C A
L SPECI FI CATI ON THERMOPLASTI C RESI N- COATED ALUM NUM PLATE AND ARTI CLES
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L ONGS
*@000QZ* This invention relates to a thernoplastic resin- c#ﬁﬁ“ﬂ”’ﬂ”’ﬂ”ﬂﬂ"’m
plate and articles formed fromthe same. Mre specifically, to
a thernoplastic resin- coated alumnum plate which is |ess |iabl*sys® defect

such as ply separation when subjected to drawing, ironing or caulking,
ply separation with tinme, and peeling of the coating filmif subjected to

heat treatnment after working, and which is superior in mojmwmmwmwmumw n
and heat-resistant adhesion aft E%ﬁﬁ%ﬂbﬁnd to an arti Imrom
such a thernopl astic resin-coat ed. ' plate. PRI OR ART R&6hi- coat ed
metallic plates wy )| astd o resi ‘ﬁﬂrt' £ilmlamnated on
an al um num or ﬁﬁr@ﬁgﬁﬁo@ Bﬁwa@t@e %‘fbn&v‘ar oéu@%f’f el ds, making
the most of their exceldenizPr, td S HRAP TPrd@pl lity, corrosion

resi stance and electrical 1nsulation e.g. for casings of electrolytic
al um num capacitors. In these applications, since such resin 1 coated
metallic plates are forned into end articles, it is required that no

peeling, ergey@abreakagedenaliap 1y hheNhen R @ds resin coating film

during the formng step. In order to neet these requirenents and to obtain
t hernopl astic resin-coated netallic plates superior in working adhesion,
various trials have been nmade. For exanple, there have been proposed a

net hod in This invention relates to a thermoplastic resin-

coated aluminum plate and articles formed from the same.
More specifically, it relates to a thermoplastic resin-
coated aluminum plate which is less liable to defect such
as ply separation when subjected to drawing, ironing or
caulking, ply separation with time, and peeliné of the
coating film if subjected to heat treatment after
working, and which is superiqr in working adhesion and
heat-resistant adhesion after working, and to ah article
formed from such a thermoplastic resin-coated aluminum

plate.

PRIOR ART

Resin-coated metallic plates which have a
thermoplastic resin coating film laminated on an aluminum
or aluminum alloy plate are used in various fields,
making the most of their excellent properties such as
workability, corrosion resistance and electrical
insulation e.g. for casings of electrolytic.aluminum

capacitors. 1In these applications, since such resin-



which a fil mof an epoxy resin having a surface analysis spectrum val ue
nmeasured by an X-ray el ectron spectroscopy below a predeterm ned value is
provi ded on the surface of a netallic material as a substrate filmand a
polyam de filmis lam nated on this film (Japanese patent publication
1-238931), a nethod in which a coating conprising a fatty acid or

hydr oxynmet hyl -substituted phenol is fornmed as a substrate filmon the
surface of a netallic material, the coating is subjected to heat

treatment at a tenperature of 350 C or above to forma heat-nodified film

and a pol X%g‘-ta:ggorgl%)%i,arl lgicg@lia%egh%g?epﬁto\?&e% itélrﬁg feingﬂmagéﬂ%%esse jatent

publicatio nd “a et oly resin having a

diffracti o slenglh Wrbhl B p%;qugﬁ%r daed roﬁn%ere%pag-e rd%wpegﬂ[creén raption is

| am nated on a netallic plate extrusion ( nese

publ i cat | efeltr2d53Hhs PROBLENG Tl NENTHONGAGKLES oloamindey

resin-coated netallic plates 2 manufactured by such "net

to peel i ngtegt. Wanked der ticORdth titedrauund «weeits RMa tde Adhesi on
strength at the worked portions |lowers as tinme passes. Thus, in order to
prevent theaeadbediacn igt rerdinh doxaied Iewerlilng wilthds Buipeas di appsed in
Japanese patent publications 1-66030 and 2-18043, it is necessary to re-
nelt the #bkkiny fadhesdonheata ttiroesdt nemita laf herwef e@maqesiech as drawi ng.
Under such circunmstances, in an attenpt to solve all the above probl ens,
the present invenfors exave lecormyleatee dratvize bereas @rodaseshta aretiibd Am obj ect
of the present invention is to provide a thernoplastic resin-coated

al um num BRacé ®hifdd Muedn aint SR 3 i Ssdie 818V Nigr Gnisvg fecdr @ g ls s | ess

| iable to_pl
sBe%trum value measured by an X-ray electron spectroscopy

below a predetermined value is provided on the surface of
a metallic material as a substrate film and a polyamide
film is laminated on this film (Japanese patent
publication 1-238931), a method in which a éoating
¢omprising a fatty acid or hydroxymethyl-substituted
phenol is formed és a substrate film on the surface ¢f a
metallic material, the coating is subjected to heat
treatment at a-temperature of 350 °‘C or above to form a
heat-modified film, and a polyamide resin film is
laminated on the film (Japanese patent publication 3-2036),
and a method in which a polyamide resin having a
diffraction strength within a predetermined range by X-
ray diffraction is laminated on a metallic plate by melt

extrusion (Japanese patent publication 11-245330).

PROBLEMS THE INVENTION TACKLES

Polyamide resin-coated metallic plates



separation or crack in the coated resin layer or film or peeling of the
resin coating filmoff the alum numplate. 2. Another object is to provide
a thernoplastic resin-coated alum num plate in which even after tinme has
passed after working, the adhesion strength at the worked portions wll

not | ower, and heat treatnent after formng is not needed, and which is
superior in working adhesion and adhesion after working. 3. A further
object is to provide a fornmed article made fromsuch a thernoplastic
resin-coated al um num plate. MEANS TO SOLVE THE PROBLEMS According to the
first inventi%p of theégresent invention, there js provided a

t her nopl a8 U LACEYF o dtle F UG U TR DIHR % Sifris? atC s L He- por ous
Byer " For (6 H6H b ESUR LTt Por o Crth o 1oH m OV ard e SPeF R ast e
| Dvent | on SR SARF D AN G I A 19 & TR AF pr R e et or med
For med by S0Ki ot 118 TherhOp ST T Fos TRl o UHS O P ot e, "DETAI LED
o doscr | BoT T ar e HetArT, 1 THePiTe mpl T =P T ea al urmi num
plate acgardiiRGdiddde HEseNtaddventdon, alumaupddlda PRans nge

al um num and al um num al | oys. Specifically, pure alumnum 1000-famly,
Al - M 300@eflamidne & 10y oy aner e Mne HOCO-dadridnt adf0ys fynbeg usedn The

alum nuns are not I|imted to these exanples. These al um nuns are forned
as drawing.

Under such circumstances, in an attempt to solve
all the above problems, the present inventors have
completed the present invention.

1. An object of the present invention ié to provide a
thermoplastic resin-coated aluminum plate which when it
is subjected to ironing or drawing, is less liable to ply
separation or crack in the coated resin layef or film, or
peeling of the resin coating film off the aluminum plate.
2. Another object is to provide a thermoplastic
resin-coated aluminum plate in which even after time has
passed after working, the adhesion strength at the worked
portions will not lower, and heat treatment after forming
is not needed, and which is superior in working adhesion
and adhesion after working.

3. A further object is to provide a formed article

made from such a thermoplastic resin-coated aluminum plate.

[



into plates having a thickness of 0.1-2 mm If the 4 thernoplastic
resin-coated alumnum plate is used as an outer casing of an al um num

el ectrolytic capacitor, a 1000-famly or 3000-famly is preferable. The
al um num pl ate may be one subjected to various tenpering treatnents or
pretreatnents such as solution heat treatnment and aging treatnent.
Pretreatnment is not particularly limted but may be any treatnent which
can renove fat and oil adhering to the surface of the alum num plate and
unhonogeneous oxide filmon the surface. For exanple, a nmethod nay be
enpl oyed in which after degreasing treatnent with a weakly al kaline

degr easi NgEANEqUOdSOAVEalTHEEePBRABAGMSS carried out with an aqueous sol ution
of sodi um hydroxide, and followed by desmat treatnent in an agueous
solution of nitric acid. After degreasing treatnent, pickling my be
carried out. Also, etching my be carried out S|nultaneously W th
degreasing to ro&gﬁ@ndthe sar tace figssuénvantégnent that PER&en4l uni num
plate surface will not be colored, to inprove the anchoring effect. As

et chi ng nERVBAS10A) kKERNETEt Ri BGOVWIER §o§h@ﬁ1“ﬁ9élﬁéi’eileefeééﬂdcéﬁéﬁﬁng with

sul furic acid, hydrofluoric acid, etc. etchlng g electroly5|s in an
aci di ¢ sof ?@bﬂu@uEﬁa5§ RPEPIFES4ABd2 SERL1-RRY-BRTR édanﬂgiﬁe of 1af | east

one side pf th al u glate gje%%ed tolsuch %atnent a
seni - non- %%?%% o%ngh ;88 FlPHFlél d 20y - HEH gp £-Sit %i's possible to
| mprove adbesign pelueenothe alumaum.alate andothg. abgﬁ aual st resi

coat 1 ng. n or orma sem -non- porous a Ized m on the 6“ um num

plate, ltaﬂawabehem @agﬁg tqeérmd'c@ae@nt;r ¢34 RPRbrhBaWBhCRNE! 1S
el ectrolyzed In an ctro ytic sol ution.
coating layer.
According to the second invention of the present
invention, there is also provided a formed article made
from a thermoplastic resin-coated aluminum plate, which

is formed by working the thermoplastic resin-coated

aluminum plate.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Below, the present invention will be described in
more detail.

In the thermoplastic resin-coated aluminum plate
according to the present invention, aluminum (Al) means
pure aluminum and aluminum alloys. Specifically, pure
aluminum 1000-family, Al-Mn 3000-family alloys, and Al-Mg
5000-family alloys may be used. The aluminums are not
limited to these examples. These aluminums are formed

into plates having a thickness of 0.1-2 mm. If the



Here, "sem -non-porous” neans that the ratio (called porosity) of the
total area of pores present in the anodized filmcoating the surface of
the alum num plate to the total area of the anodized filmis 30%or |ess.
If the porosity is 5%or less, the filmis called practically non-porous.
The pores are ones fornmed in the process of growh of the anodized film
and extending fromthe alum num substrate toward the filmsurface. Their
sizes are 50- 2000 angstronms in dianmeter and 50 angstrones or nore in
depth. In this invention, the surface of the anodized filmwas observed
under an electron m croscope at 100000 x. magnification to determ ne the
area rat eCHRIARPI361ES &€ inmeqidrassialpminum SEi}cﬁ"Feari-SarL@@dr &% ¥ pores can
al so be determ ned by observing the section of the anodlzed film under a
hi gh- nagnPPF@étF@ﬁlpﬂaﬁéﬂ%ﬂu%ﬁFQﬂQﬂﬂr%%?cﬁﬁ%kﬁ§ébﬁ§9%ﬁ} He surface of the
film Als ile.there | st ces, where. no .anodi zed filmis fornmed at
crystals ggﬂghééﬁﬁéﬁi§ ﬁg§ f%ﬁ% he ARSI 0y and their

surroundi ngs, suc es .are n ard d as

pore-less state |§hF%a LR R %ﬁ] fQQ%% (ﬁifQEﬁd tlall%%&%@ﬁof t he
film poreg afe;h g % et orpci:(roesc'txleyaﬂ enccaé Céﬂcfli\)n fﬁmé area of the

openings exrstin e sur aceinthe s Hnodi zed film

has been EQ%%E@rég%a (%%ég%hgqtnl(§Fﬁ€¥éiﬁﬁﬂﬁ9 B%'??ty of the

el ectrolysis in an e ectr ytlc agueous so ow I n sol

anodi zed bialrmi cugiad yal UM iER asi@hayaidesn Sretd ddndld Yon @ Rde,
mal onate, phthalate, silicate, etc. can be used. Using such an

el ectrol yremovte fiax REsSidille ddnadinitsted thepaosidde ref afrieved \uhdwam Al so,

even if an electrolyte having high solubility of the film
plate and unhomogeneous oxide film on the surface. For
example, a method may be employed in which after
degreasing treatment with a weakly alkaline degreasing
liquid, alkali etching is carried out with an agqueous
solution of sodium hydroxide,.and followed by desmat
treatment in an aqueous solution of nitric acid. After
degreasing treatment, pickling may be carried out. Also,
etching may be carried out simultaneously with deg;easing
to roughen the surface to such an extent that the
aluminum plate surface will not be colored, to improve
the anchoring effect. As etching methods, alkali etching
with sodium hydroxide, acid etching with sulfuric acid,
hydrofluoric acid, etc., etching by electrolysis in an
acidic solution such as nitric acid, etc. may be used.

Next, on at least one side of the aluminum plate

subjected to such pretreatment, a semi-non-porous

anodized film is formed. By forming it, it is possible

to improve adhesion between the aluminum plate and the



such as sulfuric acid or phosphoric acid is used, if electrolysis is
stopped in the stage before it becones porous, i.e. in the stage in which
it is changing from non-porous to porous film it is possible to forma
non- porous or sem -non-porous film If such a high-soluble electrolyte is
used, if it is electrolyzed to normal film thickness w thout paying
particular attention to the porosity, it wll beconme a porous film -
exceeding the predeterm ned porosity. The thickness of the sem -non-porous
anodi zed film may be selected within the range of 50-3000 angstroms. If it

is less than. 50 angstrons, it is difficult to form the filmuniformy, so
Ihat suffi@?%ﬁ?oﬁgﬁiéI%nrﬁfIﬂ %ﬂ@t&Pﬁ;rﬁﬁﬁlagg?E F@s%ﬂr@o%tﬁﬁélI§oﬁoty

bt ai nabl , 2Pl R _hol d I nd _al umi el . Onth
othr | rarkP C8% o 7, £ e ThE BB AeB0 ThBE  r Bs=Pheal umi num
f : I [ due to |ight
Tntertorenedbis e avibndhe B BeEa Bkl Al vPRT T "Facks tond o
d I dugq LAg; - This i e i i f th
appear ance BTOTFE proaust ana hrreRATEr Er attnkaum  The'thi ckness. of

the seri - non- por ouse ADodi 2 LhbfL b8 cof8PeRL AL y=REE! efably, 100- 2000

angstrons. The thickness of the sem -non-porous anodi ze can be

adj ust ed bycau]astpagosl el rokyehngc6eadi hEO8Sor SP6hagsptBgehenghh of tinme
during which the alumnum plate is imersed in an elec?rolytlc sol ution
(el ectrol yZismganddieged ki htmofokbénegl ener slyface agfieons asahuhiQn,
concentration of the electrolyte, pE and tenperature of the electrolytic
aqueous sdlatento vohe agetahndrear oénthdeasddyzed Thelrl esrabyzong tine may
be selected within the range of 2-200 seconds, though depending on the
e|ectro|yzhﬁﬁﬁconhftt®msporosity is 5% or less, the film is called

practically non-porous.

. The pores are ones formed in the process of growth
of the anodized film and extending from the aluminpm
‘substrate toward the film surface. Their sizes are 50-
2000 angstroms in diameter and 50 angstromes or more in
depth. 1In this invention, the surface of the anodized
film was observed under an electron microscope at 100000 x
magnification to determine the area raﬁe of the pores as
the porosity (%). Such an area rate of pores can also be
determined by observing the section of the anodized film
under a high-magnification transmission electron
microscope and the surface of the film. Also, while there
exist places where no anodized film is formed at crystals
and deposits present in the aluminum alloy and their
surroundings, such places are not redarded as pores.
Initially, a pore-less state is formed in the anodized

film, and during forming of the film, pores are formed..



-As the electrolytic solution, one which hardly dissolves the

sem - non- porous anodi zed filmfornmed and which produces a non-porous

anodi zed filmwould be acceptable. Preferably, an electrolytic aqueous
solution may be used in which is dissolved one or two or nore

el ectrolytes selected fromthe group consisting of adipate, succinate,
citrate, malonate and silicate, and which is lowin filmdissolving
properties. But it is not limted thereto. The concentration of the

el ectrolyte in the 8 electrolytic aqueous solution is preferably 2-150 9/1.
If it is lower than 2 g/l, unevenness tends to develop in the film On

t he ot her TR&n@2rioB idwerl s15@ lgnlatase fr@medihelanad ipdr ARE @RssBings and
settling may occur. The tenperature of the el ectrolytic agqueous solution

i s prefer 8BLyt409 drotheySUrface dertih&Ta8F &8 WHES AR ity of the

el ectrolyte is laow,_so that the voltage |oss due to Iiquid resistance

i ncr eases 20PA1ZEGy & L 1gp hag ,bel‘?élatfiorﬁjneg‘st is high. Thus, the tenperature of

the electrolytic ueous solution is,.preferably 40,0C - 60 'C - 1In
particular, if ita ﬁ@ﬂﬂ?Q§§Qsiﬁnqd¥?%é$%gW}§@QIper%ﬁﬁﬂﬁémfﬁhe wat er
content of 4t n-paraus anaodi zed f]l. t j rtjcul arl

pr ef er abl g'le %sr%,ciyt 5 lﬁb@ﬁogegﬁzc?corr?léjotnlc@e%%aeﬁ% é(ops)lli—_'ﬁ:qo 4 t Ae&eﬁ%ct rolytic
aqueous s i (0 f.erahl it ne .t r = [ fot pH is | ower
than 3, t Le)qgﬁggilgd%ﬁlelt%et te%lﬁ'%js[j\/%zt)era br}elclgﬁrr'e %}?ggugl%l%%m e%(sceate}gs 8, the

film proddeedenny sd@lilr Qs 1tie fddipdQr Mg drifte | M1 8% fhat the
predeterm ned thi ckness cannot be obtained. In the el ectrol ytic aqueous

sol uti on, stinecaltwy WY, Paat &d usRIECt rud ivre tudro e el lest f 1o Iy el sour ce
So as to serve as an anode even if it is continuous or discontinuous. For
t he cat hode, passiitda Wd edarmtudie/gporosity relatively low. Also,

even if an electrolyte having high solubility of the film

such as sulfuric acid or phosphoric acid is used, if

electrolysis is stopped in the stage before it becoﬁes

porous, i.e. in the stage in which it is changing from

non-porous to porous f£ilm, it is possible to form a non-

porous or semi-non-porous film. If such a high-solﬁble

electrolyte is used, if it is electrolyzed to normal film

thickness.without paying particular attention to the

porosity, it will become a porous film exceeding the

predetermined porosity.

The thickness of the semi-non-porous anodized film

may be selected within the range of 50-3000 angstroms.

If it is less than 50 angstroms, it is difficult to form

the film uniformly, so that sufficient adhesion with the

thermoplastic resin coating is not obtainable. Also, pin

holes may develop and aluminum melt out. On the other

hand, i1f the film thickness exceeds 3000 angstroms, the



material is used. The applied voltage is adjusted according to
the-thickness of the target film and is approximately 3-200 v. For
el ectrolysis, a DC current is 9 used - The current density shoul d be about

0.3-10 A/dm. If it is less than 0.3 Aldm, a long tine is needed For the
filmformation, so that it is inpossible to quickly and continuously
el ectrolyze an alum numplate in a coil form On the other hand, if over

10 A/dm, surface loss such as filmburning tends to devel op. Anodi zi ng
treatment nmay be carried out to an alum num plate subjected to such
wor ki ng as pressing, but is preferably carried out to an unworked al um num
pl ate af eérmértlandiurdaice weyhdrasente aslyagd oof, Pucglle iant ovhdrte el ongat ed
article. It is because this makes it possible to quickly carry out

anodi zi ngdPBEagangegdugniuntl leghta inkewfargnes &Y Abemisamhplicate. Water may
be contained in the seni-non-porous anodized film But the water content
of the sBRFOHENANGELGES dhiddl z&F fGUaRkSs Genef &ralieyes At BWrindess. This is

because dyring heating for coating the alumnumplate wth a thernoplastic
resin fil E’Prwgflgr i ?hﬂa &8s EPY r%rﬁfetrﬁ(ﬁ&lr'ﬁr-oﬁbﬁ- VoSO LN RE A film so
that the adhesion m teriorate. Also, .el.ectrol yti onpounds such as
phosphateagﬁaaéaﬁﬁgtg% §5CE€HFaFﬁQd"F&%ﬁﬁ@ C?&%F¢ﬁ5ﬁ4l Pirs anodi zed
film Thergantent., of .su lectrol.ytic u P erably 3 w % or
ess, i1 Fhooriaehesy it el s R W e B ¢ s n

coating ELLECHRY 10¥els <0l dINe IRAYSRIRNCE Rl dite product Tormed - from the
pl ate may "be influenced. 1 0 The t'"hernopl astic resin-coated
aluminum plate agger ¢hng @ @ Pr@eeleniNRMIRN ias dddieaied ceat i ng
can be adjusted by adjusting electrolyzing conditions
such as the length of time during which the aluminum
plate is immersed in an electrolytic solution
(electrolyzing time), kind of the electrolytic aqueous
solution,-concentration of the electrolyte, pH and
temperature of the electrolytic agqueous solution, voltage
and current density.. The elecrolyzing time may be
selected within the range of 2-200 seconds, though
depending on the electrolyzing conditions.
‘As the electrolytic solution, one which hardly
dissolves the semi-non-porous anodized film formed and
which produces a non-porous anodized film would be
acceptable. Preferably, an electrolyﬁié agqueous solution
may be used in which is dissolved one or two or more
electrolytes selected from the group consisting of adipate,
succinate, citrate, malonate and silicate, and which is

low in film dissolving properties. But it is not limited

thereto. The concentration of the electrolyte in the



| ayer fornmed on the sem -non-porou s anodized film The treated coating

| ayer is a coating |layer formed by applying one selected fromthe group
consisting of silane coupling agent, epoxy resin, fatty acid and hydroxy-
substituted phenol on the sem -non-porous anodized film and drying it. The
silane coupling agent is an organic silicon nononmer having two or nore
reactive groups in one nolecule, one of the two reactive groups being a
reactive group that chemcally binds to inorganic substances (such as
glass and netal) and the other being a reactive group that chemcally
binds to an organi c substance (including various synthetic resins). Such
reacti ve §REGHsGlygligdaqueiond sprloup oramisn®r@feuRb lepdal I aupl and facr vyl
group. The reactive groups that bind to the senmi-non-porous anodized film
of the al & ASmIPWETe thati ¢h d/d amnaiergasse tesidssttendevedra® gt

part Loul Sl LT S0, DUl Tehude et hoey grousy elfioar grouss, st} ano
ol uri nim plgte by Lorming on oGS Ponl L SUbILS. Strong binding
oroups I the S113He .U LN a0ety M e cssin s LboL @ strons
Lher bl astlGoithl nocosg i dscsugh sllane L coupling pgey s

N B (ani paet BB iamnon opd diddmidigee Sid ang, a0d dtadd cfani noethyl) -/

-am nopropyl methyl di ethoxy silane; tri‘nethyl methoxy silane,
vinyl tri evbaxygiel anes WurYldd 1S qi B rBtftdncLtisidaAne, 1f above

di vi nyl di mret hoxysi | ane, -/ - glycydoxypropyltrinettioxysilane, 7

- met hacr ybOxypr,opylating cost is high. Thus, the temperature of
the electrolytic aqueous solution is preferably 40 °C -60
°C. In particular, if it is 50-60 °C, it is effective in
reducing the water content of the non-porous anodized
film and thus is particularly preferable. Aalso, the
hydrogen ion concentration (pH) of the electrolytic
aqueous solution is preferably within the range of 3-8.
If the pH is lower than 3, the anodized film tends to
become porous. If it exceeds 8, the film produced may
melt or the film forming rate lowers, so that the
predetermined thickness cannot be obtained.

In the electrolytic aqueous solution, the aluminum
plate is electrolyzed, connected to a power source so as
to serve as an anode even if it is continuous or
discontinuous. For the cathode, an insoluble conductive
material is used. The applied voltage is adjusted

according to the thickness of the target film, and is

approximately 3-200 V. For electrolysis, a DC current is



trimethoxy silane, etc. As silane coupling agents, though not |imted
thereto, the abovenenti oned am nosilane coupling agents are nore
preferable. The anmount of the si |ane coupling agent applied to the

sem -non- porous anodi zed filmon the surface of the alum numplate is
preferably 0.1-1000 ng/m . If it is less than 0.1 ng/m, a sufficient
bondi ng strength would not be obtained agai nst the thernoplastic resin
coating film If over 1000 ng/m, the bonding strength would reach
saturation, not proportional to the amobunt of application. Al so, silane

i d hi s. mak h | i difficul Th [
Coupl i ng SSB o T L S Bhs B S g m bt he Al Sce of t e
| umi lat;e i jed, af t pluting. it with,a_volatil
ol vent sicn s 3 ol T Gabner i "ot ot Pl reft el (reE A1
limted. - such. | I - ting,
bar ot | 1o o b e T R o agl T co 1o, TROT e rarer by Ry
vol atiliziah@ ckiSRIULTY N1 dde SPPYeNn SudifuROXYLesiny besides a

bi sphenol A type epoxy resin obtained by reacting epichlorhydrin with

bi sphenol £&rma bicsphenolothd v e @POXYE r@ad . 1 AN @2 bi sphenel AL ype epoxy
resin, a novolac type epoxy resin, olesocresol novolac type epoxy resin,

cycl oal i plsatdhc aseaxXiyn resimingl yeedd ned rdeetdiesp t ype epoxy resin, and
pol ygl yci dyl am ne type epoxy resin can be used. For such an epoxy resin,
its nmol ecul ar wei ginodis iprefteradtnent33t:B0B0 cauk idd @poxyo egui val ent
anount is prefer-ably 150-3000. The fatty acid may be a lower fatty' acid
or a hi gRdMMERITY ticitee b lected e Ppummivdnking ds rees$ing, but
is preferably carried out to an unworked aluminum plate
after extending it wound in the shape of a coil into an
elongated article. It is because this makes it possible
to quickly carry out anodizing for a large amount of a raw
material aluminum plate. |
Water may be contained in the semi-non-porous
anodized film. But the water céntent of the semi-non-
porous anodized film is preferably 5 wt% or less. This is
because during heating for éoating the aluminum plate
with a thermoplastic resin film, water is released from
the semi-non-porous anodized film, so that the adhesion
may deteriorate. Also, electrolytic compounds such as
phosphate and adipate may be contained in the semi-non-
porous anodized film. The content of such electrolytic
compounds is preferably 3 wt% or less. If it exceeds 3
wt%, the adhesion with the thermoplastic resin coating

film may lower, or the performance of the product formed

from the aluminum plate may be influenced.



acid, oleic acid, lauric acid, nyristic acid, behenic acid, etc. Also, as

t he hydroxy-substituted phenol, salicyl alcohol, o-hydroxynethyl-P-cresol,
etc. may be used. The epoxy resin, fatty acid or hydroxy-substituted

phenol may be applied on the sem -non-porous anodized filmsingly or after
diluting with a volatile solvent such as nethyl et hyl ket one, acetone,
trichlene or alcohol. Also, for the purpose of preventing pollution of the
wor k environment, effective conponents such as epoxy resin, fatty acid or
hydr oxy- substi tuted phenol may be applied in the formof an aqueous
enul si on obt ai ned dilutin n_aqueou iluting, the

ith il .
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hours at dWldid IIPEIAL ULy Ol 1L heYeoByiRe baked Al fodigh temperature

of e.g. 80-180 CC . tter method 1s” used, It IS icient to carry

it out on ddiel sA® dhdes@sectde P@é@“tﬁ@s§fé@§db@§§4sﬁfﬁ?hﬂ?ﬁ%ﬁ%&ng5o ocC or

over. Also, it is possible to sinultaneously carry out drying
and the hesduglrigad regdnel 2560xy G osi0yefatdPeas hd cknesey@fokPe coating

formed of epoxy resin, fatty acid, or hydroxy-substituted phenol is
pr ef er abl ywulsuituted1pdénal non Atlse, s¢he-coat pogots aned ezabdl §ibeat -
treated at a tenperature of 250 'C or over into a heat- nodified coating.
~This incr easesdtHerdohtd. strength between the seni-non-porous anodi zed film
formed on the surface of the alum numplate and the thernoplastic resin
The silane coupling agent is an organic silicon
monomer having two or more reactive groups in one molecule,
one of the two reactive groups being a reactive group that
chemically binds to inorgani; substances (such as glass
and metal) and the other being a reactive groﬁp that
chemically binds to an organic substance (including
various synthetic resins). Such reactive groups include
.vinyl group, amino group, epoxy group and acryl group.
The reactive groﬁps that bind to the semi-non-porous
anodized film of the aluminum plate, which is an inorganic
substance, are not particularly limited, but include
methoxy groups, ethoxy groups, silanol groups, etc. The
layer of silane coupling agent strongly binds to the
aluminum plate by forming an Al-0-Si bond. It exhibits
strong binding force with a thermoplastic resin due to
reaction of organic functional groups in the silane

coupling agent with the resin, so that a strong bonding

force is imparted between the aluminum plate and the



coating film- The reason why the bond strength increases by heat
treatnent at such a tenperature is not clearly known, but this is
presunmabl y because the epoxy resin, fatty acid or hydroxy-substituted
phenol is chemcally nodified to exhibit a strong binding force with the
al um num pl ate and the thernoplastic resin coating. If 1 4 the heat
treatnent tenperature is less than 250 *C , heat nodification will not be
sufficient to exhibit a good adhesion when a thernoplastic resin coating
filmis Jlamnated on the heat-nodified coating. For the thernoplastic

in- ' 1 pl at e. di tp th (O tion,
L T A L O B e P B e bor e | ayer.
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et hyl ene tergpfddial sdenor) but yh %ﬁé@ph@@gﬁ@g%}y@tﬂl thg;,[rld agi@ and a

copol ymer pol yester resin obtalne replacing part of ethylene glycol of

et hyl ene (teriepiddiat ot ¢ Unindpydene detephdhadiad ey Wi ter@not her al cohol ; a

resin blend obtained by blending two or nore such polyester resins; a

pol yani de trrasiet rsiiote @so ol yiald e, Ginpbt iyt ey i, 1 eroppl yivey Lol yani de
66- 6, polyam de 6- , 10, polyam de 7, polyam de 12, pol ynetaxylyl ene

adi pam de;( B polgiicefy st such) sisl god y ed iyl renkd L pot ypx opiyl ene,  ethyl ene-
propyl ene copol yner resin; polyolefinic resins obtained by acid-nodifying
usi ng nal &y atd kYRR Bkl hioreit ko 1y bl 32 hy eriee Heaht hkd sf@roBy Lior i ne
resin. The coating filmconprising such thernoplastic resins may be of a
singl e | ayer-WthPHI33 1 afRr RtGne As silane coupling agents, though

not limited thereto, the abovementioned aminosilane
coupling agents are more preferable.

The amount of the siiane coupling agent applied
to the semi-non;porous anodized film on the surface of
the aluminum plate is preferably 0.1-1000 mg/m?. If it is
less than 0.1 mg/m?, a suffiéient bonding strength would
not be obtained against the thermoplastic resin coating
film. If over 1000 mg/m?, the bonding strength would
reach saturation, not proportional to the amount of
application. Also, silane coupling tends to occur and
this makes handling difficult.

The silane coupling agent on the semi-non-porous
anodized film on the surface of the aluminum plate is
preferably applied after diluting it with a volatile
solvent such as alcohol. The manner of application is not
particularly limited. Any known method may be used such

as roll coating, spray coating, bar coating or dipping.



1 5 containing two or nore |layers of different resin coating filnms. The
coating filmconprising such thernoplastic resins may be a non-stretched,
non-oriented coating film or a coating filmstretched and oriented in one
or two directions. The thickness of the coating filmconprising a
thernoplastic resin is preferably 5-100 um If it is less than 5 g m it
is difficult to lamnate it uniformy on the surface of the al um num

pl ate. Further, when the thernoplastic resin-coated alum num plate
obtained is subjected to drawing or ironing, cracks tend to develop in

t he resin,l va L OVUS creasing the . t her_hand, if it
exceeds 186%#?H 4¥§%§§%ﬂﬂﬁ(ﬁﬁl}7rhﬁ%ﬁ%ﬁéﬁﬁ@g@%ﬁ?P%X1{ﬁiéﬁl %F%%%rove

adhesi on £§%e§?¥'|. VA qgg}'ng filmconprising thernoplastic resin
shoul d begggbf cte t%ﬁiﬂﬁ %i§§%rea ment such as corona treatnent, coating

treatment or flamgdrgat lrég{béxya'ggsrig}et Wsﬂ{%m%i:s,%&gﬂé‘ﬂ A2 é%‘% nopl astic

resin- coated al um num p hg to the pre t 1 nventl i's not

parti cul aely dyi MdAth d¥taiided™y be BMHAGIEM o BN £XF{Ysi On method in

which a nol'ten thernoplastic résin is dirtectly extruded onto the surface

of the abumiphe¢ndl afe d middiddsl ike ShapHdipmean extiidley equipped with
a die such as a T-die or an I-die to lamnate it, or by a filmlamnating

met hod i nbilsiptterepl tAeroyye asidxy resdim f id mdwrned theforahmod bys am,
inflation mnmethod, T-die nethod, cal ender nethod, etc. is brought 1 6 into
abut ment wiltels adre sad lumaumbael atyge wpety hess beercydiest eibitacior over the
melting point of the resin, and the filmis |lam nated by sandw ching them
bet ween aSPRAXY ¢S Irami Niatee Figl |5 1 et hreFQa@rRe¥h g afirhod®id not |inited

to the above s%}d_ones. i _
polyglycidyl amine type epoxy resin can be used. For

such an epoxy resin, its molecular weight is preferably
330-3000 and its epoxy equivalent amount is preferably
150-3000.

The fatty acid may be a lower fatty acid or a
higher fatty acid and it may be palmitic acid, stearic
‘acid, oleic acid, lauric acid, myristic acid, behenic acid,
etc. Also, as the hydroxy-substituted phenol, salicyl
alcohol, o-hydroxymethyl-P-cresol, etc. may be used.

The epoxy resin, fatty acid or hydroxy-substituted
phenol may be applied on the semi-non-porous anodized
film singly or after diluting with a volatile solvent
such as methylethylketone, acetone, trichlene or alcohol.

Also, for the purpose of preventing pollution of the
work environment, effective components such as epoxy resin,
fatty acid or hydroxy-substituted phenol may be applied
in the form of an agueous emulsion obtained by diluting

with an agueous diluent. In diluting, the concentration



The thernoplastic resin-covered alumnumplate is forned by any desired
nmethod into a formed product. As exanples of such form ng nethods, press
form ng nethods such as drawi ng net hod, draw ng-re-drawi ng nethod,

dr awi ng- pul I i ng- bendi ng-stretching nethod and draw ng- ironing method. The
t her nopl astic resin-coated alum num plate according to the present

i nvention can be used as -wall surface nmaterials, partitioning plate
materials, and design "plate materials for buildings. Al so, forned
products nade of the thernoplastic resin-coated alum num plate can be used
e.g. as an ogher % sing of an al um num ele%trolﬁtic capaci tor. [ Exanpl es]
Her ei nbel By, “DEhE §ﬁ€§ HE FRIGROESHSWLEl PEBLedaseyi 584 eisdicswispaci fical Iy

by Exanpl and Conpar ati.ve. anpl es. The present invention is not limted
to the bE68m588§8?B5e§'é§aﬂ§Eés. The thernopl astic resin-coated al um num

| at d Ln the bel i b t hod . | uat ed i th

bl o deScr | hea. niEnads *2pa) AOLEE: (SE PHer G BLELBor da it AtaPed al uni num
| at {,f.i.ed 1Q0 _t t i [ | ect
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area of t es sent surface: m | at.e,. d the
porosity ﬁggﬂggélgg%gtZ%l%yﬁgféngné‘fhgﬁ%g%aFggFgggdfQgggpﬁgﬁgéngg t he

entire arggral EBgtahy BN BLakeng(b) 8&?5§6_Qit|ihtgymay':%ré eaehy coated plate
specinen, 7/-ste p drawing was carried out using a progressive draw ng

nmachi ne sast hatirgongameehoayt ehe§URkagCces WeBkdrbe keskiall ayRirs @ form 100
cylindrical containers (ironing rate: 20% 10 nmdia. x 20 mm high, and
t he peel ingrbeiweemperature, or they may be baked at a high '

temperature of e.g. 80-180 °C. If the latter method is

used, it is efficient to carry it out on the same line as

the below-described heat treatment at 250 °C or over.

Also, it 1is possible to simultaneously carry out the bake

drying and the heat treatment at 250 °C or over.

The thickness of the coating fo;med of epoxy resin,

fatty acid, or hydroxy-substituted phenol is preferably

about 0.01-10 g m. Also, the coating is preferably heat-

treated at a temperature of 250 °C or over into a heét—

modified coating. This increases the bond strength

between the semi-non-porous anodized film formed on the

surface of the aluminum plate and the thermoplastic resin

coating film.  The reason why the bond strength increases

by heat treatment at such a temperature is not clearly

known, but this is presumably because the epoxy resin,

fatty acid or hydroxy-substituted phenol is chemically

modified to exhibit a strong binding force with the

aluminum plate and the thermoplastic resin coating. If



| ayers was visually observed. Those having no p.ly separation at all were
determ ned as non-defectives and the evaluation results were shown in
terms of non- defective rate (% . (c) Caulkability: while turning the
cylindrical containers 10 mmdia . x 20 mm high at a revol ving speed of
100 rpm a disk-like caulking roller (having a semcircular side wth a
radius of 1.5 mMm) was pressed to caulk themto a dianeter of 7.5 mm

(di ameter change rate = 25%, and the peel state between | ayers was
visual |y observed. The 100 containers were checked and those having no ply

separation_were detern ned as non-defectives, and, the valuation results
RG-S L S R et VA P PV o U G et L A

d | ater; .Far t 100, t ai d.in_the " | kabi lit test", th
potl st at BOBEEREBA  Tayaie EPY BE CUNERTAEN ol PoP 116 Caky & Maidhassed si nce
ot i - dot oRETBEON BRN o LU N GAIA0E FedGRLE CoBre enon™ 1ot or s of

- def ' 9 [ tion: Th f bl
uai ity i netEpPEGR B =rEC b R e BT PT 0 28 good 6 " and

those not passabl g gvepei fehgr}ﬁﬁgg%p@t%r%le@%ee%%q %ﬁuﬁﬁqlugwsfpﬁa[ . Those

not bad but of lower quality t assabl e ones were narke anple 11

<Pr epar at h68008 i hjekapphasbire se@%i N1eRakgdnal UMtALFRALEe: i cThe sy f ace of
an al um num (under JIS1100) plate having a thickness of 0.3 nm was

subj ect edcbatehghifd@mi is &ol@dsed wmehydeaxide cagieays 13¢lut.i ongat 50 OC
for 30 seconds, neutralization in a 10%nitric acid aqueous sol ution and
ri nsing fohelbhsemopdasthlextrestime dltumisnamt specifically limited
but the following may be used: polyester resins such as a
cdpoiymer polyester resin obtained by replacing part of a
terephthalic acid which is an acid component of
polyethyléne terephthalate, polybutylene terephthalate,
ethylene terephthalate or butylene terephthalate witﬁ
another acid; and a copolymer polyester resin obtained by
replacing part of ethylene glycol of ethylene
terephthalate or buthylene terephthalate with another
alcohol; a resin blend ébtained by blending two or more
such polyester resins; a polyamide resin such as polyamide
6, polyamide 66, copolymer polyamide 66-6, polyamide 6-
10, polyamide 7, polyamide 12, polymetaxylylene adipamide;
polyolefins such as polyethylene, polypropylene, ethylene-
propylene copolymer resin; polyolefinic resins obtained
by acid-modifying using maleic acid:; polycarbonate:
polyethylene naphthalate:; fluorine resin.

The coating film comprising such thermoplastic

resins may be of a single layer or a multilayered one



pl ate was subjected to electrolyzing for 120 seconds in a 2% adipic acid
anmoni um aqueous solution with the electrolyzing voltage of 7 V and current
density of 3.0 A/dm' to form a non-porous anodi zed filmhaving a

t hi ckness of 100 angstronmes on the surface of the alum num plate. After
the electrolyzing treatnment, the alum num plate was rinsed for 30 seconds
and dried-at a tenperature 1 9 of 120 'C . on the non-porous anodi zed film
of the alum num plate, an epoxy silane coupling agent was applied at a
rate of 900 ng/m . After drying, the alum numplate was heated to a

t t f.280 T and a filmof polyanide 6 havj t hi ck f 15
u T wms | BROTALEE 6 SHRE s TR LU Sl e Sl b Skt agen
to obtain;a ol yamid i n- coat ' | ke, < ti.on of th

oroduct o F"ERe. ROy SR T re LGBl i ol 1% TR S ai ned, t he
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Except that t trolyzing voltage was chang I"ect ol yzi ng

was carrigg¢ QUicdat it SR e he PSAdN e nP € Jhd &f a8 @

non- porous a nodi zed film having a thickness of 1000 angstrons on the

surface ofiitrhetidnani numepl@ati kAt d N noR- RYBUKANBdiZedfddg: a4p  anino
silane coupling agent was applied at a rate of 50 ng/m . After drying, the

al um num pl ate rwad lReatied s ion 1L MpeIfaliag yofs 250 G rand = fid mof .
pol yam de 6 having a thickness of 15 g mwas |am nated on the surface o
whi ch  wadegpgpltired thew couplt nigs afieffticult ttoe lsammatennier wsi iarmlBxanpl e |
to obtain a polyam de resin-coated alum num plate. For the pol yam de
resin_coap@dqmq“ﬁqnﬁ@qﬂ;gﬁ;the aluminum plate. Further, when the

thermoplastic resin-coated aluminum plate obtained is
subjected to drawing or ironing, cracks tend to develop
in the resin layer, thus decreasing the performance. On
the other hand, if it exceeds 100 u'm, it is economically
disadvantageous. 1In order to improve adhesion and
wettability, the coating film comprising thermoplastic
resin should be subjected to surface treatment such as
corona treatment, coating treatment or flame treatment.
The method of manufacturing a thermoplastic resin-
coated aluminum plate according to the present invention
is not particularly limited, but it may be manufactured
by an extrusion method in which a molten thermoplastic
resin is directly extruded onto the surface of the
aluminum plate in a film-like shape from an extrqder
equipped with a die such as a T-die or an I-die to
laminate it, or by a film laminating method in which a
thermoplastic resin film formed beforehand by an inflation

method, T-die method, calender method, etc. is brought



obt ai ned, the evaluation results are shown in Table |I. [Exanple 31 2 0O
Except that an amno silane coupling agent was applied at a rate of 0.1
ng/ M on the non-porous anodized filmhaving a thickness of 1000
angstrons, a filmof polyam de 6 having a thickness of 15 g mwas

| am nated on the surface on which was applied the coupling agent in the
sanme manner as in Exanple 2 to obtain a polyamde resin-coated al um num
pl ate. For the polyan de resin- coated al um num pl ate obtai ned, the
evaluation results are shown in Table 1. [Exanple 4] Except that the

el ectrol yig ashaaed J 0@ & PHASIH & BIRDNI R AL URUS SO uti on and

the electrolyzing voltage was changed to 140 V to forma non- por ous

anodi ze- dnefdtde® hayidg gvd hiokdess) ©fn %%@@gﬁﬁ MO , r Y BPOXYd Sthane
coupling agent was applied at a rate of 50 ng/m in the same manner as in

t he Exanplfe 1h ard lampidyeidyd ensandeiapiidadiedre fddwaemsa I naded to
obtain a polyester resin-coated alum num plate. For the resin-coated

al um num plaatievadst aiglels . t MEhewsdnafdoruriasyldestaode ishavet limiedde 1.

[ Exanpl e 51 Except that the electrolyte was changed to a 2% sodi um
silicate &guahss amivgsaind amted he el ectrolyzing voltage was changed to 200
V to forma non-porous anodized filmhaving a thickness of 2800 angstroms,
a coupling agent T Hppt el a5l @ ﬁesmmow%rﬁwm%@l@m nesed in

t he sane nanner as in Exanple 2 to obtain a polyanide resin-coated
al uni num prR&fEed FEa’r &He 4%%4&‘@@1 CRRERRE at R rﬁmﬁ R AR Ted, dhe

evaluation res%
exanp

e o suéﬁ“?vkéih;_égé%ods, press forming methods
such as drawing method, drawing-re-drawing method,
drawing-pulling-bending-stretching method and drawing-
ironing method.

' The thermoplastic resin-coated aluminum plate
according to the present invention can be used as wall
surface materials, partitioning plate materials, and
designiplate materials for buildings. Also, formed
products made of the thermoplastic resin-coated aluminum
plate can be used e.g. as an outer casing of an aluminum
electrolytic capacitor.

[Examples]

Hereinbelow, the present invention will be
described below specifically by Examples and Comparative
Examples. The present invention is not limited to the
below-described Examples.

The thermoplastic resin-coated aluminum plates

prepared in the below-described methods were evaluated in

the below-described methods.



[ Exanpl e 61 In Exanple 1, the electrolyte was changed to a 2% adipic

aci d- ammoni um aqueous sol ution and the electrolyzing voltage was changed
to 180 V to forma non- porous anodi zed filmhaving a thickness of 2500
angstronms. On the non-porous anodized film an acrylic silane coupling
agent was applied at a rate of 50 ng/m . After drying,.the alum numplate
was heated to a tenperature of 250 'C, and*a mal ei ¢ anhydri de-nodifi ed
pol ypropyl ene fil mhaving a thickness of 15 g mwas |am nated on the
surface on which was applied the coupling agent to obtain a polypropyl ene

r esi n- coatied @dﬁﬂgnﬁy;rﬁﬁgfhoé¥?sé E%éEﬂIE6E$%£“£ﬁGﬁﬁﬁﬂﬂegéaﬁ%g

evaluation results are shown Table 1. (Conparative Exanp Except

that the eleatd mRlgHal My oldRMNNBSa NN diak \a & &6410) YZi ng was
carried out in the sane manner as in Exanple | to forma non-porous

anodi zed fdlevd@d ngicroddipkness 0f b sty oIdc M dhe waird ace of an
alum num plate. A filmof polyam de 6 having a thickness of 15 g mwas

| ami nat ed dbsdrvedsane qulmelats tie @l eaded of otH &l fb Pe POb yaLE ge
resin-coated al um num plate. The 2 al um num pl at e obtai ned was eval uat ed.
The resul g1 &he sstrfece fTdiile 2luf{Comparkdtive ddanie 2drddecguriace of
an al um num_ (JIS1100) plate having a thickness of 0.3 mmwas subjected to
etching i Faliselledmsl ibrthieri disng i arptel larShevfaferpoies wag theat ed
with chromate phosphate with the chrome anount after drying set at 20

ng/ m . On S¥e Iéhdifd © st EtirwatRRsur face, . an anino silane

couplin nt. was plied at a rate of 50 /m. After drying, a film of
polganige%gshgﬁ%§ %¥¥ilty: For each coated gg%te specimen,y7—§tep

drawing was carried out using a progressive drawing
machine so that container outer surfaces would be resin
layers to form 100 cylindrical containers (ironing rate:
20%) 10 mm dia. x 20 mm high, and the peeliné between
layers was visually observed. Those having no ply
separation at all were determined as non-defectives and
the evaluation results were shown in terms oflnon-
defective rate (%).

(c) Caulkability: while turning the cylindrical containers
10 mm dia. x 20 mm high at a revolving speed of 100 rpm,
a disk-like caulking roller (having a semicircular side
with a radius of 1.5 mm) was pressed to caulk them to a
diameter of 7.5 mm (diameter change rate = 25%), and the
peel state between layers was visually observed. The 100
containers were checked and those having no ply
separation were determined as non-defectives, and the
evaluation results were shown in terms of non-defective

rate (%).



t hi ckness of 15 u mwas | am nated on the surface on which was applied the
coupling agent, in the sane nmanner as in Exanple 1 to obtain a pol yam de
resin-coated alum num plate. For the pol yam de resin-coated al um num pl ate
obt ai ned, the evaluation results are shown in Table 2. [Conparative
Exanpl e 31 Except that the anmobunt of the am no silane coupling agent was
changed to 0.07 ng/m, in the sane procedure as in Exanple 2, after drying
a filmof polyam de 6 having a thickness of 15 Mmwas |am nated on the
surface on which was applied the coupling agent, in the same manner as in

Ex le 2 [ NeJa)l 1. d i_n- d_al um I . F h
al i num pFat £ BECaHd, R VAl OR ECUECE B SHlwg SRF SRS 3

Co ' I I I -1 | yzi ied 2
oot {or BosORoREE at i W ERRartur 8 20 S TS GRer yi e |

changed t @3Q%sSulef YijeC _E%&%%#?%#?ﬁzehﬁ;B%@Fh?%%n S%S% r%gg%mgensity to

1.0 AAdm to forman anodi ze angstrons on

the surfagerkehgt hasalcwai-nam pledige Ha%iREr 0% b1 yOlsig 2nedi 284 S 11 m was
30% or over. on the anodized film an am no silane Ccoupling agent was

appl i ed atie@etatieeal a0 nwey-dlefeAftti®ls  dndn@ned efiallMa@fi ROk’ 1dg 6 havi ng
a thickness of 15 ,u mwas |am nated on the surface on which was applied

the coupkeng apemnh, iinn tkhiessafe nphocedece ide iracexdamspl.e 2 to obtain a
pol yam de resin-coated alum num plate. For the alum num pl ate obtai ned,

t he eval uéeioRompsehessirve sivainationfalihes?2. ofr pasEablles qlhadnidy2,int he
followwng is apparent. (1) The resin-coated al um num pl ates which is non-
porous w £hlt RE FOFoditepsofl aBo(dn Mese dedewniickdhas gwod "O " and

those not passable even in one item were determined as bad
*X ". Those not bad but of lower quality than passable
ones were marked "A".
[Example 1]
<Preparation of thermoplastic resin—coated.aluminum plate>
The surﬁace of an aluminum (under JIS1100) plate
having a thickness of 0.3 mm was subjected to etching in
a 10% sodium hydroxide agueous solution at 50 °C for 30
seconds, neutfalization in a iO% nitric acid aqueous
solution and rinsing for 10 seconds. Next, the aluminum
plate was subjected to electrolyzing for 120 seconds in a
2% adipic acid ammonium aqueous solution with the
electrolyzing voltage of 7 V and current density of 3.0
A/dm? to form a non-porous anodized film having a
thickness of 100 angstromes on the surface of the aluminum
plate.
After the electrolyzing treatment, the aluminum

plate was rinsed for 30 seconds and dried at a temperature



anodi zed filmhaving a thickness of 50 to 3000 angstronms, a silane
coupling agent applied by an anount of 0.1-1000 ng/m on the anodi zed
film and a coating filmof a thernoplastic resin on the |layer of the
silane coupling agent are superior in pressability and caul kability, and
even when 10 days had passed since working, |owering of the adhesion
strength at the worked portions or ply separation did not occur (see
Exanples 1-6). (2) Even if it is non-porous with the porosity of 1% in
the case of a thin anodized filmhaving a thickness of 2 4 40 angstrons, it

(s inferige iBopiess warkall Ly @idaCaulisabill 1At When 10 days had

passed since working, the adhesion strength at the worked portions | owered

and ply seBRiALMOPIAEEY! Lad 568 CATRALALS IDXAMR ) wdsHapiifay I 0 the

case in which the surface-tre filmis not a non-porous arnodized film

formed byaghgorate oho®phalentr.eaty®Rl: Aryihdl,t the an wnedinzgd Afdd m but
not sem-non-porous wth tthe porosity of 30% or nore, although pressing

of fers nowpgohkeRedi to 3 itR@E@tUre oFawlskakgl,i tand and itlhe adhesi on
strength at the worked portions lowers with tinme, so that ply separation
devel ops pé3gemCdrpér abimiegExampliekn2sandf4)l5 (4 Basn lanidatest @en- por ous
with the porosity at 1% and the anodized filmhas a thickness of 50-3000
angst r onsthei surifiecanounthitht e ssidpgrie edc aingl icoypdgent agertess than 0.1
mg/m , it is inferior in pressability and caulkability , and the
adhesi on SPE@ARt B BPlvkElder Kes ipoadades ldweiaumiptiets.ne, so that ply
separati on ociurs_%see Conparative Exanple 3). Next, description is nade
about ExafpVasusriSnapd tEsnpaicsiGFe Exanpl es 5-8. Measurement and j udgnent

of caulkability F%%r%hga%%l?éﬁfgéfég;fﬂqc@%tg%t@T&mf%d%ﬂblate thus
obtained, the evaluation results by the above method are
shown in Table 1.
(Example 2]

Excepﬁ that the electrélyzing voltage was changed
to 70 VvV, elecrolyzing was carried out in the same manner
as in the Example 1 to form a non-porous anodized film
having a thickness of 1000 angstroms on the surface of the
aluminum plate. On the non-porous anodized film, an
amino silane coupling agent was applied at a rate of 50
mg/m?. After drying, the aluminum plate was heated to a
temperature of 250 °C and a film of polyamide 6 having a
thickness of 15 g m was laminated on the surface on which
was applied the coupling agent, in the same manner as in
Example 1 to obtain a polyamide resin-coated aluminum
plate. For the polyamide resin-coated aluminum plate
obtained, the evaluation results are shown in Table 1.

(Example 3]

(%]
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measurenents and judgnents are as nentioned above. (c?) Caul kability :
while turning the cylindrical containers 10 nmdianeter x 20 mm high at a
revolving speed of 100 rpm a disk-like caulking roller (having a 2 5
semcircular side of R=1.5 nm was pressed against it to caulk themso
that the dianmeter would be 8 nm (di aneter change rate = 20%, and the peel
state between | ayers was visually observed. Confirmati on was made for the
100 containers. Those having no ply separation were determ ned as

non- def ectives, and the evaluation results are shown in terns of
non-defective rate (% . [Exanple 71 <Preparation ?f t her nopl asti c

resi n-coat ed al unEXGRPSI &has aAfﬁ@#ﬂphélééﬂﬁaEQ Ugk L8[ éﬁ@ﬁtnﬂﬁﬁplate (al | oy
nunber: A1100P H24% havi ng a thickness of D, g mm had been subjected to
etching i APR*16% 8 dﬁuﬁﬁﬁ?dP5X|dé &ﬁd@ou?“ SOFUPAAPRE 086 AEd~eso

ol uti on %aam’aﬁﬁﬁif%é%f SR EBneagonde L Dk R ERE B untrar Bl B vas
bj ected_to_ el f 20 2%

2aucous SBPOVRBRCR Pniere gl SctTaryrsg Coltadear s VaaRa s mé'ﬁ{" densi ty

at 3.0 A gyl Lo LaLm 8, @ﬂg gowags 2R3l o, lc@K 24130 43 o clepess of 100

angstroms “on e"surface o he ~al um num Iate ro yzing, the

al um num plat g ;Was pkhRsed SEGRNGs t@n@bd_rl gd sato A gpey at ure of 120
"C On the non-aporgﬁsﬂgﬁo |ze gxan?bf t he al unﬁﬁunﬁp%étg% bi sphenol A

type epoxyekeslBobRebeauhali nt®i ¢lte380rcepere eauiywaliert reympunt: 180-200)
di ssol ved in nethyl et hyl ketone was applied with a roll-coater and dried by
| eavi ng i tohardba2umihow laken@bialintktenpenhat whea lue tionmre sedadd ragehavi ng a
shown in Table 1.
[Example 4]
Except that the electrolyte was changed to a 2%
phosphate-ammbnium aqueous solution and the electrolyzing
Qoltage was changed to 140 V to form a non-porous anodized
film having a thickness of 2000 angstroms, an epoxy
silane couplihg agent was applied at a rate of 50 mg/m?
in the same manner as in the Example 1 and a polyethylene
terephthalate film was laminated to obtain a polyester
resin-coated aluminum plate. For the resin-coated
aluminum plate obtained, the evaluation results are shown
in Table 1.
[Example 5]
Except that the electrolyte was changed to a 2%
sodium silicate aqueous solution and the electrolyzing
voltage was changed to 200 V to form a non-porous

anodized film having a thickness of 2800 angstroms, a

coupling agent was applied and a £ilm of polyamide 6 was

[Ev)
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thi ckness of 1 g m This coating was heat-treated at 350 "'Cinto a

heat -nodi fied coating - On the heat-nodified coating, a coating film of

pol yam de 6 having a thickness of 15 u mwas |lamnated to obtain a

pol yam de resin-coated alum num plate. <Evaluation of the product> For

t he polyam de resin-coated alum num plate obtained, the eval uation

results are shown in Table 3. [Exanple 8] Except that the el ectrol yzing

vol tage was changed to 70 V and the thickness of the non-porous anodized

filmwas changed to 1000 angstrons, a polyam de resin-coated alum num

pl ate was obtaiqfd i.n éﬂﬁasane procedure as in Exﬁgg%eF% For. the al um num
' - Tab

pl ate obt 1258 By tSHE rRAUIES 3§ et S AR eptaimanple 91

Ex t that .t . trol i | t . h d .to 70 V, the thick

of “the nob o RHE SN A I r i AL ST 1000 iR FERL- and the
ti f t - i il ti

compr i 9 ng e i o P B SR AR L SR CRATIR R BeE Las

obtainedié}érghﬁﬁpq ragedure as in Exanple 7.  For the alum num plate
obt ai ned, the eva uaf?on resufis are shown in Table 3. [Exanple 101 7

Except thatgdda@@d ectrol ytic aqueous solution was changed to a 2%
phosphat e- amoni um aqueous sol ution, the electrolyzing voltage was changed

to 140 V, the thickhesgam®le the 98- HDsOthso Bnosli zeg dhdmya@stshanged to
2000 angstroms, the thickness of the coating conprising the bisphenol A

type epoxyadigsinn amisi-changedih cafudous seluish 4@ teat treat nment

tenperature was changed to 270 C, a
electrolyzing voltage was changed to 180 V to form a non-
porous anocdized film having a thickness of 2500
angstroms. On the non-porous anodized film, an acrylic
silane coupling agent was applied at.a rate of 50 mg/m?.
After drying, the aluminum plate was heated to a
temperature of 250 °C, and a maleic anhydride-modified
polypropylene film having a thickness of 15 g m was
laminated on the surface on which was applied the cﬁupling
agent to obtain a polypropylene resin-coated aluminum
plate. For the aluminum plate obtained, the evaluation
results are shown in Table 1.
(Comparative Example 1]

Except that the electrolyzing voltage was changed
to 3 V, electrolyzing was carried out in the same manner
as in Example 1 to form a non-porous anodized film having
a thickness of 40 angstroms on the surface of an aluminum
plate. A film of polyamide 6 having a thickness of 15

4 M was laminated in the same manner as in Example 1 to

obtain a polyamide resin-coated aluminum plate. The



pol yam de resin-coated al um num plate was obtained in the same procedure
as in Exanple 7. For the alum num plate obtained, the evaluation results
are shown in Table 3. [Exanple 11] Except that the el ectrolytic agueous
solution was changed to a 2% sodi um silicate aqueous solution, the

el ectrol yzing vol tage was changed to 200 V, and the thickness of the
non- por ous anodi zed fil mwas changed to 2800 angstrons, a pol yam de
resin-coated alumi num plate was obtained in the same procedure as in
Exanple 7. For the alum num pl ate obtained, the evaluation results are

shown in Rahigndm [l dndxcepd dhatudd el agld ol odi o fqueous

solution was changed to a 2% adi pi ¢ aci d-anmoni um aqueous sol ution, the
el ectrol yangnvdlnt age was; changed to 180 V, and the thickness of the

non- por ous anodi zed fil mwas changed to 2500 angstrons, a pol yam de

resi n- coat{@dmplaurEtivm @aing 1 aves]) obt ai ned in the sanme procedure as in
Exanple 7. For 28 the alum num pl ate obtained, the evaluation results are
shown in Tabl e 3. ThExayy fack3b FExarepd 1unhiatunt HeS IdAtd g e chanidde
non-porous anodi zed fil mwas changed to a coating conprising salicyl

al cohol , & pdllgimeds dsiln-om ek ol jaohay die ateshimobtiai etk isade sanme
procedure as in Exanple 7. For the alum num pl ate obtai ned, the eval uation
resul ts afM@&iwéwds ilf T le I Corfpaadife Exdfplve st mBateit vitdt t he

el ectrol yzi % vol tage was changed to 3 V and the thickness of the

non- por ou§hg 9GS e #TSHRARSS gt 1SRN RTINS L e T g et

resin-coa%%dzo mg/m?®. On the chromate phosphate-treated surface,
an amino silane coupling agent was applied at a rate of 50
mg/m?. After drying, a film of polyamide 6 having a
thickngss of 15 g m was laminated on the surface on which
was applied the couplihg agent, in the same manner as in
Example 1 to obtain a polyamide resin-coated aluminum
plate. For the polyamide resin-coated aluminum plate
obtained, the evaluatibn results are shown in Table 2.
(Comparative Example 3]

Except that fhe amount of the amino silane
coupling agent was changed to 0.07 mg/m?, in the same
procedure as in Example 2, after drying a film of
polyamide 6 having a thickness of 15 y m was laminated on
the surface on which was applied the coupling agent, in
the same manner as in Example 2 to obtain a polyamide
resin-coated aluminum plate. For the aluminum plate
obtained, the evaluation results are shown in Table 3.
[Comparative Example 4]

In Example 2, electrolyzing treatment was carried



al um num pl ate was obtained in the sanme procedure as in Exanple 7. For the
al um num pl ate obtained, the evaluation results are shown in Table 4.
(Conparative Exanple 61 Except that the coating forned on the surface of
the al um num pl ate was changed to a coating formed by treating with
chromat e phosphate (anount of chrone after drying: 20 ng/m), a

pol yam de resin-coated al um num plate was obtained in the sane procedure
as in Exanple 7. For the alum num pl ate obtained, the evaluation results
are shown in Table 4. [Conparative Exanple 7] Except that the

eIec;rolyéhggfggl%a%%gﬁggﬁp?%p%ogﬁhgﬁlgF ret@%t%§ ;ngai he non- por ous

anodi zed I'm was rons reatnent

t enper at upg ek rbhg 'crqa Qe kee] NG dissahenale AJNPELRBKL J8%N

changed to 200 C 7 a po de resin-coate um n pl at e was 5B alned in

the sane prACedr 8@ drt JERATRNE ch 1F@r {/hen saldyrisnipm %'nata oagg]%l ned, the
eval uation results are shown in Table Conpar ative Exanpl e cept

that the €oahi hgvfieagnmed t(hricm%s%uroffa@@ 00f arigae r@ndmioAumRl ate faRs changed
to an anodi zed fil mhaving a thickness of 3000 angstrons and a porosity of

30% or owér tha palydmute plegien- c gatkedorlostityumpltaie anas iokiGaimeac i n the
sane procedure as in Exanple 7. The anodized film was formed by subjecting
t he surf awasofi OBheralowmmmumonpltatee anodelzect fdllywi rg faoin® sedemds with the
el ectrolyzing voltage at 16 V and current denskﬁg_of 1.0 A/dnR2 in a 10%
sul furic ﬁéPalé&GeéH§n§oW@ﬁl@@Edueﬁoa@ a IRGe 58 mgi/mdm plAdtte robt ai ned,
t he evalugtlon results are shown in Table 4. From Tables 3 and 4, the
fol | owi ng Fglﬁﬁpaﬁeﬁﬂlm of polyamide 6 having a thickness of 15

¢« m was laminated on the surface on which was applied the

coupling agent, in the same procedure as in Example 2 to

obtain a polyamide resin-coated aluminum plate. . For the

aluminum plate obtained, the evaluation results ére shown

in Table 2.

From Tables 1 and 2, the following is apparent.

(1) The resin-coated aluminum plates which is non-

porous with the porosity of 5% or less and which has an

anodized film having a thickness of 50 to 3000 angstroms,

a silane coupling agent applied by an amount of 0.1-1000

mg/m? on the anodized film, and a coating film of a

thermoplastic resin on the layer of the silane coupling

agent are superior in pressability and caulkability, and

even when 10 days had passed since working, lowering of

the adhesion strength at the worked portions or ply

separation did not occur (see Examples 1-6).

(2) Even if it is non-porous with the porosity of 1%,

in the case of a thin anodized film having a thickness of

%)
i



(1) The thernoplastic resin-coated alum num plates in which a non-porous
anodi zed fil mhaving a thickness of 50- 3000 angstrons and having a
porosity of 5%or less is fornmed on at | east one side of the al um num
plate, a coating is formed on the non-porous anodized filmby applying
one selected fromthe group consisting of epoxy J O resins, fatty acids,
hydr oxy-substituted phenols, and a thernoplastic resin coating filmis
formed on the coating are superior in pressability and caul kability, and
even when 10 days had passed since wor ki ng, Iomering of t he adhesion
strength g% the wor ked ﬁ%{tlons pI Separation not occur (see

e

Exanpl es 7- 13952 By £ ne ]3}1 iR a50%) dlroﬁj?ﬁfélrll(%ria%rous) i f
nferior ERoarasTAn e %iﬁ T 5 Rt 0 U R paseed
si nce wor Eh@gad‘n@%(lgaglgesgg%% a@tt%( LJ@éee%vvopro %ck ort| ons I(ﬁv\ertcgsand ply

separ ation occurs I ve e the

coati ng fg,rlgcege%rar&q_ons%rcf&(‘rq.etg the & g)efat%e‘(r%@forned by treating

with chromate phosphate (nanely not an a o is an
anodi zed fishm but ahas a ﬂ?prt% toa %/wlc@lvecrhe( W £ DAL, al t hough
abi

pressing is no problen1 the plate wll be inferior 1n cau |ty and the

adhesi on $tilendishncat a hewgdemhParidaansed ewams M dded ifE cribddad ply
separation devel ops (see Conparative Exanples 6 and 8). (4) Even if the

porosity PEoSEhartel éseatmentpaous) itand tae dridikees < idfm thee anedi zed film
is 50-3000 angstrons, if the heat treatnment tenperature of the coating
f or ned bysémél-@p@gp@rroelﬁowtﬁ‘esme i daniery tdfad 09250 Gqre hea lplratwgiwi || be
inferior in pressability and caul kability, and the adhesion strength at
t he wor ke@ressing offers no problem, it is inferior in
caulkability and the adhesion strength at the worked
portions lowers with time, so that ply separation develops
(see Comparative Exémples 2 and 4).
(4) Even if it is non-porous with the porosity at 1%
and the anodized film has a thickness of 50-3000 angstroms,
if the amount of the silane coupling agent is less than
0.1 mg/m?, it is inferior in pressability and caulkability,
and the adhesion strength at the worked portions lowers
with time, so that ply separation occurs (see Comparative
Example 3).
Next, description is made about Examples 7-13 and
Comparative Examples 5-8. Measurement and judgment of
caulkability were made by the following method. Other
measurements and judgments are as mentioned above.
(c") Caulkability: while turning the cylindrical

containers 10 mm diameter x 20 mm high at a revolving

speed of 100 rpm, a disk-like caulking roller (having a

[R=]
[&]



3 1 portions lowers with tine, so that ply separation occurs (see
Conparative Exanple 7). [Exanples 14-161 Except that the el ectrol yzing

vol tage was changed to 70 V, elecrolyzing was carried out in the sane
procedure as in Exanple | to forma non-porous anodized filmhaving a

t hi ckness of 1000 angstronms on the surface of the alum numplate. On the
non- porous anodi zed film silane coupling agents shown in Table 5 were
applied at a rate of 50 ng/m . After drying, the alum num plate was
heated to a tenperature of 250 OC, and a filmof polyam de 6 having a

t hi ckness of 15 u mwas |am nated on the surface on which was applied the
coupl i ng ageacdrcudart sddsamd Prdoddme #4si PLESSEP €9R 1N tolittaite pol yani de
resi n- coat ed alunlnun1plates The al um num pl at es obtalned wer e eval uat ed

by the ab®2Bliethed &8d thAs th@|@&ﬁm@@e5e@ppﬁ& $er Sn§ith (Bdgime thre

eval uation results are _shown in Table 5. Peelln% stren th test) Specinens
are prepa?@ﬁn5§ FéFFlﬁgzph Pnﬁﬁﬂa§@@cpeﬁé5|ﬁa€8ap &W§P@ RYRCS A to 40%
of the orj |naIl t hi, ck ﬁn Tg % strength |s t he maxi_num | oad
required t Héélytﬁgsﬁﬁgﬁ pl QFi&r ' Qi 825 MGGy F2° Whe HO% 20 nmin

From Table 5, the

d :
fL[Fg;;ggcgstéggggggre%%? r%h%bﬁﬁi g ngﬁﬁ&§ﬁﬁﬁa¥8§ Sin which a silane
coupling Q%QQEmW%%dagglh%q égfgc LR Of 4 ﬁa e eVQQU%QlO%t%@SHHgéplate

formed wi th a non-porous ano |ze fi1rh ving t'he poraosi | ess

?Rgrﬁngpggggggao@h 180Q ¢ RIS Ay @ el vehirgh ea (@93t i ng fil m of
(Example 7]
{Preparation of thermoplastic resin-coated aluminum plate>

After the surface of an aluminum plate (alloy

number: AllOOP H24) having a thickness of 0.3 mm had been
subjected to etching in a 10% sodium hydroxide agueous
solution at 50 °C for 30 seconds, it was subjected to
neutralization in a 10% nitric acid aqueous solution and
rinsing for 10 seconds. Next, the aluminum plate was
subjected to electrolyzing for 120 seconds in 2% adipic
acid ammonium agueous solution with the electrolyzing
voltage at 7 v and current density at 3.0 A/dm? to form a
non-porous anodized film having a thickness of 100 |
angstroms on the surface of the aluminum plate. After
electrolyzing, the aluminum plate was rinsed for 30
seconds and dried at a temperature of 120 °C. On the non-
porous anodized film of the aluminum plate, bisphenol A
type epoxy resin (molecular weight: 380, epoxy equivalent

amount: 180-200) dissolved in methylethylketone was

applied with a roll-coater and dried by leaving it for 6

[R]
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resin is formed on the | ayer of silane coupling agent are superior in
pressability and caul kability, and even when 10 days had passed since
wor ki ng, lowering of the adhesion strength at the worked portions or ply
separation do not occur. For the peel strength, am nosilane coupling
agents showed the highest values. Thus the effect is high. (Exanple 171
After the surface of an alum num plate (alloy nunber: A1100P H24) having a
t hi ckness of 0.3 nm had been subjected to etching in a 10% sodi um

hydr oxi de aqueous solution at 50 -C for 30 seconds, neutralizing in a 10%

nitric aChQNﬁﬂ#%99§v§f$éﬁi%?bé%ﬁ?ﬁ%@féﬁ?fggﬁ“%g‘ﬁﬁﬁgﬂq$g?a®§§%h%tgﬁbjected

al um num pl ate was | mrer se uric acid so 0

15V and e remeudneiy a1 B0 S b R R R o o

15 V and current density at % sul fu

semi - non- por Gk AROHEAL fdd 17 1ayl A% @i ddl Chesm oS0 nangelLoms on the

surface of the alum numplate. The porosity of the filmwas Yo After

el ectrol yzioag,irftdhe a aldHe imym H1 Bt eo Maso Iy dsietk f@rha?«ﬂir%f%)n@'ﬁi@megéi ed at a
3 J' tenperature of 120C . On the non-porous anodized filmof the alum num
pl ate, an cdinilifosi Irane<olynimgtadend omsairapplpeldyatide re¢ei0fcS9cam/ n2 and
dried. The alum num plate was heated to 250 C . On the surface on which a
coupl i ng adé&minggs lidid ed, a pol yethyl ene terephthalate film15 ,u m
thick was | am nated to obtain a polyester resin-coated alum num plate. For
t he aIuniﬁ@ﬁﬁ&%ﬁ?&oﬂﬂﬂ%ﬂ9ﬁﬁtpﬁ¢éL@Whluation results are shown in Table 6.
EFFECTS OF THE | NVENTI The present invention has the foll ow ng advant ages
and the val ue of if¥ iMURIIWNIRR 15 ENGIHRAY Hiyhinum plate

obtained, the evaluation results are shown in Table 3.
[Example 8]

Except that the electrolyzing voltage was changed
to 70 Vv and the thickness of.the non-porous anodized f£ilm
was éhanged to 1000 angstroms, a polyamide resin—coated-
aluminum plate was obtained in the same procedure as in
Example 7. For the aluminum plate obtained, the
evaluation results are shown in Table 3.

[Example 9] |

Except that the electrolyzing voltage was changed
to 70 V, the thickness of the non-porous anodized film was
changed to 1000 angstroms, and the coating formed on the
non-porous anodized film was changed to a coating
comprising oleic acid, a polyamide resin-coated aluminum
plate was obtained in the same procedure as in Example 7.
For the aluminum plate obtained, the evaluation results
are shown in Table 3.

(Example 10]



1. The thernoplastic resin-coated alum numplate according to the present
invention is less |iable to develop ply separation or cracks in the
coating resin |layer when drawing or ironing. Also, the resin coating film
is less likely to peel off the alumnumplate. 2. It is superior in working
adhesi on and adhesion after working. Thus, even when tine passes after
wor king, |lowering of the adhesion strength at the worked portions wll
not occur. Thus, no heat treatnment after form ng as proposed in Japanese
patent publications 1-66030 and 2- 18043 is necessary. Thus the
ranuf acturt g, St e AL ShIPLLAL e B dlk e SLISH Ve BEL bl ot
Sl et rOl Vb nd@PAL 1075 FodsBhabelant@h Yol adudo S1uflof, QPO R P

electrolyzing voltage was changed to 140 vV, the thickness

of the non-porous anodized film was changed to 2000

angstroms, the thickness of the coating comprising the

bisphenol A type epoxy resin was changed to 0.1 g m, and

the heat treatment temperature was changed to 270 °C, a

polyamide resin-coated aluminum plate was obtained in the

same procedure as in Example 7. For the aluminum plate

obtained, the evaluation results are shown in Table 3.

(Example 11]

Except that the eLectrolytic agqueous solution wés
changed to a 2% sodium silicate aqueous soiution, the
electrolyzing voltage was changed to 200 ¥V, and the
thickness of the non-porous anodized film was changed tb
2800 angstroms, a polyamide resin-coated aluminum plate
was obtained in the same procedure as in Example 7. For
the aluminum plate obtained, the evaluation results are
shown in Table 3.

(Example 12]

Except that the electrolytic aqueocus solution was
changed to a 2% adipic acid-ammonium aqueous solution, the
electrolyzing voltage was changed to 180 Vv, and the
thickness of the non-porous anodized film was changed to

2500 angstroms, a polyamide resin-coated aluminum plate

was obtained in the same procedure as in Example 7. For
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the aluminum plate obtained, the evaluation results are
shown in Table 3.
(Example 13]

Except that the coating formed on the non-porous
anodized film was changed to a coating comprising salicyl
alcohol, a polyamide resin-coated aluminum plate was
obtained in the same procedure as in Example 7. For the
aluminum plate obtained, the evaluation results are shown
in Table 3.

(Comparative Example 5]

Except that the electrolyzing voltage was changed
to 3 V and the thickness Sf the non-porous anodized film
was changed to 40 angstroms, a polyamide resin-coated
aluminum_plate was obtained in the same procedure as in
Example 7. For the aluminﬁm plate obtained, the
evaluation results are shown in Table 4.

[Comparative Example 6]

Except that the coating formed on the surface of
the aluminum plate was changed to a coating formed by
treating with chromate phosphate (amount of chrome after
drying: 20 mg/m?), a polyamide resin-coated aluminum plate
was obtained in the same procedure as in Example 7. For
the aluminum plate obtained, the evaluation results are
shown in Table 4.

[Comparative Example 7]

Except that the electrolyzing voltage was changed
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to 70 V, the thickness of the non-porous anodized film was
changed to 1000 angstroms, and the heat treatment
temperature of the film comprising bisphenol A type epoxy
resin was changed to 200 °C, a polyamide resin-coated
aluminum plate was obtained in the same procedure as in
Example 7. For the aluminum plate obtained, the
evaluation results are shown in Table 4.

[Comparative Example 8]

Except that the coating formed on the surface of
the aluminum plate was changed to an anodized f£ilm having
a thickness of 3000 angstroms and a porosity of 30% or
over, a polyamide resin-coated aluminum plate was obtained
in the same procedure as in Example 7. The anodized film
was formed by subjecting the surface of the aluminum
plate to electrolyzing for 8 seconds with the
electrolyzing voltage at 16 V and current density of 1.0
A/dm? in a 10% sulfuric acid agueous solution at 20 °C.
For the aluminum plate obtained, the evaluation results
are shown in Table 4.

From Tables 3 and 4, the following is apparent.
(1) The thermoplastic resin-coated aluminum plates in
which a non-porous anodized film having a thickness of 50-
3000 angstroms and having a porosity of 5% or less is
formed on at least one side of the aluminum plate, a
coating is formed on the non-porous anodized film by

applying one selected from the group consisting of epoxy

(95
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TABLE 2

resins, fatty acids, hydroxy-substituted phenols, and a
thermoplastic resin coating film is formed on the coating
are superior in pressability and caulkability, and even
when 10 days had passed since working, lowering of the
adhesion strength at the worked portions or ply separation
will not occur (see Examples 7-13).

(2) Even 1if the porosity is 5% or under (non-porous),
if the anodized film is thin with a thickness of 40
angstroms, the plate is inferior in pressability and
caulkability and when 10 days had passed since working,
the adhesion strength at the worked portions lowers and
ply separation occurs (see Comparative Example 5).

(3) Also, in the case the coating formed on the
surface of the aluminum plate is formed by treating with
chromate phosphate (namely not an anodized film) or it is
an anodized film but has a porosity of 5% or over (not
non-porous), although pressing is no problem, the plate
will be inferior in caulkability and the adhesion strength
at the worked portions lowers with time, so that ply
separation develops (see Comparative Examples 6 and 8).
(4) Even if the porosity is 5% or less (non-porous)
and the thickness of the anodized film is 50-3000
angstroms, 1f the heat treatment temperature of the
coating formed by applying an epoxy resin is lower than
250 °C , the plate will be inferior in pressability and

caulkability, and the adhesion strength at the worked



Conp. Ex. 1Conp. Ex. 2Conp. Ex. 3 IConp. Ex. 4 porosityl% or |esstreated
wth 2% or | ess30% or |ess chromate phosphate nl mthickness. (.4)

........... 40 .............20.(m rn?).....1000 30 O -
................................ ki nd of silaneepoxy silaneam no sil ane
famlyamno silane ....... -am no silane coupling agent famly amly famly

............................................. B
............ == ... _... anount applled9001000 0750 (m2) -
m ki nd of polyan1de 6pol yani de 6pol yarni de 6 pol yani de 6 thernoplastic

resinll ppessabhii Lywe¥s l@QhBQl@& so that ply separation occurs
[Examples 14-16]

Except that the electrolyzing voltage was changed
to 70 Vv, elecrolyzing was carried out in the same
procedure as in Example 1 to form a non-porous anodized
film having a thickness of 1000 angstroms on the surface
of the aluminum plate. On the non-porous anodized film,
silane coupling agents shown in Table 5 were applied at a
rate of 50 mg/m?. After drying, the aluminum plate was
heated to a temperature of 250 °C, and a film of
polyamide 6 having a thickness of 15 um waé laminated on
the surface on which was applied the coupling agents, in
the same procedure as in Example 1 to obtain polyamide
resin-coated aluminum plates. The aluminum'plates
obtained were evaluated by the above method and the
follbwing peeling strength test. The evaluation results
are shown in Table 5.

(Peeling strength test)

Specimens are prepared by rolling thermoplastic
resin-coated aluminum plates to 40% of the original
thickness. The peeling strength is the maximum load
required to peel the thermoplastic resin coating by a
width of 20 mm in direction of 180 degrees at a rate of
50 mm/min.

From Table 5, the following 1s apparent.

[o%]
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The resin-coated aluminum plates in which a silane
coupling agent was applied at a rate of 50 mg/m? on an
aluminum plate formed with a non-porous anodized film
having the porosity of 2% or less and a thickness of 1000
angstroms, and in which a coating film of thermoplastic
resin is formed on the layer of silane coupling agent are
superior in pressability and caulkability, and even when
10 days had passed since working, lowering of the
adhesion strength at the worked portions or ply
separation do not occur. For the peel strength,
aminosilane coupling agents showed the highest values.
Thus the effect is high. -

[Example 17]

After the surface of an aluminum plate (alloy
number: AliOOP.H24) having a thickness of 0.3 mm had been
subjected to etching in a 10% sodium hydroxide aqueous
sclution at 50 °C for 30 secbnds, neutralizing in a 10%
nitric acid aqueous solution and rinsing for 10 seconds.
Next, the aluminum plate was immersed in a 10% sulfuric
acid solution and subjected to electrolyzing at 20 °C for
10 seconds with the electrolyzing voltage at 15 vV and
current density at 1.0 A/dm?® in 5% sulfuric acid to form
a semi-non-porous anodized film having a thickness of 300
angstroms on the surface of the aluminum plate. The
porosity of the film was 25%. After electrolyzing, the

aluminum plate was rinsed for 30 seconds and dried at a

O
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temperature of 120°C . On the non-porous anodized film of
the aluminum plate, an aminosilane coupling agent was
applied at a rate of 50 mg/m? and dried. The aluminum
plate was heated to 250 °C. On the surface on which a
coupling agent was applied, a polyethylene terephthalate
film 15 g m thick was laminated to obtain a polyester
resin-coated aluminum plate. For the aluminum plate

obtained, the evaluation results are shown in Table 6.

EFFECTS OF THE INVENTION

The present invention has the following advantages
and the value of its industrial use is extremely high.
1. The thermoplastic resin-cbated aluminum plate
according to the present invention is less liable to
deveiop ply separation or cracks in the coating resin
layer when drawing or ironing. Also, the resin coating
film is less likely to peel off the aluminum plate.
2. It is superior in working adhesion and adhesion after
working. Thus, even when time passes after working,
lowering of the adhesion strength at the worked portions
will not occur. Thus, no heat treatment after forming as
proposed in Japanese patent publications 1-66030 and 2-
18043 is necessary. Thus the manufacturing steps are
simplified.
3. It is extremely useful for the manufacture of formed
articles such as outer casing for aluminum electrolytic

capacitors.
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TABLE 4 Canp. Ex. 5Canp. Ex. 6 Conp. Ex. 7Conp. Ex. 8 treated with
porosityl% or | esschromate phosphate2 a or | ess30 a or |ess thickness

of 4020( mg/ nZ) 10003000 anodized rilm (A) ....... .. i
TABLE 2
Comp. Ex. 1 Comp. Ex. 2 Comp. Ex. 3 | Caomp. Ex_ 4
. treated with v
porosity 1% cr less chromate phasphate 2% or less 30% or less
Jfilm thickness (A) | 40 | 20(me/m)....|....000Q | 3000
kind F:f silane epc_xy §ilane amino silane family ami?c ;ilane ami?o ;i(ane
coupling agent family |~ family | family
amount applied
100 0.07 50
........ o/
kind of polyamide 6 palyamide & polyamide § | polyamide 8
thermoplastic resin
Lopressability G 170 100 80 e 30 ..
....caulkability (%) | 40 80 ] CI U S W]
change with 10 days 0 20 0 0
(%)
evaluation . X X | x X
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010 caul kability. (%....... 30 40 change with 10 days03000 e\

TABLE 5 Exanple 141 Exanpl e 15Exanple 16 2% or |ess 2%or |ess porosity.

.................. . .2 00o0r less. _ . . filmthickness (-A ). _ x 1000
......................... . m1000
.................. ki nd of silaneam no sil aneepoxy sil ane. .
TABLE 4
Comp. Ex. § Comp. Ex. 6 | Comp. Ex. 7 Comp. Ex. 8
N treated with v
porasity 1% or less chromate phasphate 2/u or less 30% or less
thickness of x| e | T
" 1000
anodized film (_A) oo 20("‘1%'/”1) _________________________________ 3000
kind of heat— bisphenol type| bispnenol type A | bisphenal type | bisphenal type
modified ¢coating A epoxy resin epquy__(?_S_i_rI _______ ﬁ_;e_gg:_:y_.r_g_s_in_ _ﬁ_'e_;_:_c_xy re;in_
i
amount applied 150 150 200 350
......... a2y o) S D SURRSUYURUNSUOURUUUR SSUUUSUIUURRU SUSSRSRRIRSRRROS
kind of . . .
i [ Y
thermoplastic resin polyamide 6 polyamide 8 polyamide 6 polyamide 8
..... pressability %) {60 | 100 308
..... caulkability (%) | 40 | 80 S0
change with 10 days 0 30 Q Q
(%)
evaluation x ps X X



acyl silane coupling agent famly famly famly

anmount applied5050... 30 (M2 ------mmmmn mmmem oo L

--- e L kind of ide 6 of mde o poIYanlde 6 thernnplastlc

re5|nponanp Ya peeling strength4 3 3 266 (N 20nm w de). __ pressabilit
y (%9100 .... ....... ... ..... caul kability (99........ 100100

....... 100 change with 10 dayslooﬁﬁ%&%ﬁ (' o) eval uati onOQ0 For the sil ane
coupling agents, the following is used.

Example 14 | Example 15 | Example 16

......... porosity | 2%orless | 2Zhorless | 2% orless
| film thickness (&) | 1000 000 [ 1000 ]
kind of silana aminag silane | epoxy silane | acryl silane .
..... 9.99.9!&@?.3559?:........_.f?mi.'x....-......f.?ff‘."!‘.f.....-......f%f?!!?._...
il B .
kmc‘i OT ..............................................

thermoplastic resin pclyamide 6 | polyamide 8 | polyamide §

peeling strength

(N/20mm wide) 4.2 4.8 33
..... pressability (%) [ 100 [ 100 ] 100
..... caulkability (%) | 100 | 100 | 100 ]
change with 10 days 100 100 100
(%)
evaluation QO . O QO

For the silane coupling agents, the following is used.
epoxy silane family: 7 —glycydaoxypropyitriethoxysilane
amino silane family: ¥ —aminopropyltriethoxysilane

acryl silane family : 3—-methacryloxypropyltrimethoxysilane

[}
fe]



epoxy silane famly. y - glycydoxypropyltriethoxysilane am no sil ane
famly. r -am nopropyltriethoxysilane acryi silane famly :

3- et hacryi oxypropyl tri net hoxysi | ane TABLE 6 Exanple 17 porosity25%film
thickness (A) 300 ... ... ki nd of
sil aneam no silane coupling agentfam |y anmount applied50 (ng/n2) """
......................... ki nd of polyester thernoplastic resin
pressability (a)100 caul kability ( 5%55 ............................ change
wi th 1050 days (X) evaluationO For the silane coupling agents, the
following is used. amno silane famly, 7'- am nopropyltriethoxysilane 1
;1 What is clained is: [1. A thernopl asti Exseglert-7codt ed al um num pl ate

conprising a sem -non- por ou oﬁﬂgﬂjzed fiTmigmed on at | east one side of
an alumnumplate, & CommNgIGAEl (A a0 T
- kind of silane amino silane
coupling agent | family ...
"';Ha'é;'é%-."apfued 5
e Mmoo,
kind of .
thermoglastic resin polyester
.pressability (W) ) 100 ...
_..caulkabiliy (%) | 80
change with 10 50
days (%)
evaluation A

For the silane coupling agents, the following is used.
amino silane family: 7 —aminopropyltriethoxysilane

i~
<



formed on said sem -non-porous anodized film and a thernoplastic resin
coating filmformed on said coating layer. 2. A thernoplastic resin-coated
alumnumplate as clained in claim1l wherein the porosity of said

sem -non- porous anodized filmis 5%or less. 3. Athernoplastic
resin-coated alumnumplate as clained in claiml or 2 wherein said
coating layer is fornmed by applying one selected fromthe group consisting
of silane coupling agent, epoxy resin, fatty acid and hydroxy-substituted

phenol . 4. ﬁhégefgvgig§$é§ {gsln coated alum numplate as clained in claim
3 wherein said siTane couplTng agent is an aninosilane coupling agent. 5.

A thernoplastic resin-coated alumnumplate as clained in claim3 or 4
wherein the anount of said silane coupling agent applied is 0.1-1000

my/r2. 4186, A thexnapéaﬁéppaéeﬁénr@%%@&wmmaﬁepm claimed in
claim 3 wherein the coating layer formed by applying one klnd sel ected

fromthe gresfoepashgta Ngemf - n@rﬁ’%rcﬁ%léﬁodfzaéd V£ B0h dSo @ on at
hydr oxy- substituted phenols is heat - modi fi ed coating filmformed by

heat -treatihgpst o@50s{H@ropvar . al?ummmrgmmt@rta cdeatmbde 4o a

t her nopl astic resin- coated alum num plate, which is fornmed by working the
t her mopl astfermesion coat @dsahimonrpot @te @cobizédgfiin, eand o clains 1-6.
8." Afornmed article made froma thernoplastic resin- coated al um numplate
as cl ai ned theonapastiohehin scoasbe asi m batresd carsisaid oroaniad uni num

el ectrolytic capacitor. 4
layer.

2. A thermoplastic resin-coated aluminum plate as
claimed in claim 1 wherein the porosity of said semi-non-

porous anodized film is 5% or less.

3. A thermoplastic resin-coated aluminum plate as
claimed in claim 1 or 2 wherein said coating layer is
formed by applying one selected from the group consisting
of silane coupling agent, epoxy resin, fatty acid and

hydroxy-substituted phenol.

4, A thermoplastic resin-coated aluminum plate as
claimed in claim 3 wherein said silane coupling agent is

an aminosilane coupling agent.

5. A thermoplastic resin-coated aluminum plate as
claimed in claim 3 or 4 wherein the amount of said silane

coupling agent applied is 0.1-1000 mg/m?.



6. A thermoplastic resin-coated aluminum plate as
claimed in claim 3 wherein the ccating layer formed by
applying one kind selected from the group consisting of
epoxy resins, fatty acids and hydroxy-substituted phenols
is a heat-modified coating film formed by heat-treating at

250 °C or over.

7. A formed article made from a thermoplastic resin-
coated aluminum plate, which is formed by working the
thermoplastic resin-coated aluminum plate according to

any of claims 1-6.

8. A formed article made from a therméplastic resin-
coated aluminum plate as claimed in claim 7, which is
used as an outer casing for an aluminum electrolytic

capacitor.



