
EP 0 492 521 B1 Description The present invention relates to an  acrylic
adhesive composition having excellent heat deterioration resistance and 'a'
metal-bonded composite having constituting materials bonded by such an
adhesive 5  composition. As reactive acrylic adhesives, .anaerobic
adhesives, second  generation acrylic adhesives (SGA) and thermosetting
adhesives have recently been known. An anaerobic adhesive will be cured
when the adhesive composition is pressed between the materials to be
bonded, so that air is shut off. Accordingly, a portion of the adhesive
squeezed out when pressed and 10 being in contact with air, will not be
cured. Such an adhesive is widely used since it is of one-pack type and
thus excellent in the operation efficiency. A second generation acrylic
adhesive -is of a two-pack type, but it is not required to accurately
measure the two liquids, and it can be cured in from a few minutes to a few
tens miutes at room temperature by very rough measurernents, followed  by
mixing, or by mere contact of the two liquids. Thus, it has excellent l5
operation effciency. Besides, it has high peel strength and impact
strength, and curing of a squeezed out portion is also excellent.
Therefore, this adhesive is widely employed. A thermosetting adhesive
comprises an acrylate monomer and/or a methacrylate monomer, and an organic
peroxide, as the  main components, and is a one-pack type adhesive which
will be cured by thermal decomposition of a peroxide. 20     However, a
product having a steel sheet or a gelvanized steel sheet bonded thereto is
frequently subjected to baking finish to obtain a final product, and when
conventional acrylic adhesives are subjected to such a high temperature as
baking finish (e.g. at a level of from 160 to [err], the bonded portion is
likely to deteriorate, whereby the bond strength tends to substantially
decrease. Various proposals have been made for preventing heat
deterioration of acrylic adhesives. For example, 25  Japanese Unexamined
,Patent Publications No. 173174/1983 and  No. 174476/1983 propose to use
highly heat resistant polysiloxane or ethylene-acrylate rubber as an
elastomer component to prevent the heat deterioration. On the other hand,
Japanese Unexamined Patent Publication No. 129372/1987 proposes to
incorporate  an epoxy acrylate to an acrylate component and/or a
methacrylate component to prevent the heat deterioration Further, Japanese
Unexamined Patent Publication No. 147477/1983 discloses that the 30  heat
deterioration can be prevented by using a butadiene elastomer and a
phosphorus-containing com- pound in combination in the absence of a free
organic acid. However,the above methods are all directed to preventing the
heat deterioration of the adhesive resins themselves, and  there has been
no instance in which prevention of heat deterioration is attempted in
connection with the materials to be handed. In many cases, a steel sheet or
a galvanized steeel sheet has 35  chemical conversion treatment applied. to
immprove corrosiory resistance as a prime coatjfor, baking finish. ln- such
chemical cqnversion tre tment, a m.etaj .to be treate1 is chiemically
reacted with a. wrrosivsolution (a chemical. conversion bath) prepared
under a specific condition, whereby a strongly. aherent insoluble corrosion
producit will be .formed on.,the metal surface, which serves as a corrosion
resistant layer, as a prime coat for, painting or as..a lubiicating coat
for plastic prQcessing. -A phosphate treatment,,a chromate 40  treatment or
an oxelate. treatment may be. mentioned as such a surface conversion
treatment. When.a metal having-such treatment-applied is used as a material
to be bonded, it has been impossible by conventional techniques to prevent
the deterioration cf tpe bond strength -due to heat deterioration. of the
adhesive. In a case of a urethane type coating,.material or adhesive, it
sometimes. happens that free isocyanate 45  groups react, with, moisture to
form carbon dioxide gas, and the. gas bubbles cause a deterioration of the
surface condition .r a deterioration of the bond strength. To prevent such
gas bubbles, .it:. has ,een 



proposed to incorporate a certain specific zeolite. (Japanese Examined
Patent Publication. No-1, 373311973). However, in an: acrylic. adhesive
,as, in the6.present invention,. free isocyanate groups as.- present in a
Urethane-type adhesive do not exist, and .no .gas bubbles will form.
EP-A-330 115 disclose an. -adhesive 50  composition a mono/or
poly(meth)acry!methacrylate, a polymerisation initiator and zeolite. lt
does.however not show Oerouq peel strengslx ... It is an object of tIe
present invefntion to solve the above-mentioned problems..... , The preseo
nt .invention provides, - a dhesive composition comprising an acrylate
monomer and/or a methacrylate monoiner, an organicperoxjsdt int the amount
of fror 041 to 20' parts by weight per 100 parts 55  by weight, of the
(meth)acrylate monomer, and a reducing agent which contains-zeolite having
a water content of at rnost 3, by: weight 'e tbheamount of from 3 to 4.0
parts by.weight. per...00 parts.by weight of the (meth)arrylate monomer.o'r
calciur..oxide. in the amount. of .frQonm 5 to 40,parts by. wpight.per 10
parts by weight of the (meth)acrylate mopomer :2    :Ei O 492 521 B
' *           - -..         :    E...       .
..    : . The*preserit invention alsq. providees a metal-bonded composite
comprising a metal miaterial and the same or differenttmetal material or
other maferial bonded by such an adhesive composition.:q'n; ': Now, the
present invention will be described in detail 'with reference to the
preferred 'embodiments There- is no particular restriction as to the
acrylate monomer or the methacrylatf monorner ehereinafter 5  referred 'to
si~'mply as'the (meth)acrylate) to'be used in the present invention, so
long as' it.i "!radical- polymerizable. Namely, mono(meth)acrylates and
poly(meth)acrylates may be employed. Specific examples will be
give'itbelow. " (1) Monomers ofhthe forrnula O-R1   '- in 'tle 'for'mula, Z
is a~ (rnethacryloyl group, a CH2 - CHCOOCH2-CH(OH)CHdi  group or  Ch    C-
tO    (CH3)COOCHI2-tH(01H)1H- group-.vard .R1 is a GI -20 alkyI grup a
.cycloalkyl group a b group, a phenyl group,' a tetrihy rofurfUrkyi'group,
a glycidyl group,'a dicyclopenitanyl group, a diccpentenyl group or a (m
6rylo~~~l'~~di~p.grupher, g sucidy .'rop. group of a
(methacry~yl~bo'yrcopip fther"i' su~c'h compou-nds havirig sutituents may
also be used.,, Such' non6frsinaude; for ex'ample, methyl (fiseth)acrylate,
ethyl jmeth)acry ie, '(iso)propy1 '(mheth)- acrylate butyl (meth'crylate,'
'-ethylhexyl (meth)acrylate, cyclohexyl (meth)acrylate, benz'yl' (meth)- is
acrylate, tetrahyarofurfuryl (meth~arylate, dicyclopentanyl (m-eth)acrylate
and dicyclopentenyl -(meth)- acrylate. ' (2) Monomera of the. formula
Z-O-(R20) -RAl In the formula,' Z and Ri are: the same as described in (1)
except that Rs includes H. R2 is -C2H4-, -C3HG-, 20 -CH CH-, 25 -C4 H8s or
-0 H12-, an~d-p is an.linteger'of froml ito 25., *Such monomers insclude~,
for example, 2-hydroxyathyl..(m t)acrylate.    hydrxpoy     t)
:~~~~~~~~~~~~Yt .t ;  .qq   ppy -..(X  ,          .h-- acrylatee
,:1.thokyethyll. (m ,eth)acrylate, polyethylene glycol. (mth)acrylate,
methoypolyethylene glycol 30    (meth)acrycaote,nephienoxycathylud.
(mh)rylate, dicyclopentenyloxyethyl (meth)acrylate, phenoxydi(ethylene 



glyc6 rhiatebetoxety  (mthi crlae poleate glco   mehar ,etho~plytyeegyo
glycol (rheth)acrylatei tripropyl.ere gy!col di(meth)acrylate and 1
fO-hexane adiol di(methcryjate. (3} Monomers ofjthe' formula: '...:
'   ' .      - . .                             4 ZR246H47r H4.OR20q )Z ..
R3 40 In the formula, -Z and R2. are as defined aboye,>:and R3 is H or a
C1,4 alkyl group, and q is an .integer of from 0 to 8. Such. monomers
include, for: example, 2,2-bis(4-methacryloxyphenyl)propane,
2,2-bis(4-methacrylox- 45    yethoxvphenyl)propane,
2,2-bis(4-rnethacryloxydiethoxyphenyl)propane,
2,2-bis(4-methacryioxypropox- yphenyl)propane and
2,2-bis(4-methacryloxytetraethoxyphenyl)propane. (4) (Meth)acrylic acid
esters of polyhydric alcohols, which are not included in the
monomersrdescribed in the above (1), (2). and (3) Such monomers include,
for example, trimethylol propane tri(meth)acrylate, neopentyl glycoI di- so
(meth)aerylate,, pentaerythritol -tetra(meth)acrylate, dipentaerythritol
(meth)acrylate./ glyqceqro  (neth)- acrylate  O.glycerpl di(rmeth)acrylate.
. (5) Uret~hane prepolyrne~r~s havi~ng (mrneth)ac..ryloyloxy groups . Y
Such prepolymers can beo.bteined, for example, by -reacting a
(meth)acr-ylciFacid;,ester having a hydroxyl group with an  4rg  ic
polyisocyanate and a polyhydric alcohol. Here, specific examp!es of the 55
(meth).crylic acid ester,-having 'la hydroxyl group include hydroxyethyl
(meth)aerylate, .hydroxypropyl (meth)acrylate :arf. hydr'nxyjutyl.
(enpth)acrylate. Specific examples of the organic. polyisocyanate include
toluene .diisocyahate, 4',4-dip'henylm.e'thane diisocyaniate, hexamethylene
diisocyanate and iso6phororne diisocyanate. Specific. -examples. of the
polyhydric, alcohol include polyethylene  Plycol, polypropylene 3    -
EPO 492 521 EN - glycol, polytetrardletliyene glycol and polyester polyol.
:: (6) Acidic phosphoric compounds ofthe formula:: -   ...            .~4.'
20                 ..                 .
.. :-                  ~~0' a.... ...............  ;n. :.R!)DP-(H) 3-n :-
*.     F   9.   -. --                                  . 25~~~~~~~~H
aoweend m  is an itger ofritOmOsm.ru 1weri to10,an  is 1 ~ rC3 or
2.-24*-3.-^-- The~~~~~~ acd; phhoi copu * of -h forul *I inlue fo example
.''-' '::, aci phosphoxyethyl-(meth)- The monoersmentioned o.e. .   (2), (,
(  ( a  ( m   be use a     o n combination'as -o  a mixture of two or more
of them.. 20                                           t~~~~~~~~~~~~~~~t
hea~~t treamn at a teprtr of at -es abu .3 ,.0 C, whrb  a zelt hain  a wae
cotn of at most~~ 3% by wegh c .r redl be 'ba l As th* eltantrlpout
rasnhtcpoutmyb 25:--....-.....:.- and m is an integer of from I to 10), and
n is 1 or 2. The acidic phosphe ffoml mpounds oftiO f yrmula (  include,
for example, acid. phosphoxyethyl (meth)- 



acrylate, acid phosPhoxYPropyl0 (misth)aperylate aCd
bis(2-(meth)acryloyloxyethyl)phospA ate  . 5 Thel monomers -mentioned:
above insr (r), (2), r 3) (4), (5) and (e) may be used alone or in
combination as 30  a mixture of two or mpre of the
tr..ya.t- As the azeoliu e to be- used in the present iinven ton, a  ze
blite.havnygza wateria ltent of at most 3% by 4wcliu  oidpreferred. It r .
a~y bew :a commer~ially avalal caliv4.usual synthmdti.m beoliteumoyxbe
subjected to heattreamen at - tmpertur of t. east about 300 @ C,: whereby a
-ze 11te having .a watr content of at most 3 by weight cart readily. be
obtairwed. Asthe zeolitei a natural product-or a synthetic product may be
35  used so-long as it is~a.:cr-ystialline~,alumino.'silicate of ele ments
in...Groups I A.and -2A. of Ahe Periodie -Table represented by the formulal
Mimcron.AT2heoxica-ylc20u (M: metal cation, k: valency). A zolite havinp a
v      p      r        p      h particle size of at most  100 dm is
preferred. Commercial products include "3A, "4A", "W, 113X  and "10X".
Among them, "3A" type is preferred.l The zeolite is incorporated in an
amount of from 3 to 40 parts by weight, preferably from 4 to 30 parts 40
by weight, more preferably from 5 to 25 parts by weight, per too parts by
weight of the (meth)acrylate monomer.                   If the amount is
less than 3 parts by weight, the effect for heat deterioration resistance
tends to be small. On  the  other hand, if the  amount exceeds         400
parts by  weight, the  viscosity of the adhesive composition tends.toibe
too high to be  tipractical      . The calcium oxide to be used in the
prmesentd invetion  may  be any material so long as it contains 45  caldium
oxide. It mgty.be a commercially available. calcium oxide, or. may be
calcium. oxide containing calcium hyd'roxide ,9gr caIc-iu~m. ciarbon~ate.'
The- c.alcium oxide may have any optional shape, but a powder, particularly
a sine dwder havini a particle size of at most 100 dmr is preferred.      m
be The calcium ooxide ismybincorporated in an amount of from 5 to 40 parts
by weight per 100 parts by weight of the (rneth)4crylate -monomner. If the,
amount is -less than 5 parts by weight, the effect for ,eoat.dept
rkporea~iop .50  resistance. tends. to be low. On. the~otl~qr: ,hqnd,.,if
the. amount~exceeds 40. parts. -by-weight, the viscosity of the adhesive
co~mposi~ti~oil tBnds, to -be too. thigh to. be practical.., . - -,   ..t;
,.:. !.: There is no partibsularmre$,triction a~s',orthe method of
incorporating the zeolite or the calcium oxide. If separation or
s~edimentation-1i- feared'-durring.the storage of
,the~adhesive,-.a-dispqrs~i~on stapilizeia  be employed, or. t
e,.zeolite,,or tal~ciqrn .oXide..,m*ay,,b  inoporated
imrnmediately.rior>,ots~~~.o~h 55  adhesive. When. moisture absorption
.'i..feared, the zeolite.or calcium oxide may be mixed with other
components ,at the tire ,of.using the ,acesive. In the case of. .a-twQ-pack
type adhesive, the z.o.lite. or. the calcium oxide -may be added to
.qithwrqneorboth. of the firsehand second liquids. 4f. '     .   .. . ..:*
.    .- A; -  . -         .., .....                                     ...
`EP-O 492 2t 1B1 The organic'iperoxide may- be -any optional orgahic
peroxide. It may be, for exampleiiumene hydroperoxide, i'pararrienthane
hydroperoxide,' tor-butyl hydroperoxide, diisopropyl' benzele'
dihydroperox- ide, methyl ethyt ketone peroxide, benzoyl peroxide or
tert-butyl'peroxybenzoate. However, the organic peroxide is not limiteid to
such specifid examples. The organic peroxide'is incorporated In an amount
of 5  from 0.1 tot 20 parts by weight per 100 parts' by weight of the
(meth)acrylate monomer;6. f 'the amount is' less than 0.1 part by weight,
the curing speed will be slow, 'and if it exceeds 20 parts 4by' weight;
the6-storage stability tends to be poor.  . As the'.1educing agent; any"
optional reducing agent may be employed so long as it is a reducing agent
capable of reacting with, the6 abdve .orgnib peroxide to generate radicals.
Typical reducirig'agents include l0  tertiary  amines, thiourea
derii'Ativos' andl metal 'salts:. The' tertiary- .amines 'include
-triethylamine, 



tripropylarnine 'and 'NNdmtyptl~dn.Tethiou'reg deriv~atives ..include
:-2-rnrca'ptobenzimnldagzole, methyithiourea,' dibo'tylthiourea,
tetramethybthiourea and ethyle1hL thiodurea. Theimetal salts include cobalt
naphthenate;' copper rfaph henate and vdnadyiacetyl acetone.`':' The
reducing agent is incorporated preferably in an amount of-from 0.05 to 15
parts by weight, more 1s  preferably front 0.1 to 10 parts by weight, per
100 parts by weight of the (meth)acrylate monomer: To the adhesive
composition 'of the present inverltion, (meth)acrylic acid may be
incorporated to increase the curing -speed of the adhesive or to improve
the adhesion to the material to be bonded. Further, in order to improve the
peel strength or impact strength, an elastomer component may be
incorporated to the adhesive composition of the present invention. As such
an elastomer component, various synthetic 20 .rubbers may be mentioned;
such as nitrile-butadiene rubber and chlorosulfonated polyethylene.
Further, for the -purpose of adjusting the viscosity or the fluidity, a
thermoplastic polymer such as a methyl methacrylate-butadiene-styrene
copolymer (hereinafter referred to simply as MBS) or linear polyure- thane,
or fine silica powder, may.be.-use.. -. Further, in order to faciiitate the
curing of the portion which is in.contact with air, various. waxes may be
25  incorporated. Furthermore, for -the purpose of improving
the-storage.stability, additives such as various polymerization inhibitors
or antoxidants, .-may be incorporated  Depending upon the. purpose, a
plasticizer, afiler. a colorant, etc. may be added. The present.invention
may be used 'for a one-pack type adhesive or for a two-pack.type adhesive.
30  When it is uesed: asua one-pack type. adhesive., the organii[ peroxide
and the reducing agent.are. suybstanttially separated by such a. techniqu
as microencapsulation. or. by. chemical modificaion-frq.m :w.hich the
organic peroxide andl the reduc~rng.agentcan readily be. restored.qq
therwise, they may be seleptedJtromr. compounds which. show a very low
reavt on xate atnormaltemperature even when they are coOtacted.to each
other. There is no panticularxestrio~tion-,as to the materials toibel
bonded by the adhesive -compositior of the 35  present invention..However
the -adt. aie &c mposition of -he present invention exhibits.particularly
excellent effects when applied to .a metal -surface, especially ip. a
metal-surface-treated;b.y chemipalq.coversion treatment or. tpa
metal-plated surface.               ... .. . . The Knetal-,pided composite
of the. present invention. is obtained. by bonding one. or more.kinds of
metal. materials, or such metal materials and one or more kinds .of
materials other than metal,   . - 40     The above metal~ materials
include, for example, metals, metal-plated materials, and such materials
having their surface treated by chemical.conversion treatment. The
above-mentioned materials.other than metal include, for example, shaped
products. of plastic, glass, ceramic or cement, glass fibers and woven
fabrics, carbon ora-graphite fibers- and  woven fabricsd. bricks, wood
materials and laminated plates.. Such metal, materials and materials other
than. metal are not particularly limited. with respect.to their shapes or
45  structures..   .           : ; The inetalkhnded  compositef.of the
present invention is useful,. for example, for-the purpose of reducing the
wpi'ght of a metal-bonded. composite having a baking finish surface.' For
reducing thealNeight of a metal-bonded composite,it is possible. to employ
a .rethod wherein the thickness -of the' materials is reduced to be-thin so
that- the weight of the final composite:wil! be, reduced. 50  However, such
a method can not be used, for example, in a case of a composite comprising
one or two metal sheets (a) and a reinforcing.material (b) supporting the.
metal sheets from the rear side or from the inside {such as. a
corrugatedor- hat-shaped metal composite) which used to .be prepared by
widing the materials (a) and (b), bqca Ise If~the material (a) is a thin
metal sheet, welding spots.are likey -to'remain on the surface opf'the
composite, or- a thermal strain will be lprmed. A conventional acrylic
adhesivp.can-not be 55  used, since the.deterioration in the bond strength
due to baking fini h.will'be s 'ubtanjial....;  ..... By using the
achlestve composition of the present invention qexellent in the heat
deteriqration resistance 



for bonding the aboyve. materials (a.) anid.^ (b), Kit is possibs
:.to:obtain a. metal-bonded crmposited having :the weight and. thickness
ireduced and capab!e of.being sub)ected.tobaking finish.  -  . .~~~~~~ (
, ,..,,:,:       -   .   :-    EP 0:492 52B't                        - Now,
the present invention will-be. described in further detail with reference,
to Examples :and Comparative<' Erpe"Hwvr, IF shoUld be understood that the
present inventio'n i.s..by. n& '.means restricted to sticlh:~Ocific
Examples." s EXAMPLES 1.t5 'and COMPARATIVE EX(AMPLEI1 Two-pack type.
adhesive composit~itonsncoprising the first and second liquids Were
preparedd ;by m~ixing various cam ponents in the -pf6portioris
asi~dentified in Table: 1. Galvanized steel'sheet4~:b'av-rng',-hlirii;
sufdce treated by phosphate freatme(nt:(SE~CC-P) oQf ''20"0 *'x25 k 1.2 10
mm and 200 -x 25 x 9.4 mm  -wer~e -used Ss .testseimn. h first and second
l.iquids o~f the;re~spective adhesive comrpositions preipwdabove; w -.ere
:mired, and the mixtu're'.wasi immedlatelY.".ai5plied to -bond the
testspecmedshavig 'dffmeft ti~knses.Thebonded s pecibMens .we're6 aged, at
room temiperatur (23 IC) -for -24 .hourestb Qb.io  boddc 'ioipsie.
orths'bonlding operation, 'a -small amolt  of -~class. beads havihg a dia
eb*f 0  i   6rehiadded -to make thb thickness of the bonding layer uniform.
15 The peel strent  ui  g25m)wsmaured in accordance with ISO 4578/-1979
(tensile speed: 100 mm/miin) with, respect t o the bonded. composites
themselves (without heat -treatment) and the bonded composites which were
left -to stand at high temperatures (160, 180 and 200 IC) and then left to
cool to 23 IC, The results areishown in Table 1. 20 25, 30 35
.. 40 4.5 50 6    *        ~~~EP 0492 4911B I Table 1 Ex.       Ex.2  Ex
3  E.  4   x.  5Coiup. _   5
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ex. 1 N-220SH          15      15       15
15       15      15 .MMA          5~~~s1.    .51    51       51      51
.51. 10                  2HEMA            17       17      .17       17
.17       1.7 2EHMA       17  ~17      17 '     17       17           17
First                            -____ liquid    ~P!-56           0.5
0.5      0.-5    0.5   -0.5        0.5 is         r~~~~~~-3A ~~~5
10      15       20      .200 CoP.             5        5        5        5
55 



MEEQ            0.2      0.2      0.2      0.2     0.2      0.2 20
N-220SH          .15      J. 5.:   15       15      15       15 MMA
51   ~51         51       51       511 2HEMA            17      17       17
17       17      17 25                  2EHMA            17      '17
17'     17      '17- ..17 Second                                 - liquid
P-56            0'. 5     0.5      0.5     0.5      0.5    0.5. MS-31A
5        10      1 5      200 30            ~~~~~ETU         .1..5     15
1.5      1.5     15       1.5 APM2                      2,       22
2-      2. 239C     ~22.     21.      21.3    19.6   217   '19 .9 Pee.1
. 600C       -20.8    20.:7   230        2..0.6             4.4 strength
t,-- (kg/25 mm)   ~~O..* C    11.4    11,.2   23.8   21.4    11.-3    9. 4
*   2000C       8.,0    11.2    16.8'   18 .6   114    8.0-- 40
Abbreviatidns.:' N-220SE: acrylonijtrile-buWtadiene rubber (manufactured by
Japan SynthetiC Rubbe-r Co-, -Ltd.)  MKtA:8 nlthyl methacrylate, -2HEMA:-2-
hydroxyetlhyl ifethacrylate,.2EHMA: 2-ethyl'hexyl methacryla~te,. 45 P-56.;
paraffin (nip 56'C),1 MS-3A: molecular sieve-3A (manufacture~d by- Union
Sbeiws K.K.), CHP: cuMefne hydroperox'ide, HMEHQ:'hydroquin6AtY' monomethyl
ether', ETU:..t                       M.yeetiora   Pt: ac~id
phopphOQiyetbl. mnethacrylatiff- 50 EXAMPLES 6 to 9 rnd. COMPARATIVE.
E)(AMPJ-E.2              .    .            ... ss    Two-pack type
adhepsive compositibns comprising the firt and secon'd-liquids w
erelprepared by milxing various tomponenti in! the pop6ortions as
identified in Table 2. The peel strenlbth was" mebasured intesm    anra
nEampl. 1. except htth  epetv compositions thus obtane1wr eMpl'ye
04Th'ejesultarshni Tbe2* 4.... wr e   ytqae.4   jr:a    EIP 0492 521,BI
Ing.)           ~~table 2 Camp. 5
~~~~~~~~~~~~~~Ex. 6   Exi.7   Ex. :8  'Ex. 9   E. N-220SH.         10
10       .10        10 .      10. -TAI i2-                    8         8
8         8:m 10 MMA:             5,0,0               50        50 First
'~IE4        ., 1             6         61                 1 liquids' ,2H4
16 :61                        1         6 15~~~~~~~~~~~~~~~~~'i -0
' 



pa56             05        0 0.0.5            0. 5      05 CaO
5        1 0       1520               O0 -CHP              5         5
5         5        5 20- MEHQ             02      4-0 2      0.2       0.2
0. 2 -N-220SH          10         0       1 10                10 *,BTADIN2
8         8                  8.      - 25--- M!4A        ~~~~50     50
:50.1     50 *:     5 Second    ~~~2HEM4A         16.       16        16.
16.    :--1-6 liquid         2EHMA            16        1 6       1.6
16        1 ~~P-56.   0.5       0.~      ~~~~5 0.5  0.-5      0. CaO,
.5-       1015                200 35                                    15
1.1.1.1. *.~rEA         2 2'                      2:22 ITO C         21.9
22-.3    2-4.0     22.1      20.0 40    Peel             -1600C         2
0.9     22.7     22.8      22.8       9;.1 strength    ~~1800C       19.0
18'.4     2 0.,6    22.6       8.9 (kg/25 mm)    -
________ 0;00C        1.         2.       14.6      17.        . 45
Abbreviations:' BTAIIIN2: MBS. manufactured by Kureha. Chemical Industry.
CO ,Ltd.)vCaO:  ~calcium oxide. powder,  APEM/EA:   ci phosphoxye-ihyl
methacrylate/ethanolAmine sal t 50 EXAMPLES 10, and 11 n  OPRTV  EXAMPLES 3
to .5 55    Two-pack type adIhesive compiositionts.comprising the. first
and second liqui ds were. prepared -bys mixi*ng various corrponents in-the
proprortions .as identifi-ed in.Table 3. Bonded-composit s- were' prepared
in~ the: same. manner- as In Eamrrple 1 except that the respective
composiWons. thus ob ~ndwr  mlydNra sae~   tegh(nt g/25 mm' were measured-
in, 8    EP 0492 521 81 accordance with 1SO 4578-1979 (tensile. speed: 100
mm/min) at 23 C. under a reative humidity of 50% with respect*to. the.
bondesi composites themselves (no heat. treatment). Further, -peel
strength. (unit:: kg/25 mm) after heat t~patmdnt-was measured in the same.
manner as the above normal. state p6ee1 strength with respect to. the
bonded composites which were heat-treated at 180 Cfor one hour 'and'then;:
left tb cool 523, C. The reults arer shown in Tbe3 Table 3 10
. Ex.  10  Ex.          Cop.       Cmp' Cop Ex. -3   Ex.4 '. `JR20S2
. 51     15                       5          5:' 15              ~~~~~~
~~tMM'A  51         51         51        51 i      "51 



2HEMA              34         34         3434                 3 -P-56
0. 5       0. 5       0. 5      0.5        0. 5 20     First:
MS-3A            :-20         20         0          0O liquid- -MS-3A-W
0          0         2 0        0    ~     0 Silicagel     ~~0         0'
0         20          0 25                .    SHP?                 5
5        ---55             . .5 MEHQ   .    ~~0. 2       0. 2      0.2
0.'        02 N-220SH            15         15         15        15
1'S 30               ~~~~~~~~MMA         51         51         51        51
.51 .2HEMA             3          3 34       34                   34 P-56
~~~~0.5    05.5       0 .5        .        .05 Second202000 35 liquid
SA'-2- ~l-.14  -           02. -0 5S.i3ca -gel-      0          0
0O        200 ETfl              1. 5         0        1i. 5      1.5
0 40
.      ... -VOA               0.         0.        0..         0.0. 5
0O55. APEM:               0         .1          0.        0          1 -
PBQ          ~ ~~~~~0 0. 05         0         0.05 Peel streng~th after
heat treatment  (kg/25mn1)   ~~~19.7     20.3      -6~.8       9.4
7.-5 so   ormals'sta'te peel                6        1.         11
18         14 ,strength    (k9/2B   mm)         _ _ _ _   _ _ _ _    _ _ _
_     _ _ _ _ Abbreviations; MS-73A-W;-. 16 wt% -wat-e-t-,-absorbed
.molecular ..sieve-,3A, ,,,voM: ss        van~adyl Acetylacetone  'MA:
methacrylic. acid, ..PBQ: p-7 ben~zoquinoff e                  ,
9~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.   ...    EP 0 492 521 B1
EXAMPLE 12 and COMPARATIVE EXAMPLE 6 Two-pack type adhesive compositions
comprising the first and second liquids were prepared by mixing various
components in the proportions as identified in Table 4. On one side of a
sheet (200 x 25 x 1.2 mm) of a galvanized steel plate having the surface
treated by phosphate treatment (SECC-P), the above first liquid was
applied, and on one side of another sheet of the same steel plate, the
above second liquid was applied, and the coated sides of the respective
sheets were bonded, and the bonded sheets were aged at room temperature (23
C) for 24 hours to obtain a bonded composite. For this bonding, a small
amount of glass beads having a diameter of 100 [err] were added to make the
thickness of the bonding layer uniform. 10     Using the bonded composites,
the normal state peel strength (unit: kg/25 mm) and the peel strength after
heat treatment (unit: kg/25 mm) were measured in the same manner as in
Example 10. The results are shown in Table 4. 



Table 4 Ex.12   Comp. Ex. 6 First liquid            N-220SH           10
10 BTAIIIN2          7           7 20 MMA               50         50 2HEMA
25         25 IBA               8           8 25
P-56          0.5         0.5 MS-3A              15         0 CHP
5          5 30.                                          MEHQ
0.2         0.2 Second liquid           N-220SH           10         10
BTAIIIN2          7           7 MMA               50          50 35 2HEMA
25         25 IBA               8           8 P-56              0.5
0.5 40                                                     MS-3A
15         0 ETU               1.5        1.5 APEM/EA           3
3 45                Peel strength after heat treatment (kg/25 mm)  22.7
9.4 Normal state peel strength (kg/25 mm)     21         20 The adhesive
composition of the present invention has remarkably improved heat
deterioration resis- 50  tance and provides excellent heat resistant bond
strength when used to bond metal surfaces, particularly metal surfaces
treated by chemical conversion treatment or metal-plated surfaces.
Accordingly, the metal- bonded comppsite obtainable by. using the adhesive
composition of the present invention, maintains sufficient bond strength
even when subjected to high temperature treatment such as baking finish. 55
Claims 1. An adhesive composition comprising an acrylate monomer and/or a
methacrylate monomer, an organic peroxide in the amount of from 0.1 to 20
parts by weight per 100 parts by weight of the (meth)acrylate 10    [err]
[err]    


