-2-7 materials, vol. 41, No. 12, 188-193 (1993 speci al edition)].
As an adhesive to be used for these reinforcing nmet hods, an epoxy
r.esi n adhesi ve has been used. The 5 epoxy resin adhesive may, for
exanpl e, be a one pack type adhesi ve conprising an epoxy resin
adhesive as the main agent and di cyandiam de or the like as a curing
agent, or a two pack type adhesive using an amine or a polyam de as

a curing agent. 10 However, the one pack type adhesive has had

dr awbacks - that heating is required for curing, and it_is difficult

to use it for bonding with a concrete structure to be Our Reg;ufBKzid4 The
two pack type adhesive has had drawbacks that to preveﬁ\)é £uring
failure, conplete mxing with a 15 constant m xing rati olhf & tafY curing
agent is required, the application control is cunbersgﬁf,ﬁﬁag cuting
at a | ow tenperature i s poor. To overcone su BABACK , an
acrylic resin adhesive containing a cold setting acrylic resin
conposition has 20 been used instead of the epoxy resin adhesive. A
(meth)acrylic resin adhesive is disclosed in JP-B-5 197207

The acrylic resin adhesive has a good | ow t enper at uf EHiS SHEET HAS BEEN

REPLACED
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METAL PLATE-BONDED CONCRETE AND METHOD FOR BONDING A /

METAL PLATE AND A CONCRETE

The present invéntion relates to a metal plate-boﬁded
concrete which is a structure reinforced by bonding a
5 metal plate to a concrete.
For the purpose of reinforcing a concrete structure,
a method is used which comprises attaching a reinforcin§
member su&h as a steel material to a concrete anew.
Particularly, a reinforcing method is used which
10 comprises bonding a metal plate to a concrete. In this
case, it is important that the strength of the metal
plate-bonded concrete is high. As the reinforcing
method, there may be mentioned (1) a process which
comprises attaching a steel plate as a reinforcing member
15 to a floor plate, a beam, a bent or a handrail and
unifying them by means of an adhesive (steel plate
bonding reinforcing process), or (2) a process which
comprises attaching a steel beam as a reinforéing member
to a floor plate and unifying them by means of an

20 adhesive (beam-adding reinforcing process) [Industrial

This Sheet Has Been Replaced
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curlng property and a wide range of the mxing ratio 25 wthin which

adequat e adhesive strength can be obtai ned, wher eby the application
control is easy. Further, the acrylic resin adhesive is excellent in
t he adhesive - 3- property
under a wet condition or a dry condition, or to a surface having a
hydr ophobi ¢ nature and thus has a rit that a step for priner
treatment of the surface of a subsfrate such as a netal plate or

concrete, which was 5 necessary with an epoxy resin adhesive, can be
elim nated. reakerialsi vek. ik, Nelr dbadB88-+A3 Wikdp3 speadald for bondi ng

a concrete, the bond strength is | ow Wth respect to an acrylic
resin adhesi VRSHa@MY! - i nproved bond strength to a concrete,
JP-B-60-19789 10  discl ses an acr I|c reS|n adhesi ve conprising a
(meth)acrylic nordfre?? 30Besive bR ek rfom./ thepe relnforC1ng "

(met h) acryl - d tern1na|s an, or ni c, erOX| e and cobalt salt
of an organi éne}& S 3RO Wg?;ﬁﬁ ‘P lﬁﬁﬁ) fHhe

e ) Y EME ign AE 0 5
‘Qﬂer eby the Nfifdsive coftfsiny |4k Sdpody ARfn TddHBd Ve SV asd@d such
| agent and dicyandiamide or the like as a curing agent, or
a two pack type adhesive using an amine or a polyamide as
a curing agent.

10 However, the one pack type adhesive has had drawbécks
that heating is required for curing, and it is difficult
to use it for bonding with a concrete structure to be
reinforced. The two pack type adhesive has had drawbacks
that to prevent curing failure, completé mixing with a

15 constant mixing ratio with the curing agent is required,
the application éontrol is cumbersome, and curing at a
low temperature is poor.

To overcome such dra%backs, an acrylic resin adhesive
containing a cold setting acrylic resin composition has

20 been used instead of the epoxy resin adhesive. A
(meth)acrylic resin adhesive is disclosed in JpP-B-58-
19707.

. The acrylic resin adhesive has a good low temperature
curing property and a wide range of the mixing ratio

25 within which adequate adhesive strength can be obtained,
whereby the application control is easy. Further, the

acrylic resin adhesive is excellent in the adhesive



adhésive is hardly useful for a process for reinforcing a 20 concrete.

(1) When dissimilar naterials such as a netal plate and a concrete,
are bonded, the adhesive force at the interface between the nmetal and
the concrete is weak, whereby the bond strength will be low. 25

(2) The netal plate-bonded concrete is poor in water resi stance, and

when exposed to noisture such as rain _ 3 _water or humdity, the bond
strength will be | owered by -4-

the noisture such as hum dity, whereby the netal plate is | likely to
peel from t hePE@PeFEY cunder a wet brienmr i enditionomicied
ext ensi ve stydi es,  to, solve these problens and as a result, have 5
found that by2u8th %es]b%H"P?caplFYEﬁl?h‘ﬁ?l‘F NYJLe And tthus haggain a

i sei m 1 ar oS £ 5 EREECH SKOR fgs rrimed) brchknenty of SR rARERRR G oh
misture 10 3 oHiReEeahe purh A8 4 SR KNS R e dud uen VS0 Y
ecoonpl 46 e deaipustn!sh \edofh S aanenive, cARBLY, Lhe present
eliminated. However, it has had a drawback that when
used for bonding a concrete, the bond strength is low.

With respect to an acrylic resin adhesive having
improved bond strength to a concrete, JP-B-60-19789

10 discloses an acrylic resin adhesive comprising a
(meth)acrylic monomer, a butadiene oligomer having
(meth)acryl-modified terminals, an organic peroxide and a
cobalt salt of an organic acid/ a metal organic chelate
compound.

15 However, when a metal plate-bonded concrete is
prepared by using this acrylic resin adhesive, there are
the following drawbacks (1) and (2), whereby the metal
plate is likely to peel from the concrete, and such an
adhesive is hardly useful for a process for reinforcing a

20 concrete.

(1) When dissimilar materials such as a metal plate
and a concrete, are bonded, the adhesive force at the
interface between the metal and the concrete is weak,
whereby the bond strength will be low.

25 (2) The metal plate-bonded concrete is poor in water

resistance, and when exposed to moisture such as rain

water or humidity, the bond strength will be lowered by

e which conprises a



coné(ete having its surface inpregnated with a primer 15 conprising (a) a
(nmeth)acrylate having an ethylenically unsaturated double bond in its
nol ecul e, (b) a pol ymerization initiator and (c) an activator, and a
netal plate bonded to the concrete surface by an acrylic resin
adhesive. 20 2. The netal plate-bonded concrete according to Item 1,
wherein the (neth)acrylate (a) in the prijner is a (meth)acrylate
having an ethyl enically unsaturated double bond whi ch is not adjacent
to a carbonyl, group i.n its ecul.e. . The netal_ pl ate-bonded

concrete acc ltﬁfqrteerﬁ“fh asn%‘\m@tl&yn rﬁﬁ’é’t e matale PlRte dst he

rimer is a no ofunctl th lLat e having an ethylenically
E)5- unsariliedde Odaﬁﬁle q’?‘? %%t &cul e. 4. The netal

(ay in the primorti BRESEHE Q%efn% 2R dle GRBH Red ek e e g an
ethyl eni cal gy gy wtgavédgg% R e T -

nmet al pl at e- bon oncrete a t0 any one to 4,

wherein the Fgun@lidat By 'd%ltﬂée PEpRific primerai 1% EismE:to%lsﬁﬁ gl an
organic acid and/or a netal

obtain a metal plate-bonded concrete which has high bond
strength between dissimilar materials such as a metal
plate and a concrete and which has water resistance so
that the bond strength will not be lowered by moisture

10 such as humidity. The present invention has been '
accomplished on the basis of this discovery.

Namely, the present invention provides:

1. A metal plate-bonded concrete which comprises a
concrete having its surface impregnated with a primer

15 comprising (a) a (meth)acrylate having an ethylenicélly
unsaturated double bond in its molecule, (b) a
polfmerization initiator and (c¢) an activatof, and a
metal plate bonded to the concrete surface by an acrylic
resin adhesive. |

20 2. The metal plate-bonded concrete according to Item 1,
wherein the (meth)acrylate (a) in the primer is a
(meth)acrylate having an ethylenically unsaturated double
bond which is not‘adjacent to a carbonyl group in its
molecule.

25 3. The metal plate-bonded concrete according to Item 1,
wherein the (meth)acrylate (a) in the primer is a

monofunctional (meth)acrylate having an ethylenically



organi ¢ chelate conmpound. 10 6. The netal plate-bonded concrete

according to any one of Items 1 to 5, wherein the priner contains (d)
a (meth)acrylate having no ethylenically unsaturated double bond
in its nolecule. 7. The netal plate-bonded concrete according to any
one 15 of Itenms 1 to 6, wherein the surface of the netal plate S
made of zinc. 8. The netal plate-pogdgd concrete according to any one
of Items 1 to 6, mherein the surface of The netal plate i s made of

stai nl ess steel Further t he present_ i nventi on provides: 9.

A net hod for ‘Htﬁﬁ)‘?‘?ﬁ'%ﬁq'réi% lfﬂatt@dan‘d‘ dtomlacule. yphich conprises
t { f
2%%?2&;?2@ o5 AL pEaEeThenagR pone RS AR R D BT S EMAL 1 1t
| | t)at d t d
tmf)leﬁcgoﬁdl ng a ‘?(?E%]ar? %féay £ Zf%é tgére 33 & q"g't (p[j{}nger} a.cst ! Vgc?;l [ agnresi n

mihgﬁl \égnprl speOl%f‘antl( a%:Ih) é%ertytr)%cr%late having an6 ett%]Ieennllj%a %pri i
unsaturatgd Eh{g{ghldbdgférggé?niﬁalts moléé@léi pol ymeri zati on
Initiator (c) an activator
5. The metal plate-bonded concrete according to any one
of Items 1 to 4, wherein the activator (c) in the primer
contains a metal salt of an organic acid and/or a metal
organic chelate compound.
10 6. The metal plate-bonded concrete according to any one
of Items 1 to 5, wherein the primer contains (d) a
(meth)acrylate having no ethylenically unsaturated double
bond in its molecule.
7. The metal plate-bonded concfete'according to any one
15 of Items 1 to 6, wherein the surface of the metal plate
is made of zinc. |
8. The metal plate-bonded concrete according to any one
of Items 1 to 6, wherein the surface of the metal plate
is made of stainless steel.
20 Further, the present invention provides:
9. A method for bonding a metal plate and a concrete,
which comprises impregnating a concrete surface with a
primer comprising (a) a (meth)acrylate having an
ethylenically unsaturated double bond in its molecule,
25 (b) a polymerization initiator and (c) an activator, and
then bonding a metal plate to the concrete surface by an

acrylic resin adhesive.



which is inpregnated into a concrete surface prior to 5 bonding a netal

plate to the concrete surface by an acrylic resin adhesive.

Now, the present invention will be described in detail . ~The
(meth)acrylate having an ethylenically 10 unsaturated double bond in its
nol ecul e as conponent (a) to be used in the present inventionis a
(meth)acryl ate havi ng an ethylenigaély unsaturated double bond in its
nol ecul e and having at | east one nethacryl oyl or acryloyl . group inits

nol ecul e. Here, the ethylenlcally 15 unsaturated double bond is neant for
an et hyl eni catly A Pringe hich pmprises bord aHirgth kel aty a!taamng

[orr] - dnsat Ural SFRASSRALI e BhFatad deumiondnd 4n its malacnlsossi bl e
metal plate o b°”das>§cm”e%“ “etrﬁﬁﬁ%z o A Ot Pl B TR P9 o1 ance
ﬁﬂ(r:nhd;t[lst th%}hlch reﬂtprﬁrﬁ%%ﬁ \('%tl not be I vveredé_pay reni)lgstur% such as
doubl o boid I f Giohd W%%ﬁﬁf '?%%3'# A58 WA 'ac e havi ng
an ethyleni cgldpylic resin adhesive.
Now, the present invention will be described in
detail.
The (meth)acrylate having an ethylenically
10 unsaturated double bond in its molecule as component (a)
to be used in the present invention is a (meth)acrylate
having an ethylenically unsaturated double bond in its
molecule and having at least one methacryloyl or acryloyl
group in its molecule. Here, the ethylenically
15 unsaturated double bond is meant for an ethylenically
unsaturated double bopd which is not adjacent
(conjugated) to a carbonyl group, and is not a so-called
a, p-unsaturated carbonyl group. By this component (a)
it is possible to attain high bond strength between
20 dissimilar materials such as a metal plate and a concrete
and to obtain an effect of water resistance such that the
bond strength will not be lowered by moisture such as
humidity.
The component (a) may, for example, be a
25 monofunctional (meth)acrylate having an ethylenically
unsaturated double bond in its molecule, or a

polyfunctional (meth)acrylate having an ethylenically



7 unsat urated double bond in its nolecule. These two types may

be used in conbinati on. The nonofunctional (neth)acryl ate having
an et hyl eni cal | y unsaturated double bond in its nolecul e has 5 an
effect such that nol ecul ar designing to adjust the bond strength, the
curing rate, etc. can thereby be facilitated. As such a

nonof uncti onal (neth)acrylate, a _(ge;h)acrylate havi ng a

di cycl opent enyl group, of the follOwWing forrmula, is preferred from

the viewpoint -of the 1 bond strength and the curing rate.
[err] 1ana‘t°urateg | fouhte JPeRR 30 His doFeculew d TheSE ckvwe types |
group, and n | r of O pr 1, The conpound of t he above

LS{EEL? F§¥é T%fjﬁ?gﬁ%gg?l%ecﬁmﬁﬁ%?%ﬂgmtSny: r lag;yL?te, di cycl opent enyl
dicyclo%entehylox¥§%h§§HLEEXLﬁ%?ﬁg%rgm%gﬁﬁgbrﬁfgyéabﬁ%kﬁ%o??functional

" I . : nit
ol ccti o hao Cerrteifediny unsfti¥atey O IR it MR had ovea
25 even ¢ thaR eFPéLt aé@éﬁ‘tthat?‘%ﬂfé’cmw&gﬁdrﬁ% to adfdBi perylate

may, for éxanple, be a both term
bond strength, the curing rate, etc. can thereby be

facilitated. As such a monofunctional (meth)acrylate, a
(meth)acrylate having a dicyclopentenyl group, of the
following formula, is preferred from the viewpoint of the

10. bond strength and the curing rate.

R O
|
CH. =C—'C"O" (—CHz CHz O—) n

15

In the above formula, R is hydrogen or a methyl
group, and n is an integer of 0 or 1. The compound of
the above formula may, for example, be dicyclopentenyl
acrylate, dicyclopentenyl methacrylate, dicyclopentényl—

20 oxyethyl acrylate or dicyclopentenyloxyethyl
methacrylate.

The polyfunctional (meth)acrylate having an
ethylenically unsaturated double bond in its molecule has
an effect that the bond strength will thereby be improved

25 even with a small amount. Such a polyfunctional
(meth)acrylate may, for example, be a both terminal

methacryl-modified liquid polybutadiene ("TE-2000",



met hacryl -nodi fied |iquid pol ybutadi ene ("TE-2000",

- 8- manuf actured by N ppon Soda Co., Ltd.), a both term nal
acryl-nodified liquid polyacrylonitrile butadiene (" Hycar VITBNX",
manuf actured by Ube Industries, Ltd.), a bot h term nal

met hacryl -nodified liquid partially 5 hydrogenat ed pol ybut adi ene

(" TEAI - 1000", manufactured by Ni ppgn_Soda Co., Ltd.), or a both
termnal acryl-nodified | i qui d pol Ybut adi ene ("BAC-45", manufact ured

by GCsaka - Yuki K.K.é . Anong gglyfunctional (meth)acryl ates
having an 10maBpuf@rtured| Py NimpenrSeda €@ublktdohd, atbethoterminal nal

(met h)acryl -nodi f|ed gu%ad'efe oliLgoner is preferred from t he
vi ewpoi nt  of BREYHOMACLFreA gt HAREY PRLYRCFYHRpEx£le butadierepnoth ternina

but ac ene’ havi nreasvERRES  aka tadPuERS b Whe TEoqRERIYEr vl B dnich
e o O R, B AEL L ol £ER EPRLD ALY o oaie
L) oo, FEALOMUER oty PAANAOC ORGSR
exanpl e, by NippbRagé880CS. fli LEQCYAGE Ca VLU On S L:4POIRSaLE1 8 1 2-
liquid polybutadiene ("BAC-45", manufactured by Osaka
Yuki k.K.)
Among- polyfunctional (meth)acrylates having an
.10 ethylenically unsaturated double bond, the both termiﬁal
(meth)acryl-modified butadiene oligomer is preferred from
the viewpoint of the bond strength and the curing rate.
The both terminal (meth)acryl-modified butaaiene oligomer
is a copolymer or polymer of butadiene having
15 (meth)acryloyl groups at its both terminals, which has an
average molecular weight of from 1000 to 10000.
The both terminal (meth)acryl-modified butadiene
oligomer may be produced, for example, as follows. A
polyfunctional (meth)acrylate having a l,2-polybutadiéne
20 backbone in its molecule can be obtained, for example, by
reacting a diisocyanate compound to an oligomer of a 1,2-
polybutadiene with hydroxyl group terminals, obtained by
living aﬂion polymerization, and then reaéting a
(meth)acrylate having a hydroxyl group, such as 2-
25 hydroxyethyl (meth)acrylate, to the remaining isocyanate
groups.

Component (a) is used preferably in an amount of from



pol ybut adi ene wi th hydroxyl group term nals, obtained by living anion
pol yneri zation, and then reacting a (meth)acrylate having a hydroxyl
group, such as 2- 25 hydroxyethyl (nmeth)acrylate, to the remaining

| socyanat e gr oups. Conmponent (a) is used preferably in an
amount of from - 9- 1 to 95
parts by weight, nore preferably from3a §0.80 parts by weight, per
100 parts by wei ght of the sum of conponent (a) and_conponent (d)

which wll be;d h fte nD is less than 1
part by 5 hebgnes BREEBRY €E1 Shb: ore Preber xe%o;eaacreoig

tenas E%Eet%%% o SRESEE) Bl T ntr el BF Welans 1 cons, oS Z'hf o
decrcase. 10700 G AP A4 Eonponent (AT A Wi A NeftS i 1"
used in the pig 2ELH: afEuent | o tﬁeaaxﬁ&m{a{%g%%éﬁw%ﬁt by 25 2

so-called ra yneri zation initiator he fol | owi ng

L9415 b A6 e sone erbugngs S yosed Bedeieleoeg
1;ke1y to be low. If it exceeds 95 parts by weight, the
viscosity tends to be too high, whereby the operation
efficiency will be low, or the cured product tends to be
so hard that the bond strength will decrease.

10 The polymerization initiator as component (b) to be
used in the present invention is a substance which serves
as a so—called radical polymerization initiator. For
example, the following organic peroxides may be
mentioned.

15 (1) Ketone peroxides, such as methyl ethyl ketone
peroxide, cyclohexanone peroxide, 3,3,5-
trimethylcyclohexanone peroxide, methylcyclohexanone
peroxide, methylacetoacetate peroxide, and acetylacetone
peroxide.

20 (2) Peroxyketals, such as 1l,l-bis(tert-butylperoxy)-
3,3,5-trimethylcyclohexane, 1l,l-bis(tert-
butylperoxy)cyclohexane, 2,2-bis(tert-butylperoxy)octane,
n-butyl-4,4-bis(tert-butylperoxy)valerate, and 2,2-
bis(tert-butylperoxy)butane.

25 (3) Hydroperoxides, such as tert-butyl hydroperoxide,
cumené hydroperoxide, diisopropylbenzene hydroperoxide,

paramenthane hydroperoxide, 2,5-dimethylhexane-2,5-



tri net hyl cycl ohexanone peroxi de, methyl cycl ohexanone per oxi de,

et hyl acet oacet at e peroxi de, and acetyl acet one peroxi de. 20 (2)
Rer oxyketal s, such as |l-bis(tert-butyl peroxy)-
3,3,5-trimethyl cycl ohexane, 1,1-bis(tert- but yl per oxy) cycl ohexane,

2,2-bis(tert-butyl peroxy)oct ane,
n- butyl -4, 4-bi s(tert-butyl peroxy)val erat and 2, 2-
bis(tert-butylperoxy)butane 25 ( Hydr oper oxi des, such as

tert-butyl hy rgBSrOXI cunene hydroperoxi de, _diisopropyl benzene
hydr oper oxi de° r°BSF8ﬁéﬁFhaﬁEdh}d}o§e3oi?ﬁ%am?tgyhbﬁﬁkh | hexane- 2, 5-

- 10 - ﬂ Q¥dr09er0é| and 1,1, 3, 3-tetranet hyl but hyl
hydr oper oxi de. yaroperoxi ?4) Di al kyl peroxides, such as di-tert-butyl

Bk T e e
dlnethyl-z, gé%&ﬁiae E¥#9§BH§ %Egﬁ 16 5?8913@, dlCUT%% PPIOY *d%érOX|des

- di met hyl -2 fert-butyl perox
o "o b B feeraser oty pi i e, e O
per oxi de, dimeeRyD+2, 8680 ( POt OXbEEy 1 PEFERY | heRa | dend 22 A5~
dimethyl-2,5-di(tert-butylperoxy)hexyne-3.
(5) Diacyl peroxides, such as acetyl peroxide,
isobutyl peroxide, octanoyl peroxide, decanoyl peroxide,

10 laurynoyl peroxide, 3,3,5-trimethylhexanoyl peroxide,.
succinic acid peroxide, benzoyl peroxlde, 2,4-
dichlorobenzoyl peroxide, and m-toluoyl peroxlde.

(6) Peroxydicarbonates, such as diisopropyl
peroxydicarbonate, di-2-ethylhexyl peroxydicarbonate, di-

15 n-propyl peroxydicarbonate, bis(4-tert-butylcyclohexyl)
peroxydicarbonate, di-2-ethoxyethyl peroxydicarbonate,
dimethoxyisopropyl peroxydicarbonate, di(3-methyl-3-
methoxybutyl) peroxydicarbonate, and diallyl
peroxydicarbonate.

20 : (7) Peroxyesters, such as tert-butyl peroxyacetate,
tert-butyl peroxyisobutylate, tert-butyl peroxyinalate,
tert-butyl peroxyneodecanoate, cumyl peroxyneodecancate,
tert-butyl peroxy-2-ethylhexanoate, tert-butyl peroxy-
3,3,5-trimethyl hexanoate, tert-butyl peroxylaurate,

25 tert-butyl peroxybenzoate, di-tert-butyl _
peroxyisophthalate, 2,5-dimethyl-2,5-di(benzoyl peroxy)

hexane, tert-butyl peroxy maleic acid, tert-butyi



dich[orobenzoyl per oxi de, and mtol uoyl peroxide. | (6)

Per oxydi car bonat es, such as dii sopropyl per oxydi car bonat e,

di - 2- et hyl hexyl peroxydi carbonate, di- 15 n-propyl peroxydicarbonate,
bi s(4-tert-butyl cycl ohexyl) per oxydi car bonat e, di-2-ethoxyet hyl
per oxydi car bonat e, di met hoxyi sopr.opyl peroxydi carbonate,

di ( 3- net hyl - 3- met hoxybut yl ) perqxwgiqgrbonate, and di al |yl

per oxydi carbonate. 20 (7) Peroxyesters, such as tert-butyl

per oxyacet at e, tert-butyl eroxyls obutylate, tert-butyl

peroxyplvalatBer°xyls?BF?9bﬁ?§F %%?B%yn% PerPryoetpgte, tert-hexyl
peroxyneodecanoat t - but er oxy- 2- et hyl hexanoate, tert-but
per oxy- e§°§Y9??ﬂ§Fﬂ§?ah% ﬁ%ﬁ?ehe¥%4tpﬁﬁﬁ YPL¥aLate e bk £7bu

2°5- i et hy |- BSESATRRRRTINORES 0,b5FE Hexrl, ReREE RO RRAOPELEr A9 i o

acid, tert- bu yi sopropyl carbonate, cunyl
per oxyoct oat e, +%%tpﬁr°§¥ne°hex%£§%§§neodecanoate tert- hexyl

peroxypi vg ate, gy Bhik organg" géyaﬂasgange&ﬁ ert-hexyl

per oxyneohexanoate, “and er oxyneohexanoa 5 (8) Oher

?r g?n Ib Ct pfer 0Xad€5y1§yl§ib1@éxylsulﬁéﬁf](| s¥EbEy| mfeé%-mfr' de, and
er uty

peroxyallylcarbonate.

As polymerization initiators other than organic
peroxides, the following azo compounds may, for example,

10 be mentioned.

(1) Azonitrile compounds, such as
azobisisobutyronitrile, 2,2'-azobis(4-methoxy-2,4-
dimethylvaleronitirile), 1,1'-azobis(cyclohexane-1-
carbonitrile), 1-[(l-cyano-l-methylethyl)azo]formamide,

15 and 2-phenylazo-4-methoxy-2,4~dimethylvaleronitirile.

(2) Azoamidine compounds, such as 2,2'-azobis(2-
methylpropioneamidine)dihydrochloride.

(3) Cyclic azoamidine compounds, such as 2,2'-
azobis[2-(2-imidazoline-2-yl)propane].

20 (4) Azoamide compounds, such as 2,2'-azobis{2-methyl-
n-[1,1-bis(hydroxymethyl)~-2-hydroxyethyl] propioneamide},
and 2,2'-azobis{2-methyl-n-[1,1-bis(hydroxymethyl)ethyl]
propioneamide. |

(5) Alkylazo compounds, such as 2,2'-azobis(2,4,4-

25 trimethylpentane).

These polymerization initiators may be used alone or

in combination as a mixture of two or more of them.



peroxyallylcarbonate As polynerization initiators other than

or gani c peroxi des, the foll ow ng azo conpounds may, for exanple, 10
he menti oned. (1) Azonitrile compounds, such as

azobi si sobutyronitrile, 2,2'-azobis(4-nethoxy-2,4-

di ret hyl valeronitirile), 1,1'-azobis(cycl ohexane-|I - carbonitrile),

1-[ (Il -cyano- I-nethylethyl)azo]fornanlde 15 and

2- phenyl azo- 4- net hoxy- 2, 4- dlnethylvaler&ﬁin rile. (2) Azoam di ne

conpounds, such as 2,2'-azobis(2-
met hyl pr opi onBBARG| h’@?dp%mgéhmﬂ% initiators, (3 aganic perexidec

P huoan oo Tonfiefarod. ronehe o aniai o SESg liora S ARG e 2
g,g}-;sz?nggﬁé €$£€¥{€ % gygzﬁ§é$22¥LLtE;F?L?R;??lde}’ propiggganide
These po %Erfigi’?ﬁﬁgﬁnfﬁ o(BTStF5o58 BELGARHE ip o Aot YR TEERAC as
1" Sroht® R T8I Fakke AT hmight e BRE 00 RRrte Y eihs ok the

sum of component (a) and component (d) which w111 be
described hereinafter. If the amount is less than 0.5
part by weight, curing tends to be slow, and if it
exceeds 10 parts by weight, no further improvement in

10 e.g. the curing rate will be obtained, and the metal
plate tends to peel from the concrete.

The activator as component (c) to be used in the
present invention is a compound which promotes the
decomposition of the polymerization initiator. For

15 example, the following compounds may be mentioned.

(1) Thiourea derivatives, such as diethylthiourea,
'dibutylthiourea, ethylenethiourea, tetramethylthiourea,
mercaptobenzimidazole, and benzoylthiourea.

(2) Amines, such as N,N-diethyl-p-toluidine, N,N-

20 dimethyl-p-toluidine, N,N-diisopropanol-p-toluidine,-
triethylamine, tripropylamine, ethyldiethanolamine, N,N-
dimethylaniline, ethylene diamine, and triethaﬁolamine.

(3) Metal salts of organic acids, such as cobalt
naphthenate, copper naphthenate, zinc naphthenate, cobalt

25 octylate, and iron octylate.
(4) Organic metal cheiate compounds, such as copper

acetylacetonate, titanium acetylacetonate, manganese



is preferred fromthe vi ewpoint of the bond strength and t he curing
rate. Conmponent (b) is used preferably in an anount of from 5
0.5 to 10 parts by weight, per 100 parts by weight of the sum of
conponent (a) and component (d) which will be descri bed hereinafter.
If the anpbunt is |less than 0.5 part by weight, curing tends to be
slow, and if it exceeds 10 parts_bé:;w(::-_i ght, no further inprovenent in
10 e.g. the curing rate will be obtained,” and t he netal plate tends to
peel fromthe concrete. The activator as conponent (c) to be used
in the preetyiiacetenaten cRremiwnmriekylacetonatewtieson he
deconposition of the polynerizatiop jnitiator. For 15 exanple, the
fol l owi ng conpBtkrtagetorateryaRadyl acetylacetqngteniang «gokrtt vati ves,
such as diethglt i ureg6 di butyl t hi ourea, ethyl enethiourea,

t et ranet hyl t hWAS8FELACetONatR: -0t obenzi mi dazol e, and benzoyl t hi our ea.

é??ﬁﬂ}??;z ol ui dihE, *RERBFPEObPEHIREE “BEFer (i drinas =S $1hy! ani e,
i o e, ana gondeiatlan AARERArdifly qf af SR ol af' O O0°
such as cobal 4mine, %@%&aw@%ywtmtf%&é%wht henat e,

cobalt 25 octylate, and iron octylate. _ ~Organic netal chelate
conmpounds, sSUSbmBEn&ODEE as a mBeEliye SELOFR Yy nodtardrinemae! vl acet onat e,

manganese
Among them, a thiourea derivative, a metal salt of an
organic acid or an organic metal chelate compound is

10 preferred from the viewpoint of the curing property, and
a metal salt of an organic acid and/or an organic metal
chelate compound is more preferred with a view to
improvement of the bond strength and the water
resistance.

15 Component (c) is used preferably in an amount of from
0.1 to 10 parts by weight, per 100 parts by weight of
component (a) and (d) which will be described
hereinafter. If the amount is less than 0.l part by
weight, curing tends to be slow, and even if it exceeds

20 10 parts by weight, no further improvement in e.g. the
curing rate will be obtained, and the metal plate rather
tends to peel from the concrete.

The primer to be used in the pfesent invention
- preferably contains (d) a (meth)acrylate having no

25 ethylenically unsaturated double bond in its molecule.

By using the (meth)acrylate having no ethylenically

unsaturated double bond in its molecule, the viscosity or



- 13 - acetyl acetonate, chrom um acetyl acetonate, iron

acetylacetonate, vanadyl acetyl acetonate, and cobalt acetyl acet onat e.
The activator includes other conpounds such as a 5 condensation reaction
product of an al dehyde with an am ne. These activators may be used
alone or in conbination as a mxture of two or nore of them

Anmong them a thiourea derivative, a qpt salt of an - organic acid or
an organic metal chelate conpound is preferred fromthe viewoint of

the curing progertz and a netal salt of ,an organic acid and/or an
organic netalt EhRPaFRLR oFRBUPRSTLY 1BR cARieskeded with a vi ew to

%o”ﬁLS_XZEF”E ) is Be8q(BPERARE Ev'giaﬁﬁdfa%ging“ﬁ%?srhy;sﬁfééfis‘?(?cidt 0 10 parts
ot Gescri bed unSRERERELR FYubTe BouRcin bt RPLRELS, (RARS OFQt ph by
e O Cur nekhEBIS, | BefmaLAYacAPRLEVEL ] A‘éuggfeﬁﬁé hffet1ELLS BY

wei ght, no furt |nprov

S, BT T e R cpopy, 00 dceprete] gk orerete
(meth)acrylate, 2-ethylhexyl (meth)acrylate, isooctyl
(meth)acrylate, isodecyl (meth)acrylate, lauryl
(meth)acrylate, stearyl (meth)acrylate, phenyl
(meth)acrylate, cyclohexyl (meth)acrylate,

10 dicyclopentanyl (meth)acrylate, isobornyl (meth)acryléte,
methoxylated cyclodecatoriene (meth)acrylate, 2-
hydroxyethyl (meth)acrylate, 2-hydroxypropyl
(meth)acrylate, 3-hydroxypropyl (meth)acrylate, 4-
hydroxybutyl (meth)acrylate, polyethylene glycol

15 mono(meth)acrylate, polypropylene glycol
mono(meth)acrylate, alkyloxypolyethylene glycol
mono(meth)acrylate, alkyloxypolypropylene glycol
mono(meth)acrylate, phenoxypolyethylene glycol
mono (meth)acrylate, phenoxypolypropylene glycol

20 mono(meth)acrylate, tetrahydrofurfuryl (meth)acrylate, 2-
hydroxy-3-phenoxypropyl (meth)acrylate, glycidyl
(meth)acrylate, céprolactone—modified tetrahydrofurfuryl
(meth)acrylate, 3-chloro-2-hydoxypropyl (meth)acrylate,
N,N-dimethylaminoethyl (meth)acrylate, N,N-

25 diethylaminoethyl (meth)acrylate, t-butylaminoethyl
(meth)acrylate, morpholine (meth)acrylate,

ethoxycarbonylmethyl (meth)acrylate, ethyleneoxide-



preferably contains (d) a (meth)acrylate having no 25 ethylenically

unsat urated double bond in its nolecul e. By using the (nmeth)acryl ate
havi ng no ethyl enically unsat urated double bond in its nolecule, the
vi scosity or - 14 - the curing
rate can easily be adjusted. The (meth)acryl ate having no
ethylenically unsat ur at ed doubl e bqﬂg inits nolecule, may, for
exanpl e, be (neth)acrylic aci d, nmethyl th)acrylate 5 ethyl

(meth)acrylate, _prop (neth)acryl ate, but (et h)acryl ate,
2- et hyl hexy! Pﬁé%ﬁ}&érQPEPéllFsé%ﬂmeEth)acEYﬁa@h?acewﬁ enepxibdecy!
(met h)acryl at e, acrylate, stearyl (neth)acrylate, phenyl
(neth)acrylat@°dEgEF§h§R9PlEﬁétﬂ?é% &FﬁFB)aclblaﬁ¢cyé¥b5%%?éﬂ?g hyl
Cycl otiocat or | LABEEIBERYLRFST atetratudtSopopyL JRe I SensisacaT at .
vt oxybutyi - ERSFRYER) PREETAYE 4803 Sxret SPLEr ERdsnd {EmeRLe) Scry ot e
P Aree i s BERTHAE s gy b el 1 1 1
phenoxypol yet pyi ggeyee¥6P! di (meth)acrylate, polypropylene glycol
di(meth)acrylate, polybutylene glycol di(meth)acrylate,
1,4-butanediol di(meth)acrylate, 1,6—hexanedioi
di (meth)acrylate, neopentyl glycol di(meth)acrylate,

10 trimethylolpropane tri(meth)acrylate, pentaerythritolh
tetra(meth)acrylate, dipentaerythritol
hexa(meth)acrylate, tris(meth)acryloyloxyethyl
isocyanurate, 2,2-bis(4-(meth)acryloxyphenyl)propane,
2,2-bis(4-(meth)acryloxyethquphenyl)propane, 2,2-bis(4-

15 (meth)acryloxydiethoxyphenyl)propane, 2,2-bis(4-
(meth)acryloxypropoxyphenyl)propane, 2,2-bis(4-
(meth)acryloxytetraethoxyphenyl)propane, epoxy acrylate
"Viscoat 540", (manufactured by Osaka Yuki Kagaku Kogyo

: K.K.), epoxy acrylate "Epoxy ester 3000M", (manufactured

20 by Kyoeisha Kagaku K.K.), polyester acrylate "Aronix M-
6100", (manufactured by Toa Gousei Chemical Industries
Co., Ltd.), or urethane acrylate "Aronix M-1100",
(manufactured by Toa Gousei Chemical Industries Co.,

Ltd.). These compounds may be used alone or in

25 combination as a mixture of two or more of them.

Among (meth)acrylate having no ethylenically

unsaturated double bond in its molecule, bisphenol A



nmono( et h) acryl ate, phenoxypol ypropyl ene glycol 20 nono(neth)acrylate,
tetrahydrofurfuryl (meth)acrylat-e, 2- hydr oxy- 3- phenoxypr opyl
(.met h)acryl ate, glycidyl (meth)acryl ate, caprol actone-nodified
tetrahydrof urfuryl (nmeth)acrylate, 3-chloro-2-hydoxypropyl
(meth)acryl ate, N, N-di met hyl am noet hyl (neth)acrylate, N N 25
di et hyl am noethyl (nmeth)acrylate, t-but yi@m_ noet hyl (met h) acryl at e,
ot hyl aneoxi das o Y e Al e, agi d (nE Ry actyl at e
et eneoxi de-_, . modi f i :
et hzl eneoxi de91i9lycidyl ethey leéE?ﬁNa‘EEYHaltﬁvtstiﬂ?ng%ll theth)aciylateet hyl
(meth)acrylate, Jtetrgfluaropro net cr e, 2:
hy?ro?ﬁ-?-(ne?E?éeiyﬁpéygiggyggérirKﬂﬁpﬁi?ﬁﬁﬁﬁﬁFgr1z25i7%§fﬁizgﬁgzgfxéate
. pol yet hyl ene cgl . :
e D LN e A

i (meth)acry : ) e 07 :
di(neth)acrylgtg?nﬂggpgﬁtyﬁhglycoﬁ dl%%e%é€§crylate, 10
trlnethylq%propaneohbbhaﬁEthsrxkahﬁeﬁpﬁeéfs£§%§gkiﬁ'ﬁ? amount of from

tetra(neth)acryl ate, "di pentaerythrito met h)acrylate,
tris(nmeth)acryl epl 98ypabrs by weigBEfYmOLé 3pLeferably from 20 to 95
2, 2-bi s(4- (et h) acryl oxyphenyl ) pr opane,
parts by weight, per 100 parts by weight of the sum of
components (a) and (d). If the amount is less than 5
parts by weight, the viscosity tends to be high, whereby
10 the operation efficiency will be low, or the cured .
product tends to be so hard that the bond strength will
be low. If it exceeds 95 parts by weight, the bond
strength or the water resistance is likely to be low.
‘'Further, to the primer used in the present invention,
‘15 the various paraffins may be incorporated to facilitate
curing of the part which is in contact with air. Such
paraffins include, for example, a paraffin,
microcrystalline wax, carnauba wax, bees wax, lanolin,
spermaceti, ceresin and candelilla wax. Among them, a
20 paraffin is preferred. The melting point of such
iparaffins is preferably frém 40 t6'100°c.
The paraffin is used preferably in an amount of from
0.1 to 5 parts by weight, per 100 parts by weight of the
sum of component (a) and component (d). If the amount is
25 less than 0.1 part by weight, curing of the part which is

in contact with air, tends to be poor, and if it exceeds

5 parts by weight, the bond sfrength tends to be low.



2, 2-bi s(4- (met h) acryl oxyet hoxyphenyl ) propane, 2,2-bis(4- 15
(meth)acryl oxydi et hoxyphenyl ) propane, 2, 2-bi s(4-
(et h) acryl oxypropoxyphenyl ) propane, 2, 2-bi s(4-

(et h) acryl oxyt et raet hoxyphenyl ) pr opane, epoxy acryl ate "Vi scoat
#540", (manufactured by GOsaka Yuki Kagaku Kogyo K.K'), epoxy acrylate
" Epoxy ester 3000M', (manufactured 20 g _Kyoei sha Kagaku K K.), polyester
acrylate "Aronix M 6100", (nanufaetured by Toa Gousei Chenica

| ndustries Co., Ltd.), or urethane acrylate "Aronix M 1100",
(manuf act ured by Mokt leeis of OCHiele (BT PosRsOf | HRpIRVing theLﬁ%pyagqhese
conpounds may be used alone or in 25  conbination as m xture of two or

nore of themstability, W%%&B%ﬁﬁ%*‘éhaﬁﬁﬁg Jlfﬂfjé%qﬁﬂ%rﬁ cally

d doubl b d I h
Emigtijrate oupl e bon Jn |,tslm,rg()_l eclhu')g“a'}g/I eno thﬁhﬁrﬂﬁ%’r%‘%ﬁ%

aparer 2 EZSqu%f WL qgaaﬁ%ﬁe';tm%@moﬂr Hdt e 1o, LB ™
LS LTS, ey PUBAEL s (ot e e atlapdr, o, Frount of from
Y?'?Eé aﬁgLnt Igﬂfgss fﬁ?Q%ﬂiﬁEtﬁylléuié%%nﬁﬁtylphenéiiﬁ“%%iﬁﬁbﬂf& and (d).
phosphite, phenothiazine and N-isopropyl-N'-phenyl-p-
phenylene diamine. Among them, hydroquinone
monomethylether is preferred.
10 The antioxidant is used preferably in an amount of
from 0.001 to 3 parts by weight, per 100 parts by weight
of thé sum of component (a) and component (d). If the
amount is less than 0.001 part by weight, no substantial
effects will be obtained, and if it exceeds 3 parts by
15 weight, the curing rate is likely to be low.
Further, for the purpose of adjusting the viscosity
or the fluidity, various synthétic rubbers such as
acrylonitrile-butadiene rubber (NBR), styrene-butadiene
rubber, chloroprene rubber and butadiene rubber,.
20 glastomer components such as natural rubber,
thermoplastic polymers such as a methyl methacrylate-
butadiene-styrene copolymer (MBS), a chlorosulfonated
polyethylene, polyurethane, a styrene-acrylbnitrile
copolymer, an acrylonitrile-styrene-butadiene copolymer,
25 polymethylmethacrylate and linear polyurethane, and fine
silica powder, may also be incorporated.

Furthermore, a known material such as a plasticizer,



parts by weight, the viscosity tends to be high, whereby 10 the operation

efficiency wll be low, or the cured product tends to be so hard that
the bond strength wll be low. If it exceeds 95 parts by weight, the
bond strength or the water resistance is likely to be |ow

Further, to the primer used in the present invention, 15 the various
paraffins may be incorporated to facilitate_ curing of the part which
is in contact with air. Such paraffins include, for exanple, a
paraffin, - m,crocrystal | i ne wax, carnauba wax, bees wax, |anolin,

spernaceti, c@ &dtheZmdacgRderingaaggnt REDAGTBRENPravenbingapgent nmay

Po 100[orr c 150 be' 1eR2pgraBer a8, thecaBRPaFRRRLFSS+ h an amount of from
0,110 5 Parts by iy 0 ;MG PULOLVELONL Bk e SUTSL
be poor. and LPUEpEioh Es0BE a"ApEH bBteing LPBRAAATLsIHRY Ot fongih tends:

to be | ow. articularly limited so long as it i31dh adhesive BHGLIRE’  for
t he purpoé% o? inprovingythe st orage d staﬁlllty, various an |0X|§ants,

etc. includi ngmath)acrplbyleadapi PR 188 RbiLEu180Y BEweveH, Tbeis
antioxidants -
preferred to incorporate a polymerization initiator and
an activator, and an elastomer component. As is |
different from the primer, the acrylic resin adhesive to
10 Dbe used in the present invention may not contain a
(meth)acrylate having an ethylenically unsaturated double
bond in its molecule.
The material for the metal plate to be used in the
present invention is not particularly limited, and it may
15 Dbe zinc, stainless steel, iron, galvanized sheet steel,
bonde, copper, aluminum or an alloy thereof. From the
viewpoint of the weather resistance or corrosion
- resistance, the surface of the metal plate is preferably
-zinc or stainless steel. When the surface of the metal
20 plate is zinc, economical efficiency is good, since the
material is inexpensive. Whereas, when the metal plate
is stainless steel, the appearance will be good.
The concrete to be used in the present invention, is
not particularly limited, so long as it is a cement
25 concrete prepared by mixing cemeﬁt, water, sand, gravel,
and if necessary, flyash or a blast furnace slag.

The metal plate-bonded concrete to be used in the



i ncl ude, for.

exanpl e, hydroqui none, hydroqui none 5 nononet hyl et her,

2,6-di-tert-butyl-p-cresol, 2,62 - net hyl ene -

bi s( 4- et hyl

and N-isopropyl -N -phenyl -p- phenyl ene di am ne. Anong them

hydr oqui none

100 parts by

nmononet hyl ether is preferred. 10 The anti oxi dant
used preferably in an anount of flqg%g 001 to 3 parts by weight, per
C

wei ght of the sum of onent (a) and conponent (d).

t he anount is |less than 0.001 gart by wei ght, no substanti al

effects w |l
curing rate i

be | ow.
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a known material such as a plasticlzer,
of the concrete surface having the primer impregnated and

cured and the metal plate surface, whereupon the concrete
and the metal plate are bonded and cured to obtain a
metal plate-bonded concrete. In a case where the priﬁer
is not impregnated into the concrete surface, the bond
strength or the water resistance tends to be low, such
being undesirable.

Coating of the primer composition and the acrylic
resin adhesive used in the present invention; is carried
out in the same manner as usual coating of a coating
material, for example,.by spray coating or brush coating.

As a practical embodiment for preparation of the
primer used in the present invention, a method may, for
example, be mentioned, wherein a one pack type primer
storing all components essential to the primer except for
the polymerization initiator and the activator, is
prepared, and the polymerization initiator and the
activator are added immediately prior to using the
primer. As another embodiment, it may be used in the
form of a two pack type primer. In the case of the two

pack type, all components essential to the primer used in



- 18 - afiller, a coloring agent or a rust-preventing agent may

al so be incorporated, as the case requires. The acrylic resin
adhesive to be used in the present . invention is of a cold setting
type and i s not 5 particularly limted so long as it is an adhesive

havi ng (nmeth)acryloyl group in its nolecule. However, it is
preferred to incorporate a polynerlzatlogblnltlator and an activator,
and an el astomer conponent. As is different fromthe primer, the
acrylic resin- adheS|ve to, 10 be used in the present invention nay not
contain a the pzefpnt: JPNEBLAQD A§eanott MiKedi ar| storagewr aNamedyubl e

bond inits material for the netal ,plate to _be used

in the g&bgeﬁleﬁGeﬂflGHel§EH851§§rFFGBFaFP?PPFHF%@B 1§ng1Vﬁ fdy 15

b i , | d

oo 2, taltlage siatle 580 ISD COAUCTIGRIRE apa g oIS, COPP-
oS o oaCReEGRson ESBAALERCES |AECEUELAERIOLE IR ALLPI 2 e

preferably I'nc or stainless’s suar taI 20

plate is z ncyiggeROEhA2knef Lbewae?s ?sgﬂ?gorﬁbPE@e&hfo the SBE {xhal 'S

I nexpensi ve. Whéreas, when the neta IS stalnless t he
appear ance W hhqﬁQdQOQS that they IPQ 5@?§£’§E8190596rééed Tﬁet{]@opg‘séﬁm

i nvention, is not particularly Iim long as it 1Is
concrete prepaypé by prefegre@nEpbm théeviewpdintJb68VEhe excellent
storage stability. 1In this case, the two liquids may be
. used as a two pack type primer by simultaneously or

10 separately coating them for contact and curing.

As practical embodiments of the acrylic resin
adhesive to be used in the present invention, embodiments
similar to the primer used in the present invention, may,
for example, be mentioned.

15 Now, the present invention will be described in
further detail with reference to Examples. However, it
should be understood that the present invention is by no
means restricted to such specific Examples.

As test specimens, mortar épecimens prepared in‘a
size of 4 cm x 4 cm x 16 cm in accordance with JIS R 5201
and metal plates of 0.4 mm in thickness x 4 cm in width
x 16 cm in length, were used.

Using commercial products, the respective components
as identified in Tables 1 to 3 were mixed, to prepare
primers and acrylic resin adhesives. Further, the
following types of epoxy resin adhesives and metal plates

were used.



and if necessary, flyash or a blast furnace sl ag. The neta
pl at e- bonded concrete to be used in the

- 19 - present invention can be prepared as follows. A priner
conprising conponents (a), (b) and (c), and optionally conponent (d),
I's prepared. The priner is coated uniformy in a thickness of from
0.01 to 1 mmon the 5 concrete surfa_ge2 and i npregnated and cured. Then,
t he acrylic resin adhesive is uniformy coated on one or both
of the concrete surface having the prinmer inpregnated and cured and
the netal plate surface, whereupon the concrete and the netal plate
are bonded and cured to obtain a 10 netal plate-bonded concrete. 1In a
case where theTgPigel is not inpregnated into the concrete surface,
t he bond strength]Jor the water reslstgnce tenads 1o DE T oW, ch
bei ng undesi r apl e. Coating of the {rComposbtponi Examprasd | he
acrylic 15 repin adhesjgempsgents the presquiinvention is carrjed
out in the sa manner fs usual coating of g coaling mat grial} for
exanpl e, by spfay coati pg or brush coating. 1 27 IaS a p?a(tiscai
enbodi nent forfpreEparat[om o t1e prgr—ospad-Ttirerpregent
i nventi on, anﬁ%?ﬁg?%hy Component (ahnple, He neftiorfed, hhergin ﬂ one pack
type priner ' Dicyclopentenyloxy- 1l 5] 45| 80} 95
(unit: ethyl methacrylate
‘|parts b
seight)y Component (b)
Cumene 2 2 2 2 2
hydroperoxide

Component (c)

Cobalt octylate 1l 1 1 1 1l
N,N-dimethyl-p- 1 1 1 1 1
toluidine

Component (d)

2-Hydroxyethyl 9 9 5 2 1
methacrylate

Bisphenol A 90] 86] 50| 18 4

diglycidyl ether
diacrylate




storing all conponents essential to the primer except for t he

polyneri zation initiator and the activator, is prepared, and the

pol ynmeri zation initiator and the activator are added i nmredi ately prior
to using the 25 priner. As another enbodinent, it nmay be used in the
formof a two pack type prinmer. In the case of the two pack type, al
conponents essential to the prinmer used,i,n_ _

- 20 - the present invention are ndf" m xed for storage. Nanely,

the prinmer or the adhesive agent conposition is divided into a first
liquid and a second liquid, and a pol ynerization initiator is

I ncorporated to the first 51iquid and the activator is incorporated to
t he second Tableu?d, so that they are separately stored. The two pack

type is preferjred fromjfhe viewpolnt of the;excellent Stor ag

stability. Injthis case, the two |iquids mayCompositione@xampdelsWp pack

type prinmer by sinulta ohedts 10 separ coating themforlcontact

and curi ng. Al practical enbodi nenjs_of €| agr ' [
Tent
Ul

adhesive to bqd used in fhe present inventiow,serb di ilar to

the primer usg PO L CSenT TIIVENTT O, TTaY, e
nent i oned. 1EEiEE E%ﬁmQRHRQQﬂﬂﬁuﬁilinvent on Jill pe dé¢scriped {n

: ’Dicyclopentenyloxy— 100
(unit: ethyl methacrylate

parts by |TE-2000 1l 5] 50] 80
weight)

Component (b)
Cumene 2 2 2 2 2
hydroperoxide

Component (c)
Cobalt octylate 1
Vanadyl 3 3 3 3
acetylacetonate
N,N-dimethyl-p- 1
toluidine

Component (d4)
2-Hydroxyethyl 591 571 30} 12

methacrylate
Methyl methacrylate 40| 38} 20 8




further detail with reference to Exanpl es. However, it shoul d be

understood that the present invention is by no nmeans restricted to
such specific Exanpl es. As test specinmens, nortar specinmens
prepared in a size of 4 cmx 4 cmx 16 cmin accordance with JIS R
5201 and netal plates of 0.4 mMmin thickness x 4 cmin width X 16
cmin length, were used. Usi ng,gonmerci al products, the respective
conmponent s as identified in Tabl es fo 3 were mixed, to prepare
prinmers and acrylic resin adhesives. Further, the follomdng types of
epoxy resin adhesives and netal plates wer e used.

- 21 - Table 1 Conposi tion Exanpl es
Conponent s Table 3 1 2 3 4 5 Conposi-
Conmponent (a) [tron DI Cycl opent enyT oxy- T ¥ 45 38U 95 (umry:

ethyl nmethacryl ate partp by Conponent (b) Cunesfiposition 2
2 2 2 2 nydr oper oxi de Cbnﬁoneg&aﬁ les

Cobal t octyl atje 1} Coripondnts 1 1 N- di ne F-p- 1

1 1 1 1 [ ol ui di ne

11 12 | 13 ] 14

Composi- | component (a)

tion Dicyclopentenyloxyethyl
(unit: methacrylate

parts by [Dicyclopentenyloxyethyl _ 45
weight) |acrylate
TE-2000 95
TEAI-1000 50

Component (b)
Cumene hydroperoxide 2 2 2 2

Component (¢)
Cobalt octylate 1
Vanadyl acetylacetonate 3 3
Ethylene thiourea 3
N,N-dimethyl-p-toluidine 1l

Component (d)
2-Hydroxyethyl 3 5] 30f 30
methacrylate '
Methyl methacrylate 2 20] 66
Bisphenol A diglycidyl 50 4
ether diacrylate

Other :
NBR (nitrile content: 15%) 18




Conponent (d) 2- Hydr oxyet hyl 9 9 5 2 1

met hacryl ate Bi sphenol A 90 86 50 18 4

di gl yci dyl ether di acryl ate _ - 22 -
Table 2 Conposi ti on Exanpl es _
Conponent s 6 7 8 9 10 Conposi -
Conponent (a) tion Di cycl opent enyl_ox%d _100 (unit: ethyl nethacrylate
parts by TE-2000 : 1 50 80 weight)

Conmponent (b) - . Cunmene : 2 2 2 2 2

hydr oper oxi deMaterials usgdyonent (c) Cobalt octyl ate 1
Vanadyl acetyl acetonate

. 3 3, ,
N, N- di met hyl - p- Bisphenol A d§91¥81‘~9¥£€h’@er dimethacrglat@ent (d)

57 30. 1 ate

2- Hydr oxyet hyl, ster 3(00M, manufactured by Kyégigﬁgrgggaku K.K.
met hacry P& & 3gManiet

Met hyl

TE-2000: both terminal methacryl-modified liquid
5 poiybutadiene, manufactured by Nippon Soda Co., Ltd.
TEAI-1000: both terminal methacryl-modified liquid
partially hydrogenated polybutadiene, manufactured by
Nippon Soda Co., Ltd.
NBR: commercially available acrylonitrile-butadiene
10 rubber (nitrile content: 15%) .
Epoxy l: epoxy resin adhesive (Bond E810,
manufactured by Konishi K.K.)
Epoxy 2: epoxy resin adhesive (Bond E2500,
manufactured by Konishi K.K.)
15 Epoxy 3: epoxy resin adhesive (FP-NS, manufactured by
Tonen K.K.) |
Epoxy 4: epoxy resin adhesive (FR-E3P, manufactured
by Tonen K.K.)
| Bonde: commercially available electro galvanized
20 steel plate
Galvanized sheet steel: commercially available hot
dip zinc-plated steel plate
Iron: commercially available cold rolled steel (SPCC
DD of JIS G 3141)
25 Stainless steel: commercially available cold rolled
stainless steel plate (SUS 304 of JIS G 4305)

EXAMPLES 1 to 24 and COMPARATIVE EXAMPLES 1 to 5



- 23 - Table 3 Conposi tion

Conponent s Exanpl es

11 12 13 14 Conposi- Conponent (a) tion Di cycl opent enyl oxyet hyl
(unit: nmet hacryl ate parts by D cycl opent enyl oxyet hyl 45
wei ght) acrylate TE- 2000 95

TEAI - 1000 _ ?% _ Conmponent (b)
Cunene hydr oper oxi de 2 Conmponent (c)
Cobalt octyl ate Vanadyl acety|acetonate
3 3 The m;*megggft¢aqnuqﬁiExamples and Comparative 3

N, N- di net hyl - p-t ol ui di ne Conponent, (d)

2- Hydr oxyet h xamples shown in grablg;s %9 tqg(p, was coateégtity@ yl ate

Met hyl net hacr 20 BISphenO| A
di gl yci dyl R nessaf ab°ut L 4 mm on the A iSReGAMEr: by brush

A GRa e d daft €8 tlna g% semperatiuge, Qf TG nder

di”Ethacrgleuélhumldlty of 65% for 5 hours for impregnation and
) curing. Then, the acrylic resin adhesive as identified
in Tables 4 to 9 was coated in a thickness of about 0.2
mm on the metal plate by brush coating, and the metal
plate was bonded to.the surface of the mortar.specimen
10 having the primer impregnated and cured, followed by ‘
curing to obtain a test specimen of a metal plate-bonded
concrete.
With respect to this metal plate-bonded concrete, the
four-point bending strength in an ordinary state and the
15 four-point bending strength after a warm water resistance
test, were measured. The four-point bending strength was
measured at a load rafe of 5 kgf/sec in accordance with
the method for measuring bond strength prescribed in JIS
R 6024, 4.8. However, for the measurement of the four-
20 point bending strength, the test specimen of a metal-
plate-bonded concrete was placed so that the metal plate
side was located below, and the metal plate was in
contact with the supporting table of the testing machine
for measuring the bend strength.  In the case of the
25 | normal state, the metal plate-bonded concrete was aged at
a temperature of 20°C'undér relative humidity of 65% for

one week, whereupon the four-point bending strength was



Epoxyest er 3000M nanufactured by Kyoei sha Kagaku K. K. TE- 2000:
both term nal nethacryl-nodified Iiquid 5 pol ybut adi ene, manufactured by

Ni ppon Soda Co., Ltd. TEAI - 1000: both term nal methacryl-nodified
l'iquid partially hydrogenated pol ybut adi ene, nmanufactured by

Ni ppon Soda Co., Ltd. NBR: commercial ly avail abl e
acrylonitrile-butadiene 10 rubber (n|5rlle content: 15% Epoxy
1: epoxy resin adhesive (Bond E810, nanufactured by Koni shi K K.)
Epoxy 2: epoxy resin_adhesive (Bond E2500, manuf act ured by Koni shi

K/K) 15  meaguxgda: d;aﬁ (AR ofiHhe megsrrementma ek tthe wvangn

Tonen K K.) %P . epoxy resin adhesive (FR-E3P, manufactured
by Tonen K. K Yater res S'E%‘?ﬁfe %ﬁmﬁ-’r’%ﬁ Metalapliatasihonded qangratani zed
20 steel plate anlzed sﬁfet st eel éfnnerC|alk¥ avai | abl e hot
di p zinc-pl at'&®f s’tng‘é?rﬁﬁ%t’e“ Of 13PeESkahl e col d

Ezglnlnee(rjc?;??; ava%a%cfe l¥%Ddégr oﬁ] p%dl'%t:‘;:It’élejr}qngﬁIsetsrsensgc%‘ a:wr%ﬁess SSE’%%Ld304 of
JIS G 4303) rhe feiMidark s HELCIPARME FVVRES thd Ui e

for the four-point bending strength was kg/cm?.

Table 4

Examples

Components
1 2 3 4 5

Evalua- |Primer 1 2 3 4 5
tion (Composition
Example)
Adhesive 14 14 14 14 14
(Composition
Example)

Type of metal Bonde | Bonde | Bonde | Bonde | Bonde
plate

Four-point bending | 213] 221} 232| 224] 214
strength (ordinary
state)

Four-point bending | '206} 215]| 230| 216] 207
strength (after
warm water
resistance test)

Note: Unit of four-point bending strength: kgf/cmi



- 25 - The prinmer of each of Exanpl es and Conparative

Exanpl es shown in Tables 4 to 9, was coated in a t hi ckness of about

Q.3 nmmon the nortar speci men by brush coating and left to stand at a

tenperature of 23[err] C under 5 a humdity of 65%for 5 hours for

| mpregnati on and curing. Then, the acrylic resin adhesive as
.identified in Tables 4 to 9 was co%ted in a thickness of about 0.2

mmon the metal plate by brush coating, dnd the net al pl ate was bonded

to the surface of the nortar specinen 10 having the prinmer inpregnated
and cured, folTabded Soy curing to obtain a test specinmen of a netal
pl at e- bonded concrjet e. WIih [eSpect to tnis netal
pl at e- bonded g¢oncrete, |the f our - poi nt { bendi ng sE*@%Blﬁsln an ordilnary
state and the} 15 foujConponendisdi ng St r e pgt-h—ait-er W= =0,
resi stance test, re neasured. The fpurg pgdi ny b=n@|u s§renogihy Yas
measured at a}lload rat of 5 kaf/sec in actordarce w t hel net h¢d for
measuri ng bontEeh1eagtrpﬁﬁQ§eribed in JIS P 602# 4.3. Fbwpver104or
I

t he nmeasureneptioh t he |f(Composi@iopmoi nt bepdi ng |strenpth, flhe test sp¢ci nen
of a netal - pl at e{Bxacpdeqoncrete was|pl acqd so f[hat tthe nefal plate
si de was | ocafjed bel ow|Adhestive netal platg wagdlin 14 tant adt4 pi thdfhe
supporting taple of thg(Cemposgtdanhi ne forl measpring|the bend
strength. In {he case (Example

Type of metal Bonde | Bonde | Bonde | Bonde | Bonde
plate

Four-point bending 201 252 263} 272]| 261
strength (ordinary .

state)
Four-point bending 194} 249} 257| 270 255
strength (after
warm water _
resistance test)

Note: Unit of four-point bending strength: kgf/cﬁiﬁ

Table 6
Examples
Components
11 12 13 14 15

Evalua- |Primer 11 12 13 3 9
tion (Composition

Example)

Adhesive 14 14 14 14 14

(Composition

Example) _

Type of metal Bonde | Bonde | Bonde | Galva- | Galva-

plate nized | nized

sheet | sheet
steel | steel

Four-point 250 227 271 223 269
bending strength
(ordinary state)
Four-point 247 216} 265 217 266
bending strength

(after warm water
resistance test)

Note: Unit of four-point bending strength: kgf/crﬁ5



25 ‘normal state, the metal plate-bonded concrete was aged at S a

tenpérature of 20[err]C under relative humdity of 65% for one week,
wher eupon the four-point bending strength was

- 26 - measured. In the case of the measurenment after the warm

wat er resistance test, the netal plate-bonded concrete was i mrersed in

a warmwater of 60[err]C for one week,_ Whereupon the four-point bending
strength was nmeasured. 5 The results a%‘se al so shown in Tables 4 to 9.

The unit for the four-point bending strength was kg/cn®. Tabl e
4 Table 7 Exanpl es
Conponent s 1 2 3 4 5
Eval ua- Primgr 1 2 3 4  Bxamples on
(Conposi tion Comppngmntise) Atrest-ve 14
14 14 14 | 14 (Conposit|one | 17 18
Type of netal Rordde Ronde Bande BonHe Bodde
Four - poi nt bepBvajua-21Pridetr 232 224 pl4 3 9 3
(ordinary tion (Compesition FQur - poj nt be 215
230 216 207 Exampdedengt h (aftpr
resi stance tegt) Adhesive 141 14 14
- (Composition
Example)
Type of metal Iron | Iron |Stain-|Stain-|gonde
plate less | 1less
steel | steel
Four-point 2191 258 231 273| 209
bending strength
(ordinary state)
Four-point 217| 254 228 271] 202
bending strength
(after warm water
resistance test)

Note: Unit of four-point bending strength: kgf/éﬁi

Table 8

Examples

Components
21 22 23 24

Evalua- |Primer - 9 3 9 14
tion (Composition
Example)
Adhesive 3 9 9 14]-
(Composition
Example)

Type of metal Bonde | Bonde | Bonde | Bonde
plate

Four-point bending 239 2171 251 84
strength (ordinary
state)

Four-point bending 236 214] 247 62
strength (after
warm water
resistance test)

Note: Unit of four-point bending strength: kgf/cmi-




Note: Unit of four-point bending strength: kgf/cnferr]

- 27°- Table 5 Exanpl es
Conponent s 6 7 8 9 10
Eval ua- Priner 6 7 8 9 10 tion
(Conposi tion Exanpl e) Adhesi ve 14 14
14 14 14 (Conposition _ _ Exanpl e) Type of
nmet al Bonde Bonde Bonde Bonde Bon&g pl at e
Four - poi nt bendi ng 201 252 263 272 261 strength (ordinary
stat e) Tableo8r-point bending 194 249 257 270 255
strength (aftpr war m wat er resistance test)] Note:. JUnit
of four-point|bending $trength: kgf/cn2 | Tabfemparative Examples
Exanpl es ConpGompogents 43 4 13
14 15 Evajua- Prifer 111 |2 2 13 3 3 4 g tijon
(Conposi tion Exanpl e) Adheki ve 15 14 14
14 14 Evalud-Cofiposmét on Rianpkpoxy | Epoxy | NIYPp N¥f1 et al
Bonde Bonde Bptiten Gal vp{C&apoaition pl at g1 3
nized nized : Example) sheet] shedt
steel steel Adhespvent N230] Epexy |Epoky | 2238| 269
: (Composition 2 4
Example)
Type of metal Nil | Bonde | Bonde |Bonde |Bonde
plate
Four-point 60 180 173} 101} 137
bending strength .
(ordinary state)
Four-point 62 70 68 79 93
bending strength
(after warm water
resistance test)

Note: Unit of four-point bending strength: kgf/cﬁ5

According to the present invention, it is possible to
obtain a metal plate-bonded concrete which has high bond
strength between dissimilar materials such as a metal
plate and a concrete and which has water resistance
whéreby the bond strength will not be lowered even by

5 moisture such as humidity. Accordingly, the bonding
method for the metal plate-bonded concrete of the present
invention is practically useful for reinforcing a

concrete, and its effect is significant.



bendi ng strength (ordinary state) Four - poi nt

247 '216 265 217 266 bendi ng strength (after warm
wat er resi stance test) Note: Unit of four-point bending strength:
kgf/cnferr] _ - 28 - Table 7

Exanpl es Conmponent s 16 17 18
19 20 Evalua- Priner 303 9 3 9 3 tion
(Conposi tion Exanpl e) Adhesi ve 14 14

14 14 (Conposi tion Exanpl e) Type of
met al IrGhAImsbn Stai n- Stain- Bonde pl ate

| ess | ess steel steel

Four-point 1« A metal piate-bgadedrggnecpghe which compgigefgastrengt h
ordinary state . _Four-poin . 217 54 228 , 271 202
éendlng Ztrenﬁ?%crete haV1nga}£§rs“é£ﬂ?%6}@pregnated Wl?%s?s?%ﬁ%%rtest)

E§;§p|§2't 0fc£8§£1€§%€ ﬂgﬁtg Pﬂeéﬁfgggyfatgghégflerr ethyféQﬁgal%g 23

éﬁangrgguﬁg Eﬁéggﬁiéﬁed double bond®%n 1@% mof%Fufébt{924§ (Conposi tion
pqumerizatlon initiator and (c) an activator, and a
metal plate bonded to the concrete surface by an acrylic
resin adhesive.
2. The metal plate-bonded concrete according to Claim 1,
10 wherein the (meth)acrylate (a) in the primer is a ‘
(meth)acrylate having an ethylenically unsaturated double
bond which is not adjacent to a carbonyl group in its
molecule.
3. The metal plate-bonded concrete according to Claim 1,
15 wherein the (meth)acrylate (a) in the primer is a
monofunctional (meth)écrylate having an ethylenically
unsaturated double bond in its.molecule.
4. The metal plate-bonded concrete according to Claim 1,
wherein the (meth)acrylate (a) in the primer is a |
20 polyfunctional (meth)acrylate having an ethylenically
unsaturated double bond in its molecule.
5. The metal plate-bonded concrete according to any one
of Claims 1 to 4, wherein the activator (c¢) in the primer
contains a metal salt of an organic acid and/or a metal
25 organic chelate compound.
6. The metal plate-bonded concrete according to any one

of Claims 1 to 5, wherein the primer contains (d) a

* c L M S *



( Conposi tion Exanpl e) Type of netal Bonde Bonde
Bonde Bonde pl at e Four - poi nt bendi ng 239 217 251
84 strength (ordinary state) Four - poi nt
bendi ng 236 214 247 62 strength (after war m wat e
resi stance test) Note: Unit of four-point bending strength: kgf/cnferr]
- 29 - Tabl e 9 - 3] - Conparative
Exanpl es Conponent s - - N'Il N'I2
- - X i i
?ion 4 (Cbﬁﬁ%%F??%¥?§fgte £g${§§_no et@ylenicgﬁly u&gg%ggggg%)double
Adhesi ve SN, E (00 3 9 (Conposi tion
2 4 bond in lE&dﬁ%ﬁ%SE? ad Type of netal Ni | Bonde

Bonde Bonde

state)

bendi ng strength

nde

of ClaimEOL eH% Niyherein the Furfad® of & mdthal é’f}at
(é?t ter r

er warm wa

test) sNot 85 hidé &Ff Dk, poi nt bending strength: kgf/cnferr]

According to the present invention, it is possible to obtain a netal

slistance

pl at e- bonded @oncTRé em@bal hplate+rbehdé@ Eoncret&tdCE@Edi gt ¥ eangisse m | ar
materi als such as a netal

10

15

20

of Claims 1 to 6, wherein the surface of the metal plate
is made of stainless steel.

9. A method for bondiﬁg a metal plate and a concrete,
which comprises impregnating a concrete surface with a
primer comprising (a) a (meth)ac;ylate having an
ethylenically unsaturated double bond in its molecule,
(b) a polymerization initiator and (c¢) an activator, and
then bonding a metal plate to the concrete surface by an
acrylic resin adhesive.

10. A primer which comprises (a) a (meth)acrylate having
an ethylenically unsaturated double bond in its molecule,
(b) a polymerization initiator and (¢) an activator, and
which is impregnated into a concrete surface prior to
bonding a metal plate to the concrete surface by an -

acrylic resin adhesive.

TN 0 A m |

r

Four - poj nt 60
180 173 10%1° 1§9e metal platep$%%§%§n%o%?¥%%%t%cc09&1n8 to any(%?ﬁinary



plate and a concrete and which has water resistance wher eby the bond

strength will not be lowered even by 5 noisture such as humdity.

Accordi ngly, the bonding nmet hod for the netal plate-bonded concrete of

t he present invention is practically useful for reinforcing a

concrete, and its effect is significant.

- 30 - CLAI V5. 1. A netal pLa@§;Qonded concrete which conpri-ses a
concrete having its surface inpregnated ™ Wwth a primer conprising (a) a

(neth)acrylaigéggggqg an ethylenically 5 unsaturated double bond in its
nol ecul e, (b) polynerization initiator and (c) an activator and a

adhesi ve. 2 AL RIERr RS aSh i erte arafdh leptrists B aim 1, 10
havi ng. an o ﬁ#?en. 266 A nd U Dol Y P dning, vt & SRR 2 acent
E:gngr g?rebggglﬁ%{li ng toﬂ% f’f’m 1, (melt{gpi %tne tmaev%t%{l:ec@%neip%fi ﬁo?ﬂgd '
prinmer issa unsat®réfedcdduBid HOWI MGied s d@amdg @) o hyl enically
pqumerization initiator and (c) an activator, and a
metal plate bonded to'the céncrete surface by an acrylic

resin adhesive.

THIS SHEET HAS BEEN
REPLACED

Sheet Has Been Replaced

T i llI\



unséturateg double bond in its nolecule. 4. The netal plate-bonded
concrete cording to Claimi1, wherein the (nmeth)acrylate (a) in the
pringr is a 20 polyfunctional (neth)acrylate havi ng an et hylenically
unsat urated doubl e bond in its nolecul e. 5. The metal pl at.e-bonded
concrete according to any one of Claims 1 to 4, wherein the activator
(c) in the priner contains a netal salt of an organic acid and/or a
nmetal 25 organic chel ate conpound. 6. The netal plate-bonded
concrete according to any one of Claims 1 to 5, wherein the priner
contains (d) a - 31 -

(meth)acryl ate having no ethylenically unsaturated doubl e bond in its
nol ecul e. 7. The netal plate-bondeg—concrete according to any one

of Clains 1 to 6, wherein the surface of tMB%ﬁEEMENPBﬂEPT 5 is made of

zi nc. 8. The netal pl ate-bonded congr tg any one of
Clains 1 to 6, wherein the surface of th gaLJﬁéqﬁs I s made of
stai nl ess steel. 9. A nethod for bondi n t 7plate and a concrete,
10 which conprises inpregnating a concrletle-~surface with 4 pri mer
conprising (a) a (meth)acrylate having gn

-] -

METAL PLATE-BONDED CONCRETE AND METHOD FOR BONDING A

METAL PLATE AND A CONCRETE
The present invention relates to a metél plate-bonded
concrete which is a structure reinforced by bonding a
metal plate to a concrete.
For the purpose of reinforcing a concrete structure,
a method is used which comprises attaching a reinforcing
member such as a steel material to a concrete anew. |
Particularly, a reinforcing method is used which
comprises bonding a metal plate to a concrete. 1In this
case, it is important that the strength of the metal
. plate-bonded concrete is high. As the reinforcing
method, there may be mentioned (1) a process which
comprises attaching a steel plate as a reinforcing member
to a floor plate, a beam, a bent or a handrail and
unifying them by means of an adhesive (steel plate
bonding reinforcing process), or (2) a process which
comprises attaching a steel beam,a§5a reinforcing member
to a floor plate and unifying them by means of an

adhesive (beém—adding reinforcing process) [Industrial



eth?lenically unsat urated double bond in its nol ecul e, (b) a

pol ymeri-zation initiator and (c) an -activator, and then bonding a
net'al plate to the concrete surface by an 15 acrylic resin adhesive.
10. A priner which conprises (a) a (nmeth)acrylate having an
ethylenically unsaturated double bond in its nol ecul e, (b) a

pol ymeri zation initiator and (c) an activator,  and which is

I npr egnat eABSTRACT conhcrete surface. prfo32to 20 bonding a rret al pI ate to

t he concr eiMETAL fRIGT ONDED CONTRERNE ANDE h v/
AND A conc%glr ﬁE@HaB #8% Sonn1ng A ME'I'AL PLATE

A metal plate—bonded concrete which comprises a
concrete having its surface impregnated with a primer
comprising (a) a (meth)acrylate having an ethylenically

5 unsaturated doubie bond in its molecule, (b) a
polymerization initiator and (c¢) an activator, and a
metal plate bonded to the concrete surface by an acrylic

resin adhesive.
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