01 OCT 2004 RESI N- COVERED METALLI C PLATE AND METHOD OF MANUFACTURI NG THE
SAME BACKGROUND OF THE | NVENTI ON The present invention relates to(al 06T 2004
resin-covered netallic plate and a nmethod of manufacturing the sane, and
a capacitor container using the sane. Heretofore, resin-covered netallic
pl ates such as an alum num plate covered with a |ayer of a thernoplastic
resin are used in various fields because they have excellent corrosion
resi stance, electrical insulating quality, designability, etc. For
exanpl e, an alum numelectrolytic capacitor has a capacitor el enent
inpregnated with an el eckepiyteQ@PREDOUSBALLACaFBHTENdri cal cont ai ner
formed by drawi ng an al um num plate. The container is sealed with e.g.
rubber and having itsaouteETRPEDI Pherm3NUEBCBYBINGYTHENEAMEShr i nkabl e tube of
a vinyl chloride resin or an-olefin-type resin for electrical insulation
and indication. In recent years, conpactness of electronic parts 1is
seeked, and for alum numelectrolytic capacitors, too, there is a tendency
toward conpact ness. FurthaCKORUENDPOENTHBf INKERTIPPe el ectrol ytic
capacitors which have no lead wires for surface nmounting i s progressing.
Wth such alum numelectrolytic capacitors, thereis a 1 a 1 OCT 2004
probl em that since the container is small, covering by a,  heat-shrjnkable
tube is extrenely'ﬁ&éfpggbéntsbnvhatioherE¢a§§§it@raeFéﬁéﬁFQQﬁiﬁﬁgi n the
contai ner contacts the inner surface of the container, thus nmaking it
inpossibIﬁeﬂélgg@ipygtbnsuﬂaaimgtbodpeftmésufﬁéﬁuﬁﬁégpﬁpﬁb§€nﬁ'solving
this problem it has been proposed to cover the surface of a netallic

pl ate sughdas afapiuftonncphaténagst WSangi k56 88MRg resin, and formthe

resin-covered plate into a container or cap b i
| P Heretofore, resin—coVereg m%talllc plates such as

an aluminum plate covered with a layer of a thermoplastic
resin aré used in various fields because they have
excellent corrosion resistance, electrical insulating
guality, designability[ etc. For example, an aluminum
electrolytic capacitor has & capacitor element impregnated
with an electrolyte and housed in a cylindrical container
formed by drawing an aluminum plate. The container is
sealed with e.g. rubber and having its outer periphery
'covéred by a heat-shrinkable tube of a vinyl chloride

_resin or an olefin-type resin for electrical insulation

and indication.

in recent years, cOmpaciness of electronic parts

is seeked, and for aluminum electrolytic capacitors, too,

there is a tendency toward compactness. Further,

development of chip type electrolytic capacitors which

have no lead wires for surface mounting is progressiig.

with such aluminum electrolytic capacitors, there 1is a



drawing or ironing to achieve insulating. properties while omtting the
covering step by a heat-shrinkable tube (Japanese patent publication
1-175222 and utility nodel publication 3-7 9974) As a technique f@®fl 0CT 2004
covering the surface of an alumnumplate with an insulating resin into a
resin- covered plate, there are two nethods, one is to coat an epoxy
resin, vinyl chloride resin or polyester resin to the surface of an

al um num pl ate, and the other is to lamnate.a resin layer on the surface
of an alum num plate. But with resin-covered netallic plates on which-is
formed a covering |layer by such known nmethods, there is a shortcom ng that

peeling c aPreeekh 2h e e rfAC & ortetivean ithesd 1) newet ohg Bpdat he
covering layer in the secondary working step such as draw ng or ironing.

An obj ect pf . 1DE§ i RY@RiIOR UK 1iG Wx‘%\f'e(ﬂ% EBsifrcoveras orial the plate
which is sﬁp%rlorr%n adhesi on (bond 2 ng 2004 properties or bond

strength), cé@a&@t%? %ﬁéﬁ@%ﬂ'ﬁdﬂﬂ&?Qﬂ.Q%@Nﬁﬁhﬂémhéﬁlﬂnﬂuantﬁatheand t he
thernopl astic resin covering layer, ply separation, breakage or cracks of

the thernpp|asti EE:E%%'en FOMEd RGprita &le rd0 vils GROiimg plty imepasablen
hardly occur wth tine, and which can be manufactured efficiently.

Accor di ng %8 ggﬁlgggse@gdlgwqmblgﬁopkgeﬁgsjs provi ded a resin-covered
netallic plate conprising a netallic plate, a chem cal conversion treated

| ayer formed on theopetald idhlodie ofa slayampftial sigrastel eroupl t ngaagent
formed on the surface of the chem cal conversion treated |ayer, and a

covering lgyen gfopoklar replastdrc thesishrfferowedfors tiecd bykr piatesil ane
coupling agent. The provision of the chenical conversion treated |ayer

i nproves t&H@cEORE08NhOR 1einsirandetel wike ret dliswl atpineg er emin t henddhesi on
between the netallic plate and the thernoplastic resin coverlng | ayer.
form the resin-covered plate into a .container or cap by
drawing or ironing to achieve insulating properties while

omitting the covering step by a heat-shrinkable tube
(Japanese patent publication 1-175222 and utility model
publication 3-79974).
as a technigue for covering the surface of an
aluminum plate with an insulating resin into a resin-
covered plate, there are two methods, one is tc coat an
epoxy resin, vinyl chloride resin or polyester resin to
i the surface of an aluminum plate, and the other is to
- laminate a resin layer on the surface of an aluminum plate.
But with resin-covered metallic plates on which 1is
formed a covering layer by such known methods, there 1s a
shortcoming that peeling can occur at the interface
between the aluminum plate and the covering layer in the
secondary working step such as drawing or ironing.

an object of this invention is to provide a resin-

covered metallic plate which is superior in adhesion {bond



Since the layer of a silane coupling agent is disposed, the organic
functional groups in the silane coupling agent react with the

thernopl astic resin, so that the netallic plate and the thernopl dbi 06T 2004
resin covering |ayer are strongly bonded together through the silane
coupling agent. Thus, it is possible to prevent ply separation between
them danage to the covering |ayer, etc. Hereinbelow this invention wll
be described in detail. 01 0 C1 2004 Wth the resin-covered netallic

pl ate according to 7 this invention, a chem cal conversion treated |layer is
formed on a netallic plate, a layer of a silane coupling agent

(herei naf pebgeafterd£dot obasd " stkangthoyplinnghdgentat haeerintdsfdos med on
the surface of the chemical conversion treated |ayer, and a covering |ayer

of a thepawplastitnéesiam{henepnateerangetBer edetrmoad asttitermmpiastic resin
covering layer") is forned-on the layer. The netallic plate refers to a

plate of acRRiAIng SUgPers pIPNseparkeisonst srekRageseelcr axizpest wapper
alloy, alum num alumnumalloy, tin alloy, steel, nickel and zinc. Anmong

them an ahuFmpleie tesprnetevabliag Ahysindm hertmoeguhe @lwni num pl ate
may be pure Al "or an Al alloy. Specifically, pure A, JIS 1000-fam |y

al l oys sughras aM i 18501y Aodd00 andhAt1R260, aatSwBAQGr danidey al | oys of
Al -Mn fam |y such as JIS A 3003 and A 3004, and JIS 5000-fam |y alloys of

Al -My fanmpaygaitberedi é£8icBahtayuni numis not limited to those cited
above as exanples. Preferably, the alum numplate has a thickness of
0.1-0.5 nm and norecpoefenabty Ohe- présemt Theechewncalthcorversi on treat ed
| ayer serves to inprove the corrosion resistance and adhesion of the
metal | i c plratve.déds & heeshentcuerednwetsilonct péatedcloaperising a
| metallic plate, a chemical conversion treated layer formed

on the metallic plate, a layer of a silane coupling agent

formed on the surface of the chemical conversion treated

laver, and a covering layer of a thermoplastic resin

formed on the layer of a siiane coubling agent.

The provision of the.chemical conversion treated
layer improves the corrosion resistance of the metallic
plate and the adhesion between the metallic plate and the
thermoplastic resin covering layer.

! Since the laver of a silane coupling agent is
- disposed, the organic functional groups in the silane
coupling agent react with the thermoplastic resin, so that
the metallic plate and the thermoplastic resin covering
layer are strongly bonded together through the silane
coupling agent. Thus, it is possible to prevent ply

separation between them, damage to the covering layer, etc.

Hereinbelow, this invention will be described in

detail.

(&% ]



for the alumnumthin plate, the followng can be cited: 4 01 OCT 2004 (a) .
| ayer obtained by chem cal conversion treatnment with phosphate chr,o t

(b) layer conprising an organic thernoplastic resin covering-layeﬂ]rﬁ ﬁ7W4
chronme, (c) layer ceontaining zirconium by chem cal - conversion treatnent,
(d) layer containing titanium by chem cal conversion treatnent, (e) |ayer
obt ai ned by anodi zing treatnent, The thickness of the chem cal conversion
treated layer is not specifically limted but is preferably 1-. 3000 A
(0.1-300 nm. If the thickness is less than 50 A (5 nm, when the
resin-covered netallic plate is subjected to drawing, the covering resin
may peel or otherwise the naarikedridveryedundtald infaldter . a¢¢opderd 3690 (300
nm, formation of the layer. may be difficult. Also, if the chem cal

conver si oppt Eeahe@ritdysr, i chamianddiced draian tieated ckdgss 8 preferably
500-20000 (0.05-2 u m, and nore preferably 1000-20000 A (0.1-2 u m. In
the case gfrRbRebr ayefeal3a-c3e0G s 300 aygr dfs Jprf kand| eoUPt 1ike

thi ckness of the anodized layer is less than 0.1 u m adhesion would not
be i nprovgdenn (g e iofdtare thamedt e i fedoviay & U shlarengEeypelanodPshhg is
necessary and thus the productivity would be inferior. The thickness of
the anodi zg¢ekayer < am e dadjrustred sur face afluecha tHeMi®@l above range by
adjusting the treating 5 0 1 OCT 2004 conditions, particularly exciting
condi ti ongoane i tAmtdve el zethd sy e3Qverriot ZrY &f uﬁ?nam | ayer
treated with an electrolyte containing at |east phosphoric acid may be
used, suchnhasmaplancdie etk sl unireme inaftesr ViR Hdsphoffc acid as an
“electrolyte, an _ . o th
"thermoplastic resin covering layer") is formed-on e

layer.

The metallic plate refers to a plate of a metal
such as iron, various stainless steel, copper, copper
alloy, aluminum, aluminum alloy, tin alloy, steel, nickel
and ziﬁc. among them, an aluminum plate is preferable.

aluminum formirig the aluminum plate may be pure Al
or an Al alloy. Specifically, pure A1, JIS 1000-family
allioys such as JIS A 1050, A 1100 andé A 1200, Jis 3000~
family alloys of Al-Mn family such as JI1s A 3003 and A
3004, and JIS 5000-family alloys of 2l-Mg family can be

- cited. But aluminum is not limited to those cited above

as examples.

preferably, the aluminum plate has a thickness of

0.1-0.5 mm and more preferably 0.2-0.5 mm.

The chemical conversion treated layer serves to
improve the corrosion resistance and adhesion of the
metallic plate. As the chemical conversion treated layer

for the aluminum thin plate, the following can be cited:



anodi zed al um num | ayer using phosphoric acid and sulfuric acid as an

el ectrolyte, an anodi zed al um num layer using phosphoric acid andgaxglfi 24
acid as an electrolyte, and anodi zed al um num | ayer usi ng phosphoric acid
and chronic acid as an electrolyte. Anong them anodizing with phosphoric
acid is nost preferable. Besides the above, it is also possible to use a
met hod in which after anodi zed al um num phosphate has been forned, it is

| ayer-lam nated after electrolytic treatnment in a bath of a silane
coupling agent, a nmethod in which after anodi zed al um num phosphat e has
been fornmed, it is layer-lamnated after electrolytic treat S Jynoan
epoxy enuﬂﬁknﬂ4ﬁﬁ¢nOQgﬁéﬁﬁ@dencﬁﬁméﬁaifngvﬁﬁéél e&rgﬁﬁﬁ%dgiﬁ%ﬁgsphate
has been fornmed, it is layer-lam nated after electrolytic treatnent in a
m xed bath of phosphake CBbpUPFtRg agent and an epoxy emul sion, and a nethod
in which after the above el ectrolytic tre%énent it i.s Hasgf- | am nat ed
after sildme il iFMPF et RBnENoPTBEBAY CBMIMSPIA SEd&t i"FG* By forning an
anodi zed | ayer on the surface o.the alumnumplate, it is possible to

i nprove adhesi@Webomd 520eT eB¢ S669"Broperti es or bond strength) at the
interface between the alum num plate. and, the. therngpl j £si n covering
| ayer . For(Ct}helft)f@at@@fh’f-ab‘fuflﬁeZE\EFQPF}J@ Bir Fggg,lclgnistcg%é’e o%le@brm ng a
chemi cal conversion treated |ayer, single- |ayer plating, nmultiple-I|ayer
plating or al l'0%¢§t®R%hg, or immersed chronic acid treatnent or chromi um
phosphate treatnent may be.applied. .A s l.ectr j hwomc acid
treatment Gk i%Y%bs%?%gélan oFﬁEgn%Pngg-P§§§% %Ha$g¥ﬁ§%ﬁ%$?ging a chrone
hydr at ed oxi de or a doubl e-layer |ayer conprising a netallic chrone |ayer.
(1 ower |ayer) C&ERFBE%hr ome hydrated oxide |ayer (upper layer) on the

shrface ol dfe JgLal b phpbery| obgahatkeckaitndier 15 fored. the
The thickness of the chemical conversion treated
layer is not specifically limited but is preferably 1-
3000 A (0.1-300 nm). If the thickness is less than 50 A
(5 nm), when the resin-covered metallic plafe is shbjected
to drawing, the covering resin may peel or otherwise the
workabiiity will be inferior. 1If over 3000 A (300 nm),
formation of the layer may be difficult.
also, if the chemical conversion treated layer is
an anodized layer, the thickness is preferably 500-20000
A (0.05-2 g m), and more preferably 1000-20000 A (0.1-2
¢ m). In the case of other layers, 50-3000 A (5-300 nm)

is preferable. If the thickness of the anodized layer 1is

less than 0.1 g m, adhesion would not be improved. On the

other hand, if over 2 g m, long-time anodizing is
necessary and thus the productivity would be inferior.
The thickness of the anodized layer can be adjusted to a

value within the above range by adjusting the treating



mg/m. If a double-layer layer is fornmed, the chrone content of the | ower
| ayer is preferably about 2-200 ng/n2 and that of the upper Iayerﬂqg51gm4
preferably about 5-30 ng/nR. The silane coupling agent |ayer is formed by
applying a silane coupling agent to the nmetallic plate or the chem cal
conversion treated layer and drying it. This layer functions to inprove
the bond strength between the netallic plate and the thernoplastic resin
covering layer. The silane coupling agent is an organic silicon conpound
having two or nore different reactive groups. One of the two reactive
groups is a group that chemcally bonds to inorganic materials such as

gl ass or 5@%@5 iohe 7 Rk tOCT 12004 lexatitamgi somdidaans e2rft dul"? hat
chemically bonds to organic materials such as synthetic resins. The
reactive group t@@tt@@n@%qugﬁﬁimanganﬂma@ﬂzaﬁeﬂlumﬂmmmaJQY%fplate or
chem cal conversion treated |layer is not specifically limted but a

met hoxy g%pggtegtaq&% & QURBctdlanta agmaegnirgt At ceadle cited. On the
ot her hand, as the reactive group that chem cally bonds to organic

mat eri al S, 38,nBRALY FiGmaRBNUGFOUBEN BE Y ARd F2eét aERYIRR group,
nercapto%%roug, etc. can be cited. As representative silane coupling

agents, Héﬂ%}fﬁﬁ%@@@p@mépﬂdﬂi&t heoxysiad ame el er tizmd Yiodr oyl tri et hoxy
3-

si | ane, t hacryloxypropyl trimethoxy silane, etc. can_be cited. The

al uni num plate sapd A isidreres coupls iny gyErRPhdl ¥o 3¢ bdndd oget her by
formng an Al-O-Si bond. Also, the thernoplastic resin and the silane

coupl i ng agertyrifd raEdA hondr oyt dierc harause Rt 24 uAtYTBRAT groups in
the silane coupling agent react with the thernoplastic resin. Thus, the
al umi num phate ard ddetdmrmopl@sadid aebigkabiverd®i| 8jef are firnly
bonded together at the interface through the silane couplhng agent.
electrolyte, and anodized aluminum layer using phosp

acid and chronic acid as an electrolyte. among them,
anodizing with phosphoric acid is most preferable.

Becides the above, 1t is alsoc possible to use &
method in which after anodized aluminum phosphate has been

formed, it 1is layer-laminated after electrolytic

treatment in a bath of & silane coupling agent, a method

in which after anodized aluminum phosphate has been formed,

it is layer-laminated after electrolytic treatment in an

epoxy emulsion bath, a method in which after anodized

" aluminum phosphate has been formed, it 1is layer-laminated

after electrolytic treatment in a mixed bath of a silane

coupling agent and an epoxy emulsion, and a method 1in

which after the above electrolytic treatment, it is layer-

laminated after silane coupling treatment or epoxy

emulsion coating.

By forming an anodized layer on the surface of the

aluminum plate, it 1is possible to improve adhesion (bond



As exanpl es of the silane coupling agent that can be used, vinyltrinmethoxy
silane, chloropropyl trimethoxy silane, 3-glycydoxy propyltrinmethoxy
silane, 3- methacryloxypropyl trinmethoxy silane, 3- am nopropyl (fatEMMXY
silane, N-2- am noethyl -3-am nopropyl trinethoxy silane, 3-mnercaptoprcpyl
trimethoxy silane, 3-(N 01 O CT 2004

styryl net hyl - 2- am noet hyl am no) propyl tri met hoxy silane hydrochloride,

ur ei doam nopropyl et hoxy silane, etc. can be cited. The |layer of the
silane coupling agent layer is preferably fornmed by applying a silane
coupling agent on the netallic plate or the chem cal conversion treated

| ayer by - Mpof®r & pégher abky Oho- DAGenfhnR. bekfrelche theount of
the silan I%%ﬁ%&ﬁ%gggéentois |l ess than 0.01 ng/ma, the adhesi on (bonding

property) ' it e d ageq Meye bend peehibet €6t rebinoverne1Q0Q nyhet,. bond
strength ag&Fg%%gééﬂfsaturation, so that increase in the bond strength

will not be proporddongletoréhendnPupt tAPPhiedl 1Asenrgianes timsteialkdane
coupling. agent tends to aggregate, it becomes difficult to apply the

~agent eveBEny@mﬁnmggpldﬁ@@i@a§i&@@@ep@y@hiﬂgeagedt1agea, matraille-c pl ate or
anodi zed l'ayer, 1norder to increase wettability on its surface, the

si | ane coq@lyier}ggﬁ nd s mRLe{g1abl yyepppiedingi bor ally dyy pdidtiimigngort wi t h
al cohol or-water to uniformy dissolve or disperse it to | ower the

surface teRsidc P1ir dRINOL-0f tovetnagttbe shrbadem péwsipd@tean organic
conpound such as an organic solvent or a surfactant may be added. If an

aqueous s@lii-gef Hde §@I§pp1§@@plimgsoagbyteﬂscappﬂW@dQWﬁﬂﬂﬂm@Mrface of
a netallic plate or a chem cal conversion treated |ayer, its concentration
of ~ i's nolcspegiddLahéyc! it ed, pbssibhe tonfentn of stihgl®-GayRIC T 2004
silame coupling agent is preferably 0.01-10 parts by
layer comprising a chrome hydrated oxide or a double~layer
layer comprising a metallic chrome jayer .(lower layer)
and a chrome hydrated oxide layer (upper layer) on the
surface of the metallic plate. If a single-layer iaver
is formed, the chrome content 1is preferably about 3-30
mg/m?. If a double-layer layer 1s formed, the chrome
content of the lower layer is preferably about 2-200 mg/m2
and that of the upper layer is preferably about 5-30 mg/m?*.
The silane coupling agent layer 1is formed by
’ applying a.silane coupling agent to the metallic plate cor
" the chemical conversion treated layer and drying it.
Tﬁis layer functions to improve the bond strength between
the metallic plate and the thermoplastic resin covering
1éyer.
The silane coupling agent 1s an organic silicon
compound having two Or more different reactive groups.
One.of the two reactive groups is a group that chemically

bonds to inorganic materials such as glass or metal. The



weight relative to 100 parts by weight of water. If less than 0.01 part by
wei ght, the bonding function may not be sufficient. If over 10 parts by
wei ght, the silane coupling agent becomes |likely to agglomerate, $§d 007204
it may not sufficiently performthe bonding function. Al so, an aqueous
solution of the silane coupling agent is preferably adjusted so that the
contact angle when applied to the surface of the netallic plate or the
chemi cal conversion treated layer will be 55 or under. The nagnitude of
this contact angle is determ ned by the surface tension between the
metallic plate and the aqueous solution of the silane coupling agent, and

the surfageyens on cancbeveagtbypadhast edehyctbéykbodédsahd addedicanounts
of organic solvents and surfactants added to the aqueous sol ution of

si |l ane COH%Hé%lé%?”EUCﬁSaEh@y@ﬁﬁ@ﬂi@ r&ol Nent sThet hanot i vesgpoopanol , etc.
may be used. As the surfactants, anionic surfactants, cationic

surfact antgat R Wd CanSunbagsant snaveniehi casmetattant pladecormay be
used. For these organic solvents and surfactants, those which do not

i npai r st abidditas Of cdhee 851 8pet eeupbingapgenis shoukpebefdekddtred and added
by suitable amounts. |If the contact angle is over than 55, the surface

tensi on betweend e tTed ahbtBopyageoand ¢beoagugousp,selilenon @ff e sil ane
coupling agent would be too large to forma uniformlayer on the surface
of the metald.i Gah b didef. T 8A04hpl atkershanfat asheéhadhesickd Veunct i on
wi Il not be perfornmed sufficiently. To the aqueous sol ution of the
coupl i ng ggerts trhesicesmibeldygaondssobvengsnandmetierastgnt §1 t hi ckeners,
antiseptic agents, etc. may be added of such kinds and in_ such anounts
that the eprt@actgrnghe awihobercepntaingll arcups BeEthAGEY 1 IThE oMt act
angl e may be nmeasured by a so- called droplet nethod in which the contact
angl e of aerdragpietgodupheetqueoas bol Gif6A - of AEhECBFPERBTESANIS ng
silane coupling agents, 7 -glycydoxypropyl'triethoxysilane,
v -aminopropyl triethoxy silane, 3-methacryloxypropyl
trimethoxy silane, etc. can be cited.
The aluminum plate and the silane coupling agent
firmly bond together by forming an Al-0-Si bond. Also,
the thermoplastic resin and the silane coupling agent
firmly bond together because organic functional groups in
the silane coupling agent react with the thermoplastic
resin. Thus, the aluminum plate and the thermoplastic
"resin covering layer are firmly bonded together at the
interface through the silane coupling agent.
As examples of the silane coupling agent that can
be used, vinyltrimethoxy silane, chloropropyl trimethoxy
silane, 3-glycydoxy propyltrimethoxy silane, 3-
methacryloxypropyl trimethoxy silane, 3-aminopropyl

triethoxy silane, N-2-aminoethyl-3-aminopropyl trimethoxy

silane, 3-mercaptopropyl trimethoxy silane, 3-(N-



agent that adhered to the surface of the netallic plate is nmeasured with
vari ous neasuring devices. The aqueous solution of the silane couqfiggh
agent nmay be applied to the surface of the nmetallic plate by an “orur QW@
met hod such as a dip nethod, spray nethod, roll- coat nethod, gravure-rol
met hod, reverse-roll nethod, air-knife nethod, kiss-roll nethod,
spray-coat nethod, bar-coat nethod, dipping nethod, gravure-roll nethod,
reverse-roll nethod, and air-knife-roll nethod. To the silane coupling
agent, various organic or inorganic additives nay be added such as
viscosity adjusting agents, defoaners, colorants such as pignents and
dyes, sta@tytgémsnmyi1ﬁﬁamﬁﬂQ£ﬁhﬁ1QﬁﬁﬂﬁﬁHﬁﬁPY%ﬁ%%@ﬁ?bﬂéypgégépﬁies. Af t er
appl ying an aqueous solution of the silane couplinP agent, solvents and
the 1ike apérpreflerddle, wdiadaeheniPratatig by @@%ﬁn@fﬁc\méﬁncj §ing, |
Il 01 OCT 2004 tenperature is preferably raised at a rate of 50 C /s or
under. Ifcoved.50 C /s, the aqueous solution of the silane coupling agent
applied tends to be nodified, so that the adhesion function of.%he | ayer
formed by the aqésusassiutdfortv? Thens |GRIP LD 95" giﬁ%’efmfz | over .
Tenperature rise is preferably at a rate of 5-50 C /s .mﬁthinnghgnrange of
from r oonpt efiperatlyr € raerb@IC aPTHEL 1By rS ke BYP&pBPy FR§ “&nd dr yi ng

the aqueous solution of the silane coupling agent has th i .scontent of

preferablyhé-mstaﬂd@Q:p%QMﬁHPﬁt%ﬁ%LﬁW%&iF{g C$h¥§ﬁﬁ%8nb§?5§k§gray el ectron

spectroscopy (hereinafter referred to as "ESCA hedz) f :Si el ement

content L8YB&oWSY t%&i‘@%%rﬁ%;r%' t%%tﬁ’ﬁa&%&‘mc |'8n58p {”hzﬁ‘ aqueous

solution of the silane coupling agent is not _sufficiepthy-.ebtaiyped. Al so,
FERER Ao St PRerteRr R

even i f obérths amst Rf i%heus ove’ an so, the ESCA

met hod |50%&re%1gc}%,o'f gnal yzing, the , naing property) of the

interface may be insufficient. If cver 1000 mg/m?, bond
strength would reach saturation, so that increase in the
bond strength will not be properticnal to the amount
applied. Also, since the silane coupling agent tends to
aggregate, it becomes difficult to apply the agent evenly.
When applying a silane coupling agent on a
metallic plate or anodized layer, in order to increase
wettability on its surface, the silane coupling agent is
i preferably applied uniformly by diluting it with alcohol
. or water to uniformly dissolve or disperse it to lower the
surface tension. As a method of lowering the surface
n organic solvent

tension, an organic compound such as a

or a surfactant may be added.
I1f an agueous solution of the silane coupling

agent is applied to the surface of a metallic plate or a

chemical conversion treated layer, its concentration of

is not specifically limited, but the content of the



surface of a solid by electron spectroscopy, in which soft X-rays are shed

on the surface of a solid specinen such as a netal, ceramc, inorgﬁﬁﬁ#??ﬂ“

conmpound, high- nol ecular material, and photoel ectrons rel eased fr e

surface of the solid specinen are detected by a static type energy

anal yzer to analyse the kinds of elenents, state of oxidation and bond,

etc. on the surface of the solid specinen. In the ESCA nethod, ordinary

measuring conditions nay be used' without limtation. For exanple, 1 2 0

10 C12004 as a X-ray source, MgK a , AlKa , etc may be used. The out put

may be set at 15 kv x 33 mA and the degree of vacuumset at 5 x 10_e Torr.

On the | agen agfe tdweuslimmeagoupl ingoagéarabay BelérifAgPRaysr R¥f a

thernoplastic resin is formed. This thernoplastic resin covering |ayer

i nproves gkeghid aelasivat togl P opertsebyandighenpéalatedi-st dfcd®S8tc. of

the resin-covered netallic plate to provide a printing surface for

i denti fi cahiagn.o .Fdr p&mtthprmap@hstithEebbndéﬁveipﬁgtPQVeW?Yanqtagér of a

t hernmopl astic resin may be used. As the thernoplastic resin, a polyester

resin or sufidliydmrde. reSiovemylbepastd. bAsWERBNBol {88t &L 1PEE n, a

pol yester resin such as polyethyl ene terephthal ate, polybuﬁylen%

t er epht hakatg,l ipnl yedert bycondexhikaby hyPeA6IL ePEBRERal &0 18 thei r

copol ynmer; a copol yner of such a polyester resin and a polyolefin resin

such as pokyetdod enef Hicieotypropyfens, thehpPeAengi A& 4t e copol yner,

et hyl ene- vinyl al cohol copolyner, and a_ copol yner of, .ethyl ene an
o o,

acrylic acid deri Vat$9e: amraauapisufelBriPRess 6 yédf y be
used. As the polyam de resin, polyam de 6, polyapide 11, .. pql ] de 12,
pohyqnideaeﬁﬁtpdﬂyaﬁi%%EBQB}Yp%@Q%ﬁF@g 8?2FR86035%nF88%E€F ?ﬂ%fﬁg
copol'ynmeric polyanm de, m xed pol yan de ar tihG .p ) as
‘pol ynet hak’@leyﬂl @rié%’a]d}%%n?‘aethe gur ace of %He mgrﬁgllﬁc ?Jl%ac@ Qﬁ' Sd-l'f%h

chemical conversion treated layer will be 55° or under.
The magnitude of this contact angle is determined by the
surface tension between the metallic plate and the agueous
solution of the silane coupling agent, and the surface
tension can be easily adjusted by the kindg and added
amounts of organic solvents and surfactants added to the
agqueous solution of silane coupling agent. As the organic
solvents, ethanocl, isopropanol, etc. may be used. As the
) surfactants, anionic surfactants, cationic surfactants,

- ampholytic surfactants, nonionic surfactants, etc. may be
used. For these organic solvents and surfactants, those
which do not impair stability of the silane coupling agent
should be selected and added by suitable amounts.

1f the contact angle is over than 55 , the surface
tension between the metallic plate and the agueous
solution of the silane coupling agent would be too large

to form a uniform layer on the surface of the metallic



containing 90 nole %or over of structural units produced 1 3 0°1 OCT 2004
in pal ycondensation reaction of nethaxylylenedianine and adipic 1%@?%%4
anor phous pol yam de , polyam de-fam |y el astoner, shock-resistanp

pol yam de, or a mxture of these polyam de resins nay be used. Anong
them in view of heat resistance, particularly heat resistance in the
solder re-flow step, a polyamde resin or polyester resin having a
melting point of 180 T or over can be used. ,favorably in nmanufacturing a
container for a capacitor froma resin-covered plate. The nethod of form ng
the thernoplastic resin covering layer is not particularly limted, but it

can be forned by a known th such as . US| t hod, usi

coat - hangé?l%ﬁeé: J9d ‘:?tl tgeeaggresilﬁf?l g?ﬂgﬁaaﬁe?ﬁgﬁw@g{eﬁ‘ﬁeﬁé}gﬁ&’”l%de
thernoplastic resin covering |layer may be non-oriented or biaxiall y
oriented.5ﬁﬁ§%¢%ﬁ%%§¥astic resin covering layer formed beforehand nmay be

| am nat ed th il | i . Al .t ti [

may be | am nat od of° TR SEPERDCcARBPEAG agent Fayeh s B i ng 1 i n
I -1.i ke, sh f .extrud ' d_w_th f T die, |

i o, “tc. RS RGeS (Her nopPaeL fo oPONER SV APRORE Eraeers ek Ves my

be added equi red bef f ' I , [ e .col t

uch a5 QR SHRPEEY GRETREE | B CARRs PebP LR ng o asehti Ve e o heat

stabi| 1 zer g, Anthslatl o AgentR, LLADLB! BRLAEZGHS1 S Inal ik ded ek 2004

preyenlivéﬁ%ch?T%H? Pe rs, shock resistance inprovers, o
Ty be bi eitied by S0eh anTRE NSRS AR o ALy C o ha ot f ot o the |
thermopl astl£; & €5k 8p FOVERLRHohAY RN whikh! BRE, cbRt@tderariqd o qve

droplet of the aqueous solution of the silane coupling

agent that adhered to the surface of the metallic plate

is measured with various measuring devices.

) The agueous solution of the silanelcoupling agent
may be applied to the surface of the metallic plate by an
ordinary method such as a dip method, spray method, roll-
coat method, gravure-rcll method, reverse-roll method,
air-knife method, kiss-roll method, spray-coat method,
bar-coat meth@d, dipping method, gravure-roll method,
reverse-roll method, and air-knife-roll method.

To the silane coupling agent, various organic or
inorganic additives may be added such as viscosity
adjusting agents, defoamers, colorants such as pigments
and dyes, stabilizers and solvents for adjusting
dissolving properties.

After applying an agueous solution of the silane

coupling agent, solvents and the like are preferably

volatised and scattered by drying. When drying,



~adhesion, surface treatnment such as corona treatnent or flanme treatnent
may be applied. The thernoplastic réesin covering |ayer preferably P '
t hi ckness of 5-200 u m nore preferably 5-100 u m nopst preferabﬂ& ﬁ@lgm‘u
m If less than 5 u m pin holes tend to develop and thus it becones
difficult to inprove corrosion resistance and electric insulating
properties of the alum numplate. Also, it becones extrenely difficult to
| am nate the thernoplastic resin covering |layer on the netallic plate. On
the other hand, if over 200 um it is. too thick, so that cracks tend to
devel op during drawing or ironing. Also, this is economcally not

favor abl .88 AP DOf o LOLILRa O i agbnati B9 e dhesgroplpstge resin

covering e Sitane coup agent layer, a continuous mnethod or

a batch nethiod ;Tgi/%gg};?gsge- ¢ <l NerEonLRUAUS SBBLROGN fof iy, the silane

coupling@%&ﬁﬁ' d'to e 'netal l'i"’c plate or the chem cal conversion

treated | ayer. Next, it i t { r § 90radp0 5t o scatter
the |iquid &ﬁﬁeﬁﬁuP%%thgggﬁ?a%gpggSgl%EgaggggﬁfﬁkﬂgxgﬁggﬁfateIy, alb5 o1l

ape oy e Rl ALES 685 bR AT B v @t il 1y e T ayer

shape by urpped with a base o die, or a

R Aokl L8 hBYEh bRAkARAS Alheadyuchao Iemd Ady Adwyer |2

y a nip roller heat to the nmelting point of the

t her nopl asti.c i cunder . Affter hamspatd et d tof s54FmEdi adely cool ed
by air o%%Mﬁ%ﬁégg% igésglggtﬁg tenﬁergtﬁre during lamnation is |ower than

250 C adhgsi AnhBe ol yFopuPoRatke athere caverihgcCl ayer- of a
thernDpIggﬁ#gﬂ?2§$%eﬁagﬁbeo insufficient. If higher than 350 C, heat

deterioration ofyfhe;goweriragredyery Wdplyaneceed &oyihattiidie covering
| ayer may get danaged of cracks devel op during draw ng or ‘ _
agueous solution of the silane coupling agent has the Si
content of preferably 5-15 atomic % when its surface 1is
measured by an X-ray electron spectroscopy (hereinafter
referred to as "ESCA method"). If the Si element content
is lower than 5 atomic %, the adhesive function of the
aguecus solution of the silane coupling agent is not
sufficiently obtained. Aalso, even if cver 15 atomic %,
it will not improve any further.
also, the ESCA method is a method of analyzing the
surface of a solid by electron spectroscepy, 1in which
' soft X-rays are shed on the surface of a solid specimen
such as a metal, ceramic, inorganic compound, high-
molecuiar material, and photoelectrons released from the
surfece of the solid specimen are detected by a static
type energy analyzer to analyse the kinds of elements,
state of oxidation and bond, etc. on the surface of the

solid specimen. In the ESCA method, ordinary measuring

conditions may be used without limitation. For example,



ironing. On the other band, in the batch nethod,' a netallic plate forned
with a silane coupling agent layer is heated to a tenperature fromthe
melting point to 350 C, preferably to 200-350 C, then the thernopl §8€T Q)04
resinis lamnated while extruding in a |layer shape with an extruder

equi pped with a base of a T or | die, or a thernoplastic resin |layer that
has already been formed into |ayer is pressed and |am nated by a nip
roller heated to the nelting point of the thernoplastic resin or under.
After lamnation, it is imediately cooled by air or water cooling. if it

is lower than the nelting point of éﬁi‘ral 6 Qc]t ?Q%géaarnnﬁl stic resin,
uf

the ther ndpl as¥r& ae SR ICSwe MG 11 ey not iciently adhere, and it

may peel when the resin-covergg%netallic | at e, .5 WO ﬁfq’ o the

t her nopl agtitpukesiay & &athgdy Ko e ”{%’eselr}%j ctg-\lleerc{e r%f%fl ic plate
beconmes too hard to achieve a gqood workability. On the other hand, if
hi gher thaac880 gt e et A1V n ¥HE resi n-covered nmetallic plate w ||

becone too soft, so that its strength .drops ecesses or the
like tend to develOsp.thy slcﬁyetrhéjﬂ ﬁgﬁ%rr&}ﬂg&ﬁ Cégﬂgfﬂ{@’ { Ec&

resi e covering | ayer may

deteriorate. The above nentioned. | ting point,. r A&z a pPeaks
t enper at ugever inge 1ay8istH 1§ Qﬁﬂdﬁiﬁfqég eﬁéﬁﬁuﬁgﬁﬂiﬂ tenperature is

raised at a rate of 10 C /minute by a dif tJ j t£pdorineter
(DSC). Fotheraopdgist-iov&aed r%%vaelrly]in@ %aa{egrnaicﬁ%%%f%n%g&t his invention,

the Vickers hardness of the thernoplasti.c. . esid; CoyeFénNdetayesfformng the
resi n- covéPEY LREEAY iﬂfo%ﬂ%%esasa é%'userrdécﬁ‘lr%éﬂ s outer surface is

pr ef er abl w thi.n the range 2:5- I tbana@ba phentesgn- covered
metal lic ghﬁt ée\ﬁ&tﬂ'd:ooveelieo% r%ég{efl]&ocsgjclhaf%eve@i%requi red workability. On the

ot her han§hr%2c%¥%&n5%ﬁéﬁgﬁfication.

For the thermoplastic resin covering layer, a
layer of a thermoplastic resin may be used. BAs the
thermoplastic resin, a polyester resin or a polyamide
resin may be used. As the polyester resin, a polyester
resin such as polyethylene terephthalate, polybutylene
terephthaléte, poly—l,4—cyclohexadimethylene terephthalate,
or their copolymer; a copolymer of such a polyester resin

and a polyolefin resin such as polyethylene or

\ ) polypropylene, ethylene-vinyl acetate copolymer, ethylene-

vinyl alcohol copolymer, and a copolymer of ethylene and

an acrylic acid derivative; or a mixture of these

polyester resins may be used.

As the polyamide resin, polyamide 6, polyamide 11,

polyamide 12, polyamide 66, polyamide 610, polyamide 612,

polyamide 46, their copolymeric polyamide, mixed polyamide,
an aromatic polyamide such as polymethaxyly1eneadipamide

containing 90 mole % or OVer of structural units produced



resin-covered netallic plate would be too hard. The "Vickers hardness"
refers to a hardness neasured under JIS z 2244 "Vickers hardness tg h

met hod". Next, the method of manufacturing the resin- covered netaﬂlf CT 2004
pl ate according to this inventionis 1 7 01 O C 12004 specifically
described in several exanples. As a first exanple, a resin-covered netallic
plate is manufactured by form ng an anodi zed | ayer of 0.05-2 ,u mthick on
the surface of an alum num plate, applying a silane coupling agent on the
anodi zed | ayer at the rate of 0.5-500 ng/nR2, and |lam nating a covering

| ayer of a thernoplastic resin having a thickness of 5-200 u mon the

| ayer of the sjj.ans, £ouoki 16, agentt abnact eRRERAkYN91eheddaMi3R0 Ld As a
second exaine,. a resin-covered netallic plate is- nmanufactured by

formng a ghem cal. ¢ Pvﬁﬁékgﬂouéfgéwgmhawf enyanedei-damafiyan al um num
pl ate having“a thickness of 0.1-0.5 mm applying a silane coupling agent

on the | aygr @l f aten9xOr 0313000 "BbIFambeali By theixaluw mfm plate on
whi ch are Tam nated the chem cal conversion treated |ayer and a sil ane

coupling 1 arLenper ghyr pe0f1s200- 350 C , and | am nating and
pressi ng gg?%%}ﬁggygg??%ergsin Iaye? having a thickness of 5-200 u monto

the layer of the si}ane €Repling agent ofshebhateshetdinckers hardness of the
surface of the covering |ayer of a thernoplastic resin will be 25-60.
Furt her aﬁa%ﬂ@ﬂdIbﬁKﬁ“ﬂé@t e estAncovenedhenetdldeirc rg-dtlew <stRfhufeact ur ed
by blending a silane " coupling agent by 0.01-10 parts by weight relative to
100 part §y 2l @it r 0 i maber podppbyengrebénagasong soMgtlitdmDHfPOtHe sil ane
coupl i ng agent, which has been adjusted such 1 8 01 OC T 2004 that the
contact aagl @ athen appl bedrt oanhbesustdcéagprably 1n manufacturing
a container for a capacitor from a resin-covered plate.
The method of forming the thermoplastic resin
covering layer is not particularly limited, but it can be .
formed by a known method guch as extrusicn method using a
coat-hanger die, T-die, I-die or inflaticn die, or
calendering. The thermoplastic resin covering layer may
be non-oriented or biaxielly oriented.
The thermoplastic resin covering layer formed
beforehand may be laminated on the silane coupling agent
layer. Also, a thermoplastic resin may be laminated on
" the silane coupling agent layer while extruding it 1in a
layer-like shape from an extruder equipped with a base of
a T die, I die, etc.
To the thermoplastic resin, various kinds of resin

additives may be added as required before forming a

layer. As resin additives, colorants such as dyes and
pigments, lubricants, blocking preventive agents, heat

cstabilizers, antistatic agents, light stabilizers, rust



nmetallic plate will be 55 or under, to the surface of the netallic plate,
drying at the tenperature rising speed of 50 Cls or under to form hﬁﬁiﬁ
heating the layer wthin the tenperature range of fromthe neltindﬁb 04
of the thernoplastic resin to 350 C, and lamnating a thernoplastic
resin covering layer on the surface of the layer. If the resin-covered
netallic plate according to this invention is worked by draw ng, cracks
are less liable to develop in the thernoplastic resin covering |ayer.

Al so, since the thernoplastic resin covering layer wll not easily peel
off the netallic plate, the resin- covered netallic plate can be

advant ageously used as the ‘material, for a co L her rough
secondarypfé?fﬁﬂﬁdveﬁed%‘l%ﬁﬁw e%eﬁ%&erﬁavné%&gnr ﬁ%?ﬁgg Al so, since

the resin-covered netallijc ate will, .nat_.easi I tallic
pl at e evehMPfONEZtSed HtET* W5§KJQRFRé§%%£§ A%%@ﬁ%ﬁsgéé'céﬁﬁapﬁer

manuf actured fromthis resin-covered nmetallic a ! tgpnd heating
Al so, sinebteRi-s MEGTE dFered Eﬂwq%:Tﬁéﬂéﬁiéﬁgéﬁ%ér?%rgﬁﬁﬁmg?kabiIity

such as drawi ng, it can be  advantageousl o, L h gture of
cont ai ner §mPBr‘1% AU Hunt 21 1&YT ot igocad(’:laep%’altfc%j(figSlosg1 Qlléso?h??mgﬁg Vi ckers
hardness of the resin-covered sur ' 5-6 i gpkai ners cont act
each otheFeaﬁﬂiﬁﬁﬂﬁﬁﬁﬂﬁrl,y?%begéggﬁThg’o nﬁgﬁdé%ggohngfy devel op in the

top or side surfaces. A so resistapsse tpeseasas amd gracefu
printing ngesﬂﬁﬁﬂi§?% ??%héggﬁj%%%ZE%Fﬁéd§%5§the top of the containers.

plat e it ST PAFS, CARY Tl €F 15 s O St or &l s f o manUf actur i ng var

, materials for manufacturing various

cans, this resin- goverged gEbaldi oo Ptad £, Cadvdei Hgelagdyaptageaaslly as
material for containéerS for capacitors. In manufacturing, such containers
for capacjtars, $iNoendbe sp! devosepfhowhore preferably 5-100 um,
most preferably 10-50 u m. 1f less than 5 g m, pin holes
tend to develop and thus it becomes difficult to improve
corrosion resistance and electric insulating properties of
the aiuminum plate. Also, it becomes extremely difficult
to laminate the thermoplastic resin covering layer on the
metallic plate. On the other hand, if over 200 g m, it is
foo thick, so that cracks tend to develop during drawing
or ironing. Also, this is economically noct favorable.
as a method of forming or laminating the
" thermoplastic resin covering layer on the silane coupling
agent layer, a continuous method or a batch method‘may be
used.

In the continuous method, firstly, the silane

coupling agent 1s applied to the metallic plate or the

chemical conversion treated layer. Next, it is heated to

a temperature of 250-350 °C to scatter the ligquid content

in the silane coupling agent. and immediately, a



=

step is required, a resin-covered netallic plate on which is lamnated a
"thernoplastic resin covering |layer having excellent heat resistance should
be preferably used. Also, it is preferable to work such that the 0710CT 2004
thernoplastic resin covering |layer will face outside. As a container for a

capacitor, a container for an electrolytic capacitor, an electrolytic
capacitor cap, etc. can be cited. [Exanples] Hereinbelow the present
invention is further described with reference to Exanples. But the present
invention is not limted to these Exanples. The resin- covered netallic

pl ates obtained in the Exanples were evaluated by the follow ng nethod.
(1) Drawahility:. Resin- e I L. | at,e% vt il it mkExanpl es were
fed into ?ﬁ%éﬁ%@%f%% ggé;ﬁngsgg%ﬁﬁhg?eeaﬁg %ﬁth thgﬁgovering | ayer of a

t hernopl astic resin o e i Ntaiders, had® eFl & ndroxcal
cont ai nerl@pep Bi2ge Co¥ bosdor Bhst, Saydbreaniaie s, gh (erZwi ng rate: 20%

were manufactured. T I L betwegn 1t ralgamumapl at eeadyr f ace and
t he coveﬁﬁﬁgl?aygf ﬁagﬁ$#gégﬂﬁé%§gserved, a?? those in which no ply

separati qQn was_observe t isnt e bacewenre indiioaitesd asy gaodimrticl es
and in tg?%noffOIBSSd?gF?i 1pder il % or "0". (2) Caulkability: 100

cylindrical. container i+d. Aoty ferte: nemefracpliasticand a
disk-shadﬁaliﬁﬁlﬁFﬁgeahgéi%gegﬁkﬂicﬂﬁggg of 3 mMm(with a section having a

radius R of 1.5 pressed agaiinst ithemivhile imatdianglyhem at 100
rpmto pe??%}ﬂ18ggpﬁﬁgg'so%?§at the dianeter would be 7.5 nm (di aneter

change rate 7 25%.. .ithe  ptedacediatmeen the al um num plate surface and
t he cové%?%ée aé%raﬁas Jisually observed, and those in which no

ly
separation was obgeryed %%Mﬁ@idﬂﬁﬁﬁf&unim@nkamimﬁﬁb@@eﬁsa§oU§5dtagpiC|es
in terms of good.article rate (% or "0 . ,
250 °C , adhesion between the aluminum plate and the
covering layer of a thermoplastic resin may be
insufficient. 1If higher than 350 °C, heat deterioration
of the covering layer will proceed, so_that the covering
layer may get damaged or cracks develop during drawing crI
ironing.
On the other hand, in the batch method, a metallic
plate formed with a silane coupling agent layer is heated

to a temperature from the melting point to 350 C .,

! preferably to 200-350 °C , then the thermoplastic resin is

" {aminated while extruding in a layer shape with an

extruder equipped with a base of a T or 1 die, or &

fhermoplastic resin layer that has already been formed
into layer is pressed and laminated by a nip roller heated
to the melting point of the thermoplastic resin or under.

After lamination, it 1is immediately coocled by ailr or

water cooling.

1f it is lower than the melting point of the



(3) Change with tine: After the 100 containers that had been subjected to
‘the evaluation test for caul kability were left for 10 days at room
tenperature, the interface between the alum num plate surface an€1%Q?2w4
covering layer was visually observed, and those in which no ply
separation was observed at the interface were indicated as good articles
internms of good article rate (% . [Experinent Exanple 1) (Test Exanples
1-5) 2 1 01 OC1 2004 | <Manufacture of the resin-covered netallic plate>
Both sides of an alum numplate (JIS A 1050 H22) 0.3 mmthick were

anodi zed with a 20% phosphoric acid solution to forman anodized al um num
| ayer sho LI 1. , theSidranencpdydting maEint Shos e Table 1 was
appl i ed t%ﬁ?hgogzg ?%gdrﬁgég$ at the rafgﬂbf 50 ng/mM, and the applied
surface \st Qfaﬁsg E?Jtz%%f@i@léMW%ﬁmexsmﬁdidﬂ} rée )5 epee Bt eNign

manuf act ut 84 ayér of polyamde 6 (nelting point: 223 C ) having a

thi ckness_of %Esgnmc\eﬁ,%radarmertagmcb»pwwm v mgedd t PRbs@atheof pressure
rollers ?% obtain a resin-covered netallic plate. For the obtained

pl ates, ey ' e Cardi iath auydorof tites tessintepdered to (3).
The test F@égﬁ%?qgfgggigfﬁﬁin Tablgﬁa. (Test Exanples 6 and 7) In the
exanpl e drﬁggghg% i akestododi ecdo hdrmbteadoiianod z99@dwi th a 20%
phosphoric acid sol'ution, phosphate chromate treatment (chrong content: 10
my/m,  TestkExammie 6) o Emedivhay hird, arf oxagher aeha (FeSt C Exanple 7)
was carried out to formlayers. For the resin- covered nEtZLLEC ﬁlates

obt ai ned,  gialgatEiion i estes vesin-coneied etetall ihePsaht ViehsPSFHE t est
resultsare shown in Table 1. (Results)

\ too soft, so that its strength drops markedly and recesses
1 [

or the like tend to develop. Also, the thermoplastic

resin covering layer may deteriorate. The abovementioned
melting point refers to a peak temperature of the
crystalline melting temperature when temperature is
raised at a rate of 10 °C /minute by a diffential scanning
calorimeter (DSC).

For the resin-covered metallic plate according to
this invention, the Vickers hardness of the thermoplastic
resin covering layer forming the resin-covered metallic

’ plate as measured from 1ts outer surface is preferably
itnin the range of 25-55. If less than 25, the resin-
covered metallic plate would be too soft to achleve a

reguired workability. On the other hand, if over 55, the
resin-covered metallic plate would be too haré. The
“Vickers nhardness” refers to a hardness measured under
JIS 2z 2244 "vickers hardness test method”.

Next, the method of manufacturing the resin-

" covered metallic plate according to this invention 1is



From Table 1, the following is apparent. (1) with |ayers anodized with a
‘phosphoric acid, for ones 2 2 01 OC T 2004 in which a |ayer having a

thi ckness of 0.05-2 ,t t mwas formed, drawability and caulkabili@}ﬂﬁkﬂ%#
excellent, no ply separation was observed at the interface in each step,
and no change with tine (deterioration) was observed (see Test Exanples 2,
4 and 5). (2) In contrast, for ones in which layer of less than 0.1 u m
thick was fornmed (see Test Exanple 1), even though |ayer anodized with a
phosphoric acid was forned, in the caulking step, ply separation was
observed at the interface, and marked-change wth tine was observed. (3)
Al so, forggagsripawhivchieasdrayerd anodiesed adi tdiamhbephat e chromate was
formed, although there was no problemwth drawing, it was inferior in
caul kabi l ity and pemiked ehangeams td ta me sias obsers@diesedl FesPlekénpl e
6). (4) Further, for one in which | ayer anodized with an oxalic acid was
formed, itgigahafFacitrdntdy iformmd kabidriadi zed bhaegeohi PhlPrae (see Test
Exanple 7). (5) For one in which a silane coupling agent was not applied
even thoughyathayer canatiez eshmidde ahlosphominunchiebls #BPAEANYI £ was
inferior in caulkability and marked change with tinme (deterioration) was
observed {segneTestupitanplay@)t (Tedte Brarpl 23d 8lav§r Bat h*BFdESTEf Can

alumi numplate (JIS A 1050 H22) 0.3 mmthick were anodized with a 20%
phosphori g.8cE500 ®al/uti omrtd Yormatrirmnddicede! Byer 1 A%9r ngtadt hi ckness of 2
3 01 0 CT 2004 0.6 To the layer, a silane coupliqg agen& having fEnctionaI
groups shewsrinpplalsitd @ nesi apptiew & W idiRessio20  mP e 4 In8™ AE®appl i ed
surface was heated to 280 C . On the heated surface, a sgBarat%ly
manuf act uleger of the silane coupling agent &t a tefperatire o

250-350 C .

As a second example,. a resin-covered metallic
plate is manufactured by forming a chemical conversion
treated layer on one side of an aluminum plate having a
thickness of 0.1-0.5 mm, applying a silane coupling'agent
on the layer at a rate of 0.01-1000 mg/m?, heating the
aluminum.plate on which are laminated the chemical
conversion treated layer and a silane coupling agent
layer at a temperature of 200-350 °C, and laminating and
pressing a thermoplastic resin layer having a thickness

- of 5-200 g m onto the layer of the silane coupling agent
o that thHe Vickers hardness of the surface of the
covering layer of 2 thermoplastic resin will be 25-60.

Furfher as a third example, a resin-covered
metallic plate is manufactured by blending a silane
coupling agent by 0.01-10 parts by weight relative to 100
parts by weight of water, applying the agueous solution of

the silane coupling agent, which has been adjusted such



| ayer of polyamde 6 (nelting point: 223 C) having a thickness of 15 u m
‘'was | am nated by pressurizing with a pair of pressure rollers to obtain a
resin-covered netallic plate. For the obtained plates, evaluatioq]1g§1?m4
were carried out for the same itens. The test results are shown in Table
2. (Results) FromTable 2, the followng is apparent. (1) For ones in

whi ch a silane coupling' agent was applied, it was superior both in
drawability and caulkability, no ply separation was observed at the
interface in each step, and no change with tinme (deterioration) was
observed (see Test Exanples 8-12). (Test Exanples 13-15) Both sides of an

al um num@h%&%&%‘ ?I i tllag;ﬁ@tdg@e vheh MEpdhi ek werenanedi zedewbfhaa 20%

phosphor i S orm an anodi zed | ayer having a thickness of

0.5jt M _To,this %)24%! & sigans couplifteagent bavi sgr flaeedefgr oups was
appl i ed dPegg};%§ 5?‘ gﬁ nm/, and the applied surface was heated to 250 C
. On the t faGe, a3 | aveFif 45 then t bickr sepaeat e yngaapéadt ur ed

froma regﬁ% @%gﬁﬁ%fﬁg%gg?e 3 wgérﬁgninated by 2 4 01 OCT 2004 pressurizing

with a pa'%F ek gqusmgfe Urid ero tapabtai lewer | eséattoyeted beyeklic plate.
For the obtained plates, evaluation tests were carried out. The test

results a&§EQ§RPW%%J%é%5E§%€hIéF%éﬁdéfﬁf fom Tabl e Btinhepbdhtodfng is
int

apparent. e case in which the covering layer of the al um num

plate was, gt 2 RYWESILSL I€Sids DI o Py T deandesamindtanabil ity and
caul kabilrty were excellent, no ply separation at the interface was

observed ipeeachidanc sadimocohange Wayetioe tdet epibraei 84) thas
observed (see ’

layer.

1f the resin-covered metallic plate according to
tnis invention is worked by drawing, cracks are less
liable to develop in the thermoplastic resin covering
layer. Also, since the thermoplastic resin covering layer
will not easily peel off the metallic plate, the resin-
covered metallic plate can be advantageously used gs the
material for a container formed through secondary forming
steps such as bending, drawing and ironing. Also, since
the resin-covered metallic plate will not easily peel off

5 the metallic plate even if heated after working by various
- methods, a container manufactured from this resin-covered
metallic plate can withstand heating.

Alsao, since this resin-covered metallic plate is
superior in workability such as drawing, it can be
advantageously used for the manufacture of containers for
aluminum electrolytic capacitors. Also, if the Vickers
hardness of the resin-covered surface is 25-60, even 1if

containers contact each other during pressing, recesses



Test Exanples 13 and 14). (2) In contrast, in the case in which the
‘covering layer is of polypropylene, in the drawing step, ply separation
was observed at the interface, and it- was inferior in drawability) (SER
Test Exanple 15). (Test Exanples 16-19) Except that anodizing was done I'n
the followng manner, resin-covered netallic plates were obtained as in
Test Exanple 13. For the resin-covered netallic plates obtained,

eval uation tests were conducted. The test results are-shown in Table 5.
(Anodi zi ng net hod) The anodi zing treatnment was carried out by use of the
el ectrolytes No. 1-4 shown in Fig. 4. The organic acid used for electrolyte

No. 47s 254010 (%‘Iic%pqzh tinSegoted Jram slicradoxyl iXlsaci dhe( maleic

acid, nm aci aromatic sulfonic acids (sulfosalicylic acid,

sul f opht hal ei Cngaqje@xs%ép?}mézce@sféﬁ sl fonaderul spt fooRhegi €oraci d),

ani ne sul Pbh3af sulfam ¢ aci etc. The conditions for treatnment were as

foll ows: égﬁ%ﬁ%rirc%@i% Qfdaxph%%ﬂicecﬁcdrﬂit@e &b/ the contemnneasion of
rd, 0

sulforic a oxal i ¢ aci r chromc acid: 0.1-500 g/l, voltage: 1-100

VAC or 1-100 V DCg gfp Dot hhapild£ths hidEl ubfadé mutesr ibagepit hi ckness:
50 ~. to 50 u m content of phosphoric acid anion: 1-5000 ppn1lFurther,

as ot her gondistians,.4he {ald Qv Nel a o £ é ohs) s\prdesisea. matehéaleendition
No. 1: Ang?ngP%ét£6n of alugﬁ%ﬁgklayer anodi zed with phosphoric acid, AC

or DC el egl iOlysics 1 A tHb it hearfuhsd hat endasva heowsat dwde) thisa B&EANOf silane
coupling agent, and layer is lamnated. Oher condition No. 2: After

f or mat i onggfeakumidiwa 1 Byerpl énodi zeda usephadphorageaefdy A€ or DC

el ectrolysis :

material for containers for capacitors. 1In manufacturing-

i
such containers for capacitors, since the solder re-flow
step is reguired, a resin-covered metallic plate on which
is laminated a thermoplastic resin covering layer having
excellent heat resistance should be preferably used. Also,
it is preferable to work such that the thermoplastic resin
covering layer will face outside. As a container for a
capacitor, a contalner for an electrolytic capacitor, an

electrolytic capacitor cap, etc. can be cited.

" fExamples]

Hereinbelow, the present invention is further

. described with reference to Examples. But the present
invention is not limited to these Examples. The resin-
covered metallic plates obtained in the Examples were
evaluated by the following method.
(1} Drawability: Resin-covered metallic plates obtained
in Examples were fed into a progressive drawing machine,
and with the covering layer of a thermoplastic resin on

"the outer side of containers, 100 cylindrical contaliners



(with the substrate as the cathode) in an epoxy enulsion bath, and |ayer
-is lamnated. O her condition No. 3: After formation of alum num ]| ayer
anodi zed wi th phosphoric acid, AC or DC electrolysis (with the subdt0{at2604
as the cathode) in a mxed bath of a silane coupling agent and an epoxy
emul sion, and layer is lamnated. Oher condition No. 4: After
electrolysis in the other 2 6 01 OCT 2004 conditions No. 1-3, silane
coupling treatnent or epoxy emnulsion coating, and layer is |am nated.

[ Experinment Exanple 2] Next, Test Exanples subjected to other eval uations
are shown. Eval uation nmethods used in the follow ng Test Exanples 20-33

are shown. (a) Vickers hardness: For resin-cov , S cgsref alum num
thin plates b nhediési k- @@vé}”’éd"lﬁg't a{lqria@l&gatrg%teéj'pr%%{afed, *the Vickers

hardness was neasured under JIS Z2244 "Vicker r L@&shi fge Met hod" .
The | oad mappf aetudedi.ng Ther didsd %&Wgﬁ%‘%n %Agogggggn N. E’ %)

wor kabi lity: For the resin-covered netallic_ pl r dedSeyga- stage
dr awi ng W@mrﬁaceieddoﬁmaxQQWfﬁ%nﬁnkﬁﬁ%%é*ﬁ%'%ﬁgﬁf%l Sgﬁéﬁeeto manuf act ure

cylindrical containers of 10 nmdia. x 20 nm hi Lpgrpate: 20%
with the tiessa- covenddh dfeP s SARETGIHES" e %t?g?%gé@\é\%nt ainer, and the

peel state between | ayers was observed visual o] hoseriRméhb&h no ply
separ at i onntas fackselee MEHECIHA &t & a%ﬁi%%ﬁ t%%§e9§n which ply

separation was observed were indica&ﬁd,as "X ". (c) Recess properties:
Speci men gondaiaméis heridtft epat € iY which in the cylindrical containers

of 10 mmdia. x 20 mm high, elenents pAGi seyer gff irlol eeh anid-t he
cont ai ner é2ner €agaaREH Wi h %%@t%giﬁ%éf%ﬁgﬁugggésivfth 100 pi eces of

t hese specinen containers put in a.p c LpeELel 280 kg ZDGE M X
200 mm  vEbRAt iMh WREE TP LD & PAREE & CORER D

having a thickness of 3 mm (with a section having a
radius R of 1.5 mm) was pressed against them while

rotating them at 100 rpm to perform caulking so that the

diameter would be 7.5 mm (diameter change rate = 25%) .

The interface between the aluminum plate surface and the

covering layer was visually observed, and those 1n'whlch

i i were
no ply separatlon was observed at the interface

indicated as good articles in terms of good article rate

() or "O".
’ (3) cChange with time: After the 100 containers that had
" been subjected to the evaluation test for caulkability

were left for 10 days at room temperature, the interface

i er
between the aluminum plate surface and the covering lay

was visually observed, and those in which no ply

i ' i ed as
separation was observed at the interface were indicat

good articles in terms of good article rate (?).

[Experiment Example 1]

(Test Examples 1-5)

]



27 01 OCT 2004 applied in a longitudinal direction for one hour at the
Vi brating speed of 10 cnisecond. After one hour, the specinen containers
were taken out and the appearance of the top portions was observqp106pﬂm$
in which recesses were observed at the bottomor side walls of the
specinmen containers were indicated as "x " and those in which recesses
were not observed were indicated as "O". (d) Ceneral evaluation: Those

whi ch showed passable quality for all the evaluation itens (a)-(c) were
judged good "0 " and those which were not passable even in one itemwere
judged bad "x [Test Exanple 201 After the surface of an alum numplate (JIS
A 1100) having a thickness of 0.3 nm had been etched for 30 seconds with
a 10% sodicwarhytsoxide afjutbesresiotroneaed Botellife@lAdS7zi ng was carried
‘out with a 10%nitric acid aqueous solution and it was _washed w.th water
for 10 seconds. Theth shdesec§i ds eﬂUmhn§ma9&ﬁiﬁuﬁﬂéﬁaﬁeiﬂggugyz)anodized
w th phosphoric acid chromate (G = 20 ng/n2) was forned. On the |ayer, 7
- ami nopr @pyd tirh etthbxl seranenocdézadcwiiphi Ag24deRNORRECIFS i8&dat a rate of
50 ng/n2, and after drying, the alum numplate was heated ta a 1

t enper at Uregs 1t 240 €0, fand anpehpdized 6lpayanthadgyeg &P HhdePlF 15
m was pressed onto the surface to which was applied the coupling agent to
obtain a pol yamge, sesibaneversglingakbestpBaryn TﬁeTﬁgﬂéiﬁed“ﬁ%tallic 2 8
01 0C1 2004 plates were evaluated for the above itens. ¥§ﬁ tg?/st2 resplts
are shown dgp ledfiec6. thEeanoBianpl dayer] 2Ex§88t Tok&L I Athd &Lt/ BEnpl e
20, the layer was changed to a 1000 A -thick |ayer f b i zi ng
with an axsdispptidd Eu{gbyei@@ﬁyheﬁﬁ@éyﬁprﬁéphdgy gﬁrgﬁge&ggﬂ%%%ed as

t he coupling agent, and the alum num pl ate

i surface, a separately manufactured layer of polyamide 6
(ﬁelting point: 223 °C) having a thickness of 15 u m was
laminated by pressurizing with a pair of pressure rollers
to obtain a resin-covered metallic plate. For the

obtained plates, evaluation tests were carried out for

the test items (1) to (3). The test results are shown in

Takle 1.
(Test Examples 6 and 7)

In the example described in Test Example 1,
instead of anodizing with a 20% phosphoric acid solution,
2
’ phosphate chromate treatment (chrome content: 10 mg/m?,

 Test Example 6) or anodizing with an oxalic acid (Test

Example 7) was carried out to form layers. FOT the resin-

covered metallic plates obtained, evaluation tests were

conducted for the same items. The test results are shown

"in Table 1.

{Results)
From Table 1, the following is apparent.

(1) wWith layers anodized with a phosphoric acid, for ones



tenperature was 250 C, a polyam de resin-covered netallic plate was
‘obtained in the sane manner as in the Test Exanple 20. The obtai ned

pol yam de resin-covered netallic plate was evaluated in the sane qupm1m4
The results are shown in Table 6. [Test Exanple 22] Except that the layer
used in Test Exanple 21 was changed to a |ayer forned by anodizing with a
phosphoric acid, a polyam de resin-covered netallic plate was obtained in
the sane manner as in the Test Exanple 21. The obtai ned pol yam de
resin-covered netallic plate was evaluated in the sane manner. The results
are shown in Table 6. [Test Exanple 233 Except that the |layer used in Test

Ex le 21, ) d.t ) I &l pg-W hat

chromate, &P pBPia 0o YRl RBH b BT T e ol o aag Tokt & med I n ¢ he
in the Test. Ex The. obt.ained '

”aei n CovEPERSAel ATEMAT A VR 78 T AL L 2064 YAl hated T n Che same

eval uation nethod. The results are ho in T [ Tes agpkp, 24]
Except t halYaS5ePRa 3ol iVRP dgenit Ve -agggﬁgp%@géf¥$F%tggxéaggiang was

br ocedur banBenpn crRoR et Bkanile Bt E AL Re Rl RE sl 8¢ tare
evaluated in the sanme net hod. t?g%gesults are shown in Table 6. [Test
[

Exanpl e 2BPSExESFIRIRE ho ot “agent was applied, a polyanide

Tost ExambPe 287 ARICOHTa) nEHE pBTS A Be T EE nl Sheer 04 NeCa e plate was

evaluatedotg &p%t%%q%k was formed (see Test Example 1), even though
layer ancdized with a phosphoric acid was formed, in the
caulking step, ply separation was observed at the
interface, and marked- change with time was observed.
(3) Also, for ones in which a layer anodized with
phosphate chromate was formed, although there was no
problem with drawing, it was inferior in caulkability and
marked change with time was observed (see Test Example 6).
{4) Further, for one in which layer anodized with an
oxalic acid was formed, it is inferior both in
caulkability and change with time (see Test Example 7).
(5) For one in which a silane coupling agent was not

" applied even though a layer anodized with a phosphoric
acié was formed, it was inferior in caulkability and
marked change with time (deterioration) was observed (see
Test Example 3).

(Test Examples 8-12)
Both sides of an aluminum plate (JIS A 1050 B22)

0.3 mm thick were anodized with a 20% phosphoric acid

solution to form an anodized layer having a thickness of



Table 7. [Test Exanple 26] nmethod. The results are shown in Except that as
“the coupling agent, 7 - nethacryl oxypropyltrietoxy silane was usﬁgTﬂﬁQﬂM
the alum num plate tenperature was changed to 380 C, a polyam
resin-covered netallic plate was obtained in the sanme procedure as in the
Test Exanple 20. The obtained netallic plate was evaluated in the sane
nmet hod. The results are shown in Table 7. [Test Exanple 27] Except that
the alum num plate tenperature was 3 0 01 O CT 2004 changed to 380 C, a
pol yam de resin-covered netallic plate was obtained in the sane procedure
as in the Test Exanple 23. The obtained netallic plate was evaluated in

t he sane hod. The.r | t e ghewn aink TRl ihg dgkest Mxanpd e 28]
Except tﬁg§§tﬁemaluﬁ9n§§gpﬂ§ eIfenperature magﬂ'changed to 200 C, a

pol yam de_resji n-covyere tah)d Pl a9 1was qhipidrgsl igd tdte sanetgrocedure
as in théh¥35$loﬁﬁinﬁFgu%§.%$ﬁgﬁbépained netallic plate was evaluated in

the sam}g;gﬁﬁgﬁhe,rgwl tt%eara?paq%\egn shit fElY @vak hdRastilts)280om Tabl es 6

and 7, t Wg i S apparen 1) Resin-covered netallic plates in

which a chemical . caonyersian ted |2y d St oy intash e theedur f ace of an
aIuninun1§Iategnatﬁgyégagfgasgﬁﬁ%he'couplth agent is provided thereon,

t he al um pum Pl fa_? epiﬁgp{%l%qtd%d d O(trrﬁeq(%'i‘?ﬁ@b p%itrQ:J am naCe) amv pnesd a resin

| ayer so FRBET ness of e resin-covered surface of the al um num
plate is wthin the r f 25:60 drit NitGersy hareknessizang suplror in the
adhesi on %%%ﬁk@ﬁ?ﬁhgfgﬁ%ﬁﬁg&h1p ate and the covering layer. Thus the
covering ﬁgX?rdylﬂréggure rollers to obtain a resin-covered

metallic plate. For the obtained plates, evaluation tests

were carried out for the same items. The test results
are shown in Table 2.
(Results)

From.Table 2, the following is apparent.
(1) For ones in which a silane couplingfagent was applied,
it Qas superior both 1in drawability and'caulkability, no
ply separation was chserved at the interface in each

i i i i observed
step, and no change with time (deterioration) was

(see Test Examples 8-12).

(Test Examples 13-15)

Both sides of an aluminum plate (JIS A 1050 H22)

0.3 mm thick were anodized with & 20% phosphoric acid
solution to form an anodized layer having & thickness of

0.5 g m. To this layer, a silane coupling agent having

ureide groups was applied at a rate of 20 mg/m?, and the

applied surface was heated to 250 °C . On the heated

surface, a layer of 15 um thick separately manufactured

from a resin shown in Table 3 was laminated by



peel off, and even if the containers contact each other, recesses hardly
formin the wall surfaces (see Test Exanples 20-24). (2) In contrast, ones
in which even though a chenical conversion treated layer is form8d 81 2he
surface of the 3 1 01 O CT 2004 alum num plate, no | ayer of a coupling
agent is provided and a resin layer is covered and pressed, the covering

| ayer may peel during pressing (see Test Exanple 25). (3) Also, for ones
in which even though a chem cal conversion treated layer is fornmed on the
surface of the alumnumthin plate and a | ayer of a silane coupling agent
is provided thereon, but a resin layer is covered and pressed with the

temper at upe i, LG Al AU ! al e 3oyeesbl: £ rolherdi thenbthandness of

the surfafé® sin-covered 'netallic plate will be |less than 25, so

that recesses are |i ; edeif the €patebneiaecdcpitaes, each ot her
(see Test rﬁfér?plceqsééigé)é%%@?gﬁé e

Al'so, for ones in which even though a

chem cal _conversio QYEL I S Provi dedrpa thetsuebadesokrehe
aIuninun16V§g§F%%ﬁﬁkﬁ§%§%ﬁg%# a sffa%e coupling agent is provided

t hereon, anpnd_ a r.esi %ﬂy is pressed with the tenperature of the alum num
pl ate at §g8w o e gaess of the resin-covered surface of the

resi n-cov ﬁ%%quﬁ%pllic pl ate exceeds 60 in Vickers hardness, the alum num
pl ate as the sdbs rate may break during pressing (Test Exanple 28). [ Test

Exanpl e 29] Exceptpthatrihfe agpupheofol hewenypliEngppgerntwas changed to
100 mg/ M and the tenperature of the alum num plate was changed to 290 C ,

a pol yani dg y regi n-igovesed imehnlbhctpkatevemsngbiayred dfn thige sane
procedure 'as in 3 2 01 OC T 2004 the Test Exanple 20. The obtaj ned
netahlic Rhake 1as plate was of a polyester resin or a polyamide
| resin, drawability and caulkability were excellent, no
ply separation at the interface was cbserved in each step,
and no change with time (deterioration) was observed (see
Test Examples 13 and 14).
(2) 1In con#rast, in the case in which the covering layer
is of polypropyiene, in the drawing step, ply separation
was observed at the intefface, and it was inferior in
drawability (see Test Example 15).
(Test Examples 16-19)
’ Exéept that anodizing was done in the following
- manner, resin-covered metallic plates were obtained as 1in
Test Example 13. For the resin-covered metallic plates
obtained, evaluation tests Wwere conductéd. The test

results are .shown in Table 5.

(Aanodizing methoed)

The anodizing treatment was carried out by use of

the electrolytes No. 1-4 shown in Fig. 4.

The organic acid used for electrolyte No. 4 1S



evaluated in the sane nethod. The results are shown in Table 8. [Test
"Exanpl e 30] Except that the anmount of the coupling agent was changed to
500 ng/ M and the tenperature of the alum num plate was changed Gpg@?qw@,
a polyam de resin-covered netallic plate was obtained in the sane
procedure as in the Test Exanple 23. The obtained netallic plate was
evaluated in the sane evaluation nethod as in Test Exanple 23. The results
are shown in Table 8. [Test Exanple 31] Except that the anmount of the
coupling agent was changed to 1000 ng/ n2, a pol yam de resin-covered
netallic plate was obtained in the sanme procedure as in the Test Exanple

30. The obtai ned-p ] i Y ds (meteliki aqildt enaleenisval uated in
t he sane %ﬁﬁﬁdTﬁg%ﬁFEEEF?§6§ ggghg&ﬁ Fn(TabIe 8. [Test Exanple 323

Except that. the a .qf _th PLi-nasagent rees ] ighdngedidiod 0. 005 ng/ M, a
polyanidé“Fﬁirh-@gggggée ﬁéggpﬁ?g Slétg was obtained in the same procedure

as in the Test aml. . athe -abt-ai.nad cpalcyiamsda frresdtre covered netal lic
pl ate was® ?ﬂgfﬁaq?%%téglggﬁecnethog. The results are shown in Table 8.

[ Test Exaﬂgéﬁgﬁﬁgaggg %§6g)g§%%99% Exq &Rl atckat( sthe sanmurdc ) t het@oupl i ng

agent was n2, a polyam de resin-covered netallic plate

was obtained in tEggfggﬁdﬁgggﬁ%uE%Ia%ﬂégﬂmyﬁtT&@ke Beanpd E134s: The obt ai ned

pol yam de resin-c ic plate was evaluated in the sanme nethod.

The results ar bowy Iy _@é%ﬁ%rﬂa%#aﬂ&ﬁﬂO.ﬂqﬁﬂﬁ'@%ﬂe 8, the follow ng
i's apparen r-lc%if?r%hes in m%?%h a layer is provided on the surface of
concentration of sulforic acid, oxalic acid or chromlc
acid: 0.1-500 g/1, voltage: 1-100 VAC or 1-100 vDC, or
both applied, time: 1-60 minutes, layer thickness: SQ A
to 50 g m, content of phosphoric acid anion: 1-5C000 ppm.
Further, as other conditions, the following

conditions were used. |

. Other condition No. 1: After formation of aluminum layer
anodized with phosphoric acid, AC or DC plectrolysis

(with the substrate as the cathode) in a bath of silane
coupling agent, and layer is laminated.

. Other condition No. 2: After formation of aluminum layer
anodized with phosphoric acid, AC or DC electrolysis
. (with the substrate as the cathode) 1n an epoxy emulsion
hath, and layer 1is laminated.

. Other condition No. 3: After formation of aluminum laver

anodized with phosphoric acid, AC of DC electrolysis

(with the substrate as the cathode} in a mixed bath of a

silane coupling agent and an €poxy emulsion, and layer 15

laminated.

. Other condition No. 4: After electrolysis in the cther



the alum num plate, and a |l ayer of a silane coupling agent is provided
thereon with the anmbunt of the silane coupling agent within the rﬁ??ﬁﬂ?&%‘
0.01-1000 ng/n2 are superior in press workability. Thus, even if
containers contact each other, recesses hardly formin the wall surfaces
(see Test Exanples 29-31). (2) In contrast, ones in which the anount of the
silane coupling agent was as snmall as 0.005 ng/ ma, adhesion between the
alumnumthin plate and the covering layer was inferior, so that the

covering |layer peeled during pressing (see Test Exanple 32). (3) Al so, for
ones in which the anmobunt of the silane coupling agent was as | arge as 1300
mg/ n2, stability of the.coupli; ent $5Q adk dhdat bf #@Sxynpossi bl e
to appIyCPFdEFXPGFWﬁQ‘O& t«a%i#%g%e of 1 éﬁaluninun1plate (see Test

Exanpl e 33). P-[SEE(’ glrclogggltn@gaaggd ellé@eeg A O ki 904 Next, Test Exanples

eval uat ed®fB i s are shown. Eval uati on net hods used in

the follow ng Test anpl es 52 are shown bel ow. The silane coupling
agent aqu%@ﬁ@g§6mﬁﬁd3$%%@£%%a ated by the nethods described in the

followi ng (1) andN%%-,t ﬁﬂeessfqﬁﬁ%%“%ffé(%‘ﬁ%@&ﬂ b abeSe vasvevakbaved by

met hods descri bed 0 (1) measurenent of contact
angle: At tenperature T. A didyeof{ 500he A0laquengsTeekution of
BB St e e bn 1

a silane®rE i pped on the surfaces of prepared netallic

pl ates by_a _requireg, 4ts contact angle was neasured using a

contact aRgRER eﬁﬂ%%g?%ﬂ%%de by Nyowa Kai men Fagaku). (2) Eval uation of

mettabilig¥ﬁ an%g;giﬂg¥ L4 €. PFat efes WerEotsit efosdfsiee, 0dnd an aqueous
a

sol ution ane coupling agent was applied to their surfaces using a
bar  coaten at a rahe Of 0 ginbs teadrébenstareref nhealdyer plates

prepared, the Vickers hardness was measured under JIS
22244 "Vickers hardness testing method”. The load
applied during hardness'measurement was 0.9807 N.
(b) wWorkability: For the resin-covered metallic plates
prepared, seven-stage drawing was carried out using a
progressive drawing machine to manufacture cylindrical
containers of 10 mm dia. x 20 mm high (drawing rate: 20%)
with the resin-covered layer as the outer side of the
container, and the peel state between layers was observed
visually. For those in which no ply separation was
" observed were indicated as " " and those in which ply
separation was observed were indicated as PR
(c) Recess properties: Specimen contalners Were prepared
in which in the cylindrical containers of 10 mm dia. X 20
mm high, elements for capacitors were filled and the

containers were caulked with mouth-sealing rubber. Wwith

100 pieces of these specimen chtainers put in a paper

container of 200 mm X 200 mm x 200 mm, yvibration was



was visually observed. For the results, those formed wth uniform |ayer
W th no repelling were judged "0 " and those in which |ayer was spotty
were judged "X (3) Measurement of Si elenent content: in the stepgofgrT 2004
preparing resin-covered plates, after an aqueous solution of a silane
coupling agent was applied to the surface of netallic plates and dried to
forma layer, the Si elenment content (atomc % on the surface of the

| ayer was nmeasured by the ESCA nethod (X-ray source: MgKa , output: 3 5
01 OC T 2004 15 kv x 33 MA, degree of vacuum 5.x 10_B Torr. (4)

Eval uati on of workability: Resin-covered plates were subjected to

seven-stage draw ng by pse i g LVEsn df @y Bgenpehirnett ahwanuf act ure
cyl i ndri caPPéd ﬂ%%r% ﬁﬁngﬁ%¥?h9%3tg?§%?aﬁg?er and 20 mm high with the

surface on, which was | am nat gl asfkeekeshe hayer, ahethe outer
side of tKePESHHEIheTPEF ags?ghggiggEgﬁsually whet her or not the

t hernopl astic resin |ayer ha e f esABt ahki @ ppleatrandeonft hose in
whi ch no Eééﬁ%ﬂf“v@@nﬁﬁﬁ%?ggdggﬁgaﬁﬁkaérgﬁ?ngicated aE@iQ" and those in

in which peeling was observ -pdjycat as ¥ which) riecaassts on of
adhesi on &hﬁeﬁ“%br@?ﬁb?o%ﬁesg%$§%%8Fngl cgﬁ?ainér prepared for the

eval uati on of r kabi Li bR 8 hgt gai {;adnyl RE aren sgteA7@C and
left for ¥&ESm %Fv%ﬂe%éapﬁgrpgﬁﬁgacyfindrical contai ners were taken out

of the hot-air drying gven, and.iily was checked wihswsa lin whetdier or not the
thernDpIa§HQ?a%%%fﬁ V§§§rlpg%?ﬁated on the outer side of the container

had peel ed of f. For Se kN JpaicGR o veee! iagivased ared 'YBose in which
observed &F%ﬂ?sﬁﬁrgggﬁdﬁgatgﬁ gs O peel i ng was observed were jndicated as

"X, (6) %fpereén§¥%hu§g5q@étIQ@§e jindged wpdath [dtdvedc pagtaabt ity and
adhesi on é er working were judged Qin the general evaluationc,l %Pd t hose
j udged baqnhplggﬁ ®br all the evaluation items (a)-(c) were Judge

good "OQ" and those which were not passable even 1n One

tr
(3

item were Jjudged bad “x

[Test Example 20]

after the surface of an aluminum plate (JIS A
1100) having a thickness of 0.3 mm had been etched for 30

seconds with a 10% sodium hydroxide agueous solution at
50 °C , neutralizing was carried out with a 10% nitric
acid aqueous sclution and it was washed with water for 10

seconds. Then, on one side of this aluminum plate, layer

rd

. anodized with phosphoric acid chromate {(Cr = 20 mg/m )
was formed. On the layer, 7 —aminopropyltriethoxy silane

. . 2

as a coupling agent was applied at a rate of 50 mg/m?*,

and after drying, the aluminum plate was heated to a

temperature of 210 *c, and a polyamide 6 layer having &

ich
thickness of 15 um was pressed onto the surface to whic

was applied the coupling agent to obtain a polyamide

resin-covered metallic plate. The obtained metalllc



either of themwere judged x in the general evaluation. [Test Exanples
"34-45] 3 6 0 10 C T 2004 <Preparation of aqueous solution of silane
coupling agent> A silane coupling agent and a non-ionic surfact?qtuﬂ 2904
(effective conmponent: pol yoxyet hyl eneal kyl et her, cl ouding point: .1 CC
) were blended into 100 9 of water by the anmounts shown in Table 9 to
prepare four kinds of aqueous solutions of silane coupling agent.
<Preparation of netallic plates> Three kinds of netallic plates, i.e.. a
stainless plate (SUS430-2B) 0.3 mmthick, an alum numplate 0.3 mm
t hi ck, anodi zed wth a phosphate chromate .(all oy nunbe;&dt2%$20P H24,
chronme cq nt_i d owproxhdeab2e dogems)., T | ectrol ytic
chronicaéﬁ%i??égfg§ é?égﬁaQEFate 0.3 mmthick (netallic chrone content in
the lower_ | ayer: 0 in ¢AmoBeSCONtent in hydrated chrome oxide in
t he upperr?%. $§ E%Qnﬁﬂgﬁgilﬁere prepared. <Eval uation of aqueous solution
of silan coupl ] ept> The four kinds of aqueous solutions of silane
couplingﬁéBEﬁE %%%&Bﬁgna%gble 9 were dripped onto the surfaces of the
three kinds of ”E}.;EL;BEE phatkes it @reondeet Exeaglrednt tdfe tHY oMkt angl e.
Further, the four s of aqueous solutions of silane _coupling agent
shown in k‘ll'grtl) £39:wene 12pp! i2d tha ckhe ayenf dogsedf hhendiicel i n‘ﬂ’s_rbf
metallic plates to evaluate wettability. The results are shown in Table
10. From ng&ggl?ca@@igq, 1 he 1fyelildeviyn g ricpydprareditoxy ($312%8 ¥Y&3ult of
measurenents 0 he contact angle, for 3 7 01 O CT 2004 any metallic plate,
the contagt.gngke +ofe Usis elqéritonsndofthel |k igupI PR gent | to |11
was 55' or under (Test anpl es 34-36, 38-40 and 42-44-.gﬁr1099&i§ét, t he
i me

contact apghgeohteirlana @it i'0g g anitl yeeduieu ST &0t ¢ oh

plate was obtained in the same manner as in the Test

Example 20. The ocbtained polyamide resin-covered metallic

plate was evaluated in the same manner. The results are

shown in Table 6.

[Test Example 22]
Except that the layer used in Test Example 21 was

changed to a layer formed by anodizing with a phosphoric

acid, a polyamide resin-covered metallic plate was

obtained in the same manner as in the Test Example 21.

: The obtained polyamide resin-covered metallic plate was

in
" evaluated in the same manner. The results are shown 1

Table 6.

[Test Example 23)
Except that the layer used in Test Example 21 was

changed to a layer formed by anodizing with a phosphate

i ] was
chromate, a polyamide resin-covered metallic plate

obtained in the same manner as in the Test Exemple 21.

The obtained polyamide resin-covered metallic plate was



was greater than 55'
“amount of non-ionic S&I?ZEtgﬁ?nples_37, 41 and 45). This is because the
Iv_ras insufficient. (ii) A'so lgssglfggulfogfllnglagent agueous sol ut | on
uni ’ eval uat i 1T
mhiCﬁraLL2YSLpr?degazggugn tre §urface of any of thg 'ﬁgtgr|¥§tgﬁg¥§!m§h
o a solutions | to Il i i

and vettability was good (Test Exanples 34.36 %38°40 and 45 44)° toc
nEtaIIic’prgtegngaoag1layer was formed on the surface of any-oﬁ)fhln
solution 1V, B lmua ich were applied silane coupling agent aqueoﬁs

37, 41 and 45). Thi: ?gogty and wettability was inferior (Test Exanples
aqueous eMaiaied |\ e §§ﬂ$sgv5 2 €004 apétlangl e mhestEéﬁgtéoﬁﬁﬁin

plate (the sane as pr greater than 55 [Test Exanple 46] An alurringrr?gent
AR St e N IR R
bl endi . ¢ ueous solution
siIan;?gdgﬁiﬂgdggéﬁPfélzgi-CoyplIng agent (7 - aninoprggilgisgﬁLgd by
Exanpl e 34) 00100 ionic surfactant (the sanme as used in égst
applied to 3 8 0 EesarS Bhatnss! (AR cadpshongarhe cantast angle then
applied to the surface he “surface of the alum numplate to 50 was

the R s R S e i Wl e
eated at 250 arma |ayer. Then,

havi ng acQﬁﬁ¥éa§m%gg%§98;BESS%g&%%gggaﬁﬁthSimas ,&ﬁqﬁng&gﬁt f%é?g;;rwas
prepare a c i ckness of 20 um wa '

epare" .5, GOVELED g n.ne mbsobrak i K AT cover o
ind Tor ol ets 68 S1.0 B2 LA e kbl | (G Eari SRS BAE P PR o
and tot al"eVal GafToR weré conducted. The results are shouzﬁiﬁ?ﬁgglemgaking

in Table 6.

[Test Example 25)
Except that no coupling agent was applied, 2

polyamide_resin—covered metallic plate was obtained in

the same procedure as in the Test Example 20. The

obtained polyamide resin-covered metallic plate was

evaluated in the sameé method. The results are shown in

Table 7.

[ Test Example 26]
Except that as the coupling agent, 7 -

' methacryloxypropyltrietoxy silane was used, and the

aluminum plate temperature was changed to 380 ‘C, a

polyamide resin-covered metallic plate was obtained in the

same procedure as in the Test Example 20. The obtained

metallic plate was evaluated in the same method. The

results are shown in Table 7.

[Test Example 27]

Except that the aluminum plate temperature was



[ Test Exanpl es 47-52] Except that the kind and anount of silane coupling
-agents,. the tenperature raising speed in drying after application of a

sil ane coupling agent aqueous solution (layer heating tenperaturq%i epqu‘
the kind of thernoplastic resin |layer was changed to those descri etq ip1
Tabl e 11, resin-covered plates were prepared in the sanme manner as in Test
Exanple 46. In the steps of preparing these resin-covered pl ates,
measurenent was conducted in the same manner as in Exanple 46. For the
resin-covered plates, evaluation tests were conducted in the same nanner
as in Exanple 46. The results are shown in Table 11. From Tables 10 and
11, the following is _apparent. 3.9. 0 04 (JdAda K i ¢ €si n-covered
pl ates prapareddssor RAC dny aofpotlr;(@mgrgéeu%%% :}:hog}ésrgel)danrﬁeg%%ﬂﬁlli ng agent,

contact angle of the silane . coyplin S AGHEQUS SOf Wtid, rddrperarture
raising @b@@eduﬁﬁn@b&@}ﬁﬁg %g%eap%m%g tiog% of tsqhe sil ane coupling agent

aqueous solution, and heating.tenperatur [ layereywuhgt & Wt hin the

predet er B¥eElAgndds, THE SP 1&?@@%&%@&? B The “surface of the resin

| ayer was within the range of 5-15 tom.c %A workapiéity and adhesion

af t er - wortkh@gsS adfe M ‘l e EZ§§%“¥§§$@E§%§%]eS 46-48). (iv) For the

resi n-covered pl ates prgﬁﬁred using a silane coupling agent aqueous

sol uti on CFeshi ER MRS ent of a silane coupling agent was | ess than

0.01 parts by weight, .t I .8le ' taoh ddepetatace whsthe resin
Rarept iRt S S

| ayer was less t adhesion after working was inferior

(see Test Exanpl.e 49) v, F I RSdd- COVES egopb pé@smptepaied with the
tenperatu?@apaﬁéiﬁ&’éggéd dbﬁ%ﬂ%ygﬁying after application of a silane

coupling agent | ower tha C I She thenSipr et efieré ssnienthenTeké surface
Of_.the reggﬁtf:’ayé}s V%%tr?l%ép ch:l e p

Example 24. The obtained metallic plate was evaluated in

the same method. The results are shown in Table 7.

(Results)
From Tables 6 and 7, the following is apparent.

(1) Resin-covered metallic plates in which a chemical

conversion treated layer is provided on the surface of an

aluminum plate, & layer of a silane coupling agent 15

provided thereon, the aluminum plate 1s neated to 200-350

°C to laminate and press a resin layer so that the

nardness of the resin-covered surface of the alumlnum

" plate is within the range of 25-60 in Vickers hardness

are superior in the adhesion between the aluminum plate

and the covering layer. Thus the covering layer will not

peel off, and even if the containers contact each other,

recesses hardly form in the wall surfaces (see Test
Examples 20-24).

(2) In contrast, Ones in which even though a chemical

' e
conversion treated layer 1S formed on the surface of th



|l ess than 5 atom c % and adhesion after working was inferior (see Test
‘Exanple 50). (vi) For the resin-covered plates prepared with the heating
tenperature of the layer lower than the nelting point of the therinpl mgfic
resin (220C workability was inferior and the polyam de 6 | ayer peeled
during working. 4 0 01 0 CT 2004 in this case, since evaluation of
adhesion after working was inpossible, it was not carried out (see Test
Exanple 51). (vii) For the resin-covered plates prepared with the heating
tenperature of the |ayer higher than 350 C workability was inferior and
cracks devel oped in the polyethylene terephthalate |ayer. Al so, adhesion
after working was inferior (see Test Exanple 52). The fresent,in ention
of fers thelRoRnew i adr edt® LaVRK Hals & IRkl VAl 8RR br 1§ nRESY 18
application. 1. The resin-covered netallic plate according to.the present
i nvent i onafdr fed edilth 1RV efS HRWELRY aRd P S PhosphdFi €CREF 4" Bavi ng a
t hi ckness of 0.05-2 p. mas an anodized |ayer_is superior ip.the adhesion
(bondi ng lpvepemay éﬁﬂiﬂﬂﬁ%ﬁﬂ%ﬂ@ﬁ@ﬁs%ﬁgtQE??rﬁ%ﬁ?a%%aﬁgfﬁe%ﬁ)the al uni num
pl ate surface and the covering |ayer. Even when drawing or jroning is
carried oli) dadége dPLANESE Yt W@k?htQ%ﬁWnﬁﬁ%ﬁﬂ?car%@gﬂlﬁﬁiering | ayer
w Il not develop, and it hardly deterjorates with tinme, and ?Ighseparation
n

will  notCEBVEESEOM LIt §bst F vt P 1A 9% Tt 2T R B28Br 8 ngto the a

anodi zed G B UEGapHor B B it (TET (el oyt agoBERHEG adnesi on
bl'ate our PAEBTars GO LGV | T Syor. CEdh HOH: o S hgor g Vg Fee & U U
o and pressed with the temperature of the aluminum plate
| above 350 °C, the Vickers hardness of the surface of the
'resin—cove;ed'metallic plate will be less than 25, so©
that recesses are liable to be formed if the containers
contact each other (see Test Examples 26-27).
(4) Also, for ones in which even though a chemical
conversion treated layer is provided on the surface of the
aluminum plate, and a layer of a silane coupling agent 1is
provided thereon, and a resin layer 1is presséd with the
temperature of the aluminum plate at 200 °C , the hardness
of the resin-covered surface of the resin-covered
" metallic plate exceeds 60 in vickers haxdness, the
aluminum plate as the substrate may break during pressing
(Test Example 28).

[Test Example 29]

Except that the amount of the coupling agent was
changed to 100 mg/m? and the temperature cf the alumlnum
plate was changed to 290 C, a polyamide resin-covered

metallic plate was obtained in the same procedure as 1n



0 1 OCT 2004 ironing is carried out, damage or cracks of the thernoplastic
"resin covering layer will not develop, and it hardly deteriorates with

time, and ply separation hardly develops. 3. with the nanufactuEHEquﬁmhod
according to the present invention, there is no need to re-nelt™t
thernoplastic resin covering |ayer by heating after drawi ng or ironing,

as in the nethods described in Japanese patent publications 1-66030 and
2-16043. Thus it is possible to efficiently manufacture a resin-covered
metallic plate superior in the adhesion (adhesion or bond strength) at

the interface between the alum num plate surface and the covering |ayer.

4 Wih Lhe TROULARLUPERG TRENOGNT dhiisien Geueredc neLald iwagl ate

accor di nd 1% Tre invention, It Is possible to obtain a

resin-covered netall.ic _pl at i |S: . SURRS I ¥sdncd her pretsswwoikabi lity
such as dF%RMHGEe n&ni§%%mﬁa: tﬁé§4§§muing l'ayer hardly peels during
wor king. 5 ¥Vt§ the manufacturing nethod of a resin-covered netallic
pl at e acdorl Rig®to the present invention, since one side of the al umi num

plate is covered._ b resin layer, it allows to apply graceful printing
t her eon fﬁ?esﬁdgﬁﬁ¥¥ﬁ€bﬁﬁgn. 6. Wth the manufacturing method of a

resin-covered netall] 53Eﬁgxgﬁgdﬁkt@ftﬂhb[E@ﬁphin@n&@ﬂntoﬁﬁssince
t he Vickers hardngggﬁﬁitqﬁgre5|n-covered surface of the 4 2 01 0 C 1 2004

al umi num pl at e iss Wty fdEn T age efe 2Beiferatuis ofupeei dtumangfess
morkabili$§?ngﬁg §€Lﬁﬁ%f t @ncontainers obt ai ned : by working caontact each

ot her, reéfgégsw%%ecﬂyygg@'{@ry@@ in, vl po swarh adesr eginTaevesRtai ner for
al um num®eleéctrolytic capacitors according to the present invention needs
no-step of.GY8Td M Md s hewpta sied niabtee t sbee aBI BEFBPES FAus t he

‘the Test Example 23. The obtained metallic plate was

evaluated in the same evaluation method as. in Test Example

53. The results are shown in Table 8.

[Test Example 31]

Except that the amount of the coupling agent was
changed to 1000 mg/m*, & polyamide resin-covered metallic
plate was obtained in the same procedure as in the Test
Example 30. The obtained polyamide resin-covered’
metallic plate was evaluated in the same method. The
results are shown in Table 8.

" {Test Example 32]
Except that the amount of the coupling agent was

changed to 0.005 mg/m?, a polyamide resin-covered |

metallic plate was obtained in the same procedure as in
the Test Example 29. The obtained polyamide resin-
covered metallic plate was evaluated in the same method.

The results are shown in Table 8.

[Test Example 33]



manuf acturing steps are sinple. 8. if the resin-covered netallic pl ate
“according to the present invention is prepared by applying an aqueous
solution of a specific silane coupling agent on the surface of YhegCT 2004
netallic plate to forma layer, drying it at a specific tenperature-raising
speed, and lamnating a thernoplastic resin |ayer while heating the |ayer
at a specific tenperature, cracks hardly develop in the thernoplastic
resin layer if the resin-covered netallic plate is worked by ironing, and
also the thernoplastic resin layer will not easily peel off the metallic
plate. 9. if the resin-covered netallic plate is prepared by applying an
aqueous solution of a speglLfi i £ C8¥pk hBgcaagnt non ageatswafsace of the
nmetallic plate t XF8P§1gBnggP§ ﬁg?ﬁg It at a specific
tenperature-raisin ed nd Lapinatjngeabhehmepivastadc meesild dcayer

whi | e Iu&hqqﬁﬁihggléég prg épéc???? tenperature, the

.thernopl astic-resin_layer ,wi.l|| t .gasi byceeahiref fast Hey tret dldstc pl ate
even i f tRkﬁF%sVﬁ5c895Féae%e%glFﬂ% S?atebis 4301 OCT 2004 subjected to
heat treatnent,affer i VLAl beYS amiekheds.inl@ovieradhe resin-covered
netalH(:%ﬂ%ﬁ%l?sggreggb§d8%§gxpani%at?ng a thermoplastic resin |ayer by
heating the er far N8 suebage ehet Bametadthicd pl & within the
tenperatdW%F?Lﬂgg BQaFggﬁﬁ hg ngﬁting poi nt of the thernoplastic resin

| ayer to 350 :C , repatih efaphkeg . metallic plate will not |ower, and
t he theHﬁﬁV&%F?c %ggiﬁholayér will not deteriorate. 11. if the
resin-covgéggugﬁggllic plate is prepared by lamnating a thernoplastic
resin | ay y héating the |layer' formed on the surface of the netallic
plate within thepteperafiw & ramge fafl fawdmg Hes rAIRIFRN poi nt of the

t her nopl astic resin layer to 350 'C, econoni cal disadvantgges produced
during copyentpgeal ik dhich a layer is provided on the suriace

the aluminum plate, and a layer cf a silane coupling

agent 1s provided thereon with the amount of the silane

1
coupling agent within the range of 0101—1000 mg/m? are

s . . <
superior in press workability. Thus, even if container

contact each other, Iecesses hardly form 1in the wall

surfaceé (see Test Examples 29-31).

{2) In contrast, ones 1n which the amount of the silane

? ion
coupling agent was &s small as 0.005 mg/m?, adhes

between the aluminum thin plate and the covering layer wWas

' inferior, so that the covering layer peeled during

pressing {(see Test Example 32).

(3} BAlso, for cnes in which the amount of the silane
coupling agent was as large as 1300 mg/m?, stability of
the coupling agent was SO bad that it was impossible to

apply it uniformly on the surface of the aluminum plate

(see Test Example 33).

[Experiment Example 3]



tenperature beat treatnent can be elimnated. 12. with the manufacturing
‘method of a resin-covered netallic plate according to the present
invention, it is possible to manufacture a resin-covered metalljq gphah®
t hat provides the above said effects. 13. Since the container for a
capacitor according to the present invention has the resin-covered .
netallic plate prepared by drawing or ironing, even if heat treatnent
applied after it has been made into an end product, the thernoplastic
resin layer formng the container will not easily peel off the netallic
plate. Thus it has a high 4 4 01 OCT 2004 commercial value. 4 5 010cl 2004

a) ca cC X W ?\?exta,‘] 134 Sladpre evarddréh o Totngy évebuation

'S

items are shown. Evaluation methods used in the
following Test Examples 34-52 are shown below. The silane
coupling agent agueous solution was evaluated by the
methods described in the following (1) and (2). Also, the
resin-covered plates was evaluated by methods described
in the following (3)-(6). |
3 (1) Measurement of contact angle: At temperature of 23 °C
and humidity of 50%} an agueous solution of a silane
coupling agent was -dripped on the surfaces of prepared
‘metallic plates by a regquired amount, and 1its contact
angle was measured using a contact angle meter (CA-A made
by Kyowa Kaimen Kagaku) -
(2) Evaluation of wettability: Prepared metallic plates
were cut to A4 size, and an agueous solution of a silane
coupling agent was applied to their surfaces using a bar
coater ét a rate of 10 g/m?, and the state of the layer
was visually observed. FOr the results, those formed
" with uniform layer with no repelling were judged “C?" and
those in which layer was spotty were judged "X ".

: of
(3) Measurement of i element content: In the step

solution
preparing resin-covered plates, after an aqueous

' of
of a silane coupling agent was applied to the surface

; ement
metallic plates and dried to form a layer, the Si el
A =
content (atomic %) on the surface of the layer wa

: utput:
measured by the ESCA method (X-ray sSOuUrCeE: MgKa , OULP



QCD OO0 CCr I OCcl <1 04wWOC coa 0000 O?27i I CO

.C OGaca” XCQ “'--' C) dl Ccti
t -
cczc LCcCC) .'-'~ E C.)c))1a> I Gpcc C.~-C xd §I807u06

15 kv x 33 mA, degree of vacuum: 5 x 107° Torr).
(4) Evaluation of workability: Resin-covered plates were
subjected to seven-stage drawing by use of a progressive
drawing machine to manufacture cylindrical contalners 10
om in outer diameter and 20 mm high with the surface on
which was laminated a thermoplastic resin layer on the
cuter side of the container. It Was checked visually.
whether or not the thermoplastic resin layer had peeled
of f the metallic plate. For those in which no peeling
was observed at all were indicated as " " and those in
in which.peeling was observed Qere indicated as "% ".
(5) Evaluation of adhesion after working: The
cylindrical container prepared for the evaluation of
wquability was put in a hot-air drying oven at 270 °C and
left for one minute. Tﬁereafter, the cylindrical
containers were taken out of the het-air drying oven, and
it was checked visually whether or not the thermoplastic
resin layer laminated on the outer side of the container
" had peeled cff. For those in which no peeling was
observed at all were indicated as (O " and those in which
peeling was observed were indicated as "X "
(6) General evaluation: Those Judged good both 1in
workability and adhesion after working were judged O 1n
the general evaluation, and those judged bad in one OI

either of them were judged x 1in the general evaluation.

[Test Examples 34-45]
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<Preparation of aqueous colution of silane coupling agent>
A silane coupling agent and a non-ionic surfactant
(effective component: polyoxyethylenealkylether, clouding
point: 42.1 °C) were blended into 100 g of water by the
amounts shown in Table 9 to preparé four kinds of agueous
solutions of silane coupling agent.
<Preparation of metallic plates>
‘ Three kinds of metallic plates, i.e. a stainless
plate (SUS430-2B) 0.3 mm thick, an aluminum plate 0.3 mm
thick, anodized with a phosphate chromate (alloy number:
A1100P H24, chrome content in hydrated chrome oxide: 20
mg/m?), and an electrolytic chromic acid-treated steel
plate 0.3 mm thick (metallic chrome content in the lower
layer: 100 mg/m?, chrome cantent in hydrated chrome oxide
in the upper layer: 18 mg/m?) were prepared.
<Evaluation of agueous solution of silane coupling agent>
The four kinds of agueous solutions of silane
coupling agent shown in Table 9 were dripped onto the
- surfaces of the three kinds of metallic plates to conduct
measurement of the contact angle. Further, the four kinds
of agueous solutions of silane coupling agent shown in
Table 9 were applied to the surfaces of the three kinds of
metallic plates to evaluate wettability. The results are
shown in Table 10.
From Tables 9 and 10, the following 1s apparent.

(i) BAs result of measurements of the contact angle, for



UT O CDCO x CC47 01 OCT 2004 TAB [
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exanpl e Chem cal conversion treated |ayer Thickness of Iang ?,Ln;e;gsin

covering layer Drawability (9% Cauikabilit 9 i [

: ( y Change
(Conp. ex) treated with phosphoric acid 0.5 O.E/%.S po?ye!@é? E;EF%}QCIZM‘
pol yam de 6 O O O 48 pol ypropyl ene X

any metallic plate, the contact angle of aqueous solutions
of silane coupling agent I to III was 55° or under (Test
Examples 34-36, 38-40 and 42-44}. In contrast, the
contact angle of silane coupling agent agueous solut}on v
was greater than 55° (Test Examples 37, 41 and 45). This
is because the amount of non-ionic surfactant in silane
coupling agent agueous solution IV was insufficient.

J.J (ii) Also, as a result of evaluation of wettability.
uniforﬁ layer was formed on the surface of any of the
metallic plates on which were appiied agueous solutions I
to 11I of silane coupling agent, and wettability was good
(Test Examples 34-36, 38-40 and 42-44). In contrast, no
uniform layer was formed on the surface of any of the
metallic plates on which were applied silane coupling
agent agueous solution IV. Film was spotty and
wettability was inferior (Test Examples 37, 41 and 45}.
This is because the contact angle of silane coupling agent
agueous solution IV was greater than 55° .

" [Test Example 46]
An aluminum plate (the same as prepared in Test
Example 38) was continuously fed in a long strip. A
silane coupling agent agueous solution was prepared by
blending 0.1 g of a cilane coupling agent {(r -
aminopropyltriethoxy silane) and 0.4 g of a nonionic
surfactant (the same as used in Test Example 34) into 100

g of water and adjusting the contact angle when applied to
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the surface of the aluminum plate to 50° was applied to
the surface of the aluminum plate by 10 g/m?, and dried
at the temperature rising speed of 5 °C /s to form a
layer. Then, the layer was neated at 250 ‘C, and to the
surface of this layer, & polyamide 6 iayer having a
melting point of 220 °C and a thickness of 20 um was
laminated to prepare a resin-covered plate. 1In the step
! of preparing this resin-covered plate,-measurement of Si
element content was carried out, and for the resin-covered
plate, evaluation of workability and adhesion after
working and total evaluation were conducted. The results
are shown in Table 11i.
[Test Examples 47-52]

Except that the kind and amount of silane coupling
agents, the temperature raising speed in drying after
application of a cilane coupling agent agueous solution
{lavyer heatlng temperature), and the kind of
thermoplastic resin layer was changed to those described

" in Table 11, resin-covered plates were prepared 1in the
came manner as in Test Example 46. 1In the steps of
preparing these resin-covered plates, measurement wWas
conducted in the same manner as in Example 46. For the

resin-covered plates, evaluation tests Were conducted in

the same manner as in Example 46. The results are shown

in Table 11.

From Tables 10 and 11, the following 1is apparent.
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(iii) For the resin-covered plates prepared sc that any
of the amount of the silane coupling agent, contact angle
of the silane coupling agent agueous solution,
temperarture raising speed during drying after application
of the silane coupling agent agueous solution, and
heating temperature of the layer would be within the
predetermined ranges, the S1 element content on the
surface of the resin layer was within the range of 5-15
atomic %, and workability and adhesion after working were
excellent (see Test Examples 46-48).

(iv) For the resin-covered plates prepared using & silane
coupling agent agueous solution of which the content of a
cilane coupling agent was less than 0.01 parts by weight,
the Si element content on the surface of the resin layer
was less than 3 atomic %, and adhesion after working was
inferior (see Test Example 49).

(v) For the resin-covered plates prepared with the

temperature raising speed during drying after application

" of a silane coupling agent lower than 50 °C /s, the Si

element content on the surface of the resin layer was
less than 5 atomic %, and adhesion after working was
inferior (see Test Example 50).

(vi) For the resin-covered plates prepared with the
heating temperature of the layer lower than the melting
point of the thermoplastic resin (220°C ), workability was

inferior and the polyamide 6 layer peeled during working.
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In this case, slnce evaluation of adhesion after working
was impossible, 1t was not carried out (see Test Example
513.
(vii) For the resin-covered plates prepared with the
neating temperature of the layer higher than 350 °C,
workability was inferior and cracks developed in the
polyethylene terephthalate layer. aAlso, adhesion after
/ working was inferior (see Test Example 52).
The present invention offers the following effects

and has a large value for industrial application.
1. The resin-covered metallic plate according to the
present invention formed with a lafer anodized with a
phosphoric acid having a thickness of 0.05-2 pum as an
anodized layer 1s superior in the adhesion {bonding
property Or bond strength) at the interface between the
aluminum plate surface and the covering layer. Even when
drawing or ironing is carried out, damage OI cracks of the
thermoplastic resin covering layer will not develop, and

-.it hardly deteriorates with time, and plYy separation will
not develop.
5. The resin-covered metallic plate according to the
present invention having a silane coupling agent disposed
between the layer anodized vith a phosphoric acid and the
resin layer has a good adhesion (bonding property of bond
strength) at the interface between the aluminum plate

surface and the covering layer. Even when drawing Of
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ironing is carried out, damage or cracks of the
thermoplastic resin covering layer will not develop, and
it hardly deteriorates with time, and ply separation
hardly develops.

3. With the manufacturing method according to the present
invention, there 1s no need to re-melt the thermoplastic
resin covering layer by heating after drawing OT ironing,
as in the methods described in Japanese patent
publicatlions 1-66030 and 2-16043. Thus it is possible to
efficiently manufacture a resin-covered metallic plate
syperior in the adhesion (adhesion of nond strength) at
the interface between the aluminum plate surface and the
covering layer.

4. With the manufacturing method of a resin-covered
metallic plate according to the present inventioﬁ, it is
possible to obtain a resin-covered metallic plate which is
superior in the press workability such as drawing, and 1in
which the covering layer hardly peels during working.

- 5. With the manufacturing method of a resin-covered
metallic plate according to the present invention, since
one side of the aluminum plate 1is covered by a resin layer,
it allows to apply graceful printing thereon for
identification. |
6. With the manufacturing method of & resin-covered
metallic plate according to the present invention, since

the Vickers hardness of the resin-covered surface of the
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aluminum plate is within the range of 25-60, it 1is
superior in press workability, and even if the contailners
obtained by working contact each other, IECESSES are
nardly formed in wall surfaces.
7. The container for aluminum electrolytic capacitors
according to the presené invention needs no step of
covering with a neat-shrinkable tube as vefore. Thus the
i manufacturing steps are simple.
g§. If the resin-covered metallic plate according to the
present invention 1is prepared by applying an agueous
solution of a specific silane coupling agent on the
surface of tbe metallic plate toO form a layer, drying it
at a specific temperature—raising speed, and laminating a
thermoplastic resin layer while heating the layer at a
specific temperature, cracks hardly develop in the
thermoplastic resin layer 1if the resin-covered metallic
plate is worked by ironing, and also the thermoplastic
resin layer will not ecasily peel off the metallic plate.
9. 1If the resin-covered metallic plate is prepared by
applying an agueous colution of a specific silane
coupling agent on the surface of the metallic plate to
form a layer, drying it at a specific temperature-raising
speed, and laminating a rhermoplastic resin layer while
heating the layer at a specific temperature, the
-thermoplastic-resin layer will not easily peel off the

metallic plate even if the resin-covered metallic plate is
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subjected to heat rreatment after working by various

methods .

10. If the resin-covered metallic plate 1is prepared by
laminating & thermoplastic resin layer by heating the
layer formed on the surface of the qmetallic plate within
the temperature range of from the melting point of the
thermoplastic resin layer to 350 °c , the strength of the
metallic plate will not lower, and the themoplastic resin
layer will not deteriorate.

11. 1If the resin-covered metallic plateis prepared by
laminating a thermoplastic resin layer by heating the
layer formed on the surface of the metallic plate within
the temperature range of from the melting point of the
thermoplastic resin layer to 350 °c , economical
disadvantages produced during conventional high-
temperature heat rreatment can be eliminated.

12. With the manufacturing method of a resin-covered

metallic plate according to the present invention, it 1s

.possible to manufacture a resin-covered metallic plate

that provides the abovesaid effects.

13. Since the contailner for a capacitor according to the
present invention has the resin-covered metallic plate
prebared by drawing Or ironing, even if heat tfeatment is
applied after it has been made into an end product, the
thermoplastic resin layer forming the container will not

easily peel off the metallic plate. Thus it has a high
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commercial value.
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Experiment example 1

Test example

(Ex.)

(Ex.)

15
(Comp. ex)

Chemical conversion
treated layer

treated with phosphoric acid

Thickness of layer (um) 0.5 0.5 0.5
Resin covering layer polyester polyamide 6 polypropylene
Drawability (%) O O X
Caulkability (%) O O not done
Change with time O O not done
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Amount of anionic

] . . . ¢
Agqueous solution of Kiod of silane coupling agen
silane coupling agent [— surfactant {(g)
Amount (g/100g of water)
y-glycidazypropyltriethoxysilane 0c
! 5.0
~ -aminopropylethoxysilane
I 0.5
5.0
v -aminopropylethoxysilane
i1 0.2
5.0
- v -aminopropy lethoxysilane 0.0l
5.0
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TABLE 10
Test example Kind of Aqueous solution | Contact angel | Wettability
metallic plate of silane (degree)
coupling agent
34 (Ex.) 1 53 O
35 (Bx.) Stainless I 43 @)
plate .
- 36 (Ex.) (5US430-28) il 52 O
2 137 (Comp. ex) v 58 X
joh
g 138 (Ex.) I 50 O
A phosphate
N 39 (Ex.) chromate il A0 O
Y aluminum _
ce |40 (Bx.) plate il 50 O
-~ E
%g 41 (Comp. ex) v 57 X
& |42 (Bx.) I 51 O
steel plate .
43 (Ex.) treated with I 41 O
electrolytic
44 (Ex.) chromic acid Jii} 48 @]
45 (Comp. ex) v 56 bt
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on the surface of said chem cal conversion treated |ayer by applying an
aqueous solution of a silane coupling agent to the surface of sahg T 2004
chemi cal conversion treated filmat a rate of 0.01 to 1000 ng/n2 4@
drying at a tenperature-increasing speed of 50 C /second or less, said
aqueous solution of a silane coupling agent being prepared by blending a
silane coupling agent with 100 parts by w=eight of water at the rate of
0.01 to 10 parts - by weight and bl ending a surface-active agent so that the
cont act agg{e when ﬁ££$i§d,to the surface of said netallic plate will be
55 or |ess™&nd % ¢ FAgiFayer of a thernoplastic resin formed on said

| ayer of a silane coupling agent having a thickness of 5 to 200 jj m the
surface of said covering |ayer of a thernoplastic resin 57 0 1 OC T 2004
having a Vickers hardness of 25 to 60, said covering |ayer of a

t her nopl astic resin being |amnated on the surfaig_of aid silane coupling
agent filmhich has been heatedcEdnacPERpBFalGrélof St PdMFts nelting poi nt
to 350 2. A nethod of nmanufacturing_a resin- coverﬁd talli Iat

conpri si ng GAEPBIBHI ofNf BARTAGUR. Pleh&nT@¥BofvE %Fgﬁeﬁﬁeg e@‘la$8r on

i de of | um D havi ng.a thick £ _0.1-0. | yi
an aqueous G BT ond of TS FPAnECEHRRRLAD AGEATcar T4 Pafs™ 6P OTDE1I00
/' m id | to f . id | .uti f I3l
coupl i o ageHin bReRgo B Epaed 18] BleRdrndaos PaRd LaugFiRy ASRAE i th 100
ts b i ght. of t the. . 0,0 - [ d
Gryi ng t & npRr SEGF BCFnEF eddiing T 5Ta ol 50 G FeRond o tunder heat i ng

said al um pﬁg}%@iﬁﬁg whi ghaue s aphnated s2i d ghenhealcupnyersi on treat ed

| ayer and _ er of a sil‘ane coupling agent at a tenperature of 200-350
C, and Covéaﬁéﬁ‘go%dtﬂée§§'r@g_c@ deherrapkaskiie anesonvieayaonavtieag ed

t hi ckness of " 5-200 u m on said |ayer of a silane coupling agent, whereby
the film at a rate of 0.01 to 1000 mg/m? and drying at a
temperature-increasing speed of 50 °C /second or less,
said agueous solution of a silane coupling agent being
prepared by blending a silane coupling agent with 100
parts by weight of water at the rate of 0.01 to 10 parts
by weight and biending a surface-active agent so that the
contact angle when applied to the surface of seaid
metallic plate will be 55° or less, and a covering layer
of a thermoplastic resin formed on said layer of a silane

coupling agent having a thickness of 5 to 200 um, the

surface of said covering layer of a thermoplastic resin
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Vi ckers hardness of the surface of said thernoplastic resin |ayer is
within the range of 25-60. 58 01 oct 2004 3. The resin-covered netallic
plate as clained in claim1 wherein said |ayer of a silane couplibd 0dde
has a Si elenent content of 5-15 atomc % when its surface is neasured by
an X-ray electric spectroscopy. 4. A container for a capacitor manufactured
by drawing or ironing the resin-covered netallic plate clainmed in claiml
or 3. 5. The container for a capacitor as clainmed in claim 9 wherein said

covering layer of a thernoplastic resinis on the outer side of the

contalner.hg%ing a Vickers hardness of 25 to 60, said covering

layer of a thermoplastic resin belng laminated on the
curface of said silane coupling agent film which has been

heated to a temperature of from its melting point to 350

ocv

2. _ A method of manufacturing a resin-
covered metallic plate comprising the steps of forming a.
chemical conversion treated layer on one side of an
aluminum plate having a thickness of 0.1-0.5 mm, applying
an agueous solution of a silane coupling agent at a rate
of 0.01-1000 mg/m? on said layer to form a laver, said
aguecus solution of a silane coupling agent being
prepared by blending a silane coupling agent with 100
parts by weight of water at the rate of 0.01 to 10—parts
by weight and drying at a temperature-increasing rate of
50 °C /second or under, heating said aluminum plate on
which sre laminated said chemical conversion treated
layer and the layer of & silane coupling agent at a
temperature of 200-350C *c , and covering and pressing a
thermoplastic resin layer having a thickness of 5-200 um
on said layer of a silane coupling agent, whereby the
Vickers hardness of the surface of saild thermoplastic

resin layer is within the range of 25-60.
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3. The resin-covered metallic plate as claimed 1n

claim 1 wherein said layer of a silane coupling agent has

a Si element content of 5-15 atomic % when its surface 1s

meeasured by an X-ray electric spectroscopy.

4. A container for a capacltor manufactured
by drawing or ironing the resin-covered metallic plate

cilaimed in claim 1 or 3.

5. The container for a capacitor &s claimed in claim

4 wherein said covering layer of a thermoplastic resin 1s

on the outer side of the container.



