A MULTI - LAYER COMPCSI TE STRUCTURE This invention rel ates tC)%BTnmtJ-Iayeh
conposite structure, and in particular, to a conposite structure having a

| ayer bonded to the substrate of the 5 conposite structure t2 \imé?_rgé .
resi stance to del am nati on when subjected to i'npact and/or therma sho&E.
Many attenpts have been nade by induystry to nake a nulti-layer conposite
structure including a.l1l0 substr at e =3t appreci abl e strength and stiffness,

wherein the | ayer esi N m en subjected to high

I npact or when sugj@éggé'?é§%ﬁc&9Mgog%%§ksﬁghgiﬂgggjected to high inpact
fromeither side Thishénsenudbur eelatesotot Bemudyérdayelme finish layer, 15
may defo , r oI | aye l.ag nate from

t he subs%ggPéggﬁélgg?%é??é%'nggha goggggg%haﬁgﬁ ?éegcggxgggﬁgg;tructure i's
subj ect eBtructrernbRvéRECR. LAYEsr Bongedo te fhessubspeateort k8resent 20
"““”B'QEombBSEEe'?tBﬁ@!ﬁQ@?téhEhgé¥E|r%EQ%%ahéélﬁbart conp05|tets}ruc£ure.
conprising. a,metal supstrate_ haying.a ceram,c engnel |ayer .on at |east one
S Gt nelBbRRLTAL DR, HARE SHEABELPR, 0 HRPRRG BORAEE LHEFEES 25 by moans
of a silaheckoupler a |layer of plastics to forma reinforced |am nate; the
pl astics | ayer hayi | e f I 8l mm) and havi ng
a density betmeenﬁgggu?t%ghggg.ﬁ%g% g%%nfﬁga%négaﬁgEP?%gglﬁgg. per cu. 30
ft. (320make 2000lky-Larer) cameeshie: sEruskyss tacduddagume is resistant to
del amp naki,BBtvhe8 sebhpptedihBla seddagthCHpar atifEnelange of at | east
about 180 degree% Fagrenhelt %100 de&gggg Ceatlgrade%. Acc&rdlng to a
second a¥PEEELBr thRe lBYELEnAT S5 TPAFE A En tO: AStamARaLAED ¥R, i gh-i npact

resi stansubjected to high impact or when subjected to thermal

shock. When subjected to high impact from either side )
’{% of the structure, one of the layers, the finish layer, (j~
15 may deform, crack, craze, or chip, and another layer
may delaminate from the substrate. Delamination may
also occur when the composite structure is subjected to L
thermal shock. '
According to a first aspect of the present
20 invention, there is provided a thermal-shock resistant
composite structure comprising:
a metal substrate having a ceramic enamel
layer on at least one side ‘thereof;
the ceramic enamel layer having bonded thereto
25 by means of a silane coupler a layer of plastics to
form a reinforced laminate; -

éﬁ‘ the plastics layer having a thickness of at
least 1/8 in. (3.175 mm) and having a density between
about 20 1lbs. per cu. ft. and about 125 lbs. per cu.
30 ft. (320 and 2000 kg m~3) whereby the composite
structure is resistant to delamination when subjected
to a sudden temperature.change of at least about 180
degrees Fahrenheit (100 aegrees Centigrade).
According to a second aspect of the present

W
wn

invention, there is provided a high-impact resistant



-2 deLam natlon V\hen subj ect ed to thermal shock. In a further embodi ment of

‘the invention, an enanel | ed-steel conposite structure has a rei nforced-
plastlcs Iayer chemi cal |l y bonded to one side. 5 Arelatively

i nexpensive method for bonding a‘resin |ayer to an enanel|ed-steel plunbing |

fixture'is also provided. The invention may be put into practice in many
ways, but certain specific enbodinents wi-H-now be 10 described, by way of

exanpl e, with rﬁﬁsi%g@tﬁe e:‘[)orylﬁhub Ghtdd tiit§rnall Snbdis @ top plan

vi ew of an. enane nstruct ed i n accordance- with the -
invention; Fig.2 is an el BV i orett eiﬁ aphsdigentepd She Haventiomnhedy of

Fig.1; Fig.3 is éndm@l DddrstiéEW mpts it B diRiuxee 8la V@S e s foreedst r uct ed

in accordance wth the inventio vatlonal V|em10f t he
‘washbasin of Fid {]f sbirs s ayer mel*—‘l“gc%sﬁys%é’“&??gﬁ 5t an

-enane| | ed- st éel shower trayrekatsivailct adxexpemcsamedarectélqai tflmrt frnddwnanti on;
Fro.6 Is an el cvalianalayd et dlad hahniea tgt@el]ofpl%%ﬁ%é%lxtur% &9 5

-;Flg 7 |s an isonmetric V|em1 an enane stree
also provided.

.om
~

The invention may be'put into practlce in many
ways, but certain specific embodiments will~now be
10"deSCribed, by way of example; with reference to the
draw1ngs, in whlch--
Fig.1 is a top plan view of an enamelled-steel
bathtub constructed in accordance with the invention;
-Fig.2 is an elevatlonal view of one end of the
15 bathtub of Fig.1; '
'_Q” o . Fig.3 is a top plan view of an enamelled-steel
| o washbasin constructed in accordance with thewinvention;'
' Fig.4 is an elevational view of the washbasin
- of Fig.3; ' '
20 Fig.5 is a top plan view of an enamelled-steel
' shower tray constructed in accordance with the
invention;

Fig.6 is an elevational view of the shower

- tray of

B



.'panel constructed in accordance with the invention; and - 9.8 is a -
greatly enlarged sectional view taken 5 fromw thin the broken line circles

of Figs.2,4,6.and 7 which illustrates the conposite structure of the -« <

~invention. In Figures 1 to 7, enanel | ed-steel plunbing fixtures and ap -
enanel | ed- stq;l W?II panel such as is 10 used for bathtub surrounds. -or.
shower stalls, 9% constructed in accordance with the present invention.
The bathtub 10 , washishsl nisiBn sirﬁmtnlrcayvlbm oa?ndm/valdanpdrield-m,re@rle al |
formed havi ng,ddie) Cosmashict o Pt 43 e tHd Uit thh; and -

Conposite structure 20 1n S a su strate 22 to whi ¢h enanel
layers 24, 26 are b(ﬁftﬂetpdrﬁeﬁt%a%]tlﬁ@nh%%m adi (i ey fakgn

practice n tfomBdR Wi csrcﬂfamlllx@ -dilrRaleslofMiMiRg .12 )¢, & &ndg the

enanel |ayers 24 26 have kness in . the ran of 2 about 1/64 to
1/32 of an intH{h. B9YFF rﬁh ORRE S et X, oﬁhenorganlc oxi des
with a high conestiend on of S|I|con dioxide, i.e. a ceran1c enanel formng -
a glassy laver when fysetydied NP 1 O SHARRINAUE stee ) piitimblih P! UNDI NG
fixture or wall panel has been 25 _ _ enanel | ed, plastics |layér 28 is

bonded to t hef feRas mﬁsrar;z@nan%llﬁderﬁﬁ%l ﬁﬁt]ér mne&am@ a’t‘ﬁplllsed f or
exanpl e, 1py med/ -figy, Hiﬁtftdla;smoumm:tdn/estmwerestraljm,eQMeon or insert

o9 15 S ARG " A O SIP Th eR ARR ou
exanple, in tThethﬂﬁhuﬂbsi&ww1WasHbq;nmeIz,tdhaward&ruqlus,mmpdhaadla
e heSS o Bl 65 B ASddd Wy U, bl 3 Reetnd (he
adequate to F#P SRQWRH%R;E&GQ?QE&Hlve anount of plastics on the bathtub 10
15 Composite structure 20 includes a substrate 22 of ~y
steel to which enamel layers 24, 26 are bonded on either et
side. In accordance with general practice in the .
manufacture of enamelled-steel plumbing fixtures, the
enamel layers 24, 26 have a thickness in the range of
20 about 1/64 to 1/32 of an inch (0.39 to 0.79 mm). The
enamel consists of inorganic ox1des with a high
<€, teramjic enamel '
concentration of silicon dloxlde,Lformlng a glassy layer
when fused to the steel substrate 22.
After the plumbing fixture or wall panel has been
25 enamelled, a plastics layer 28 is bonded to the enamel
layer 26. The plastics material may be applied for
example, by spray-up, hand lay-up, reactive or resin hd
injection or insert moulding, or such moulding with
- reinforcement, or resin-transfer moulding (RIM, RRIM, or
30 RTM). The thickness of plastics layer 28 may vary. For
example, in the bathtub shown in Figure 2, the side walls
may have a thickness of plastics material as little as _
1/8 inch (3.175 mm) and the base or sump as little as 1/4
inch (6.35 mm) . Such thicknesses are adequate to

35 provide an effective amount of plastics on the bathtub 10
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-4- .sq@ that it,is resistant to chipping, ‘cracking, crazing, deformation and
del am nation when subjected to inpact. forces of energy levels to which an
urir ei nfor ced praduct wowl d not be resistant. Al so, the plastics |ayer
resi st =5 del am nati on when subj ected to thermal shock. Various resins may
be used i n practising the present inventtén, for exanple : unsaturated

pol yest er- .cont agpi BHa¥i D¥| i SDAGERELaREOKY cﬁgbyyﬁgxh@f&bki@@pyéfa&fﬁq;
nylon and-otherg. . The

d d th
ot T cRetatRSniSh) Sud e Dintnahion et v ib et ted e kR Ghen

bonded to an enfoetésdoft erbrgyrlevels. tdVehicki ay umsalnfartcsd oot gdstter -
resin.containin np bo g pRLe Qﬁg! d
suitable are thg g'ﬁamﬁ:lggc ;stéﬂg enggggbcﬁﬁasﬁ'gﬂélg% % n:{%{&w
exanpl e 3t2@w|n9e1®@h2§taﬂnnmye@tnybaﬁch@¢ p¢opgermalm§hmm@ silane. The

~resin.can be filled tOVQfPtheréSiﬂéOﬁﬁfnsétubédaﬂﬂ ﬁ%&éé&&fhémﬁﬁélaJ for
,exanple gl ass Egher s_and weaves; ceram c {?ires and flbres

boron; "carbon f ?ﬁgnégf%ﬁﬂ?%éonMDF?ﬁs?ﬁﬂTP%e B E S ?lbre

. made, for exanpbentbyntngoninﬁb méhemenganeporyl; spekyufethane, i S
|ncorporated in r me of 1 di

‘t echni ques. Th%g?éggﬁﬁ%gg lté§|1§}1| n§ éﬁ%g%srn?gﬁ I‘eéf‘r?ﬁ%ago pr%"{/ e a
packi ng fador 5Pam¢@nPabbaf°209§towlbb%PrTﬁétb@Eklmgftkisxnstht&E&ratlo

~of the volune 0§1£§§' E:LB]:éé UéﬁdyertQEuMPhilﬂﬁ Qi?lﬁi?&ré@é”ﬂ:exﬁ Bomd&d g esin
m xture is fornul ated of _the follomnngeco ounds, and nmaterials; Parts

Unsat ur at ed Pol $BsPBAMRALPA- EBﬂ?&lﬁFﬁBCtu en usingMRAAEATARAD mer

(Pi oneer 236) AbumyésuarTfebs{drabﬂtammg a vinyl monomer, the bondilfyp 1/4" -

'(6 35mm) ChOppegaEeg agg couplérs found suitagle are the silane
| \JJ 15 coupling agents such as a vinyl silane, for example
' 3[2(v1ny1 benzylamlno) ethylamino] propyltrlmethoxy
LA - silane.
‘The resin can be filled to provide relnforcement
by any suitable material, for example: glass spheres,
- 20 fibres and weaves; ceramic spherés and fibres; boron;
carbon fibres; graphite; wollastonite; an aromatic
5 polyamlde flbre, made, ‘for example, by Dupont Co.
The enamelled-steel fixture is incorporated into
the composite structure by means of insert-moulding
. 25rl-techniques. The resin mixture is introduced into the _
' mould to provide a packing factor of from about 20% to -

*

. 100%. The packing factor is the ratio of .the volume of
- : resin mixture to the volume of the mould.
' A typical resin mixture is formulated of the
© 30 following compounds and materials:

Parts
- 'Unsaturated Polyester Resin ngtalnlng : _ 100
i Vinyl Monomer (Pioneer 236) " .
. " "Aluminium Trihydrate ' : - 100
1/4" (6.35mm) Chopped Fibreglass ' 5

(OCF 832-FC)

3



i (OCF_832-FC3 -5- Cunene Hydroper oxi de . : yﬁ L :
0.5 D net hyl et hanol am ne 3.5

~ Pol ynmet hyl ene .Pol yphenyl i socyanat e ' - 10 (Upjohn Papi-901)~
SiI7i cone Surfactant (Dow Corning- 193) _ ) 0.3 Pigment >
0.5 Vater 0.25 In

practi sing th%umﬁv%nBY@h°P¢IOXsd@referred that the RIM of RRI M prdbd%é be

enpl oyed althgyﬂgt9§ﬁ@£hgggﬂ§m{5g applying the resin, whether it i$ goaned
or unf oaned, e used. For_exanple, an enanel | ed- st eel plunbln

fixture such %SY%WQERYR%EF|§°¥WERQRV1+§QF¥EREEP|n which a resin, ch as an
“unsat ur at ged poIyestewpfﬁmﬁa@iwtmswlylnyI mononer, with or wi t hout a

filler, a rei [ SETE sur a_cat al a bl ow ng agent

vinyl silane %6% %?em%?ﬁﬂa%ginEe %ﬂtc?ﬁnﬁm% %fi%ure or can be 1" pplled
to the fixtur%lgmemtprlner, are m xed under high pressure, injectddSnto
the nmoul d, angagbfowed to cure. The nmould cycle is at least 1 m nu.edor
particul ate conposite structures or about 3 mnutes for a bathtub. The
enanel | ed-steel bathtub i.s removed fromthe 15 nould. The resulting

pl astics-backed bat htwbprest boisiedtidelwientidesi it fnpleteirad tHat
o o ot Fon" B R o R SRS 350 S ol b el (AR, o o
. Further, the fonlappﬂyemmnEhes:eéznmaﬁh@tﬁbtlstrES|ﬁn&médtar(unﬁqamqﬁ, :
gé?gflrrga ogra Z%gpg% of e% ni 3#1 1 géyrga‘ra& When su‘%)J @({eglgs% 0 re I St >
forces sufh afiH ‘ér‘én%‘é@ht%?e%l RaEDhERP i i tRIaCR] okh & monlshidRy. shich a
resin, such as an unsaturatged polyester containing a
vinyl monomer, with or without a filler, a réinforcement, U
a surfactant, a catalyst, a blowing agent and a vinyl
silane coupler which can be part of the mixture or can be .
10 applied to the fixture as a primer, are mixed under high
pressure, injected into  the mould, and allowed to cure.
The mould,cYcle is at least 1 minute for particuiate
composite structures or about 3 minutes for a bathtub.
The enamelled-steel bathtub is removed from the
15 mould. The resulting plastics-~backed bathtub has bonded
thereto a resin foam layer of an unsaturated
polyester—-polyurethane copolymer which is resistant to
delamination when subjected either to high impact forces
or thermal shock. Further, the finished enamel surface
20 . 24 is reéistant to chipping, cracking, or crazing when ;_)
subjected to direct impact forces and resists deformation
and éop—off of the finish layer when subjected to reverse
forces such as are encountered during installation or
shipping.
25 The physical properties and characteristics of the
plastics-backed enamelled-steel composite structure are
.equal to or better than most of the physical properties



25 . . The physical properties and characteristics of the HO'
pl asti cs- backed enanel | ed-steel conposite structure are equal to or better

t tran- n@st of the physical properties -6- or characteristics of existing

st ate: abst he-art sanitaryware products. The i mproved product performance is
exenplified by the inpact test results shown in the following tables. The
testing procedupt ¢harageeristiaatof esistiing i stateefoike-attndard Z
124.1-1980 4.3 égﬁﬁﬁér#ﬁégé ?i‘&&ﬁ’été hatwwel fﬁ%v@d & i@ plr fSfinah 48T

unsupported di apeter shows hat is required, to cause

damage to the f?ﬁl§ﬁ§ﬂpéb#Fﬁéeb¥hEheth@P¢ﬁ%aE?S?sr%$$4?%d§ @pn 1P tthe
f|n|FhedfsurfacﬁoDioWhﬁ?saablaéywarﬁeaﬂdstSnéfﬁtéé@ﬂnﬁé ihﬂmﬁﬁbdfﬁﬁ e
‘result after { ati e.) | e
Teverse i mpdt PhobiePighh Be ARl Frandatity Lo FUISAE f1n Tipace
‘plastics- backedL9§ﬁ$ae&ceptthbatahheatqabr@ramdhas arﬁftyb@-bﬂmdhnage 15

.caused by handlhﬁgupbéygganglaﬁggefnstaIIatlon TABLE | .Direct | npact
‘I npact to cause Damage (1) to anlta?¥%
r

f.i ni shed surface (ft-IEF? e }oahevs %EP%&E ?ﬁﬁ?ﬁ%ﬁcﬁﬁﬂ*&ﬁ%&nﬁ?n?ause

150 2. OGaﬁﬁbecbattﬁébfﬁﬁlﬁﬁédReuﬂfﬁééedhéMImﬁétfméact is appXi¥drr]
2,71 Acryllc En

. e
jEnaneIIed ? hh flnlSLed surface off the sanltaf?%ﬁ;%ﬂaé%lcs%gécked
Enarel | ed Steeltype of damsge that mgy3eesfilt haftersits inmstallation.

Table II shows the results of the reverse-impact test,

~that is, when the load is applled to the plastics-backed

‘surface of the sanitaryware and is the type of damage
15 caused by handling, trucking, and installation.

> } © . Direct Impact
' Impact to cause
7 _ o Damage (1) to
SanitaryWare _ ' finished surface
C . - (£€-1bf) . (Joules)
Fibreglass-Reinforced Polyester/ 1.50 2.03
Gel Coat _ _
. Fibreglass-Reinforced ?olyester/ 2.00‘2) 2.71
. Acrylic _
 Enamelled Steel ' _ 1.25 1.69
3 'Enamelled Cast Iron . 1.75 - 2.37
W Plastics-Backed Enamelled Steel 2.50 3.39

o ~ of the Present Invention .



"27- TABLE Il Indirect Inpaét | npact to cause danmage (1)~to' aﬁitarymare:
finished surface (ft-1bf) (Joules) Fibreglass-Reinforced PHyester/

1.0 1. 36 CGel Coat Fibregl ass-Reinforced Pol yester/ - 2.5 3.39 *
Acrylic Enanelled Steel ' 1 - 2 1.36-2.7] >
Enanel | ed Cast Iron _ : -1-- 2 1.36-2.71 Pl astics-backed
Enanel | ed St eel -5 6. 7BaBLEthE Present |nvention (1) .
Danmage is defig&d astaicraz , .dent or material delam nation of the finished
surface | ayers=¢a5=c Tﬂgi%ﬁent structural damage with surface cracking 5

observed at- an inpact energy level of 4.0 ft-|bf (Fupk-tcd esuse\not her

physi cal property of the plastics-backed enane”(ﬂh£$é§§1éﬁf Jure of the
present invention is its 1Q ability to resist thernmal Shock. product such
as a wal | pan®2nitaxywareied to tenperatures of aphibished Surfiage (82 O,

and thereafter the panel is reaned fromthe tenpe(gdiniss sotseradd pl aced
15 freezer. THESECHMRRECRERSEOTASE hpEYSRtFY t hr ough 1B deghudls Fanr onhei
(100 degrees CentigrGelk)Cdaks not cause del am nation of the plastics |ayer y
fromthe enangl),£ds$1 61 R@ANELrcdd Folybdfier embodi menj of thegg nvention, a
' Acrylic ' -
' Enamelled Steel | 1-2 1.36-2.7]
Enamelled Cast Iron 1-2 1.36-2.71
Plastics-backed Enamelled Steel 5 6.78
of the Present Invention '

(1) Damage is defined as a craze, dent or material _
delamination of the finished surface layer. *

(2) Incipient structural damage with surface cracking
5 observed at an impact energy level of 4.0 ft-1bf -
(5.42 Joules).

Another physical property of the piastics-backed
' enamelled-steel structure of the present invention is its
10 . ability to resist thermal shock. A product such as a
wall panel is subjected to temperatures of approximately
180°F(82°C), and thereafter the panel is removed from the _
temperature source and placed in a temperature : -~/
environment of 0°F(-18°C) or below, for example, a ‘
15 . freezer. The sudden change in temperatuﬁe through 180
degrees Fahrenheit (100 degrees Centigrade) does not
cause delamination of the plastics layer from the
enamelled-steel panel. o
In a further embodiment of the invention, a
20 . thermal-shock resistant composite structﬁre comprises a
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2Q t hermal - shock resi.stant conposite structure-conprises a - netal k&
substrate having a ceram c enanel |ayer on at |east one side thereof; the
ceram.c enamel |ayer having bonded thereto by nmeans of a silane coupler a
Iayerggb plastics to 5 forma reinforced | am nate; the plastics |ayer

havi ng a thickness of at least 1/8 in. (3.175 nm and having a density. ,
bet ween about 20 | bs.” per cu. ft. and abou% 125 | bs. ‘per cu. ft. (320 and
2000 kg m whereby the conposite structure 10 is resistant to

del ani nati on whemetabj substirateahsvddgn & seramic rananehayar 40 | st

about 180 degreeiﬁgggr8HFe§EdglggFQgg@ees Centi grade). In another

enbodi nent, a h € structure /conprises a nEHf bstrate
havi ng a cerami c enanel 15theayeramn0aemam§i lasersihay ing R 64r1 eEFtRic

enamel |.ayer havFngg nggftﬁe‘sﬁiﬂn@/c@ﬁ%ﬁ.r‘)f q_asyé,_ar@f c;q.ggﬁc@ teyer of

plastics materia orm a act-resistant 'l am nate; the plastics
l.ayer having, & tﬁPEWnés§eéﬂfQG°e§t1P@&§@:943|n (3.175 mm) and a density

of between about 20 [bs." perecpilbktilce alagidr mﬁnlx@ a PEHickndds ¢B820 and.
onstant 1o el B S04 L R, Sl A SRS AL it
ft.- 25 I bf. (2. 5&0&0u2951bappbeedcbo EKE'hndsahnhﬁznaﬁ sl vibean eb. | npact
o by bt P R sl bt 6 I3 ShdaPRUAC b ardbn e ot pecate
enbodi ments’ oy s pesmatanurtnodedomomatxun(ﬂhencﬁﬂhﬂ¢ﬁﬁ¢@wﬁQﬁat$Ré@¢n
Some parts be'ngtgﬁbgyﬁtﬂgg cHdRgROBEP Y tOUast about 180 degrees
' _ Fahrenhe1t (100 degrees Centlgrade) _
- , R ' In another embodlment,-a hlgh-lmpact composite
- IR A§§ﬁg€f§§§ a metal substrate having a ceramlc enamel
15 1layer on at least one side thereof ;
' the ceramic enamel layer hav1ng bonded thereto
v by means of a silane coupler a layer of plastlcs mater1a1
. to form a hlgh-lmpact -resistant laminate;
the plastics layer having a thickness of
20 at least 1/8 in. (3.175 mm) and a density of between
 about 20 1lbs. per cu.ft. to about 125 lbs. per cu.ft.
(320 and 2000 kb m ) whereby the finished layer of
the composite structure is re51stant to delamination
when subjected to an 1mpact of at least about 2.0 ft.-
_ - 25 1bf. (2.71 Joules) applled to the f1n1shed layer and
i - . "'when an 1mpact of at least about 3.0 ft -lbf (4 07
D '~ Joules) is applied to the surface of the plastlcs 1ayer.
' e The plastics layer in any of the above-
described embodiments may be porous, or non-porous,
30d”or a comblnatlon of those, some parts belng porous

- _ and soime non- porous._

. 35 ' i



.35 Wt her mal - shock resistant conposi t%strucbure :
conprising: a netal trate having a ceramic enanel 5 |ayer on at | east.
one SI m m(l“u“ ram c enanel .layer having bonded thereto by reans kS
of "a si yer of plastics to forma reinforced |am naté&swt he
pl astics+l ayer* havi ng a thickness of at 1 least 1/8 in. (3.175 m). and -
havi ng a density between about 20 |bs. pefScu. ft. and about 125 | bs. per
~cu. ft. (320 §§ﬁgﬁ$§0 kg [err]) whereby the conposite structure is

resistant to ation when subjected to a sudden tenperature change of
at | east about1.180 15 mlegﬁeﬁSaPamwheres(.éﬂﬂndegompes&etsgradewrez
A high-inpaotn§e5| nt conposite structure conprising: a metal substrate
having a cera TgTayer on at | east one side thereof; 20 :
the ceramc_enanel |ayesr nwtahgswontieate heaeing by qeamlgfeaa@ellane coupl er
a layer of 4l a r [ t ant laninate; the plastics
| ayer haV|dg af%%f%hﬁggie ?ggsb gg% QP?% Lhér éi 175 m) and a density ‘
bet ween about 20 25 | bkhe p%@r%ralcf%naraﬂh h%bﬁ%’ hayingsbopdedc E‘ierﬁtO(szo

and 2000 kg m@% rﬁ\é\ﬁi@bdfthes{whéh@subaaeraoiayé@ &PNpLsktecst kycture is
resistant to dﬁ)am nati on_when,. i {ect ed to an inpact of at |east about

2.0 ft.-IDbf. 7y RRHLSOTTRT R2ERe finished | ayer and when an 30
i npact of at Ieast abouthé%ﬁﬂéétzthfléﬁeﬁ?hd@ﬂhgsa thieppesedofoathe

surface ofyd he, pl 851 £8 1 2YS(3. 775 mm) aAaCRUVPRE'S §bh Efwrﬁe@x%e&ha' med in

claim1l or
_about 20 lbs. per cu. ft. and about 125 '1bs. per cu.:

(320 and 2000 kg m-3) whereby the comp051te
structure 1s re51stant to delamination when subjected

to a sudden temperature change of at_least about 180 o/
15 degrees Fahrenheit'(100 degreee Centigrade)._ :

2. A high- lmpact resistant comeSLte structure ¥

comprlslng. : ' ' S

a metal substrate hav1ng a ceramlc enamel
1ayer on at least one sxde thereof,

20 - the ceramlc enamel layer having bonded thereto
by means of a silane coupler a layer of plastics to '
form a hlgh 1mpact -resistant laminate;

_ the plastlcs layer hav1ng a thlckness of at
least 1/8 1n. (3.175 mm) and a den51ty between about 20

25 1bs. per cu. ft. and about 125 lbs. per cu. ft (320 o
and 2000 kg m‘3) whereby the finished layer of the \.)
composite structure is resistant to delamination when. .

' subJected to an impact of at least about 2.0 ft.—lbf
(2.7 Joules) applled to the flnlshed layer and when an i f ¢

30 1mpact of at least about 3.0 ft.-1bf (4.07 Joules) is
~ applied to the surface of the plastics 1ayer.

3. A composite structure as claimed in clalm 1 or °
‘claim 2, in which the substrate is enamelled steel. -
4. A compoSite'structureuas claimed in claim 1 or

35 claim 2, in which the composite structure has the



claim2, in Mhlch ‘the substrate is enamel |l ed steel 7 A—conrposite HH

steucture as claingéd in claiml or 35 claim2, in cO 03|te
structure has the  -1-0- configuration of a-plut! , Hlu
conpo&fb@ structure as clained ih claim4, in whi i S an

enaneILed-stee{ bat htub. 6. A conposijg-structure as clalned |n claim
4, 5 in which the substrate is an*enanelled-steel sink. 7.

'conp05|te structubﬁfgguegghagdofnacb@umbang F jwdtihate t he substrate |s an

enanel | ed- st eel shower g gﬁg |te S ruct e as claqud in
claim3, 10 in ®Mich the sﬁB?PP§P§e|§t§uE

A corp05|te st[uﬁhuwhﬁeh th&:Eﬁdstnaa&K1@nenobndm§hnﬁdL§ﬁkéﬁ1bathMuhilthe
coupler is a 3[2fviny am no) et ro trijret ne
10. - - A conpdgite str c¥8F8 5% ISF%E&%h ﬁ% 5@%‘ dn% éﬁq éi in

~ which the pla3tids whlahfmh31Babsnga&epaskamgehamaiiddasnaaiaﬂxnk 2096and
about [100% by vohute. 11 a compfsiRAPATLLELALEGI Ahed AR Jih 4 21 M

10, 20 in which fhe - plastlcs S ther a solid or a foaned unsaturat'ed
Rol yester cont ai Anghachi kpe ﬁﬁhé#ﬁﬁtelzs an engmeddgssistesd: shawae as
Claimed in any oggagf claims 1 to 9, in which the plastics material is an

unsat. ur at ed pol ygster-pol yur et hane -copol yner: 25 1 ogjte
structure in accBrdance w%tﬁ°53956ﬁ§ rackure a5 & EZmQ41WWN£%HBh§ .
pl astics matt@i alini #hiehnthecedbbyratentier aalcevamdet ehanelDddarailoup

con5|st|ng of - glass ;pheres gl ass flbres glass weaves, ceramic flbres

ceram ¢ spheres, 38? car bon
A composite structure as claimed in any -one of

j_'clalms 1 to 8, in which the coupler is a 3[2(vinyl
\_; - : benzyiamino) ethylamino] propyltrimcthoxy silane. _
15 10. A composite structure as claimed in any one of
e ' _ claims 1 to 9, in which the plastics is a foam having a
packlng factor between about 20% and about 100% by
_ - volume. .
s - 1. A composite structure as claimed in claim 10,
20 in which the plastics is either a solid or a foamed
unsaturated pclyester containing a vinyl monomer.
12, A composite structure as claimed in any one of
_ _ claims 1 to 9, in wh1ch the plastics material is an
- unsaturated polyester-polyurethane copolymer.
25 13, . A composite structure in accordance with any
: o one of claims 1 to 12; in which the plastics material
— ' . .is reinforced by a material selected from the group
"_consisting of glass spheres, giass fibres, glass
weaves, ceramic.fibres,.ceramic spheres, boron, carbon -
33' and graphite fibres, wollastonite and-aromatic
polyamide fibre. |
14. - A composite structure as claimed in claim 13,

9 u

-in which the plastics material is a glass-reinforced
~ unsaturated polyester-polyurethane copolymer. '
35 15, A composite structure as claimed in any one of



A conp05|te

30 and gra EW@F fibres, wollastonite and aromati c pol yani ibre. 14.

material is
copol ymer. 35
clains 1 to 14,
pol yester-poly
non-por ous or
claiped in .any
contains a sur
accordance wt
“herein with re
conmposite stru
enbodi rrent S @s

10

lﬂﬁl imed in claim113, in which the Pfastics

E"ﬂed unsat ur at ed. polyester-polyurethane S~

15." $ A*conposite structure as clained i'n any one &P
in which the plastics material is an unsaturated

urethane copol-yner foanland.1ﬂtmh|ch the | ayer is porous or

a conbi nation thereof. 5 16. A conposite structure as.

chain§ tltont4] in &Elchnthlgha@h&cB|@&&b&iaﬁah%rb%

f A t bstanti al |
B68880zatda pRLveRtEaTRB Y LEhagS ChBelimen tpadeatd bed
f énewbiéchotbaeldyawi hgspotBus or nénrpbledsobrnaki ng a

CLYhE] n in accordance with any one of the
sgec} #§g§?y£h§%%¥lbed herein. 1520 25 30°35. . -

A composite structure as claimed in any one of
clalms 1 to 15, in whlch the plastlcs material contains
a surfactant. '

17. A composite'structure substantiaily_in
accordance With any one of the emboaimeuts as.
specifically described herein with reference to the
drawings. ' |

' 18' _ A method of maklng a comp051te structure

15

20

s
| 30

35

substantlally in accordance with any one of the
embodiments as spec1flcally descrlbed herein.

-
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