORABLAEOENESoRBLEaRC by

m xi ng a pol I NCl onent curing agent of an
SQGkad

organic 20 p atghy Hféﬁﬁetass 1dBe en@aci d of phosphor us
or derlvatlvg§¥%ereo g EEEgFIgne %oup I'i ng aggnt are respectively added

to either the Be§3h§eeygaah§sonneb¢ ReLMOthebuttivei RyAkebenr ed to add
ei ther or botﬁ then i'n advance to the polyol or to a m xture thereof

with the 25 gpgwy I ¢8)Nofl Rhehpotgse ahdt bryavedcef phpephbires orl?
proportion in which the curing agent is mxed with the principal conponent

i s preferabl gegughtikat theeedEOahdr sheoepexpboesif. sot 6s160 pesldtabl y
about 0.5 to 2.0. As is the case with the one-can type, it is possible in 5
the case of theahwSCOZH tapdot ofusboudit dljsto 20chpyeferably about
~ 2 to 10. An NCO/H ratio of less than 1.5 results in an
excessive increase in the viscosity of the resultant
composition, and' leads in soﬁe instance to its
10 gelation. When NCO/H ratio is in excess of 20, curing
characteristics are impaired and a composition with an
édequate adhesive strength cannot in some instances, be
obtained. ‘The reaction is carried out normally at
30° to 100°C, whereby the organic metal catalyst, tertiary
15 amine catalyst, etc., if desired, may Se added.

o Another e@bodiment of the present composition is
the so-called two-can type, in which the resultant
adhesive_composition-is obtained by mixing a polyol as
the principal component with a curing agent of an organic

20 polyisocyanate immediately before use. The oxyacid of
phosphorus or derivative thereof and the silane coupling
agent are respectively added to either the polyisocyanate
or the polyol, but it is preferred to add either or both of them

in advance to the polyol or to a mixture thereof with the

25 epoxy resin. In the case of the two-can type, the



organic netal and tertiary am ne catalysts. Normally, the two-can type of
conposition exhibits a faster curing rate and better adhesive performnce

t han ngkpne can type, and therefore finds 10 wi der application. Though the
two-cat type of conposition shows a sherter pot life, it can be used
without difficulty by enploying a devite which is adapted automatically to
deliver a principal conponent and a curing agent through separate stream ..
lines in the 15 determ ned weight ratio and only in the mniml weights
required for a coating application, and to m x the streans i nmediately :
before use. The adhesive conposition of this invention, when it has a

vi scosity piopdptiodOfntwhibhO6Recparingr a§enebl &Qxéaowitﬁthbo 5, 000
cps., at nornal tenperature to [err]., O preferably normal tenperature to

100 C., caprimcipsael esmposehtens- @reeetabmyoéuennﬁnattEna.Nﬁb?ﬂ t he

vi scosity exceeds the above range, the adhesive conposition may be diluted
with an orgmboic P§ sbbduen0,4whet hey preferabdy aboatoOeScap 2ype or two-can
129 13 type. The organic solvent is conveniently any solvent which is
inert to tA® isctyanaasegvbbh, thﬂdonﬁeceolvgpe.nay bs posesbde dmenplified

by ethyl acetate, butyl acetate, 2-ethoxyethyl acetate, etc., a ketone
. the case of the two-can type tO use. catalysts such as

organic metal and tertiary amine catalysts.
Normally, the two-can type of composition o >
exhibits a faster curing rate and better adhesive
performance than the one-can type, and therefore finds
10 wider application. Though the two-can type of composition
shows a shorter pot life, it can be used without
difficulty by employing a device which is adapted
automatically to deliver a princ1pal component and a
curing agent through separate stream lines in the
15 determined weight ratio and only in the minimal weights.
required for a coating application, and to mix the
streams immediately before use.. |
The adhesive composition of this invention, when
it has a viscosiiy of about 100 to 10,000 cps., preferably
20 about 100 to 5,000 cps., at normal temperature to 140°C.,
' preferably normal temperature to 1oo°c., can be used as
a solvent-free type of composition.
When the viscosity exceeds the above range, the
adhesive cbmposition may be diluted with an organic

25 solvent, whether it be used as a one-can type or two-can.



5 exenplified by nethyl ethyl ketone, nethyl isobutyl ketone
aromatic exenplified by toluene, xylene, etc.; or an ether e
t etrahydrof uran, di oxane etc. The pol yuret hane adhesi ve conp
10 tnvention may be used, for exanple, by applying the adhes
to the surface—~ef a filmby nmeans of a s&fvent type or solve
| am nator, joining the mating surfaces either after the solv

.evayporated in the case where the conposition is of the solv
‘directly in the case where the conposition is solvent- free,

:conposition at nornal tenperature or under heat. Normally,

to apply th dhesi i | t_ w thi h
170710 2 20 209G m ThE (HESTREE TP TRBLsof Bepny PBLePybe 2

Solvent type B 1AEe 00 p oSG abRLE ERNE, Hhhceid

etc., an
xenmplified by
osition of «thi:s
ive conpoSFhi %
nt-free type
ent has
ent type 15 or
and curing the
t is preferred
nge, of about

BBYERS 2.0 to
e conventi onal
hesi ve

. ! | . . c g
Goss not. roqu PLVERPUERT e BUCOCLOE BREMPLECION SRR aBhrERE OY
over head expeﬂéﬁy%0?@§téégycfﬂeﬂﬂ&ﬁyé€h99¢aEQEEtébaQt&b? JokétQhet hose for

‘t he conventi ona

D Ay

ol vent type.

5 exemplified by methyl ethyl ketone, methyl iscbutyl

ketone etc., an aromatic exemplified by toluene

s Xylene,

etc.; or an ether exemplified by tetrahydrofuran, dioxane

etc,

The polyurethane adhesive composition of this

10 invention may be used, for example, by applying

the

adhesive composition to the surface of a film by means

of a solvent.type or solvent-free type laminator, joining

the mating surfaces either after the solvent has evaporated

. in the case where: the composition is of the solvent type

or under heat.

15 or directly in the case where the composition is solvent-

free, and curing the composition at normal temperature

Normally, it is preferred to apply the adhesive

composition in an amount within the range of about 1.0 to

20 2.0 g/m2 in the case of the solvent-free type and about

2.0 to 4.O'g/m2 in the case of the solwvent type

As compared with the conventional solvent type

of adhesive composition, a solvent-free type adhesive

composition of the present invention permits the saving

25 of energy and does not require solvent recovery

facilities,



a

As conpared wi th the conventional solvent-free 5 type urethane adhesives,

: ggesent adhesi ve conposition exhibits faster curing characteristics and .
bet adhesi ve performance, and in particular exhibits ‘excel | ent. adhesi ve
strength heat resistance, water resistance and chem cal resistance when
applied to/Trlnms of plastics 10 such pol yet hyl ene terephthal ate, nylon,
pol yet hyl ene, pol ypropyl ene and pol yvinyl chloride as well as netals such - .
as alum nium stainless steel, iron, copper and | ead. On the other hand, &<
sol vent type adhesive conposition of this invention is superior in adhesive
15 strength, heat resistance and chem cal resistance to the conventional

sol vent 1 Yeu@dBRshighg EREPBYLIAULAN cldiohsle® 1416 Godif-de oty the

epoxy rings in the resi'n are opened he oxyaci d of osphorus or

derivativenbemngek, thlHs tnbehdmgoeoehb@a ffblrrr%hléa\e&ﬁze@tﬁ@daqnt 20
chem cal resistance. The préseéent pol yurethane adhesive conposition, when.

used for eygnpkAtasype.adhesive for packagi-ng materials for food, provides
a bond having outstandingly excellent adhesive strength, heat resistance
and hot-water resi AsapompaTeldetvivthnthet ebniveinitiohadh sad valnt¥fraen foil, and
films of 131 15 plastics such as pol yethyl ene, pol ypropyl ene, nylon and
pol yet hyp ebgpeeneplithhakardhesdveshe thac pagsegt mdhesiives aompositdmy ed,
when they are filled with foods
exhibits faster curing characteristics and better
adhesive performance, and in particular exhibits excellent
adhesive strength, heat resistance, water resistance
and chemical resistance when applied to films of plastics
10 such as polyethylene terephthalate, nylon, polyethylene,
polypropylene and polyvinyl chloride as well as metals
such as aluminium, stainless steel, iron, copper and
lead. On the other hand, a solvent type adhesive
composition of this invention is superior in adhesive
15 strength, heat resistance and chemical resistance to the
conventional solvent type adhesives. 1In particular this o
is due to the fact that the epoxy rings in the resin are
opened ' by the oxyacid of phosphorus or derivative
thereof, thus yielding coating films having excellent
20 chemical resistance,
The presént polyurethane adhesive composition,
when used for example as an adhesive for packaging materials
for food, provides a bond having outstandingly excellent

adhesive strength, heat resistance and hot-water resistance

25 between metal foil, such as aluminium foil, and films of



:and seal ed, and are then subjected to a high-tenperature, 5 hot-water
sterilization treatnment at a tenperature of not |less than 120 C, are .
entirely free from del ani nati on between the metal foil and the plastics 1 -
film and can therefore be used advantaaé?usly as a packagi ng materi al 37
whi ch shows i nproved tol erance to foods fs and ensures 10 the prol onged

shel f lives of foodstuffs. The invention will now be nore particularly
dederibed and illustrated by the follow ng Exanpl es and Reference Exanpl es
in which all percentages are prxentages by weight. Exanple 1 15 A

m xture of 500 g. of polyoxypropylene gl ycol (rmol. weight 1,000), 1.8 g. of
-polyphosphor sC S§ | tr horic_a |d and 4.6 g.
of N-(diethy ;?%%?%y QWE% ?%qyéﬁﬁyyéﬂ% d%%ﬁ&%%% eﬁ@&t@ﬁ §F‘[err] and
50.g9: of an X @ﬁk&% : ; E@éy | t 650;

- " Epi cot e" logga %O& Egg by SheII e%@g&%’%%%' S?E 4% T egi stered
‘Trade Mark, wakeraddedchas prapdodasohied diay arr@ iﬂaan bﬁﬁfto%a%erature

of the solution was lowered to-70 C, and 360 Q. |p enyl net ane

di i socyanat eanar geadday and areembw&uﬂée\&%&dcct&dwha@hatte%&,e&aft@fré
hour s. 132 16 By the above procedure, there was obtai ned an adhesi've
conposi ti o6 het-wgter BESrdildzatdon dtieatinehts¥tand teampesratsuriey oFf 1, 000
cps at [err]. (Conposition o

" not less than 120°C, are entirely free from delamination

k} between the metal foil and the plastics film, and can
therefore be used advantagéously as a packaging material
which shows: improved tolerance to foodstuffé and ensures

10 the prolonged shelf lives of foodstuffs.

The invention will now be more particularly

described and illustrated by the following Exémples and

‘Reference Eanples in which all percentages are percentages by weight.
" Example 1

15 A mixture of 500 g. pf polyoxyprppyleﬁe glycol

o (mol. weight 1,000), 1.8 g. 6f polypho;phoric acid

: composed mainly of tetrapolyphosphoric acid and 4.6 g.

; of N-(diethyoxymethylsilyl-propyl)ethylenediamine was
heated at 9o°c, and. 50.g. of an epoxy resin .(mol. weight

”20.1,060;'epoxy equivalent 650; "Epicote" 1002; produced by
Shell Chemical Co.; "Epicote"” is a registered Trade Mark,
were added to it and dissolved uniformiy. Theh, the
temperature of the solution was lowered to 70°C, and 360 g.
of diphenylmethane.diisocyanate were added and a reaction

25 was conducted at 7o°c for 3 houfs.



1). 5

By

means of a solventless |am nator, Conposition 1 was

appliig:at a tenperature of 90C to a pol yester (PET) filmhaving a

thick $s of 12[err], at an application 2 rate of 1.5 g/m, whereafter the
filmwas joined to an aluniniumfoil (AL) having a thickness of [err].
Then, 10 Coftpusition 1 was applied to e face of the foil at an

~application rate of 1.5 g/[err], and a filmof cast poly pol ypropyl ene:
(CPP) having a thickness of [err]and a corona-treated surface, was laid

over it to forma three- ply lamnated film The adhesive conposition thus
15 applied was allowed to cure at 40 C for 3 days. The adhesive strength

bet ween the Al and 9§¥§£¥3 ¥$E3€§%§§?ﬁ§§nﬁﬁ%{%{ééfgﬁ?téiﬁga}%ﬁ speed of

300 mm / m n.

, T-pee

reng

nat e m t hus

prepared, o JRLEl, daSohBbLL LR hatithl & KEG 4PORp EOnguhtage vas CPR. an

a 2% aqueous
pouch had be

ace

utiton was filled ihto Tt. After the seal ed

?ﬂEQPﬁybéeGiééoéﬁquéf“@E@boséﬁéiékngPeD a{cdhBo&igngnunder a

2 pressure o g./cmfor 30 mn., 1nvestigation was conducted on the
degree of dg) am nation and change in 25 the adhesive strength. The results
are as shown bel ow 133 17

5 By means of a solventless laminator, Composition 1

was applied at a temperature of 90°C to a pblyéster

(PET) film having a thickness of 12 y, at an application

rate of 1.5 g/mz, whereéfter the film was joined to an.

aluminium foil (Al) having a thickness of %u. Then,

10 Composition 1 was applied to the face of the foil at an

application rate of 1.5 g/mz, and a film of cast poly

'polypropyiene (CPP) having a thickness of 60u and a

corona-treated surface, was laid over it to form a three-

ply laminated film. The adhesive composition thus

15 applied was allowed to cure at 40°c for 3 days.

The adhesive strength between the Al and the CPP

as measured was 900 g/15 mm. (tensile speed of 300 mm./min.,

T-peel strength). From the multiple laminated film thus

prepared, a pouch was fabricated of which the inner -

20 surface was CPP, and a 2% agueous acetic acid solution

was filled into it.- After the sealed pouch had Been.

subjected to hot-water sterilization at lZOocfand under a

pressure of 2 kg./cm2 for 30 min., investigation was

conducted on the degree of delamination and change in

25 the adhesive strength. The results are as shown below:

I\._;_g}:

d



éAdhesive_strength

The sane as before hot-water sterilization. 5

Exanple 2 A solution consisting of a m xture of 500 g. of *“"

pol yet hyl enebut yl ene adi pate (nol. weight 2,000, ethylene

glycol /1, 4-butyl ene glycol, nolar ratio}y 1), 26.5 g. of diethylene glycol
of an adduct of 10 pyrophosphoric acid and propyl ene oxi de(nol ar
rabo 1/ 1.6)was heated at 90 C. and 50 g. . of an epoxy resin (nol. weight

and 1.3 g.

920 g./15 mm The degree of del am nation

135

900, epoxy equival ent 450; "Epicote"” 1001; produced by Shell Chem cal Co.),
wer e added and di ssolved uniformly .therein. Then, the tenperature of the 15

m xture was.lowered to [err], and 417.8 g. of xnyIene di i socyanate were

added,

resi due,

y- egC|doxypropyItr|nethoxy5|lane t hus yi el di ng an %ﬁﬁﬁﬂQR?%nnposition

and a reacti oAdhesisn@tpengtht 70 C. for 4 hAA%g. M®BCt | on
m xture was freed of the unreacted jsocyanate nonomer_by thin-layer_ 0

distillation at 180 @he degreeaf dedaminatian ai fed Th® B8P astbgfore
whi ch was then mxed uniformy with 7.6 g.

havi ng an NCO group content of 4.8%and a viscosity of_1

[err]:
18

0 ¢
(Conposition 2). 25 By the sane proce éii 'eéyg le 1,

5

1o

15

20

Example 2
A solution consisting of a mixture of 500 g. of

polyethylenebutylene adipate (mol. weight 2,000, ethylene
glycol/1,4-bu£ylene glycol, moclar rétio 1/1), 26.5 g.

of diéthylene glycol and 1.3 g. of an adduct of
pyrophosphoric acid and propylene oxide(molar #atio
1/1.6)wés heated at 90°C. and 50 g. of an epoxy resin
{mol. weight 900, epoxy equivalent 450} "Epicote" 1001;
produced by Shell Chemical Co.), were addeé and dissolved
uniformly tﬁerein. Then, the temperature of the

mixture was lowered to 70°c, and 417.8 g. of xylylene

diisocyanate were added, and a reaction was conducted

‘at 70°C. for 4 hours. The reaction mixture was freed

of the unreacted isocyanate monomer by thin-layer
distillation at 180°C/1 mmHg, and there was obtained

760 g. of a residue, which was then mixed uniformly

with 7.6 g. of y-glycidoxypropyltrimethoxysilane, thus

25

yiélding an adhesive composition having an NCO group
content of 4.8% and a viscosity of 1,500 cps., at 90°c.
(Composition 2).

By the same procedure as in Example 1,



Conmposition 2 was used for nmaking a three-ply Iamnated filmof PET/ Al /CPP,
and an adhesive test between the Al and the CPP was conducted. The results
are aS\%ﬁbmm bel ow. 5 Adhesi ve strength; 1,100 g./15 mm Adhesive
strength after hot-water sterilizationg 1,200 g./15 nm The degree of

del am nati
sterilizati

n after
on. 10

hot-water sterilizatTon; the sane as before the
Exanple 3 A solution consisting -

of a mxture of 500 g. of polyoxypropyl ene glycol (mol. weight 1,000), 40 ‘W
g. of dipropylene glycol and 18 g. of trinethylol propane was heated at

[err], and

1,000 g.

of di phenyl net hane 15 diisocyanate were added to it.

The react i ompssidoiohi2 etasituged rfor fmakBndoarshredrplyi badingtad
pol yur et hane pol yi socyanate (curing agent) having an 0O NCO group content of
16% and a isowsif PER/AMY/CEP pfand 300 aghesbye test beyweentthe 31 500 g.

of pol yoxyp

rati o) m xt

at [err] and 58 g.

t he m xtur
diisocyaqgt
10

ropyl ene glycol (rmol. weight 1,000) and 2 g. of a 1 : 1 (weight
and> e (g8

Bptas pfendected d aThe serFuht 9y Ephes pfla®enwas heated

of the epoxy resin as used in Exanple 2 was added. After

been 25 cooled to [err] 42.4 g. of diphenyl methane

e 19

Adhesive strength; 1,100 g./15 mm.
Adhesive strength after hot-water sterilization;
| ,' 1,2oo'g"._/15 mm. - W
The dégrée of delaﬁination after hot?wéter'
sterilization; the same as before the sterilization.

Example 3

A solution coﬂsisting of a mixture of 500 g. of

polyoxypropylene glycol (mol. weight 1,000), 40 g. of

.dipropylene'glycol and 18 g. of trimethylolpropane wés'_

heated at 70°C, and 1,000 g. of diphenylmethane

15 diisocyanate were added to it. The reaction was

conducted at 70°C. for 3 hours, thus yielding a

polyurethane polyisocyanate (curing agent) having an

.NCO group content of 16% and a viscosity at 40°%C. of

20

1,300 cps.

A mixture of 500 g. of polyoxypropylené glycoi

(mol. weight 1,000) and 2 g. of a 1 : 1 (weight ratio)

mixture

of pyrophosphoric acid and sodium pyrophosphate

was heated at y0°C and 58 g; of the epoxy resin as.uéed

25

in Example 2 was added. Aftér the mixture had been

cooled to 70°C. 42.4 g. of diphenylmethane diisoéyanate



and 6 g. of y-glycidoxypropyltrinethoxysilane were added, and the reaction
.was conducted at [err] for 3 hours, thus yielding a polyurethane polyql 1;3p
(principal component) having a hydroxyl value of 72 ng KOH g and a ~ J
viscosity of 5 2,500 cps. at 40 C. 100 g. of the curing agent and 300 g of
t he principar‘conponent were m xed uniflnmy at 40 C. and there was

obt ai ned Conposition 3, which had a viscosity of 2,100 cps. at [err].

| 'aedi atel y, Conposition 3 was used 10 for preparing a three-ply |aninated
filmof PET/Al/CPP, and an adhesive test on the bond between the Al and the
CPP was conducted. The results are as shown bel ow. Adhesive strength;

1,050 g./15 mm Adhesive-strength after hot-water sterilization; 15

1,000 g./15 3Rf OrHe Rfyreglye ’SﬁfﬁmY%Wjdﬁ‘él?omiM%rw%ﬁ%@@‘i%t i on:
t he sane as before the sterilization, A mxture of 411

g. of a pol &g %}I’iﬁ%ﬁtj(%lwaﬁ/\e??ﬂﬂ“%m ?ﬁel%r‘édﬂf? o BPUES, fB%%ire of
adduct of pOlVLGI o ROLEHECIE RONRL PTG %éé’ fé?rié‘%gﬁl;b%phoﬂ)hii‘. c
R T B b S 3
5 2,500 cps. at 40°c.

100 g. of the euring agent and 300 g; of the
princiéalicomponent were mixed ﬁniformly at 40°C. and there
was obtained Composition 3, which had a viscosity of
2,100 cps. at 40°c. Imﬁediately, Composition 3 was used

10 for preparing a three-ply laminated film of PET/Al/CPP, |
and an adhesive test on the bond between the Al and the
' CPP was conducted. The results are as shown below:
Adhesive strengthi: 1,050 g./15 mm.
Adhesive strength after hot-water sterilizationg
15 | ' ) 1,000 g./15 mm.
gyé | The degree of delamination after hot-water

sterilization: the same as before the

sterilization.
Example 4
20 A mixture of 411 g. of a polyester glycol (mol.

weight 600) prepared from a 1l:1 mixture of isoPhthalic
acid and adipic acid and diethylene glycol, and 1.0 g.
of an adduct of polyphosphoric acid (PPA) composed

mainly of tetrapolyphosphoric acid and propylene oxide

25 (pPO) (PPA/PO: molar ratio 1/3) was heated at 90°c. and



y-gl yci doxypropyl tri met hoxysil ane were added and di ssol ved .uniformy, thus
yleldlng a pol yol -conmponent (principal conponent) having a viscosity of

4 SOq’st at 60 C. and 5 a hydroxyl value of 172 ng. KOH g. 230 g. of the
pplnC|paI conponent were uniformy n1%a§ with a curing agent conprising 100
g. of a Iqu|d di phenyl met hane. di i socyehat e having an NCO group' content of
29.4% ("I sonat e"143L; produced by Kasei Upjohn 10 Co., "lIsonate" is a —~
regi stered Trade Mark) at 60 C., yielding C0np05|t|on 4 having a VISCOSIty\ﬂ
of 1,500 cps. 0 at 60 C. In the'sane manner as in Exanple 1, Conposition 4
was i medi ately used to prepare a three-ply lamnated 0 15 film(ﬁ

PET/ Al /'CPP aggﬁ e t oyt e e h and
t he CPP mas@%onducted 2Q?ggglf%yg?eeiidsﬂ%wgﬁbeﬁggrQA%%ES?VE gtfgﬁgth
1,300 g./ 1518y I Loy 1 POt RELPE1 DQhe VRELE SBARH! hAA! B9Bs0IYed

1,250 g./15 nm™ The degree of delam nation after hot-water sterilization;
the same aSuﬁﬁiéfﬁl?hetnﬁgryiezain@na ﬁﬁﬁ?@IGCEmQEnent (prificipaiure of 900

g. of a polyester ycol (nol. weight 650) having the conposition of
isophthaliccamécﬁent) having a viscosity of 4,300 cps. at GO?C. and
5 a'hydroxyl value of 172 mg. KOH/g.
230 g. of the p:incipal component were uniformly )
mixed with a curing agent comprising 100 g. of a 1iquid A
diphenylmethane diisocyanate having an NCO group.
content of 29.4% ("Isonate" 143L; produced by Kasei Upjohn
10 Co., "Isonate" is a reéistered Trade Mark) at 60°C.,_
yielding Composition 4 havipg a viscosity of 1,300 cps.
at GO?C..
In theléame_manner as in Example 1, cOﬁboéition 4
was immediately used to prepare a three-ply laminated
15 £ilm of PET/AL/CPP at 60°C., and an adhesive test on
the bond between the Al and the.CEE was condupted; s
The results are as shown below: .
| Adhesive strength; 1,300 g./15 mm.
Adhesive strength after hoé-water sterilization;
20 | | 1,250 g./15 mm.
The degree of delamination after hot-watef

sterilization; the same as before the

sterilization.
_ " Example 5 _
25 A mixture of 800 g. of a polyester glycol (mol.

weight 650) having the composition of isophthalic acid/



137 21 adipic acid, nolar ratio 3/1, and ethylene glycol/ neopentyl glycol,
:molar ratio 2/1, and 2.0 g. of pol yphosphoric acid conposed nainly of

t et rapol,yphasphoric acid was heated at 90 C, and 90 g. of the epoxy erBqIS
used in Exanple 1 and 10 g. of vinyltriethoxysilane were added and :
- dissolved uniformy, thus yielding a poRkol conponent (principal conponent)
havi ng a viscosity of 4,300 cps., at 70 C. and a hydroxyl value of 170 ng
K& g. 10 188:2 g. of xnyIene di i socyanate were heated at 900C.
and 44.7 g. of trimethyl ol propane were gradually added to it. The reaction
was carried out for 2 hours. Then, 232 9 g. of the biuret derivative of

mixed uni for AESPHERERRe MPYAR SALLRUS/ Fr o RANBLAY) %S%Lai?ﬁéﬁlézz"s% e
pol i socvanal e Leel 0;9958) oy '”gra5¥'°322i¢u¥flﬁ5 10080 B, 270,50,
- Composi ?-angglﬁﬁhg#hgglgr é?@éﬁ%%fﬂégg@”ﬁ%alﬁngft §ELeaiAtvBRbEREt e
TR T | ACKTUAE NpaCOIPRR ST, SpMRONHECLE ey wibdy eeligPr e e
: between thg ﬁ%e&nﬂntﬂﬁaﬁBEe“@saﬁandécﬁedof Jhﬁylgriethoxysilane
' ' were added and dissolved uniformly, thus yielding a
~ polyol component (principal component) having a
viscosity of 4,300 cps., at 709C. and a hydroxyl value
of 170 mg. KOH/g.
10 -~ 188.2 g. of xylylene diisocyanate were heated
at 90°C. and 44.7 g. of trimethylolpropane were
gradually added to it. The reaction was carried out for
2 hours. Then, 232.9 g. of the biuret derivative of
hexamethylene diisocyanate (having an NCO group codntent
15 of 22.8%) were mixed uniformly with the mixture, thus
- yielding a polyurethane polyisocyanate (curing agent)
having a.viscosity of 1,120 cps. at 70°C and an NCO
group content of 20.0%.
100 g. of the curing agent were uniformly
20 mixed with 200 g. of the principal component, and there
was obtained Composition 5, which had a viscosity of 3,500
cps. at 70°C. In the same manner as in Example 1,
Composition 5 was immediately used to prepare a three-ply
laminated film of PET/Al/CPP, and an adhesive test on the

25 bond between the Al and the CPP was conducted. The



22 results are as shown bel ow. Adhesive strength; 1,350 g./15 nm- Adhesi ve
strength after hot-water sterilization; 1,200 g./15 nm 5 The

degr ee. of gglanination after hot-water sterilization; the sane as before

t he sterﬂl,igtion. Ref erence Exanpl el A m xture of 500 g. of

pol yoxypr opyl ene glycol 10 (nol. weig 1,000) and 4.6 g. of

N- (di et hoxymet hyl si | yl - propyl)-ethyl enedi ami ne was heated at 90 C, and 50 ...
g. of the epoxy resin used in Exanple 1 was added and di ssol ved uniform y. \#
Then, the tenperature of the solution was lowered to 70 C, and 360 g. of 15

di phenyl net hane-di i socyanate were added. The reaction was conducted at 70

C for 3 howgn, DHeL M B AL IRANE P EowPMPOsi tion having NCO group content of |

7.6% and a viscosity of 800 cps. at 90 C. In the sanme nanner as in Exanple

1, the adhesive compddivd d@fentpat: tD, P3G L120nA, t hree-ply | am nat ed
filmof PET/AI/CPP at [err], and an adhesive test on the bond between the

Al and the CPP was panubiGie G triditytiesat t6r At -ava &P e del Diza bR ve

strength; 700 g./15 mm Adhesive strength after hot-water sterilization; 25

None 23 _ 139 1,200 g./15 mm.

5 The degree of delamination after hot-water
sterilization; the same as before the

sterilization. _ - : . o/

Reference Example 1.

A mixture of 506 g. of polyoxypropylene glycol
10 (mol. weight 1,oooj and 4.6 g. of N-(diethoxymethylsilyl-
propyl) ~ethylenediamine Was-heated at 90°c,.and 50 g. of
the epoxy resin used in Example 1 was added and
dissolved uniformly. Then, the temperatﬁre of the
solution was lowered to 70°¢, and 360 g. of
15 dipheﬁylmethane-diisocyanate were added. The reaction
-was conducted at 70°C for 3 hours, yielding an adhesive
composition having NCO group content of 7.6% and a
viscosity of 800 cps. at 9o°c. In the same mahner as in
Example 1, the adhesive composition was used to prepare
20 a three-ply laminated film of PET/Al/CPP at 90°C, and
an adhesive test on the bond between the Al and the CPP
was conducted. The results are as shown below:
| Adhesive strength; 700 g./15 mm.
‘Adhesive strength after hot-water sterilization:

25 _ None



The degree of delam nation after hot-water sterilization; Conpletely

del am nated. Reference Exanple 2 A 411 g. portion of the polyester glycol

with a 5 nol ecul ar wei ght of 600 used in Exanple 4 was m xed uniforn1y W th

2.5 9. of y- egC|doxypropyItr|nethoxy3|lane at [err] and there was obtalqﬁg
a pol yol conponent (principal conponent2having a viscosity of 2,500 cps.

at .60 C. and a hydroxyl value of 182 ng. KOH g. 230 g. 10 of the prlnC|paI

corponent were mxed uniformMy at 60 C. with 100 g. of the l'i quid

di phenyl net hane dii socyanate enployed in Exanple 4 as a curing agent, and

t here was obt ai ned a conposition havi ng ‘a viscosity of 1,000 cps. at [err].

I n the sane manner e, .t | 1S, . di ately used
to prepare a three- pI ﬁqﬁg @#'qe%%i%%%ﬁpm gwnaeg}ﬁesi ve %/'est
ton the bond between t&e ren%f%go@dﬁ}@?%stmq%@aqﬁn%resul ts are as

. shown bel ow. Adhesive s Adhesi ve strength
-after hot-water sterlllzatlon & BRa: degree of del am nation
-after hot-water sterilization; d. Exanple 6 25

A sol ution consistingofi1g 4l ﬁdﬂﬁdﬁ PG He é&l}ﬁesteﬁflﬁycol w:.th a

" 24 polyester glycol (nol. weight 2,000) having t
: S molecular weight of 600 used in Example 4 was mixed

uniformly with 2.5 g. of y-glycidoxypropyltrimethoxysilane
at Good, and there was obtained a polyol component
{principal component) haviﬁg a viscosity'of 2,500 cps.
at 60°C. and a hydroxyl value qf 182 mg. KOH/g. 230 g.
10 of the principal component were mixed uniformly at 60°C.
with 100 g. of the liquid diphenylmethane diisocyanate
employed in Example 4 as a curing agent, and there was
obtained a composition having a viscosity of 1,000 cps.
at 60°C. In the same manner as in Example 1, the
15 composition was immediately used to prepare a thrée-ply
\ : lamiﬁated film of PET/Al/CPP, and an adhesive test on the
- bond between the Al and the CPP was conducted.. The
- results aré as sﬁown Eeloy:
| .Adhesive strength; 950 g./15 mm,
20 Adhesi?e.strength after hot-water sterilization;
350 g./15 mm.
The degree 6§'delamination aéter hotjwater
~sterilization; Partially delaminéted."
' " Example 6 |

25" A solution consisting of a mixture of 100 g. of a



conposition isophthalic aci-d/ sebacic acid nolar ratio 1/1 and ethyl ene

gl ycol / neopentyl glycol nolar ratio 1/1 8.7 g. of tolylene diisocyanate
(2,4/2,6-isomer = 5 80/20), 109.0 g. of ethyl acetate and 0.03 g.. of

di butyltin_dilaurate was allowed to react at [err] for 5 hours, and 1.0 g.
of”ethng? “glycol, 33 g. of the epox@4resin used in Exanple 1, 1 g. of
vinyltriethoxy- silane, 34 g. of ethyl acetate and 0.4 g. of nonoethyl 10. _
ort hophosphate were added to the solution. The reaction was carried out fo&
a further hour, and there was obtained a pol yurethane polyol (principal
conmponent) having a solids content of 50% a hyroxyl value of 25 ng. KOH g. .
and a viscosjty of t 25 A so% tion consisting of

a mxture B?IX9§F?régiggoigﬁVP newﬁﬂggﬁggaﬂgpé,hﬁﬁ??gg.

s5C or hDRPEIELAR” LAgRReHaL T, RhTH4atREsTE, AR IR BRI A o e
100 and2/b) 283 pBfveR8 h38cE32hERPeREE alyfbr oty Fadle CO0 BNt ©f
cotatet otaLeofr 920 oEptytLhs, AERbyBRaLE 13 R clradhit U C1 Y]

sol uti ong |iedgaph gh 8pPbiaghi QBekate @ha3dod /gn of 141 25 for
preparingmgé{gﬁgé-gﬁg Paﬁinated f?ln1o? PET/ Al / CPP. o

dibutyltin dilaurate was allowed to react at 60°c '
for 5 hours, and 1.0 g. of ethylene glycol, 33 g; of the b
epoxy resin used in Example 1, 1 g.'of-vihyltriethoxyf
silane, 34 g. of ethyl acetate and 0.4 g. of monoethyl
10 orthophosphate were added to the solution. The reaction
was carried out for a further hour, and there was
obtained a polyurethane polyol (principal component)
having a solids content of 50%, a hyroxyl Qalue'of=
25 mg. KOH/Q. and a viscosity of 1,200 cps. at 25°c.
15 A solution consisting of a mixture of 174.2 g. of
tolylene diisocyanate, 44.7 g. of trimethylolpropane
and 73.0 g. of ethyl acetate was allowed to react at
65°C. for 3 hours, and there was obtained a polyurethane
polyisocyanate (curing agent) hawving a solids content
20 of 75%, an NCO group content of 14.4% and a viscosity
of 1,000 ¢ps. at 25°C. '
100 g. of the principal component and 10 g. of the
curing agent were mixed and diluted with ethyl acetate to
a solids content of 25%.. By means of a laminator, the

25 solution was applied at an application rate of 3.0 g./m2



‘The adhesive thus applied was allowed to cure at 40 C for 3 days, and the
adhesi ve test as described in Exanple 1 was conducted. The results are as .
shown bel ow:. .5 : Adhesi ve strength; 1,400 g./15 mm Adhesive strengFP -
after hot-water sterilization; 1,400 g./15 nm The degree of del am nation 41
after hot-water  sterilization; the sane28s before the sterilization.. 10
Exaiple 7 A 100 g. portion of a polyester glycol (mol. weight 10, 000)
forped fromisophthalic acid/adipic acid nolar ratio 1/1 and di et hyl ene
glycol, 20 g. of the epoxy resin used in Exanple 2 and 121 g. of ethyl
acetate were mxed at 15 70 Cto a uniformsolution, to which 0.4 g. of

nmet aphosphori.c acid and 0.6 of y-qglyci doxypropyl.tri-_ nethoxysilane were
added. By thESTpPEEEGH F'thh§eﬁ5§13b ted, FLlm o PEFABIASEE -havi ng a

lid t f 50%. droxyl .val f . KOH . ' ity 20
of 1500 cps g agReRL VR FHYS SPrn{Fe Rl ALl oME SN S dite 19 fod with 10
. of th ' i 1.8 6. ' iluted with
Ginyl acetat oF 3BT, 30, che WMRTR AR Bal lstulbRATh Bodtele e
| uti i | icat,i f ] for the .
ani nat i on of Sas Epplackadt’ MR KA1l PkC e SBEFREREEYY The adnesive
thus appligd was al | aum@ésive’ $teenigths’ 1, 400" g3 A8Y fm.and '

gths’ 1, g3 /43Y fm.

- Adhesive strength after hot-water sterilization;
7

1,400 g./15 mm.
The degree of delamination after hot-water
sterilization; the same as before the sterilization.-
10 Example 7
| A 100 g. portion of a polyester glycol (mol. weight
10,000) formed from isgphthalic acid/adipic acid molar ratio
1/1 and diethyleﬁe-glycol, 20 g. of the epoxy resin used
in Example 2 and 121 g. of ethyl acetate were mixed at
15 70°C to a uniform solution, to which 0.4 g. of
1\ . metaphosphoric acid and 0.6 g. of ?wglycidoxyp#opyltri-

methoxysilane were added. By this procedure, there was
obtained a principal éomponent having a solids content
of 50%, a hydroxyl value of 15 mg. KOH/g. and a'viscosity
_20 of 1,500 cps. at. 25%%.
100 g. of the'pfincipal’component were mixed with
10 g. of the curing agent used in Example 6, and the mixture
.wés diluted with ethyl acetate to a solids content of 25%.

By means of a dry laminator, the solution was applied at

25 an application rate of 3.0 g./m2 for the lamination of a



t he adhesive test described in Exanple 1 was conducted. The results are as
shown bel ow. 5 Adhesi ve strength; 1,500 g./15 mm Adhesive strength
af ter ﬁjwater sterilization; 1,450 g./15 nm The degree of delami nation
after” hot-water sterilization; the sang as before the 10 '
sterilizatton. Reference Exanple 3 LBii@ t he principal conponent of Exanple
6 wi thout the addition of orthophosphoric acid and the curing agent, the
adhesi ve test was conducted by the same procedure as 15 in Exanple 6. Thesy
results are as shown bel ow. Adhesive strength; 1,000 g./15 mm Adhesive
strength after hot-water sterilization; 400 g./15 mm The degree of

SZi i nat e hBg; %%ﬁwfﬁ! %?%hl%o%zh% PRALIGER PherBihelinl o o ihe
7 6, 11 1
8? )c/)fesgelrsgécyanat I"g%g ?jéi&é% tr?n%?ﬁél%?c?%ﬁ%if ?s%(r:]d %fngéﬁill 1 g.

of ethyl a %hes:?&e 1&%’5@%&:%8& Pxfx Yétlrhgé'ééﬁ&ﬁété‘ﬁs ai i owed
to react at for ours, and 2.1 g. i ethylene glycol, 22.2 g. of
an epOXY.r%%é1ﬁégﬁltéwﬁﬁgﬂaé-éKEhn below-
5 Adhesive strength; 1,500 g./15 mm.
A@hesive strength after hot-water sterilization; _
1,450 g./15 mm. o
The degree of delamination after hot-water

sterilization; the same as before the

10 sterilization.

Reference Example 3
Using the principal component of Example 6 without
the addition of orthophosphoric acid and the curing agent,
the adhesive test was conducted by the same procedure as
15 in Example 6. The results are as shown below:
Adhesive strength; 1,000 g./l15 mm. _
Adhesive strength after.hot-water sterilization;
400 g./15 mm.
The degree of delamination after hot-water -
20 sterilization; partially delaminated.
| Example 8
A solution consisting of a mixture of 100 g. of
the polyester glycol with a molecular weight of 2,000 . .
_used in Example 6, 11.1 g. of 3-isocyanatomethyl-3,5,5-

25 trimethylcyclohexylisocyanate, 111.1 g. of ethyl acetate



epbxy equi val ent 925; "Epicote" 1004; produced by 5 Shell Chem cal Co.),
1.1 g. of vinyltrichlorosilane, 0.2 g. of phosphoric acid and 25.6 g. of
et hyl acetate were added to the solution. The reaction was carried o&t for

a further hour, and there was obtained a pol yurethane polyol (princi 43

conponent) -having a solids content 10 @8750% a hydroxyl value of 19 ngy.
KQH g. and a viscosity of 1,500 cps. at [err]. A solution consisting of a
m-xt ure of 111.2 g. of

3-'i socyanat onet hyl -3, 5, 5-tri met hyl cycl ohexyl i socyanate, 22.3 g. of
trimethyl ol propane, 44.5 g. of ethyl acetate 15 and 0.03 g. of dibutyltin

2 bolyur et na (SGT R PSR s sawan 2l Loredetsr "T5u an oo
t f_11. 89 | ' f 0p0 .20

250 Cor ol s B 0 e dCE s gttty

019 25% By igi(;ﬁ‘ L%fhirl\flé1 gdn# %af%&%ﬂe%%?%t ﬁg&;lii/va‘ge%%b igﬁé%(?' an -

appl i cati on &hd,af E‘e%:‘/.@aipergt /gn 4 progdicd@d® NEEd LN Pfoduddd B%QO' y 25

| am nat ed fil'm of Al'/ CPP. The adhesive thus applied was al | owed

to cure at5 Hhdil feHemdi ¢l co AN 11 Rdhesiven) Pét1@s1eESEL106d, I, Bxquml e

1 was conducted. The results are as shown bel ow
of phosphoric acid and 25.6 g. of ethyl acetate were

LN added to the solution. The reaction was carried out for
a further hour, and there was obtained a polyurethane
polyol (principal component) having a solids content

10 of 50%, a hydroxyl value of 19 mg. KOH/g. and a viscosity
of 1,500 cps. at 25%¢.

| A solution consisting of a mixture of 111.2 g. of
3-i§oc§anatomethyl—3;5,5-trimethy1cyclohexy1isocyanate,
22.3 g. of trimethylolpropane, 44.5 g. of ethyl acetate

lS-apd'0.03 g. of dibutyltin dilau;ate was allowed to react

;v/ .' at 65°C for 4 hours, and there was obtained a
polyurethaﬁé polyisocyanate (curing agent) having a solids
of 75%, an NCO group content of 11.8% and a viscosity
of 3,000 cps. at 25°C.

20 . 100 g. of the principal component were mixed with
15 g. of the curing agent, and the mixture was diluted
with ethyl acetate to a sblids content of 25%. By means of
a dry laminator, the solution was applied at an application

rate of 3.0 g./m2 for the lamination of a three-ply

25 laminated film of PET/A1/CPP. The adhesive thus applied



[P UP S .

Adhesi ve strength; 1,200 g./15 mm 5 Adhesi ve strength after
hot-water sterilization; 1,300 g./15 mm The degree of delam nation after
hot-water sterilization; the same as before the sterilization. 10

Exanpl e.-9 ol ution consisting of a mjxture of 500 g. of

pol yet hyl enebut yl ene adi pate (nol. weight 2, 000, ethylene )
glycol /1, 4-butylene glycol, nolar ratio 1/1, 26.5 g. of diethylene glycol ..
and 1.3 g. of an adduct of pyrophosphoric 15 acid and propyl ene oxi de nol angs
ratio 1/1.6 was heated at 90 C, and 50 g. of an epoxy resin (nol. weight

900, epoxy equivalent 450; "Epicote" 1001, produced by Shel | Chem cal Co.)

and 7.6 g. %riﬁs&é@tﬁ&r&w tétf%q’@XYﬁfaj‘ed & Oadhe 854

di ssol ved uni e 20 tenperature o the sol ution was Fomered

to 70 C, andl7ad &es@hﬁd&ﬂﬁ@xﬁhpﬁéwaﬁ@é ecoRdgceeded. tHee reaction was
conducted at 70 C for 4 hours. The reaction solution was freed of the

unr eact ed | SORYRFSt LrdORO NEHowy BEldwt ayer distillation at [err]. under a
vacuum of 25 1 nmmHg, and there were obtained 764 g. of a residue, thus

29 : Adhesive strengthyi k| 20dgga/ilBdiwesi ve conposi tion having
an NCO content of 4.7% and a viscosity of 2,000 cps. at 90 C. By the sane
procedur & as descrlwuiesnvixatrpeegth Qfl’eex:dmtp’oswaten skeridddatdoprepare a
three-ply | am nated
1,300 g./15 mm. |
The degree of delamination after hot-water "/
sterilization; the same as before the
‘sterilization.
10 _ : Example 9 |
A solution consisting of a mixture of 500 g. of
polyethylenebutylene adipate (mol. weight 2,000, ethylene .
glycol/l,4-butylene glycol, molar ratio 1/1, 26.5 g. of
diethylene lecol and 1.3 g. of an adduct of pyrophosphoric
‘15 acid and propylene oxide molar ratio 1/1.6 was heated at
90°C, and 50 g. of an epoxy resin (mol.'weight'SOO, epoxy
equivalent 450; "Epicote” 1001, produced by Shell Chemical
Co.) and 7.6 g. of Y~mercaptopropyltrimethoxysiiane were
added to it and dissolved uniformly. Then, the
20 temperature of the solution was lowered to 70°C, ana
417.8 g. of xylylene diisocyanate were added. The
reaction was conducted at 70°¢ for 4 hours. The reaction
solution was freed of the unreacted isocyanate monomer

by thin-layer distillation at 180°C. under a vacuum of

25 1 mmHg, and there were obtained 764 g. of a residue, thus



ot e it i e band s - an

5 filmof PET/A/CPP, and an adhesive test on the bond between the A and
the CPP was conducted. The results are as shown bel ow. Adhesive strength;
1,300 g./15 mm Adhesive strength after hot-water sterilization; 10

1,350 g./15 The degree of delam nation after hot-water sterilization;
the same as before the sterilization. 123 20 25 Cainms: 1. A polyurethjgs;
adhesi ve conposition, wherein the conposition conprises an organic

pohyi socyanate, a pol yol, an oxyacid of phosphorus or a derivative thereof, -
an epoxy 5 resin and a silane coupling agent, and wherein sone or all of

the ingredients may be present in the formof a reaction product. 2. A

pol yur et hane adhesi ve conposition as clained. .in Caim1l, wherein the

conposi tion ﬂ%&édﬁé’@na@o hesi g W%‘?%g‘%’ﬁﬂ%ﬁﬂ &G, S RERIBN of. t he
o S R of I A A Bl T
b0l vi Socyanat of (¢ he SHUITBS S (RFORIE A IR h NP e
pol yol thet%éy%%H%dgiﬂygﬁﬂugglﬁ%ed to prepare a three-ply laminated
5 film of PET/Al/CPP, and an adhesive test on the bond
between the Al and the CPP'was conducted. The results
are as shown below:
Adhesive strength; 1,300 g./15 mm.
Adhesive strength after hot-water sterilization;
10 : o 1,350 g./15 mm.
The degree of delamin;tion after hot-water
sterilization; the same as before the

sterilization.

15

20

25



or the derivative thereof and the—epoxy resin) is 1.5 to 20. 3. A

pol yur et h
of the polyadl,

dheS|ve conposition as clained in aim1l, wherein a mxture

Tae ““‘“ﬂ“lm“t 20 phorus or the derivative thereof,
the epoxy resin “"n“mn pling agent constitutes a principa
conponent and the *or ganic bolylsocyanatg h§ @ curing agent, the rati o of
t he nunber of the NCO groups of the organic polyiso- cyanate/(the active

hydrogen atons (H) of the polyol, the 25 oxyacid of phosphorus or the
~derivative thereof and the epoxy resin) being 0.4 to 10. - 31 - 4. A

. pol yur et hane

wherei n the apount_of the oxyacid ﬁL hosphor u
is in the ranye of ROPRiYRESERaRE § g
total 5 adhesive co

¥e conposition as clainmed in any one of Clainms 1 to 3,
r . the d rlvatlv t her eof

17E0ROMBS3HL0R 11 HBeFEiah the

urethan adhesi ve conp03|t|o

clalnedhln an °3ﬁf gggefaFﬁEPf§FSS4anwﬁ§§3Eﬁ°t98 Xﬁﬁﬁﬁ?aBFtFHeEE GEW' SIP
adhesi ve. compB8i SrERcLE 07 PROSRhoBAS BE, A ARELyRRLIC HBREdE ot B0
cl ai med |n5an¥ Qf.'ﬁ Qltl ChaLi¥aje! ?oﬁp&@’ﬂg Q?%ntthe t Hﬂtergfi{x ;%gi}d on%t]hl

coupl i ng agen he range o percen
~wei ght of theg EOF fﬂ?féh!@n@%”ﬁag' BEOPre;ent &\npoaméusf e afl on
conposition as clarned™in any 15 ne of Calns to 6, ereint si [ ane

coupling agenprbduct. :

10

15

20

25

2. A polyurethane adhesive composition as claimed in

Claim 1, wherein the composition has been obtaiped by.

reacting a mixture in solution of the polyol, the oxyacid

of phosphorus or the derivative thereof, the expoxy resin
and the silane coupling agent with the organic polyisocyan-
ate, and Qherein the ratio of the number of the NCO groups
of the organic polyisocyanate/(the number of the active
hydrogen atoms (H) of the polyol, the oxyacid of phosphorus:
or the derivative thereof and the epoxy resin) is 1.5 to

20.

3. A polyurethane adhesi%e composition as claimed in Claim
1, wherein a mixture of the polyol, the oxyacid of phos-
phorus or the derivative thereof, the epoxy resin and the
silane coupling agent constitutes a principal component’

and the organic polyisocyanate is a curing agent, the ratio
of the number of the NCO groups of the organic polyiso-
cyanate/ (the active hydrogen atoms (H) of the polyol, the
oxyacid of phosphorus or the derivative tﬁereof and the

epoxy resin) being 0.4 to 10.

.o



§ a-Eonpound having the structural forrmula: R Si(X)[err] or RSI(R)(X)[err]
-(wherein Ris an organic vinyl, epoxy, amno, I l"ﬂu radi cal ;
R is an alkyl radical having 1 to 8 20 carbon!!8 ;s ""ﬂmmum?t hoxy, _
ethoxy or [err]-methoxy ethoxy radical or a chlorine atofy. $8.* A 147
pol yur.et hane adhesi ve conposition as clained in Claim?7, wherein tHe silane
coupling agent is N-(diethoxy- nethyl s+l $kpropyl )ethyl enediam ne. 25 9.
ARl yur et hane adhesive conposition as claimed in Claim7, wherein the
si | ane coupl i 4¢g agdnpolyurethapeyadbesjyeoppinpesibiboxasi cirdmed@0in anyA
pol yur et hane adhesi ve conposition as clainmed in Claim?7, wherein the sil ane
coupl i ng agenenesofi Giaims el hbRydy | Wherein] the amopngop§uthehenyagddeoife
conposition as clained in Caim7, wherein-the silane coupling agent is
vi nyl tri chl orBapsBRErugor the dgsiyariveaarBergrisiscinokhesrange &F
claimed in daim?7 rein the silane coupling agent is 10
y-nercaptoproﬂy?%r#ﬂg€ﬁ0Y9§9PEnB?r§§Pt basgnggyEgﬁtHﬁﬁghﬁdﬁgsFPQ total
conpositiop substantially as rei nbefore described in any one of Exanples
1755 of EnetdBratEr GARSRAFEER- 10720 o5

5. A polyurethane adhesive composition as claimed in any

one of Claims 1 to 4, wherein the amount of the epoxy resin
izf\\/ is in the range of 1 to 50 weight percent based on the

. weight of the total adhesive composition.

10 6. A polyurethane adhesive composition as. claimed in any
one of Claims 1 to 5, wherein the amount of the silane
coupling agent is in the range of 0.05 to 20 weight.percent
based on the weight of the total adhesive compositiop;

7. A polyurethane adhesive composition as claimed in any

15 one of Claims 1 to 6, wherein the silane coupling agent is
a compound having the structural formula:

RPSi(X)3 or R—Si(R')(x)2
(wherein R is an organic vinyl, epoxy, amino; imino or
mercapto radical; R' is an alkyl radical having 1 to 8

20 carbon. atoms; X is a methoxy, ethoxy or B-methoxy ethoxy
radical or a chlorine atom).

8. A polyurethane adhesive composition as claimed in
Claim 7, wherein the silane coupling agent is N- (diethoxy-
methylsilylpropyl)ethylenediamine. _

25 9. A polyurethane adhesive composition as claimed

in Claim 7, wherein the silane coupling agent is



10

15

20

25

~ |TIImmm =
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Y—glygiaoxypropyiﬁrimethoxysilane.

10. A polyurethane adhesive composition as claimed

in Claim 7, wherein the silane coupling agent is
vinyltriethoxysilane. |

11. A polyurethane adhesive composition as claimed
in Claim 7, wherein -the éilane.coupling agent is
vinyltrichlorosilane.

12, A polyurethane adhesive composition as claimed in
Claim 7, wherein the silane coupling agent is
y-mercaptopropyltrimethoxysilane.

13. A polyurethane adhesive composition substantially
as hereinbefore éescribed in any one of Examples

1 to 9 of the foregoing Examples.

K



