Conposites and Methods for Providing Metal Clad Articles and Articles
Produced Thereby FIELD OF THE I NVENTION This invention relates to .
conposites for providing netal clad articles of thernosetting resin, ’
met hods” @f nmeking the netal clad articles and nmetal clad articles‘so .
produ_c@; 5 BACKGROUND CF THE | NVENTI ON Fi bre reinforced mcqgﬁg@ (ERP)

| afT nat especi ally those based on thernosetting resins such as 4
unsat urated pol yesters, vinyl esters, epoxides, phenolics, furans.and 10 :§ ™
silicones have found wide use in industry. By correct choice of resin type !
and reinforcenent the | am nates can be used in the production of pipes, i
ducts, tanks, vessels for chem cal plants, cladding and decorative panels

for building, containers, tanks and pipes for potable |liquids and food- 15
stuffs, boats, cars and commercial vehicles, railway coathes, and nmany

ot her applications. 2 However there are sonme aggressive environments

that attack sonme or all the resin Tatrices that are used. This di sadvant age

has been overcone in sonme instances by the use of thernoplastics such as

rigid polyvinyl chloride, poly- 5 propyl ene or fluorinated

et hyl ene/ propyl ene copol yners as facings to the |amnate. Even so there

are applicationg where Jvet S ag _aluo ni L. stginless steel perform
better than FRP‘Z&EBE £e aéﬁd h T Brdvidin eal _

Clad Articles and Articles Produced Thereby

s

FIELD OF THE INVENTION

This invention relates to composites for providing
metal clad articles of thermosetting resin, methods of
making the metal clad articles and metal clad articles so

produced.

BACKGROUND OF THE INVENTION

Fibré reinforced pléstics (FRP) laminates especially

\‘/i - those,based on thermnsefting resins such as unsaturated
polyesters, vinyl esters, epoxides, phenolics, furans and

10 = silicones have found wide usSe in industry. By correct
choice of resin type and =zeinforcement the laminates can
be used in the production of pipes, ducts, tgnkﬁ,'bessels for
chemical plants, cladding and decorative panels‘for building,
-containers, tanks and pipes for potable liduids and food-

i5 stuffs, boats, cars and commercial vehicles, raiiwéy coacheé;

and many other applicationéi ' - o ¥



®

where the lightness and | oad bearing properties of FRP would 10 be an
advantage. Very thin sheets of netals (e.g. stainless steel) down to about
0.908cm thi ck are now avail abl e and many applications can be foreseen xire
a material-of this type with a FRP .15 . backing could be used, —nane
decorative netal faced building panels, netal faced sectional water twank®;
met al ~l inned pipes, ducts and tanks and netal faced conponents for the
_tradggprt industry. .Unfortunately, littlg of Jo adhesion can be obtai ned
bet ween st ai nl ess steel and thernosetting resins such as 20 standard
unsat urated pol yesters and vinyl esters even with careful preparation of
the stainless steel surface. |t has been stated that sone resins such as

epoxi des or pol yur et hangswavér Sthérd ¥l Nbnie) dgprd $6 1L ThvikBRhents that
(B. P. 2,061, 834) but these suffer from other di sadvantages such as cost

\(Aﬁpméi des)l I25.' aftackoseme; o¥ ekl the | xesin makxice &neo Y89 AHLBy
. t . . | .
' ch excellen a@l%i\k}ﬁ?gﬁ&ge bﬁaQ%ééxP%ﬁé&@é N R déeﬁrﬁe%‘ 1{&%&*&3 By the us

t hernosetting resins re not generally consi as berng capal
bondi ng to 30 ofetthermoplasti SNty €3 digid haAyislylAchdodiide,t poljre

of " ther mb- SRt 11 n@HORTLRBGHPERE LONFIRRe | SHIRLRRE/ EFREXLERg SoPRTHFsy 8P
of adhesive materifgic18gst b6 ERe A ahBCatl), 2 Ever 46 thére -drte dppidcations

adhesive material, an uncured curable thernosetting resin, the |layer of

adhesi ve vhere metals such .as aluminium or stainless steel perform -
L better than FRP or FRP with a thermoplastic facing but
\\/: where the lightness and load bearing properties of FRP would
10 be an advantage. — - - - - | | '

_ Very thin sheets of metals (e.g. stainless steel) down to
-gbout.0,008cm thick. are now available and many epplications
can be foreseen where a material of this type with a FRP

.15 bécking could be used, namely decorative metal faced building
panelé, metal faced sectional water tanks, metal lined pipes,
ducts and tanks and metal faced components for the tramsport

industry. Unfortunately,little or no adhesion can be obtained
- between stainless steel and thermosetting resins such as
' \J 20 standard unsaturated pdlyester's and vin§'1 esters even with
' ' careful preparation of the stainless steel surface. It has
been stated that some fesins such as epoxides or polyurethanes
‘are self bonding on:to stainless steel (B.P.2,061,834) but
these suffer from other disadvantages such as cost - (epoxides)
25 and low stiffness (polyurethénes). o

.~ We have found a way by which excellent adhesion can be
_ obtained between a metal and those thermosetting resins which
are not generally considered as being capable of bonding to
30 metal.



materi al consisting essentially of a fully precured thernosetting or a
t hernopl astics material and being capabl e of adhesion to the netal facing
yB~the 10 thernosetting resin at |east upon.curing of said resin to »
gn\'adhesi ve bond with both the netal. faciig and the cured:curabl e
pSetting resin, the said bond having a | ap shear strength of &t |east
5 MPa. On subjecting the-conposite to a curing operation, 15 a netal cf&ad
article in accordance with the ipvgntion is provided in whjch the netah*ﬁg

facing is efficiently and easily bound to the thernoset resin by the

adhesi ve. AﬂﬂﬂﬁﬁﬁﬂEggﬂﬂngﬂz§E$¥éﬁnvention i ncl udes the steps of applying
to a nmetal facing a layer ﬁon | stjn Q'esigntially of,thﬁrnnsetting or
thernopl astics adifSSETe #al8 t2F YRR 0 "5HRET RF I EHe@net al faci ng,
bondi ng t heSABRBItR £OToPrankding & matali gladoarwmicimefl thegmay, which
bondi ngI i sbeééhﬁﬁged.—,esmesmibn @dﬁmem% icghdas a &n&lanheg&ma%ast i rc]s

materi al , t] .1 he - plastic erjal an when t he

adhesi ve nat% elelgldﬁgdgggﬁ{e'gn%’gs% It'jl'z"‘l“r:)lg or?a’?'rgrei g‘F,@%yE%%‘ﬂ%/ aé‘&ri ng the -

t her nosebt i idranerthgl laveyi of aghesivendasgrial ayan wicuxe@desi ve material an
uncured curabt£bld aheRmobeting ddimndheUlhpsr e st iver abl e

t hernosetting resi;n there 30 _bondi.nq .t he .adhgsjve materigl to the resin,
whi ch step %ﬁﬁ%1n§°Pﬁésg¥?% %ﬁﬁ%ﬁ%%é%?ﬁé?ﬁogefki}ﬁy3&5&“5335, when t he
adhesi ve netkeimgsetdingt aeravthermaonlasticsi matexial jand detingfter the said
curing of t B BEsalihbBdonBéS it nledalinenebyg dHitd the said netal clad
article, 635 t he bo%%ibetyeen t he sai cLItLﬁ%\éer 8{,-. adheélsvednaterl al and both
the net al®f RS TPSTT PATSSHY FhATRR (4PPRyCUring of said resin

to form an adhesive bond with both the metal facing and ; f
the cured curable thermosetting resin, the said bond

having a lap shear strength of at least 2.5 MPa.
On subjecting the -composite to a curing operation,
15 a metal clad article in accordance with the invention is
provided in which the metal facing is efficiently and
easily bound to the thermoset resin by the adhesive.
A method aspect of the invention includes the
Steps of appiying to a metal facing a layer'consiéting
20 essentially of thefmosetting or thermoplastics adhesive
material capable of adhesion to the metal facing, bonding
the said layer of adhesive material to the metal facing,
which bonding is effected, when the adhesive materijial
~ is &' thermoplastics material, by heating the thermo- \;;)
25 plastics material and, when the adhesive material is a
thermosetting material, by fully curing the thermosetting
material, laying up on the said layer of adhesive
material an uncured curable thermosetting resin and
curing the said curable thermpsetting_resin thereby
30 bonding the adhesive matefiél to the resin, which step
of curing the said curable thermoSetting resin is, when
the adhesive material is a thermosetting material,
carried out after the said curing of the thermosetting
material to thereby obtain the said metal clad article,
_35 the bond between the said layer of adhesive material
and both the metal facing and the said thermosetting



-3A- resin having a | ap shear strength of at least 2.5 MPa. Any form ng of
the netal to a desired profile is carried out prior to bonding it to the
other- materials. The nethod of the invention is particularly applicabl

to the format|0h of proflled metal cl.ad lami nates of fibre rei nforced
therrmsettlng resin. It is valuable that the nethod of the invention

| anmi hati.on'onto the nmetal surface rather than the adhesion of the netal
surf'ﬁte to a preformed | aminate. 10 Thus the_cl addi ng of the netal takes
pl ace at the same tine as the formation/ cuf® of the |aminate when the
thernosetting resin iresimotghing ogecldeshearhsthengithes we frahsti2ls Mrd.
Tetal. [This enables the adRRY YSriAe 0l knkOnOLAL U8 W) dele LHARANI 400

resin 5 of the lam nate On curl hus "provi di ng surpris
excel | ent adhesi ve b&RFriednevh P@'jtcm t&né°Pﬁ%rWna’e"e t°ld=hf5° her materials.
Excel | ent adhesi on neghebmethbai Gﬁcl:ﬁﬁeh\t@eﬁtibﬂ ietpdridrdhlabey napstidar] e

resin by treating 4he il cSLlace W Bap SORGRLUR TG bk aRaE @ (Tom

a w de range of pr es VES 15 ned
detail hereinafter, dibrs ﬁglnfox@edjrb}:ecsméat'ex@m(:r%ﬁ@m-yu ng the 20

thernosetting rein plus reiref 95 Cedmidble tha€Uthé afdtHdd 0FE tHACNvshtsich €

and then curing the tormsel, e Lher qR. SeLi N LAY BRY: PP RHe®

adhesion of the metal surface to a preformed laminate.
10 Thus the cladding

{



ment (if required) in either the wet state by standard processese. g. hand

| ay-up, spray up, filanent w nding, 25 resin injection with or w t-hout
assi st ance) col d press noul di ng, flexible bag noul dings, rotational =
rroul i pg) and pul trusion and cured at anbient or el evated tenperatures, or as
pre-sapregnated material or fornul ated noul ding material such . as sheet
rmoul di ng conpounds (SMC or its "high perforirance" 30 derivatives HVX".
XMC), bul k nmoul di ng conpounds (-BMI‘,) ,= dough noul di ng conpounds ( DVC) and%‘%;é
granul es pressed into contact -5- with the treated surface and cured by
heati ng under conventional hot press noulding conditions. The netals can be
fo(rjlmedI Llufothﬁmbbftm e d qsﬁaiﬁs it ﬁé\v]e sén!hu mmmh e the rqug,g'g-_ﬂgn/cu;ti ngd
and wel di ng, ndi ng and stit¢hing. en the thernoset resin is reinforced,
this is -ﬁ'rlig@ 91 r&ﬁ&%’&ﬂ% %’é‘%éﬁmwmmmi@r isf broughtpl e, 10

gl ass, Sgbi W@_w ) I 4S9 an t | bres
such as }:ﬂgée.a‘glir;]e reinforcing _|vb%_r emdrrt?f% ﬁ%:ﬂ_e Y g’?‘&?egégt%%ﬁ -.

| ayer . of the badhasine eateriald tiohibind wit abeb|themmissrtdgg paged With the
t hgrnosef ti rL£si "prepreg’,). Alternatively 15 - the fibres may be -
di 3tri bu?%d%twrféﬁpﬁgﬁ?& s proyiding & swpRsdnglYihe case with
DVC.  Avagkedl Feritt naftiesiver bord dethided metdd and 1ahifagll, Chemi cal nature
(Adhesives Directory 1981, Wieatland Journats 20 Ltd, |SI ckmansworth) -
(a) Nat ural - Products, e.g. starch, bone gl ue, B

10 o - o - J

15 ' . Excellent adhesion may be obtained between the metal
and thermosetting resin by treating the metal surface with
an adhesive material selected from a wide range of primers/
adhesives the choice of which is explained m more detail

"hereirafter, allowing it to dry or cure and applying the

20 thermosetting redn plus reinforcement (if required) in -
the uncured state and then curing the .thermoset. The thermo- v/
setting resins may be applied in combination with reinforce-
ment (if required) in either the wet state by standard

. Pprocesses, e.g. hand lay-up, spray up, filament wihding,

25 resin i,njectioﬁ twith or without vacinm assistance),cold
press moulding, flexible bag moulding, rotational moulding
anB pultrusion and cured at ambient or elevated temperatures,or as

. pre-impregnated material or formulated moulding material such .
as sheet moulding compounds (SMC or its "high performance"
‘ 30 derivatives HMC, XMC), bulk moulding compounds (BMC)-, dough
moulding compounds (DMC) and granules pressed into contact |



(b) Cel{ul osics, e.g. cellulose acetate, (c) El astomerics, e.g.

nat ur al =rubber, 25 (d) Synthetic Rubbers, e.g. nitrile, _
Nebprene styrene/ butadi ene, (e) Ther nopl astics, e.g. cyanoacryl at esy” b‘
melts® (e. g’ ethylene/vinyl acetate, polyam de), polyvinyl acetate, R
pol yvinyl butyral; acrylics 30 " and copol yners, (f)
Therfidsets; e.g. addition polymers such as gpoxides, polyesters, vinyl

est er§, ‘urethane .acryl ates, urethanes,”antaerobic acrylics or
condensati on polyners, e.g. phenol fornal dehyde, urea fornmal dehyde, (Q)

I norganic, e.g. sodiumsilicate. 5 We find that, in general,

adhesi ves of groumpdthakhe (tyeated(shirflacecendocured by heatdnginmderr gani c

adhesives (g) tend to be,too,rjgid to form d bond ith the

t her noset ti ng resFR?vFBE ﬂﬁlthgklﬁﬁﬁﬁt%‘?ugﬁg?%r? ja%*f?&q'\/e materials are
those therno- 10 setting materials selected fromgroup {f) and certain
menbers of groups (c) and .(d) and certain of the therno- plastics nmaterials

(e), though we find thaThecuetalshesndbadfiernedsinte shape bafare tlaminasigs
in emulsion formtend to be ipnferior,.Such_agueous Si Y,
however, .proéli de c?‘etqﬁﬁ?'gpgﬁhgéié{ﬁggﬁiﬁgf s %oﬁ@ﬁg&%seféi |d]nj'g1 esin
form ng the | am naind sthechifigsi ve capability of an adhesive material is
regarded as good if the resultant nmetal clad -

When the thermoset resin is reinforced, this is pre-
ferably achieved using reinforcing fibres of, for example,

— 10 glass, silica, carbon,KEVLAR ~ and similar polyaramids, and

natural fibres such as jute. ; _
The reinforcing fibre may be provided by at least one
.. layer of fibrous material and this is preferably preimpreg-
. .nated with the thermosetting resin (“prepreg"). Alternatively
15 the fibres may be distributed within the ;heﬁnosetting resin,
' " as for example is the case with DMC.

Available adhesives are classified generally by their
- chemical nature (Adhesives Directory 1981, Wheatland Journals
20 “Ltd, Rickmemsworth):- .
(a) Natural Products, e.g. starch, bone glue,
(b) Cellulosics, e.g. cellulose acetate,
(e) Elastomerics, e.g. natural rubber,
25 ) (&) Synthetic Rubbers, eege nitrile, Neoprene ®,
| styrene/butadiene, .
(e) Thermoplastics, e.g. cyanoacrylaLtes, hot melts
(e.g. ethylene/vinyl acetate, 'po'ly.amide),'
'polyvinyl acetate, polyvinyl butyral, acrylics
30 | ~and copolymers, | o |
.' ' (£) Thermosets, e.g. addition ﬁolymers such as
" epoxides, polyesters, vinyl esters, urethane

-



| am nate has a | ap shear of at least 3, and preferably 20 > 3.5 .
Megapascals (MPa). It is essential that the | ap shear strength be no kess
.5 MPa. The choice of adhesive material depends upon the nature of *
‘fref nosetting resin which is to form.the | am nate (the adhesive

magjeRd nust be conpatible with 25 the resin) and the netal facing to be
t+fded. It depends al so upon the conditions of. curing to be enpl oyed.|
Some adhesive materials provide ggod results only when used with a hot"f§¥
cured | am nate and certain of the thernopl astics and natural and synthetlc

rubbers fall 30 ialatrmbbés Cad nks , Sdahe RObi € Wd M 1ics general ly carried
out at a tenperat 100 - 200 erpref rablgf%ﬁge [err] nore

e
preferably [err], ogﬁanﬁgua?T)Prgi S réésﬁre or TEEE 2000 psi
(6.9 - 13.8 NPa)urp#efer@@ﬂqﬁhMﬂﬁl pI| (10 4 MPa). 35 On the ot her

hand, ot her a@heghgeggaiefléu§ pﬁﬁmmdesgppgafgsults when used with a cold
cured or _a hot c g gn% a%e t hese i cIu I ng, cert |n therng setting
resins ahd synth 1plpk23Y BLETREERY BT YSS 6 n8F8PPY talried out at
about amnbi et tae#pésat de enophutonkay Be ﬁert—bwekhrby imorgesiccuring” step in

whi ch the rmatnersliatsl $gheeéxedﬂ etoo b%a)toaorigi@rfcl e ig@oabbyn@t S | east [err]
For exceIIe EﬁﬁﬁOth the | am nate, an

f
adhesi ve |§'§@I Poyett %5 ﬂﬁfggfd grﬁﬁﬂ%dggkgmeB atfe netal surface
(there are certaPneadheeﬁv&ﬁhd@ﬂmmwma@ebeaUsedmﬂ thorse thermo-

10 setting materials selected from group (f) and certain

members of groups (c) and (d) and certain of the thermo- _
blastics_materials (e), though we find that'aqueous : ' \‘j
based adhesives withih these latter groups in emulsion
form tend to be ‘inferior. Such agqueous based adhesives
15 may, however, provide adequate adhesion on hot curing
of the thermosetting resin forming the laminate.
| The adhesive capability of an adhesive material
is regarded as good if the resultant metal clad
.laminate has a 1ap shear of at least 3, and preferably
20 & 3.5 Megapascals (MPa). It is essential that the lap
shear strength be no less than 2.5 MPa.
The choice pf:adhesive material depends upon the
nature of the_thermosetting resin which is to form the
laminate (the adhesive material must be combatitle with .
25 the resin) and the metal facing to be pro;ided. It \v}/
depends also upon the conditions of curing to be employed.
' Sonme adhesive materials provide good results only
when used with a hot cured laminate and certain of the
thermoplastics and natural and synthetic rubbers fall
30 into this category..Such hot euring is generally carried
out at a temperature in the range'100.-.200°c, preferably
140 - 160°C, more preferably 150°C, and usuzlly under a
_pressure of about 1000 - 2000 psi (6.9 - 13.8 MPa),
preferably 1500 psi (10.4 MPa).
35"' On the other'hahd, other adhesive materials
pfovide goddlresults when used with a cold cured or a
hot cured laminate, these including certain.tpermo-



10 bondi ng netal to netal and sone of these, though not all, are useful in
the method-of the present invention), (b) is flexible, tough or resilient,
i .€e.- having | ow nodulus and (c) is curable by crosslinking with mni
shrinkage'before application of the lLam nating resin system Exanple
adhesi ves which nmay give good results (though in some cases hot curi
the fFaminaté.is required) 8 are thernosetting resins which contain
pon%rethane l'i nkages and optionally additionally include acrylic
(especially., acrylate) Ilnkages or termmnal groups, acrylic resins
(especially anaerobic acrylies), epoxy resins, unsaturated 5 pol yesters
(provided that theyformsufficiently erxibIe.Iayers on curing), polyners
containing vinyl acetate residues, nitrile rubbers, polyolefine and nitrile
hot nelt adhesives, cyanoacryl ates, neoprene and natural: rubbers. 10
Those adhesive mater isalnsmbimww&hdesgaeﬁefﬂéwdb&eo@ hOSu@led’lgi qur-tihg
| am nat e i ncl ude hot _nelt oIe |n§ u oup nay_ con! gylezug;a S
resi dues. 15 Epéx? S|n§a§f ealso eferred F hot “CUrs but
will give excellent batukzy Qﬁ]ﬂﬁéﬂewegrbngacﬂPQ§ﬁﬂqyrﬁnshth%@eﬁq|Wﬂgcme§hhs
which formthe | am nﬁaeer@ag 1 LRt elines NSt 3d Ng 1209CNS pr&O&EabIyhaegh few
adhesive materials igg B acrylates 20 gi ve good results on cold

a

curing of the | anih ndt on hot curing.
For excellent results both on cold and hot curing

of the laminate, an adhesive is selected which:-
(a) provides a good key to the metal surface
¢ (there are certain adhesives known to be useful for
10 bonding metal to metal and some of these, though not
all, are useful in the method of the present invention),
(b} is flexible, tough or resilient, i.e. having
low modulus and ' :
(¢} is curable by crosslinking with minimum
15 shrinkage before application of the laminating resin
. ,Systenm.
Examples of adhesives which may give good results
{though in some cases hot curing of the laminate is

required)



Adhesi ves which, in general, give excellent results both on cold and hot
curing~of the lamnate include acrylics 25 (especially anaerobic
acryNies), certain unsaturated polyesters as |later described, thernosetting
resi ich contain polyurethane |inkages and- opt'ionally additionally
gontal'n acrylic (especially acrylgte) | i nkages or term nal groups, and
hitrile rubbers. In parti cul ar tTile rubbers provide 30 excel | ent
adhesi on when used with a cold-cured |lam nate. This range .of adhesives A
allows for a particularly w de -9- choice of netal, thernnsettlng resin

and cur iare thaﬂmbsentiaadreaissvuhbdh|¢0n§ain;pnhxuﬂQﬁhﬂp Rdmkagasp| e, _
althoug itrile rubbe kn ves neral, been
appl i ed b’é 5#93 Pﬁﬁ@ﬁﬂ“&gmeﬂ?ﬁ ‘iﬁ#@g R%ﬁ’ed'%?lg esses. This
contrastag hbepht gélseas: tesuimvg:abp@ mi_‘dcesmmg Excel | ent
results can be achi eved on cold curlgg espe0|all wi th the abovenenti oned

range of{especipily. anserobini acxylicsel, tepogy &0 URSAtATEtEd out

o SRR ORI o SlPr e g | e

) resultslﬁgﬁrﬁSon chrlnghyepoﬁymérsheonﬂhﬁmbmg'vfngmIanunhuz rezideds; o cure
conpl etely hefore-ihe ther ai,d on it. This,is espeC|aIIy
so for é’é-lta’ GrEBPéeFﬁslﬁgﬂ)'Eiﬁﬁ%goﬂar ’Fﬁsi e hotymelt Bﬁﬁ'iersl 1vese ubber s
and ur eliaReacryPabBs§SHBEpRENE BhETRAEGEARIARSBeSs) S ONE contai ning

10 "'Those adhésive materials which provide good resultsion ;;J
hot cuxing of the laminate include.hot melt
polyolefins which.may ‘contain vinyl acetate residues.

15 Epoxy resiﬁs_sre'also_pfeferred for hot curing but will
give excellent results on cold curing of certain thermosetting
resins which form the laminate, e.g. epoxy thermosetting resins.

Some, though few adhesivematerials, €egeo cyanoacrylates,
20 give good results on cold curing of the laminate, but not _
on hot curing. - - . \,;#

Adhesives which, tn general, give excellent results
both on cold and hot curing of the laminate include acrylics
25 (especially anaerobic acrylics), certain umnsaturated polyesters
as later described, thermosetting resins which contain
polyurethane linkages and optionally additionally contain
acrylic (especially acrylate) linkages or terminal groups,
and nitrile rubbers. In particular, nitrile rubbers provide
30 excellent adhesion when used with a cold cured laminate.’

This range of adhesives allows for a particularly wide



3

pol yuret hane.linkages with termnal acrylate groups. The preparation of a
typi cal urethane/aerylate of 25 this type is described bel ow -10-

1. ®M Sorbitol and 18.0M Caprol actone were charged to a suitable reacti
vessel and heateéd to 90-100C with stirring. A cloudy honpb- geneous @
re

di spersi'on was obtained to which was added 0. % p-tol uene sul phoni c agi
An -'é-,';xot herm c reaction began al nost instantaneously and the tenpera
rose"p"eaki ng at .140-[err] The batch wass @ kowed to cool naturally for 15
m nut es and was then vacuum stripped.- Less than 2% of charge wei ght was
renoved. After stripping, the tenperature was adjusted to 100-[err] and
3. 5M{i sophorone di-i socyanate was added. A gentle exothem began and the

bat ch ‘t enper at iwholee off mekel,  thermasatsing) reein] and quring sendibions| | ed
by cooling. We r ch ﬁ%p t - r]
and 3.5M 2- byd'r%%%%%ggéﬁg@%% T‘@%g'r% dro%]‘g?none %%r'eaég@%%&%

bel ow t he surf aa¥ttided rabbers are lsiowrt edhesdvesetheyiwave,uin genezal st ed
to 80-85C. The batch nmaj ntai ned at this.tenperat uptil.th

i socyanat e cont %@vﬁé’?%@&#&ﬁ@ﬂdﬁ ﬁ“&éﬂ&&%%ﬁ'ﬁ%@nﬁé&ﬁgfm) The
batch was ghen sexd | ThibYéemerdstPhdthdehe €REEIY FesudBbawai Ny
approxi mately 60% sol i ds bi wei ght . Al t hough the nost successful

treatments are PRtakn on selgaguBings anaerobic acrylics, urethanes,
uret hane/ acrylics and nitrile rubbers, certain other treatnents:

~ Excellent results cen be achieved on cold curing,
(_/ especially with the abovementioned range of adhesiires._
10 This enables the process to be carried out without having
to apply heat, thus saving energy and rendering it easier
and more economical to pexrform. : )

We also find that particularly excellent results may
15 be achieved if the adhesive is allowed or caused to cure
completely before the thermosetting resin is laid om it.

This is especially so for cold curable resins, e.g. epoxy
. “resins, acrylics, nitrile rubbers and urethames.
20 - . -
An especially preferred adhesive is one containing
polyurethane linkages with tem:l.hal acrylate groups.

_ The preparation of a typiéal urethane/acrylate of
25  this type is described below. |



are usable if the three conditions above are fulfilled. 5 For exanple,
-t—tfsat urat ed pol yesters do not—g+ve—any -adhesi on due-to their .be
TN d and exhibiting too great ga shrinkage on cure. However, using a
sped! y fornmul ated unsat ur at ed pol yester with an’el ongation at break (i
orm of 50% and | ower ?er nkage than normal, good bondinrg is
achi eved. Again epoxy mat eri al s “are wel |l known net al adhesives but unles
wel | cured prior to the appllcatlon of the thernosetting resin,which is-
formthe | foMSizbitol &hd NOSOM -cnabmam eqexblikrgyd ttoey sgitedlei se to 15

cinter f&%@iﬂ@é&.ﬁ@%ﬂmys hoCBd 8oL BF i lang! VoI ol hlag-rartially

« cured epoxy or e cure by su stances | eached f

the paemeghs fispersipncyes pbiained fonwhiich vasedded 0. Ffcp-tolueneed i n any

sui tagb.ﬂpﬁsuﬁoam e. un exdithamiiy adabticd W%sﬁ?xﬂw a powder,

as a t NZ%”BE a sinlge- or two- conponent
syste penmi%g upon E{%‘#ﬁ# a Ive selected; it may be applied
the metal surface by, for exanple, brushing or spraying or 25si npl y | ayi
it upon thmmeTBiteh wae bXlowed %Scmrrﬂmﬁm Pér N5 ixlhihbdss atd ®agnaer obic, |

only chﬂg Iele]= thelggseﬂﬁf Q"ﬂf a TFE can be la
over t coat oth grlal and Te ?gi plaCe un §"Fﬁe ad es|ve | ayer is
cured, after which the 30sheet is renpved before subsequent |anination.
al ter natlvm&mmsmrmmamﬂétabwnmowml on, isto
apply §hgy AARRSINE &%LJL%;H&WHQ@&@“ O gdad1§ UnBtnd:8 HRRLY

and the batch. temperature was allowed to rise to 120-130"0 where :l.t

was eontrolled by cooling,

When the exotherm was over, the batch was cocled to 90-95°C and
3.5M 2-hydroxy ethyl acrylate and 100ppm hydroquinone were added.
A below the surface feed of air was started and the temperature was
adjusted to 80-85°C. The batch was maintained at this temperature
.. until the isocyanate content was less than 0.6% (equivalent to 95%
- :conversion). The batch vas then dissclved in styrene to provide a
composition containing approximately 60% solids by weight.
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12 reinforcenent, e.g. glass chopped strand mat, to the surface so that
sone of the fibres are.in the adhesive |ayer whilst nost are protruding.
Sore adhe5|ve materials are available as hot nelt filnms which can be ng d'
on toXhe met al** before. 5 subsequent. | ami nation orif the whole structu
is to be cured by hot pre55|nglald bet ween the netal and the noul di ng
conpgsition or pre-inpregnated material. The thernosetting resins used to
meke“Mhe | ari nates 10 may, for exanple, be unsaturated pol yesters, vinyl
esters, urethanes, acryl ates, epoxides, pheﬁblrc resins, furans, or
silicones, and may be copohynﬁﬁsghexmptmbeuhanebassgwruurkatBEﬁtsraed framidns

are unsaturated pol yesf gl Oungggn t%{e&%bﬁ% af:Pff‘P@sr%JeQ%aﬂQQ CPP&hane /s

resins. They may be conp thrxotropic agents e.g. gaseous
silicas, fillers e.qg. aQﬂﬁﬂéFalaaﬁd“%ﬁ%iﬁepfﬂaPélscaf%ﬁEﬁﬁW:QFBGHaFé%atWﬂﬁffs
talc, mca, silica, hy@ askbTeCENMELH& m-depbgﬁemsoné dvoqdl Bed. £dhe 1wd.ng

of {hese | am nat e5cq, bg, o 1% (3054 JRRLLERLEL:poliyatl o 51 88 AN

ur et hane acrylates by organrc berox es an er oxi des
plus.so called accel&vat GFE adhesinre dye l‘3°VthP?—ghﬁelf§ &ePr 6h5b%a-msd and in

t he case of epoxides da:)hitbhemgl to&wtcwsagiagegé SorAlRGhrleQr ﬁwm and
phenollcs the various talygéfcﬁgfigzyg %Platfd unsat%Jy%eQrogf gé@ (y%ﬁ?

capabl e of being used Wi de’r i ‘cknB8Ssd
upwar ds but nornal | y ahelpRgahtan %tbé’telaéfl (Waurured fered Pér 5%o$ﬂﬁnk°aller‘

reasons. The netal §gishrlindegst chan Qﬁ&'m%tl‘%ekooﬁhﬁ@xmw@ ilsl a@RkwRg 2l UM ni um
tin, copper, lead, zinc, p oslu% t¥onz%er gkegfe ]xp% ggg}mgglvanlsed
stq\l/ brass and mild stee oP BondesSABLEuPEY

adhesives but unless well cured prior to the appl;cation
of the thermosetting resin which is to form the.laminate
{with resinSIOther than epoxides) they give rise to

15 interfacial problems through either attack of solvents
on the partially cured epoxy or inhibition of the cure
of the FRP by substances leached from the partially

. cured epoxy.

The adhesive material may be used in any sultable

20 form, e.g., dissolved in a sqlvent, as a melt, as a
powder, or as a discrete sheet of material, It may be
a sinlge~ or two-~ component system. Depending upon the
form of adhesive selected, it may be applied to the
metal.surface by, for example, brushing or'spraying or

! _' 25 simply laying it upon the metal surfaée. As sonme
adhesive materials ére anaerobic, i.e. only 6ure
properly in the absence of air; a thin sheet of PTFE
can be laid over the coat of material and left in place
until the adhesive layer is cured, after which the

.3oshéet is removed before subsequent lémination. An
alternative, though less'preferred method of obtainins
adhesion, is to apply the adhesive to the metal and
before it cures to apply '



ni ci& S Whichallows a“c o ce o al -accqr |ng envi ronnent ,

(i V)mostdﬂardeprbebhdihggl esmepadheslvesmtenﬁabk Sawcﬂvsiﬂdﬂm nl ess steel "

for us i odstuffs ai Qotable |i quid %}% (v) very

goochr ng § aféR ke mglile IBEdE"c’éPPB%e PeLeX® wi t hout

fail e V | f al facing
5and S %Em“ 1888 htmﬁﬁcﬁ%%% e P e M Rt 25
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by | ap shear and peel

than i f nmade wholly of 10 nhetal,
causteimpfosnguentieh gs sgbasst ¢

strengt hs, can be obtai ned when the netals are sol vent

ed adhesi on can be obtai ned by abrasion followed by a sol vent w pe,

de ased before application of the adhesive - 13 - material but -

[

a@ne or acid etching. Particularly preferred netal clad |am nates of
t he

-

invention are netal clad FRP | am nates,. Their structures conbi ne

the best features of the nmetals and FRP which can be summari sed as: -
the high strength to weight “rd2i 5 of FRP gi ving conponents of |ower wei
(ii) the inperviousness of netals whi ch
prevents noisture and ot her aggresm ve environments from attacki ng FRP and

RBPﬁdaﬁérﬁpﬂsﬂéh ), the isyrfage chen cal

resi ol et gﬁmﬂ%’t" thlCE1 828! aka! €3 £hkCEinedtve Layer wilinigl UM and

(vi iBy hied pressi.ngall.aqbdopel:ween thenwekel and. thormmcl@mge

compos:.ti.on or pre-impregnated mat:er:l.al.

The thermosetting resins used to make the laminates
may, for e:":émple, be unsaturated polyes'ters,“vinjrl esters,
urethanes, acrylates, epoxides, phe.nolic resins, furans,
or sili.cones, and may be ~copolymers, e.g urethane/acrylates.

Preferred resins are umsaturated polyesters, phenolic resins,

-furane resins and epoxy resins. They may be compounded with

thixotropic agents e.g. gaseous silicas, fillers e.g." natural

. and precipitated calcium carbonates, clays, talc, mica, silica,

hydraulic cements and pigments if required. The curing of

these laminates can be, in the case of polyesters, vinyl esters
~ and urethane acrylates, by orgamic peroxides and heat, orgamnic
...peroxides plus so called accelerators, visible or U.V. light,

electron beams and in the case of epoxides by the well known
curing agents and for f_u_r'anes and phenolics the various
catalysts available. -

The procedure is capable of being used with a wide range
of météls in thicknesses of 0.08am upwards but normally the
thim:est material would be used for economical reasons. The
metals jnclude stainless steel, chromium, ti.tanium, aluminium,
tin, copper, lead, zinec, phosphor bronze, nickel, molybdenum,
galvanised steel, brass and mild steel. Good bonds,as measured
by lap shear and peel strengths,can be obtained when the:
me.tals are solvent degreased before application of the adhesive

(i)
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and shielding, (viii) the decorative properties of nmetals i.e. in bU|Id|ng
panel s. -30 Metal clad | am nates of the invention are thus - 4
- ®'xtrenely versatile and have a very wide range of uses particularly jl£2*
strucfural- appllcatlons for exanple, .in the production of pipes, duct

t anks, vessels for chemical plants, cladding and decorative panels.for
bU|Id|ngs NS cont ai ners, tanks and pipeslgon pot abl e |iquids and food-

st uf boats, cars.and comer ci al vehi ¢l eS] railway coaches, and many

ot her applications. There is no reason why the netal clad | ami nate shoul d
-15- have only one netal face; both faces could be nmetal and they need not

be simlar nmetal smatédial ity Inproved aﬂhbbibﬂr eanvxbbhobl:gmhewebghabmmx
‘can be fornmed having one or both faces of rre foils

met al / pri mer / ERP/ £alloweq Jm & rsigrantc ¥ k&liﬁét QF/ ﬁF?-ﬁeFFFWgoam or
honey- conb/ FRP/ primer/ metal. DESCRI PTI O\I OF PREFERRED EMBODI NTS Met al

cl ad | am nat es enbodyi ng the invention, conposites 10 for providing them
and met hods of netal clRartiouketky fpreferired metklnolalelaminatesdof ntheor e

dotal | LT el e B8t font 5rd e Wad FAPPASR1HILED,  "FhUEE 30MEotures
: combine the best features of the metals and FRP which can

be summarised as:-

(1) the high strength to weight ratio of FRP giving
' U " components of lower weight then if made wholly of
~ metal,
(ii) the imperviousness of metals which prevents moisture
and other_ aggressive environments from attacking FRP
- and causing ldéng term loss of strength and blistering,
-{111) the chemical resistance of metal such as stainless steel,
15 titanium and nickel alloys which allows a choice of
metal according to the enviromment, _
(iv) the desirable hygienic properties of metals such as
stainless steel for use in contact with foodstuffs
: | and potable liquids, | _
R\v/ 20 (V) very good reverse impact resistance as large loads
can be sustained without failure of the metal facing,
(vi) the fire resistance of the metal facing and absence
' of smoke which can be important for example inside a
duct, ' .
25 (vii) the electrical properties of metals,i.e. conductance
and shielding, | |
(viii) the decorative properties of metals i.e. in building
' panels. '

30 Metal clad laminates of the invention are thus



exanpl The presently nost preferred enbodi nents are those in which the
| am n fe){j s cold cured. 15 Exanple 1 A thin sheet of stainless st eel »

(-0. 25m i ck) was solvent degreased and coated wi th PERMABOND F241

adh'es (one conmponent of a 2-pot acrylic system ‘and Per nabond |n|t| at or

. .1 (hardener) at [err]. This layer was 20 covered by a

: poI yt etrafl uoroet hyl ene (PTFE) sheefgquntil cured,when it was peel ed off. -
glass fibre reinforced polyester |amnate was then laid-up,on the treated*
metal surface using CRYSTIC 272 (an isophthali c aci d based unsaturated

Sf’%ﬁiséﬁépégéﬁ%a TAELPL Y M AR 2V g st s “The. )
Fgrr%gf;tegag %‘(:)é b’;in;t cl ad tm nat e‘l : :gzlwrﬁxexat aye!steg:
had cur ed™Pt PRASW q?’é yl”cli’??!c t3o %%at‘ée?%ﬂ é‘%‘&fnﬁgé s steel
facing ( ggnggeaglé&{]ier%gtatg@dgayﬁggive A 1X3IR! g, L Ay A gheet -of stainless

steel wad coated Wt r mabon eS| ve and a piece’ of satin weave

gl as$ fi bratatmers, [tankscand ipipesdfon potabke ohkqtdcdajtandn fobdPer mabond

et one. AFRBEa bEREAS ey Al cARRHACET PAcAAL, BdiagnconeBRE: ' oat ca

st ai nl esmatﬂdly%[ﬁe@ea@mmm;bﬁglhem on was obt ai ned.

There is no rea.son' why. the metal clad laminate should
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A glass fibre lamnate was then laid up on the glass 10 fabric using
Crystic-272. suitably catalysed and accelerated, and 4 |ayers of glass .
chopped strand mat [err] at a resin: glass ratio of 2.3:1. After the '

| ayers of the resultant conmposite had been 15 -allowed to cure at anbi &f—
terrperature It was extrenely difficult to separate themfromthe stainl

stegv faci ng. Exanple Il -XX The procedureldf =Exanple | was fol | owed except
that~the 20 treatnents shown in Table | -were used. 17 TABLE | Exanple
Tr eat ment/ Type - Lap Shear Strength (MPa) I

CRYSTI 272 (Pol yest t 11
TENAXA'IqE)e(rEer)3g vErS fl!u)%q %t%hl%t&]&%gggaégﬁﬁ e metal and
DERAKANE411- 45 ( Vighy %cgrﬁot be si)milailn{emar Al

| NDASOLNS240 (Natura er - | at ex Haily Eiaddch. .

(Acrylic enul si onptructu:ﬁs with light welghsOcoresr 88 b%ﬁo:(m@d‘l%mng
| at ex) <1 (Ll EA (2

<1 ( "X one lgr\}?qifh tﬁﬁc% BO\ID [ﬁog.]l , [.gr.rjnB%ﬁBSﬁ%;%ﬁ’/ €)

CRODAFAX [erg] 2¢o8m76P Kdiiéswdadw )dr ﬁﬁ‘ﬂaﬂl/?ﬂﬂi\éh: JFRR) foam 2or honey-
(conparative) Xl ERNAB (Cyanoacrylate with PTFE sheet curing)

3 X | PERMABW{'%? ic - cured 30 nins

DESCRIPTION .OF PREFERRED EMBODIMENTS

\/‘ Metal clad laminates embodying the invenr;ion, composites
10 for providing them and methods of metal clad laminate
formation will now be described in more detail with reference
to the following-Examples which include some comparative
examples. The presently most preferred embodiments are those
in which the laminate is cold cured.
15 Exsmple 1 - - :
o A thin sheet of stainless steel (0.25mm thick) was
solvent degreased and coated with PERMABOND™ F241 adhesive
(one component of a 2-pot acrylic system) and Permabond
" initiator No. 1 (hardemer) at 200g/m . This layer was
20 covered by a polytetrafluorocethylene (PIFE) sheet umtil
cured,when it was peeled off. A glass fibre reinforced
polyester laminate was ‘then laid up on the treated .
metal surface using CRYSTIC™ 272 (an isophthalic acid
based unsaturated polyester resin), suitably catalysed and
25 accelerated.and 4 layers of glass chopped strand mat (450g/m2)
 at a resin:glass ratio of 2.3:1. The polyester of the |
 resultant composite was then allowed to cure at ambient
temperature to form a metal clad laminate.

30 " When the polyester had cured it was extremely difficult
to separate from the stainless steel facing (1ap shear strength
3.5 Mpa). |



at 1500C with PTFE sheet curi ng) 3 XIII- PERMABOND] er r ] E15

(2 Pét¢poxy - cured 24 hours at RT) 4 XV as X1 but _
t he er post-cured for 24 hours at 40C) _ 5.5 XV '
PER \D [err] ESP110 (1 pot epoxy - cured 5 mins at 1600 4 XV
CRYSHCDD4176A (Fl exi bl e polyester cured 18 hrs at RT) 4 || as

S XVI but then post-cured for 18 hours at [err] 5.5 XVI I | ;;&
CRODAGRI P [err] 14-00300 (2 pot. p01§/uret hane) 5 XI X . INDASCL [err]™
M5419NF (Nitrile rubber) 6 XX Pol yfunctional acrylate
term nated pol yrrer cont ai ning urethane linkages with 80pphr talc as filler
6.5 1Exmmplel FAXXI A sheet of stainless steel 0.25mmthick was cut to

ol vent dagr Qisigﬂgéoa £oobhEhPAE L Yod Mongied iy HiulBply onoct =

adhesi ve),-‘zall ‘a8hgsfivandand| avpliece of osatim wé'metglaassdfn&tealfmcpl aced.
inthem) V\chth untreated side in conta:g"gl Wth | oper noul d
surface Be) WBS| gESed iR #m peehoRe \gotution t L iijein conpound)

and rei nig maaoi:' ﬁ&esit?‘?ﬁﬂ?rb}%&gﬂé AberSwet £CFaPE Ofhi tiabiog)moul d vas
cl osed and pressing of
S and the acetone allowed to evaporate. The glass fibre was
rolled on to the treated stainless steel surface .and good

adhesion was obtained.

A glass fibre laminate was then laid up on the glass \../
10 fabr:i.c using.Crystic. 272,suitably .catalysed and accelerated,
and 4 layers of glass chopped strand mat(lpSOg/m )at a resin:
glass ratio of 2.3:1.

After the GRP layers of the resultant somposit_é had been
15 -allowed to cure at ambient temperature it was extremely
difficult to separate them from the stainless steel facing.

.. Example II -? XX
The procedure of Example I was followed except that the \/
20 treaﬁnents shown in Table I were used. '
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10 Resultant conposite took 4 minutes at [err] under a pressure of 1,500
p.s.i. (10.4 MPa) to effect curing. On opening the nould a stainless steel
faéded FEP sheet was obtained which was extrenely strong with good 1 '
adhesi on bEtvveen the FRP and the netal face (single |ap shear streng 45y b

MPa).. . - 19 - Exanples XXI1 - XXXVI| The procedure of Exanple XX e
fol | pwed- except that the treatnments showng |f7T,gbI e Il were used. TABLE I
Exanpte Treatyrent / Type Lap Shear Strength (Ma)
XXI1 CRYSTI C272 (Pol yester) <l(conparative) XXlII
DERAKANE411-45 (Vinyl ester) <1( XXV - - TENAXATEX [err] 4611
(nitrile phenolic) <1( XXV - NUTRIPABIO3I (Nitril e phenolic ironed-on
film XXV as XXV. but cured 30 m nS at Io50C 3 XXVI | :
| NDATEX [err] SE765 (Acrylic- emul sion) <1(conparative) XXVIIIl =
TENAXATEX 3964_(Polvvinyl acetate emulsion) 2( XXI X PERVABONDC.
(Cyanoacryl ate) 2 ( XX | NDASOLNS240 (Natural ribber | atex)
3 XXXl ExaipAO [ er r FreatheAt/Peper ene | at ex) 3 XXXlap Shear
CRODAFI X [err] 27-8-700 (Ethylene/vinyl acetate enul sion)3 Strength (MPa)
I1 CRYSTIC®272 (Polyester) | . <1 (comparativ
II1 - TENAXATEX®3964 (Polyvinyl acetate
. emilsion) 3
\_ LW pERARANE® 411-45 (Vinyl ester) <1 (comparativ
v INDASOL®N8240 (Natural rubber latex) <1 ! "
Vi : INDATEX® SE765 (Acrylic emulsion) ) <1 ¢ "
Vil _ INDASOL®CS 1659 (Neoprene latex) <1( v
VIII PERMABOND@EOA (2 pot epoxy RT cure) <L1¢ .
IX as VIII but cured 24 hours at 40°C - 3
X- - CRODA.FIX® 27-8~700 (Ethylene/vinyl
_ acetate emulsion) 2 (comparatiwv,
X1 . PERMABOND®C (Cyanoacrylate with PTFE :
sheet curing) 3
. X1L - PERMABOND®A ( Anaerobic = cured 30 mins
_. © at 150°C with PTFE sheet curing) 3
"\/ X111 ' PERMABOND® E15 (2 Pot epoxy = cured 24
: ' : hours at RT) 4
XIv : as XIII but thereafter post-cured for
24 hours at 40"_(.‘.) 5.5
XV PERMABOND®ESP110 (1 pot epoxy - cured
: 5 mins at 160°C) 4
XVI CRYS'I‘IC®D4176A (Flexible polyester
' : cured 18 hrs at RT) 4
XVIil as XVI but then post-cured for 18 hours
at 40°C 5.5
XVIII CRODAGRIP® 14~00300 (2 pot polyurethane) 5
XIX nnasor st 19NF (Nitrile rubber) 6

XX Polyfunctional acrylate terminated
. polymer containing urethane linkages with

80pphr talc as filler _6.5.



XXXI 11 | GETABOND 7B100 ( Pol yol efine copol ynmer hot nelt) 3.5 XXXIV

| P14- 00300 (2 pot poly- urethane) 4 XXXV Pol yfuncti onal
»ach  teinated pol yner containing urethane |inkages with 80pphr talc as.
fTiINgr /" 4 XXXVI PERVABONDEO4 (2 pot epoxy) ) ' 4.5

PERVMABONDDF241 (2 pot acrylic covered by PTFE sheet until
-cured) 5.5 20 Exanpl e XXXl | FA18h€ procedure of Exanple XXXII1 was ale&o
carried out using Crysti cM225A sheet noul ding conpound (fire retardant '
grade). On inpact testing it was found that the GRP | anmi nate coul d be
f r acExermpleni¥dout penetrating the 5 stainless steel facing. There was
good adhesi on between the FRP and netal face (single |ap shear strength 3.5
MPa). Furthernore, after”curingthe |am nate was eagily renoved fromthe

lrmul d. - d% shé@l?ddhﬁ)ldﬁhiﬂldhs?s wtie100., Ql.’omrrth'ﬁ.bkt w®esstael tohencr:]e t he
aninate did not adhere to_them Exanpl es Il - L The sanme
pr oceemfarm £q the shaps; of 2 flay P)b?lte- mesekg 10 Qe;%)z(gm- but _t he stainl ess

St eelp Y95 £AP! st RYas solvent degreased, coated with INDASOL
 MS419NF (a nitrile rubber adhesive) at 200g/m and allowed
5 to dry. The treated metal was placed in the mould with
the imtreated side in contact with the lower mould surface
and the mould loaded with CRYSTIC M125 (a2 sheet moulding
. compound) and reinforcing fibres to cover 70% of the \J
surface area. - The mould was closed and pressing of the
10 zxesultent composite took 4 minutes at 150°C under a pressure
of 1,500']_)..8.5..,. (10.4 MPa) t;o effect curing.

On opening_ the mould a stainless steel faced FRP

..sheet was obtained which was extremely strong with good

15 adhesion between the FRP and the metal face (single lap
shear strength 5.5 MPa). :



&

thin sheets of other netals. Lap Shear Strength MPa XXXVII | Al um‘rri\um

as Ex. I 6 as Ex. XXl 5 XXXI X Copper-
as* Ex. XI'X 5.5 as Ex. XXXVI| 4.5 XL Brass ﬁ
as Ex. Xvril| 4 as Ex. XXl . 4 XLI Zi nc
as Ex. | . 6.5 as Ex. XXXI'V 4.5 XLII Phosphor - Bronze
as Eé(( XX- 7 6.5 as Ex. XX - 395 XLIT Ni ckel
as Ex. XX 7 as Ex. XX . 6 XLIV ~ Tin
as Ex. XX 5 as- Ex. - XXXV 5 XLV Ti tani um
as Ex. XVIII Examples BHII )OOXAXVII 4.5 XLVI Mol ybdenum
as Ex. XIX ' 9 *as Ex. XXIV 7 XLVII
as Ex, | 2 asTh.proteflide of Exafiplld XXI was Ebldowad except that
as Ex. XV M.l d Steel
as Ex. XX thegtagagené(éfgﬁown in Tﬁpl{ie 11 vere usgdeyani sed as
Ex. XIX 7.5 Steel as Ex. XXXV 5.5
| | TABLE II
Example . Treatment/Type Lap Shear
| | Strength (MPa)
. XXI1 CRYSTIC®272 (Polyester) < 1({comparativ
o XXIII DERARANE® 411-45 (Vinyl ester) <1t "
XXIV — TENAXATEXD 4611 (nitrile phemolic) <1(  *
XXV ' NU'I‘RIM®5003 (Nitrile phenolic
ironed-on film) & 1¢ "
XXVI - .. as.XXV.but .cured 30 mins at 150°C .3
XXVII INDATEXDSE765 (Acrylic emulsion) < 1fcomparativ
XXVIII TENAXATEX®3964 (Polyvinyl acetate _
. emulsion) 2! "
XXIX PERMABOND® C (Cyanoacrylate) 2¢ ™
XXX INDASOL®NSZ4O (Natural rubber . .
latex) 3
Y XXXI .INDASOL®081659 (Neoprene latex) 3
~ | XXXIX cRODAFIX® 27-8-700 (Ethylene/vinyl
. acetate emulsi.on)B
XXTII : IGETABOND 78100 (Polyolefine
c¢opolymer hot melt) 3.5
XRXIV CRODA.GRIP® 14-00300 (2 pot poly-
' urethane) 4
. XXXV Polyfunctional acrylate terminated
polymer containing urethamne linkages
with 80pphr talc as.filler. 4
XXXVL * peruanono® Eo4 (2 pot epoxy) 4.5
XXXVII PERMABOND®F 241 (2 pot acrylic

covered by PTFE sheet umtil cured) 5.5



22 Exanple LI A sheet of stainless steel (O 5mmthick), was sol vent

degreased and coated with | NDASOL MS419NF (nitrile rubber 2 adhesive) -a
200gq/ ) This was allowed to dry and a glass. reinforced phenolic resi
{am n Alaid up on the treated 5 surface using 4 | ayers of ‘chopped
strand Wat (450g/m2) at a resin:glass ratio of 3:1. After the glass

reinforced phenolic resin of the resultant conposite had been allowed t
cure at ambient tenperature it was2@i™ficult to separate fromthe stain
steel and the bond had a singleé |ap shear 10 strength of 3 MPa. Exanp
. LIl The sane procedure as in Exanple LI was followed except that the

.l am nati § i QUAKER furane resin. 15 Exanple LIIl A sheet of

al um. ni >

[err] EO4 (a two pot epoxy) 20 at 200g/n2. This was allowed to cure

a gl ass rei nf oTke (progvedule lofExample SXXKIFE wag a1 sor eakefledur f ace usin

| ayers of chopped, stran t [err]/Epiko (RTM 828+Epi.cure (RTM at a
resin: §Rksus ?qmt%%ﬁ;\[ gheghm & deggsﬁi de |aninate
the resyltapdatePaidd), hoh 1apRce! te¥ethg A€ Wes Foundathalbike!

tenperature it was extrenely difficult to separate fromthe netal (lap

t
n

07
| &s

| e

) was sol vent degreased and treated with PERVABOND

and
g 4

of

shear sGREn}enimategould bepfractuved \without, penetragingi them (0. 25rm

thigk) WRMAPLYS St RAIHNL, There was good adhesion between
the FRP and metal face (single lap shear stremgth 3.5 MPa).
Furthermore, after curing,the laminate was easily removed
from the mould,: ... The mould walls were of chrome
plated steel;. liénce_ the leminate did not adhere to them.



30 and treated with INDASOL MS419NF (nitrile rubber adhesive) at 200

[err] + This was allowed to dry and one | ayer of 2 450g/ m chopped nd
mat (CSM.with Cystic 272 at a resin: glass ratio of 2.5:1 was | af & on
the treateéd surface. A 12. 7nm thick PVC.f oam sheet was pushed i nt o\&_¥he

wet resi nﬂ"ayer and a 2 | ayer CSM (450g9/ m per layer) - Crystic 272
| aminate was laid up on top of the foamte forem a conposite which, on
curing at anmbient tenperature, provided.a stiff metal clad foam cured

| am nate structure. 10 Thi s procedure was repeated using pol yester
foam as a repl amwl i phenolic foamas a replace- nent core
mat eri al and pol yurethane as a replacenent core nmaterial. Exanple LVIII 15

Metal faced sectional k el adi! ¢ NQ ni_ques
devel oped. A thin stai ?lllile%ssé%{&eﬁm%%gg?%gﬂx?gﬁwgs%a%r e &bg‘”}smﬂ hi ck
had four corner XKHiRwete aseéd butl theSstatfilesst steelnwas areplacahdyt hen

folded to give a 20 tray shaped gheet 4' _x 4' (1.22 mx 1.22 m) flanges all
round. The cor riebRinsheets r%fg efcRetAdBer sol dering. The inside surface

adhesi ve at [err] and alloved to dry 25 The shaped Srﬁé?“&%ﬁgf?%?h
was then transf emff t he. fﬁﬂﬂﬁlﬁﬁol in a pagsix\./\;hfre it effecgive
oo I as Ex. XXI 5
XXXIX 'Copper ' as Ex. XIX 5.5
L ) _ as Ex. XXXVII 4,5
XL Brass as Ex. XVIII 4
. as Ex. XXI 4
Xl Zine as Ex. I " 6.5
as Ex. XXXIV 4.5
XLII Phosphor Bronze as Ex. XX 6.5
. _ _ ' as Ex. X1 3.5
XLII1 Nickel as Ex. XX 7
as Ex. XXI -6
XLIV Tin ~as Ex. XX 5
| B | , ' as-Ex. XXXV 5
\/ XLV ' Titanium as Ex, XViI1 5
" | | " as Ex. XXRVI 4,5
XLVI Molybdenum - as Ex. XIX 9
| - as Ex. XXXIV 7
XLVII | as Ex. I __ 2
_ as Ex.- XKRVIL 5
XLVIII Chromium -  as Ex. XV 4
B as Ex. XXXVI 5
XLIX Mild Steel ~  as Ex. XX 9
_ , as Ex. XXI1 7
L Galvanised - as Ex. XIX 7.5
Steel as Ex. XXXIV 5.5



) bbnd bet ween the stainless steel

becanme part of the tool. A charge of sheet noul di ng conpound (SMJ)
(Crystie~ferr] ML25) sufficient to give the required |am nate thickness was
then | foaddedh and t he 30moul d cl osed. Under the influence of pressure and .
& BWC of the resultant conposite flowed and ‘cured so that when
A stainless steel clad FRP sectional tank panel was obtained.. The
g 24- the FRP was excellent and the&}
panel had the foll ow ng advant ages 3er traditional steel or unfaced SMC

panel s: - a. the external SMC face requires mnimal main- 5

tenance,E..b. 1 ize internal surface is a well known and trusted corrosion
resista acceptable in the food industry, c. t he internal
surface is inperngable and u ke 10 MC will not |ose
mechani cal pro Eheet Bg Pgi‘thﬁnStFS &gocé‘iﬁ'aﬂ"h t‘ﬁa%vaﬁcelr"erd: t he
i nternalg, §Eﬁ bRdNebabeakeiy D F| GRfer L£d to the
out er sur ac',‘aea Af\éﬂ ougﬁ hﬁe tray s ltzgpe was fj:ge cutt| ng and

vel di ng &dhesafgésatt 200g/=ml"s0 'Bhisaﬂesbylliowedngotﬂey nextdil a @ase ar _
Poar ds. maintareprpaenafiCoaRets LR Bake Thtdcus o g | Sradbedleral 1 [ noa
Pi Bes wenrflaoenaging tuslagetbeofot:he_ppaa strend mat (450g/m“) at a
resin:iglass ratio of 3:1. After the glass reinforced
phenolic resin of the re_sultent composite had been allowed
to cure at ambient temperature it was difficult to separate
from the stainless steel and the bond had a singleé lap shear
10 strength of-3 MPa. -~ e

/

_Exemple LII
The sme procedure as in Example LI was followed except

that the laminating resin was a QUAKER furane resin.
15 ‘ |

Exemple LIII

A sheet of aluminium (0.5mm thick) was solvent |
| - degreased and treated with PERMABOND®EOA (a two pot epoxy) .
20 at ZOOg/m o This was allowed to cure and a glass reinforced N4
epoxide laminate laid up on the treated surface using &4 layers of
chopped strand mat (4505/m )/Epikote {RTM) 828+Epicure (RTM) at a
resin: glass rati.o_ of 3:1. After the glass reinforced epoxide
laminate of the resultant .composite ‘had been allowed to cure
25 at embient temperature it was extremely difficult to separate
from the metal (lap sli_eat strength 6 M?a) .

Exsmples LIV-LVII

A sheet of aluminium (0.25mm thick) was solvent degreased
30 and treated with INDASOL®MS&19NF (nitrile rubber adhesive) at



t echni ques- 25 _ A thin stainless steel sheet 0.25mmthick and 12
i nches(30 cm w de was wound round a 12" (30 cm dianeter mandrel in a

spiral fashion with a (2.5 cm overlap. The overlap joints were se;
usi ng CRODAGRIP14- 00300 (a 2 pot pol yurethane). 30 The conpl e
surface of .the stainless steel was then covered with the same 2 pot

pol yqir,et"hane- and allowed to dry to a layer 0.25mmt hi ck. - 25 - dass

fibre‘rovings.inpregnated with CRYSTI [err] 327_2 (an isophthalic acid based
unsat urated pol yester resin), suitably catal"ysed and accel erated, were
spirally wound on top of the prined stainless steel to give arein- 5

Iorced Ia%/erngmﬂzhi_@&o ﬁfg?e,r @%vam 41N wedSiB ngtmrttﬁﬁemﬂa@@}‘ sfar'rp$ﬁi te
o cure at anbient . er & ure e was .r v 0 mangdr e e
thin stainless steel"eﬁo#é"r 6?83F8§d£é'pﬂb¥\?"&:tt?%Mgaﬁf%m?yﬁ%&c\/\?g ?hrde of
cheni cal environnent sesits t@ia@sst rattarefl 2.isgildwey hasd provandddebyreabe FERP
}M, ndhng- tChem ga| U agkse LN bg ﬁ%gfmertltgiéci {P‘vbai‘?%O&ﬁ&& @@%ﬂkﬁe%&&%ﬁ&ﬂ]

i ned ducts and pi_pes were nma an al terpative_ fec uezin whjc e
0. Do St o i oas S oBhS AiRteleshn TSt Ar g RALeT L {RIRC B Rt Ty S
using an overlap joiGtystic 2fié heshiathomsbdadedupoget ey ofl ttiheCf odmgre p
[err] 14-00300 (a twpoRPta RBMYos UELCTIANG), ohh@uiing (£8 &iBiditaNehperdBlA,

| i ner was - _
provided a stiff metal clad foam cured laminate

structure.
10 This procedure was repeated-using polyester foam as
\. . a replacement core material, phenolic foam as a replace-
S“J . ment core material and polyurethane as a replacement core
material.
Example LVIII
15 Metal faced sectional tank panels can readily be

made using thé techniques developed.
A thin stainless steel sheet 4' 4"’(i.32m) square
_X 0.5mm thick had four corner squares 2" x 2" (5.1 x
" 5.1 cm) cut from it and it was then folded to give a
20 tray shaped sheet 4' x 4! (1.22 m x 1.22 m) flanges all
round. The corners were joined by welding or soldering.
The inside surface of the formed tray was solvent
degreased and treated with a nitrile rubber adhesive
i at 2005/m2 and allowed to dry. ' _
\\,{ : 25 The shaped primed metal tray was then transferred
; to the female tool in a press where it effectively
became part of the tool. A charge of sheet moulding
compound (SMC) (Crystic* M125) sufficient to give the
required laminate thickness was then loaded and the
30mould closed. Under the influence-of pressure and
heat the SMC of the resultant composite flowed and
cured so that when released a stainless steel clad FRP
sectional tank panel was obtained. The bond between
the stainless steel and



20 su.orted on a mandr el and the exterior surface was coated with a

Shi onal acrylate termi nated poly- nmer containing urethane |inkages
a&d been suitably catal ysed and accel erated. The primng |ayer was «
o cure and gl ass rovings inpregnated with 25 DERAKANE:411-45,
sti~t abt’y catal ysed and accel erated, were spirally wound on top of the
primed netal to give a rei nforced.lf,%/e.r Smm thick. After allow ng the resiyn
of the resultant conposite to cure at anbient tenpera- ture the 12" (30 ¢

di anet er rret al lined pipe thus. 30 produced was renoved fromthe mandrel.

26 Exa Larger e es a t an

| ongitu ﬁa n?ﬁgiﬁ%mé %cgn&b%é’?%&e?‘% %‘ﬁ aé)n%’grf‘g This can be
done byaaeaﬁeageé%deﬁttfﬁnmxmlstaeﬁ br Al dd N0 pageds:310, with a
jointing filmof PTFE tape 5 between the nmetal faces and then fol di ng

over the jointed flange before appI y| ng a treatnment of suitable adhesive.
Thus 4 sheets f st agypd éﬁfﬁ &]ﬁ rne_ml | Loget her

| ongi tudi nal | y as stat eﬁ E)ove 0 glve q%%%! \M} Cl rg'u ?nt ank

approxi mately 45" (Réna:)cey aneter. This was pI aced 10 on a mandrel - and

t he external rface | yent degreasgd and coa th | ND,

419NF.  When the coa Wy tdé%" r}bﬁ‘ ‘Efafqn n&ﬂégtﬁé

CRYSTI C [err] 272, S%é?&&éﬁdﬁ‘tﬁéwd wﬁ ablePihathy Wound on

top of the prined steel o gl ve a-reinforced |layer 5 thick. The 15

resul tant conposite £0 stf¥er curing at anbient
Ce the i'nternal surface .is impermeable and unlike

10 SMC will not lose mechanical properties or \/
'~ blister on '.long_ contact with--watér,— :
d. the internal surface is not broken when large
impact loads are applied to the outer surface.

15 " Although the tray shape was made by cutting and welding
the edges it can also be made by drawing the metal.

-Similar processes can be -.used to manufacture automotive

body parts, printed. circuit . 'boards, filler plates and con-
20  tainer panels. '

Example LIX

Metal lined pipes were formed by using the following
technique:- _ _ . _

25 A thin stainless steel sheet 0.25mm thick and 12 inches(30 cm)
wide was wound round a 12" (30 cm) diameter mandrel in a spiral
fashion with a 1" (2.5 cn) overlap. The overlap joints were sealed
using CRODAGRIP®14-OO300 (a 2 pot polyurethane).

- 30 The compiete surface of the stainless steel was then
~ covered with the same 2 pot polyurethane and allowed to dry to
& layer 0.25mm thick. |



-

tenperature, a nmetal |ined tank.which was renoved fromthe - nmandrel.
Exanpl e .LXI'l 20 Thin al um ni um sheet 0.45mm t hi ck was abr adg
degreased and coated with a pol yfunctional acrylate term nated poly
cont af ni ng ur et*hane |inkages which contai ned BOpphr talc filler, s
catal ysed dnd accel erated, at 200g/n2. After this had cured CRYSTI
[err]272 resin containing 33% by weight FILLIT 25 (silica holl ow

m credpheres) was suitably catal ysed and accel erated and poured on to the
sheet- to a depth of 10nm After this |ayer2sof- the resultant conposite had.
been allowed to cure at anbient tenperature, one |ayer of [er gl ass
chopped strand mat wabkassifdbdewrodhnsgs i innregnated with CHYS @720(anand

accel erated CRYSTI C { g§gdtraldc acia7b£& r@wthaateaeaaiy@si@i lrRIgiiagt e

coul d be used as a decorat.ive bui $. aﬁ alun1n un1§urface
providi ng good weat h&PHH14% 72 §1YSE9< ?1% eacl_cfl IeFa » ekt pd‘f“% i Hpaed
steel were sol vent degrEased'wmsabeﬂmqwtstaﬂﬂmASGLshﬁdeDﬁi&mn# a lrevmed to

dry. A layer of siBeefq, ndd dify@ CORROLRLWAS sndwi ched between the two
treated surfaces and the resultan&sgo osite cured_ under -10Q heat and

pressure. The doubl e facedft&ap! theinat8 efiohRd ﬁﬁﬁﬁf%ﬁﬁﬁe§?8ﬁ°§&te
all the interfaci al bomhrdd regs ambisst nté¢mpre nasuaes tbanp bee usst rfegovedchrémce
to satisfy different.ghvidgyreggntal conditions. 15

The thin stainless steel liner provided a pgrfecﬁ
10 Barrier_tb a wide range of chemical environments and
thé structural rigidity was provided by the FRP winding.
\b/'_ , Chemical tanks can be made by a similar process.

Example LX
Metal lined ducts and pipes were made by an
15 alternative technique in which the 0.25mm stainless
steel sheet 36" (91 cm) wide was joined longitudinally
using an overlap joint and the metal:chop bonded
"together with Crodagripqp14—00300'(a two pot poly?
urethane). The 11" (28 cm) diameter metal liner was
20 supported on a mandrei and the exterior surface was
coated with a polyfunctional acrylate terminated poly-
mer containing urethane linkages which had been_
suitably catalysed and accelerated. The priming layer
AL was allowed to cure and glass rovings impregnated with
;5 DERAKANE 411-45, suitably catalysed and accelerated,
were spirally wound on top of the primed metal to give
a reinforced layer 5mm thick. After allowing the resin
of the resultant composite to cure at ambient tempera-
ture the 12" (30 cm) diameter metal lined pipe thus

30 prdduced was removed from the mandrel.



Exanpl e LXIV A sheet of stainless steel (0.25mmthick) was solvent
nd-treated with I NDASOL [err] MS419NF and allowed to dry. --A

| am n ntaining 6 | ayers of 300g/n2 woven .rein- 20 forcenent «
and’ [err]272 at a resin:fibre.ratio of 1:1'was laid up'on the .
prime el. After the resin of the resultant conposite had been al | owed

/to cure.at anbient tenperatue, +hggresulting material was stronger and 7,
stiffer than an equivalent glass reinforced | aminate due to the i nher ent &

better_properties 25 of KEVLAR fibres. Exanple LXV A thin satin finish
st ai nlﬂ'ﬁsebﬂ;sheet was pressed and drawn to the shape of an autonobile
boot lid. It was .30 degreased with solvent and the inside surface coated

wi th 2 CRODAGRrgerecdismatied(pipest andOginks e fbevamadel bywed to cure.

oo SAeLERE ALY Solal ok 80 | ARn PUAE Thedk B4 BeRY aflRe! o717 ' The

moul d'niiel dafinbbodéhie Byl Usf 86Fd Jbrrdmidg prastall @sgd and suitably
catal ysed and_accel erat ed 11 C 272 (an unsat ur at ede yester resin) was
i nj ectAdd-HSnEEPCO aS&an%l@deklﬂ Jeinting £iln of PIFRHEPehad been pushed

04t . YttelbhOPh fmé ginfaasél &5ds n%ggé?i{ﬁ%era - Tnel Qﬁﬁ% | tant

conposite was a to cure at a e nmoul d was
openecflan@EPbeﬁorel applyingba skrestment of suitabld \aihestive.f i ni sh

Stal nlgss &' SReeld®Se "PLlnlEls "Dreel CH6F {AMend N et f15L7F
together longitudinally as stated a‘bove'- to 'give the body of a
circular tank appr'ox:Lmately 45" (1. 1 m) diameter. This was placed . d
10 on 2 mandrel and the external surface solvent degreased and }
coated with INDASOL® MS 419NF. When the coating was dry
glass fibre rovings impregnated with (.‘.RYS'I.‘IC® 272, suitably
catalysed and accelerated,were spirally wound on top of the
_ primed steel to give a reinforced layer 5mm thick. The
15 resultant composite _provided, after curing at atnbiect.
temperature, a metal lined tank which was removed from the
.- mandrel.

. Example LXII

20 Thin aluminium sheet 0. lx»Smm thi.ck was abraded, degredased
and coated with a polyftmctional acrylate terminated polymer ,
containing urethane linkages which contained 80pphr talc filler,
suitably catalysed and accelerated, at ZOOg/m o After this had
cured CRYSTIC*® 272 resin containing 33% by weight FILLITE.®

25 (silica hollow microgpheres) was suitably catalysed and
accelerated and poured én to the sheet to a depth of 10mm.

After this layer of the resultant composite had been allowed

' to cure at embient temperature, one layer of hSOg/m glass
. chopped strand mat was laid down and impregnated with catalysed
30 and accelerated CRYSTIC® 272.



&

I n the above exanpl es, various comrerci'al products have been descri '
trade nanes which are regi stered Trade Marks of the follow ng resp

conpani es. CRYSTIC - Scott Bader Conpany Limted. DERA

- Dow Chemi cal Conpany. TENAXATEX . - W lianms Adhesiv .

Li mited. . I"MNDASOL - | ndustrial Adhesives Limted. | NDATEX -
I ndu*ét.‘_ri il Adhesives Limted. PERVABOND = 27- - Per mabond Adhesi ves

Li mit€d. CRODAFLX . ~Croda Adhesives Limted. CRODAGRI P -

Croda Adhesives .Limted. NUTRI M - Al umi ni um Devel opnents

Limted. | GETABOND The resultant metelCedadc dleminapengotildi bedus&@\hs\m
- E | du Pgnt de ur C. _ -29- ALMS: - 1. A conposite for
provi ding a ri gRBCOER "Mﬁf&:lw t‘ﬂ@%ﬁé‘& gingintum, sERERGe conposi t e
-includes a net ﬂg% o6y SredhedHaqi{us, mat erial on the nmetal facing
and, laid on t?\tr{>g€%r fagadhesi've material’, an 5 uncured curable
thernosetting resin, the |ayer of adhesive material consisting essentially
of a fullygeprecyred {h tting or a thernoplastics.material and being
capabl e of 5adhe§3‘§?‘.pi%e!‘£). Setal faci ng and to the thernosetting resin at

| east upon curing of said 10 resin to form an adhesi ve bong with . both th
metal facing and the m&aﬁﬁ%l%f@?%st ﬁﬁ?eﬁegﬂeﬁe lsﬁg"?&&:ddﬁgﬁﬁase‘?
having a |ap sheggagld SRotl RiDRS0I®aMsAINFBRd allowed to dry. A layer

of sheet moulding compound was sndwiched between the two

_ treated surfaces and the resultant composite cured under
, .

\\/. ‘10 heat and pressure. The double faced metal coated laminate
showed good adhesion at all the interfacial bond lines.

Dissimilar metals can be used for each face to satisfy
- different_ envirommental conditionms. ‘
15
. Exaimple LXIV

A sheet of stainless steel (0.25mm thick) was solvent
degreased and treated with 'INDASOL®M8419NF and allowed to dry.

_ ‘A laminate containing 6 layers of BOOg/m2 woven KEVLAR® rein-

e 20 -~forcement .end CRYSTfC® 272 at a resin:fibre ratio of 1:1 was
" laid up on the primed steel. After the resin of the resultant

composite had been allowed to cure at ambient températge, the
resulting material was stronger and stiffer than an equivalent
glass reinforcéd laminate due to the inherent better properties

25 of KEVLAR fibres. "

Example 1LXV

A thin satin finiéh stainless steel sheet was pressed
and drawn to the shape of an automobile boot lid. It was
30 degreased with solvent and the inside surface coated with
CRDDAGRIP® 14-003_00 at 200g/m2 which was allowed to cure.



2. _conposite according to claiml1, mhereln t he adhe5|ve material is
ef fec pon cold curing-of the 15 saird uncured curabl e thernosetting
resi A conposite according to claim1, wherein the adhesive : )
. hate ef fective upon hot curing.of the said uncured curable -

ther ing resin. 4. A conposite according to any one of the”

.Y preceding 20 clains, wherein thg adhesive material is a fully cured -
t hernosetting material select&d §r6n1(a) a thernosetting resin which ¢ .
cont ai ns Iyurethane | i nkages and optionally additionally includes acrylic

| i nk3dhes. edrprimed gteads washthen plegedcincaitwy Pertnmepldy resin, (d)

an 2 Y, pol ymer
cont§¥%?ng Vlnéﬁfa§§+é§§£§£SIéﬁ tghLBhLAP%%%%g§P%§% ggkfglng to claimd4,
whe{ mat,; hail?nedulsetfimg:heamﬂdl, il.aidcoul t‘csi tté:frihlledr u’ag:a.cm;ur et hatnﬁ or
ure ac i C c or 0 C erein the

t her E‘@l‘%nﬁaﬂa‘i ?eoﬂ ﬁ”é zf"g‘g%ﬁr aﬁcﬁﬁ‘ dcl udes

ur et IGRYSTIC X272 S( & duidtiiratled2 pol.; gébﬁeﬁrfé@&t) tas injeeBROFhEs according

o cIa|m4 as appendant to. clarm wherein the -thernosetting material is

wopldamtil all the edmpini the mewkdiihad heen pushed ewtexein the
adhe;gpscmr+é'=és}&mrea 8! bAd gﬁ%lmgln £ AR refuleend COTPOSI Lo

accordFng to claim as appendant to wherel n ernDsettlng
nat ecomposite was allowed to cure at ambient temperature.
the mould was opened a FRP boot 1id was obtained with an
attractive satin finish stainless steel face which had : \;/

10 excellent adhesi.on to the FRP, -

In the above examples, various commercial products
have been described by trade nmames which are registered Trade
Marks of the following_respéCtivh companies.

. CRYSTIC - - Scott Bader Company Limited.-
‘ DERARANE . = . Dow Chemical Company.
| . TENAXATEX = © Williams Adhesives Limited.
. INDASOL = Industrial Adhesives Limited.
INDATEX - Industrial Adhesives Limited. S
 PERMABOND - Permsbond Adhesives Limited. 4
CRODAFIX - Croda Adhesivg; Limited.
._CRQDGGR;P - . Croda Adhesives Limited. .
NUTRIM - Aluminiun Developuents -Limited.
IGETABOND = Sumitomo Chemicel Company Limited.

KEVLAR - E I du Pont de Nemours Inc.



&

nitrile rubber or an epoxy, acrylic or urethane resin. 10. A conposite
accordimg to claim4, as appendant 5 to claim2, wherein the adhesive,.
material -is a thernmo- plastics material which is a cyanoacrylate. 117
conposite accordlng to any one’ of the preceding clainms wherein the g
uncur ed curable t hernosetting resin is an ‘unsat ur at ed pol yester, an\_ "
epoXi de, 4.furan 10 or phenolic resin. A conposite according to any
one'ef the precedi ng cl ai ns, mhereln the sggd uncured curabl e thernosetting
resin includes reinforcing fibre. nmposite according to claim 12,
wherein the 15 rei nf@QsAdiMsg-fi bre |s prOV|ded by at |east one | ayer of

fibrous material. 14 AAceengssi@e emorp@lwgamgcéaftirgiJaSmewiaQrswathe

| ayer of fibrous mat er | aI SePLEl nt?{ S cl_buncur%g cu ab}r

t hermosetting resin.2™d°t § of i ‘E‘Eﬁ?ﬁﬁf& é‘gaEEB %Il"fﬂa;ict amge Rt tdes
includes a said fibrowetizdyércinpradreatesd obyaébehi of nsaazled‘iaélheal Ve arekadai d

curabl e thernosettingdiqgl Anal61a1d '%rPQ:rﬁQO%&@rWQ&HMVTeOmQEékFLﬂZan
wherein reinforcing fibres are djstributed W thin the uncured gura

“thernosetting redin. UrfFpEred f\“EBWp%str’teé’""Q@EBFﬂ?ﬁg"ﬁ)“’anfh&néaéSf th
precedi ng cl ai ns, weatheisivehsape efak mechsietdhgfezsentiad lof oft ai ibkkys, m.ld

or gal vani zed steel ﬁﬂdﬁ?bﬁ'ﬁﬂ%r&%!%%%&m gPb@SE, ¢ Ystlc8N@8te £L4IC and

nickel, tin, titanium, 30 nol hr om um
according to claim ﬂ’”’\ﬁhé?@?ﬁ‘? h%éjr?é’?’:flsgPﬁcF?\g“?% st a ?aﬁgggsagé e¥l . 19
Arigid netal clad e ¢herpésebheimpgwisinngtreszsit upon curing of said

10 resin_to form an adhesive bond with both the metal facing

{

o _ and the cured curable thermosettirg resin, the said
~ bond having a lap shear strength of at least 2.5 MPa.
2. A composite according to claim 1, wherein the
adhesive material is effective upon cold curing of the
15 said uncured curable thermosetting resin.
3. A composite accobding'to claim 1, wherein the
adhesive material is effective upon hot curing of the
_said_uncured.curable thermosetting resin.
4, A composite according to any one of the preceding
éo claims, wherein the adhesive material is a fully cured
thermosetting material selected from (a) a thermosetting
resin which contains. polyurethane linkages and optionally
-additionally includes acrylic linkages or terminal
groups, (b) an acrylic resin (c) an epoxy resin, (d) an
\vf 25 unsaturated polyester, (e) a nitrile rubber and (f) a
' polymer containing vinyl acetate residues. '
5. A composite according to tlaim 4, wherein the
thermosetting material is acrylic¢, nitrile rubber,
urethane or urethane/acrylic.

30 6. A composite according to claim 8, wherein the thermo-
setting material is a urethane/acrylic resin which
includes urethane linkages and terminal acrylate groups.
7. A §omposite according to claim 4, as appendant
to. claim 3,'wherein the thermosetting material is an

35 epoxy resin.

8. A composite according to claim 3, wherein the
' adhesive material is a thermoplastics material.

* [ L M s *




i ncl udi ng

faci ng, which bonding is effectedwhen the adhesive materi al

S

a netal facing, a cured thernﬁsetting resin 35 | ayer and, bonded

e netal facing and the resin, a |layer consisting essentially of a
Nad t herno- setting or thernoplastics adhesive material,
g a lap shear strength of at least 2.5 MPa -31 - and the

the said

¢ avi ng been forned by applying to the netal facing the |ayéer of
{adhesive material, bonding the said | ayer of adhesive material to the net@&

is.5 a

t her nopl astics material, by heatd g the thernoplastics material and when
t he adhesi%e rratﬁerqoallpossta abeyndbing dict ichgimat eraalgpdyndanti ng t he

t her moset t { fig. YRl a'wheL'@Yhnghé‘ptmm%@e@tkﬂgetﬁapé Pﬂh%ss' we material an

uncured curabl e thernDsettlng resin and curin

t her noset t Phiyr ¥ iT P OREr By 2

e said 10 curable

ofRAX Yy Fﬁéyéaﬁeggv%r?ﬁﬁﬁﬁﬁ QesfB-the resin to

provi de theosai & rmmlosctltadaacmi-djlrfg twhicthisak (| &4 egppefndanti ng the said
cur abl et NeS MESA 12N0uhEFkin| fne WiANLiNE RIPEFIYPL 1 2 draphgDSel ting

mat eri a
naterlal.

facings ad
resin | ayef®Hhn &sré§péEPF9%”%

10

15

carried ot after t curing o

her mosetti ng

pipasticg matsrigl atibich i3 & £¥@BPAFRYI S ¢l aim 19, .wherein the
thernosetting rasicompagetei actaribing aionanfovsengf finy ere2kdingA netal clad

article acepid f%teqe%aw;l?apa aftfiledl Quglo1 YNt edbd didutgy (o sald netal

to respective posi te faces o Sal cure
HRA GROYIRS Lo daP gRAXIds, @ Furan

or phenolic resin.

12. A composite according to any one of the preceding
claims, wherein the éaid uncured curable thermosetting
resin includes reinforcing fibre. ._

13. A composite according to claim 12, wherein the
reinforcing fibre is provided by at least one layer of
fibrous material. '

14, A composite according to claim 13, wherein the
layer of fibrous material is prelmpregnated with said

_uncured curable thermosetting resin,

20

25

30

35 layer and,

15. - A composite according to claim 13, which ihcludes
a said fibrous layer impregnated by each of said
adhesive and said curable thermosetting resin.

16. A composite according to claim 12, Wwherein
reinforcing fibres are distributed within the uncured
curable thermosetting resin.

17.. A cogposité according to any one of the-precedins
claims, wherein the preformed metal facing is of
stainless, mild or galvanized steel, aluminium, copper,
brass, phosphor bronze, zinc, nickel, tin, titanium,
molybdenum or chromium.

18. A composite according to claim 17, wherein the
metal facing is of stainless steel. "

'19. - A rigid metal ¢lad article of thermosetting resin
including a metal facing, a cured thermosetting resin

a layer consisting essentially of a fully cured thermo-

setting-or_thermoplastics adhesive material, the said
bond having a lap shear strength of at least 2.5 MPa

A MO

‘bonded to both the metal facing and the resin,

ernosetti ng

o



>

adhesive material, the said respective netal faces and said respective
| ayers of adhesive material being the 25 sanme as or different from ons
anat her-, 22, A netal clad article according to claim19 or clai Iﬂ '
which is of*a sandw ch construction conprising at |east one foam o'
honeyc_opb Iayer the or each of which is between two said |ayers- of cured
t herjmosetting 30 resin, each said |ayer of cured thernosetting resin being
of the sane or a different thernosettiigiresin. 23. A netal clad article

according to clai m@%néﬂmwc@et HEH?(%y%?&"E%Ed' @yeéﬁ'plﬁ'fin%urtgd

t hernosetting resin are each covered ctive sai d netal faC| ng and
35 bound.thereto B§tat rf€§|3é‘§t Fhe Layer I°afy(?rdh8131¥18h'é§??/rei3124’°"°1A3n{9'?1’10d of
formng a rigid nedd lcyaat aft adhesivg olatierdblidés the o tey1S fakiagpl ying to

a metal facing a |Ry&y b%?:'&%hitiggeﬁﬁéﬂktd %'hex %etmm blaRQrQhy 3s- 32 -
t her nopl astics adhesi ve materla capabl e”of adhesion to the netal facing,

bondi ng the sabd ®aiarmoplaghicsmaterial, by heatingpihe jtherpgpiagtigs g
faci ng, which bonglaterial- ehficehed, thdainelsda vadheseytalbiseral ahergoa
thernopl astics meyeldgly m§tep¥ai‘eaﬁ§ Aihe LREr @RQL:@&%A&%JFHF%@& afnd,

when the adhesive matertal 1s a errmsettlng materi a curing the
t her mosetting nat&#yiNg “IpaﬁPnﬁaE‘f) Wehefs & eFé\}%r"’%‘f“‘a&ﬁ’reéPvé“Fr&f%?l al an
uncured curabl e theramzetthenrgosestingintsdur ang theisgihecwaall e therno- 10
setting resin the ondi i pal . fod Lesin, which
step of - cur i ng Fhexﬁts)%ﬁil ggkg@féé‘?tﬁﬂé‘%s‘i% TREEELS! vddufd}f eh

adhesive material to the resin to provide the said

\ metal clad article, which said step of curing the said

N curable thermosetting resin is, when the adhesive is a

thermosetting material, carried out after the said

15 curing of the thermosetting material.

20. A metal clad article according to claim 19,
wherein the thermosetting resin layer includes rein-
forcing fibre.
21. A metal clad article according to claim 19 or
zo-claim 20, which includes two said metal facings adhered.
to‘respéctive opposite faces of said cured thermosetting
resin layer by é respective one of two said layers of
adhesive material, the said respective metal faces and
said respective layers of adhesive material being_the

25 same as or different from one .another.

NG 22. A metal clad article according to claim 19 or
claim 20, which is of a sandwich construction comprising
at leaét one foam or honeycomb layer, the or each of
which is bétween two said layeré of cured thermosetting

30 resin, each said layer of cured thermosetting resin-
being of the same or a different therhosetting resin.
23. . A metal clad article according to ciaim 22, wherein
the two outermost léyers of cured thermosetting resin
are each covered by a respective said metal fécing and

35 bound thereto by a respective said layer of adhesive.
24, A method of forming a rigid metal clad article
which includes the steps of applying to a metal facing
a layer consisting essentially of -thermosetting or

e

L



thernosetting resin is, when the adhesive material is a thernpsetting

mat ¢ri.al , carried out after the said curing of the thernosetting materi al
. X\ §by obtain 15 the said netal clad article, the bond between the said-
- | aygrN9f adhesive material and both the nmetal facing -and the- said

etting resin having a | ap shear strength of at least 2.5 MPa-. 25.

. A method according to claim24, which includes 20 the prelininary step f
preform ng the nmetal facing. 26. A met hod according to.clai.m 24 or cl

25, wherein the said curing step2is a cold curing step. 27. A et hod

accordlngt%g ﬁgggg;éi Wﬂﬁ&%i@etﬁg ter%agdhg th%rnnsettlng

mat eri al cont ai ns po urethaﬁ% Ilnkages an%’optlonally i
addltlonaWP? PAERLAERC Hiy PPEILPAKEBR SSBYI tiAYRirn Al adhesive __ groups, (b)

is an acr yllaitﬁr‘ﬁ.ﬁﬁi to fKe metaanrepoNy, r»asicrh b(odl)dih% aer—emﬁeaawdat ed
pol yest er mer contalnlng vi nyl

a.nitril
acetate 38h;e5| ues hiﬁfve %ﬂtgggﬁ%dgﬁc%o% rmoPtgsé Seioer Rﬂﬁéreln_the
adhesi ¥e Mt beptingsthe thherpoplasties mnﬁqnhaﬂ apdi> cHheR Ehamnoacryl ate. 29.

A nethod RQ6esdieinierlal 126 Qﬁer?t?osé/mrrfg maltR®idD, S8y draUrli Ng -step is a
hot curin d .acco to cIa|n129 wherein the said

h ,
curing st S%ggcg??l %f?ﬂﬁ?e&ﬁ eF ?e%r%$p ying 4 &P%ﬁthod accordi ng

to C|a|nlggigrlgmervqﬁ”agq¢sﬁﬁe material an uncured curable
thermosetting resin and curing the said curable thermo-~

10 setting resin thareby bonding the adhesive material to
the resin, which step of curing the'said curable
thermosetting resin is, when the adhesive material is ”__ k,j
a thermosetting material, carried out after the said. ) |
curing of the thermosetting material to thereby obtain
15 the said metal clad article, the bond between the said
layer of adhesive material and both the metal facing
-and the-said thermosetting resin having a lap shear -
strength of at least 2.5 MPa. -
25. A method according to claim 24, which 1ncludes
20 the preliminary step of preforming the matal facing.
26. A method according to claim 24 or claiﬁ-és,
-wherein the said curing stéﬁ is a cold curing step._
27. A method according to claim-26,'uherein the
adhesive material is a thermosetting matarial which _ l‘“
25 (a) contains polyurethane linkages and optiogallf‘“'_' _ .;;/?
additionally includes acrylic linkages or terminal
groups, (b) is an ‘acrylic resin, (¢) is an epoxy resin,
{d) is an unsaturated polyester, (e} is a nitfile
rubber or (f) is a polymer containing viﬁyl acetate
30 residues. . . _ .
28. A method according to claim 26, wherein the
adhesive material is a Ehermoplastics material which is
cyanoacrylate.
29. A method according to claim 26 or 27, wherein the.
35 said curing step is ‘a hot curing step. .
30. A method_accordingjto-claim.29, wherein the
said curing step is carried out under pressure. -
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& :
adhesive material is a thernosetting material which (a) contains
pol yur et hane |inkages and optionally includes acrylic groups or resi
€b)-is an acrylic 5 resin, (c) is an epoxy resin, (d) is an unsatur
" polyester, (e) is a polyner contai ni ng. vinyl acetate residues, (f)
neoprene, (g) is nitrile rubber or (h) is natural rubber. 32. A net
~dcc€ording to claim?29 or 30, wherein the 10 adhesive material is a
t hs#hopl ast i cs. naterial which is g Bet _nelt adhesive in the formof a
di screte | ayer nmet hod according to any one of clains 24 to 32,
whi ch addltloﬁﬂlly Pnﬁ?hﬂ%% FHREIPEI AY SR AR &3 80p hehebsin thiey resin
with fibre. 1mdd4sive/naed ol aicsccarmlmagmbs)et:'dﬁ-ignmasfi:,er\i\./anarii‘i:;]gcy]tc hg curabl e
t her mosetti ng (r,.8s [ h I br ous

g (12§ Egn‘: i£§ Jﬁﬂf q,h\é'hE 1?’“#%2 an%%gt{ilxgg ﬁ;ﬁ

material . 35. accor ing to cC |nc es providing a
sai d |ayer ofiPF5P86§ ﬁ%ﬁ%ﬁ%%ﬂgﬂ9ﬁp§a96 Do Eduas ofl bddREsryeammitldG al and
| ayi ng sai 5t lresaosett] nis raasiepoay 865 in/ alyEr iGsf anl bhedsur@iead i al . 36. A

met hod accordlplggrggtg{. ai 34,5 \gngglg +gglygﬁ}s an ¥’| ngiH 100 said layer of

adhesive materi a east one s Pous ter Tat.C which said
layer 25 is pr&fiPrednatidd 1A 1FoPREnE aj bB)uchfur"éch‘é&FabP'éthe?frmset ting -
resin. 37. A redhos seooradi ngbbercl ai m 33, which includes distributing the

rei nforcing fizbres yighin Jc%gg@ig sl & SW I%rtggr ettlnthe5|n
3038. A conpqgsite accor q to any one o Subst §nt|ally as
herein desctd B@Heéﬁﬂe é’i@eﬁ?ﬁl% i d@. 23 hermwlrﬁfélcswaeeam Shdcdccording to

any one of is a hot melt adhesive in the form of a discrete layer.

i 33. A method according to any one of claims 24 to 32,

—/ ' which additionally includes reinforcing said curable
thermosetting resin with fibre.

15 34. A method according to claim 33, wherein the
curable thermosetting resin is reinforced with at least
one layer of fibrous material.

35. A method according to claim 34, which includes
,providing a said layer of fibrous material on said

20 layer of adhesive material and laying said thermosetting
resin on said layer of fibrous material.

36. A method according to claim 34, which includes
laying up on said layer of adhesive material at least
one said layer of fibrous material, which said layer

25 1is pfeimpregnated with the said uncured curable

\_/ thermosetting resin.
37., A method according to claim 33, which includes

' distributing the reinforcing fibres within a layer of
said curable thermosetting resin.

30 38. A composite according to any one of claims 1 to 18

- substantially as herein described and exemplified.
39. A metal clad article according to any one of
¢claims 19 to 23 substantially as herein described and
exemplified. '

35 40. A metal clad article ﬁhenever made by curing the
uncured curable thermosetting resin of a composite
according to any one of claims 1 to 18 and 38.

LU



~clainms 19 to 23 substantially as herein described and exenpfified 3540.
A netal ~ehqd article whenever nmade by curing the uncured curable

t her nog KRg resin of a conposite according to any one of clains 1 to 18
and+38 34- 41. A nmethod according to any one of clains 24-to 37,

Wi ch d is substantially as herein-described and exenplified. 42. A
‘metal clad article whenever formed by a method 5 according to any one of 77
clainms 24 to 37 and 41. The text of the specification has been reproduced

by phot ocopying the appllacants o¥iginal typscript. It may contain a few
amendnment samhi cih akeenddf beeotdid®d toeatly ond hef ol Limyalzat ypeseyi pt -

Ofi
exemplified.
42, A metal clad article whenever formed by a method
5 according to any one of claims 24 to 37 and 41.
The text of the lpoc:l.:iuﬁn bkas been Teproduced Dby photocopying the applicants oxiginal

typescript. It aay comtain i fev saendaents which axe difficult %o read. The original
typescript containing these ssendments may be inspected om the premises of the Patent Office
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