RESI N- COVERED METALLI C PLATE *159159# AND METHOD OF MANUFACTURI NG THE SAME
BACKGROUND OF THE | NVENTI ON The present invention rel at efmﬂymm’wmwwmm
resin-covered netallic plate and a nmethod of nmanufactur , and
a capacitor container using the sane. Heretofore, resin-coven®doiretal lic
pl attes 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
exanple, an alum num electrolytic capacitor has a capacitor el enment
impregnated with an el ecRESIN-€CHEREPOVEIALLI G RBATEdri cal cont ai ner
formed by drawi ng an alum num plate. The container is sealed with e.g.
rubber and having its 2 METFOD Pie MANUFRSZARIN DY HE RPME shri 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 is seeked, and for _alum numelectrolytic capacitors, too, there is
a tendency toward conpact@é&ﬁGﬁqwg%éﬁlT&@VéNy ONos chip type

el ectrolytic capacitors which have no lead wires for surface nmounting is
progressing. wth such alum numelectrolytic capacitors, thereis a l

*@30002* { proble hat since t. cqontai ner, i.s s I er i

heat - shri nkabl e tu ei?Eﬁﬁﬂd;ﬂ£¥§%ﬁg¥éanﬂ%{a%§§t euatﬁﬁyqéé%%@$¥%$ el enent
housed in th nt.ainer. _cqont.act i f Qf . t C i ner, thus
making it T%%%ig%%|EQ%F€ %Cdiév?eﬁﬁgﬁlég?ﬁg”%#%ber |éﬂg cﬁ % égburpose of

solving thL5qPLOBLEHL i'dorNedndAIFR PLBIORP A seee! the surface of a
‘ plate
' Heretofore, resin-covered metallic plates such as
-an aluminum plate covered with a layer of a thermoplastic
resin are used in various fields because they have
excellent corrosion resistance, electrical insulating
quality, designability[ etc. For example, an aluminum
electrolytic capacitor has a 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 ch;oride
. resin or an olefin-type resin for electrical insulation
and indication.

In recent vears, compactness 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 i1s progressing.

With such aluminum electrolytic capacitors, there is a

LA
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such as an alum numplate wth an insulating resin, and formthe
resin-covered plate into a.container or cap by drawing or ironing to
achieve insulating properties while omtting the covering step by a

heat - shri nkabl e tube (Japanese patent publication 1-175222 and utility
nodel publication 3-79974). As a technique for covering the surface of an
alum numplate with an insulating resin into a resin- covered plate, there
are two nethods, one i.s to coat an epoxy resin, vinyl chloride resin or
pol yester resin to the surface of an alum numplate, and the other is to

laninate agesind ayere oy dhe suface of an Al uoum plate. Byt ui Lh

resi n-covered metallic p es on a tovering aggraby such

known met hgds,, JerGJ 5. SO LEOM g diaty DeelENg, £an OGCK gl cfDe

interface ween e alumnumpl at'e a e ‘covering’ |l ayer

secondary warki-ng it &P et aso A g e%c{%ﬁé‘ﬂnef%&%ﬁf%ﬁ%héhis

invention is to provide a resin- covere Ic plate I'S superior

i n adhesi 0R nHRANG & AP L 1195 Lok | angid) mak Wi €hi gbokBepipt erface

bet ween the al um num plate and the thernoplastic resin covering |ayer, ply

separ at i oniobraedkage Al reknPfpddpgerties mopl astic resin covering |ayer
do not occur, ply separation hardly occur with tinme, and which can be
manuf act ured effi cirent lthe AMogaEandft Gdlhe my eseld prvendmpnitthege is

provi ded a resin-covered netallic plate conprising a netallic plate, a
chem cal coeear girapdssshtted dayer tfror ed frcd hef netedtall pt apeata | ayer of
a silane coupling agent formed on the surface of the chem cal conversion
treated | &yeh, asndira dloveimuy plate wiftha arheimmpl atstng resim, fended on the
| ayer of a silane coupling agent. The provision of the chem cal conversion
treated | &PEM LS ARSI THOTTDHIGT S dIit ghcofaingr et af@PcbYpl ate and

t he adhesign between the netallic plate and the . , ,
rawlng or ironing to achieve 1nsulating properties while

omitting the covering step by a heat-shrinkable tube
(Japanese patent publication 1-175222 and utility model
publication 3-79974).

As a technique for covering the surface of an
aluminum plate with an insulating resin into a resin-
covered plate, there are two methods, one is to coat an
epoxy resin, vinyl chloride resin or polyester resin to

3 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 is
formed a covering layer by such known methods, there is 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



t-hermopl astic resin covering |ayer. Since the |ayer of a silane coupling
agent is disposed, the organic functional groups in the silane coupling
agent react with the thernoplastic resin, so that the netallic plate and
the thernoplastic resin covering |ayer are strongly bonded together

t hrough the silane coupling agent. Thus, it is possible to prevent ply
separation between them damage to the covering |ayer, etc. Hereinbel ow,
thi,s invention will be described in detail. 3 Wth the resin-covered
nmetallic plate according to this invention, a chem cal conversion treated

layer is ég&sgggt%sao@%%hi S eRRLR) 33}p:i§ﬁy%'hi%fh %tsier?@ej"rg@élﬁg%%é;gmage”t

(hereinaft efred to as "silan€ ¢ i ng agent ~ |layer d on

the surfacg.p e&h.etﬁ@emlﬁﬁd(iﬁu%og»i%rt%i And' 1R ¢6 A1 AL A LOuer I NO | ayer

of a thernoplastic resin ereinafter referr thernmoplastic resin

covering '@d@é%llnbs 1%2@&?%@9 ERparlaayen., HheamRl@ ldc Pplathe refenseto a

plate of a neta such as iron, various stainless steel, copper, copper

al l oy, al uphapRbpaheriiBuegl hoyovkiringl 1ayersteehothidgdlr, ahpy zi nc. Anong
them an alum numplate is preferable. Al um numformng the alum num plate
may be pureephraefioanhAlrdall eycudpedichi €ahky, apdr #nAlch Ham 199H0-fami |y

all oys such as JIS A 1050, A 1100 and A 1200, JIS 3000- famly alloys of
Al - WMn famhynefiabtasedl 8£Ai8@@8tdyd A 3004, and JI'S 5000-fam |y alloys of
Al-M famly can be cited. But alumnumis not Iimted to those cited
above as exanpl esAckrefléngblky, thiee pakgentuinpeatd omas thedd ckhess of
0.1-0.5 nmm and nore preferably 0.2-0.5 mm The chem cal conversion treated
| ayer servREOVddefnpr 6@6 1ANECYEEREsIMEkalddrsPAREE SRIRIdESIDM of the

netallic plate, As the chem cal conversion treated |ayer
metallic plate, a chemlcal conversion treated layer formed

on the metallic plate, a layer of a silane coupling agent
formed on the surface of the chemical conversion treated
layer, 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.

5 Since the layer 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 foltowing can be cited: 4 (a) |ayer
obt ai ned by chem cal conversion treatnent wwth phosphate chromate, (b)

| ayer conprising an organic thernoplastic resin covering |layer and chrone,
(c) layer containing zirconiumby chem cal conversion treatnent, (d) |ayer
contai ning titanium by chem cal conversion treatnent, (e) |ayer obtained
by anodi zing treatnent, The thickness of the chem cal conversion treated

| ayer is not specifically Iimted but is preferably 1-. 3000 A (0.1-300
nm. If the thickness is less than 50 A (5 nm, when the resin-covered

nmetallic plate is i d d i i i
O hor So”the’ ey RLBhTTEiebpndcartpls kpeappre phasEEskoosace) o

formation qf. the y. be.ditfLeu i § rtheeahemiyeal jgonversion
treated | a +Si%“¢§ﬁ§£%§zi%e§h€2§é?? %%%Vth?gﬁﬁegg isepregg%abﬁy 500- 20000

A (.0.05-2 d 190 0 i b it f
otger Iaye@%%ﬁ%%-gﬁoanﬁé?%?%g%egggkgfsgp?ggg?agféé(?%1ﬁﬁgnrﬁffgﬁegg g?sfhg

anodi zed 'z?r%;&‘iti Shel8ssathan Petedrsu adhesi opivenkdcoaplieg myeated. On
the other hand, |? over 2 am long-tinme anodizing is necessary and thus

the pr OdUCﬂYéH)W@gI dobgeiinbar kne. suFfiecthbéknkescokntiise lanodi zed | ayer
can be adjusted to a value within the above range by adjusting the
treating 5c60ndisionstrpattiiclbgelry exrdi ti ngveondot leisramd 8 me. As the
anodi zed | ayer, anodi zed alum num | ayer treated with an electrolyte
cont ai ni ngthkt¢rhepdasphospheinc (heir¢imafitbs gségrredchasSan anodi zed
alum num | ayer using phosphoric acid as an el ectrolyte, an nodi zed
al umj num | ylee rusphgsphos pheinc cavied 1aad 1ayarf dr e £OFdess %h Bl%ctrol yte,
an anodi zed al um num :

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 forming the aluminum plate may be pure Al
or an Al alloy. Specifically, pure Al, JIS 1000-family
alloys such as JIS A 1050, A 1100 and A 1200, JIS 3000-
family alloys of Al-Mn family such as JIS A 3003 and A

B 3004, and JIS 5000-family alloys of Al-Mg family can be
. cited. But aluminum is not limited to those cited above
as examples.

pPreferably, 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:



| ayer using phosphoric acid and oxaltc aecid as an electrolyte, and

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

el ectrolyte. Anong them anodi zing with phosphoric acid is nost
preferable. Besides the above, it is also possible to use a nethod in

whi ch after anodi zed al um num phosphate has been forned, it is

| ayer-lam nated after electrolytic treatnent in a bath of a sil ane
coypling agent, a nmethod in which after anodi zed al um num phosphat e has
been fornmed, it is layer-lamnated after electrolytic treatnent in an
epoxy enul $aonlhgeh, odtagtkdd byn ohendk 2df tenveredicned r e tumdmuny pttosphat e
has been forned, it is layer-lamnated after electrolytic treatnent in a
m xed bath of ghssbaate coupmartg,agent and an epoxy enul sion, and a net hod
in which after the above electrolytic treatnment, it is layer- |am nated
after silakb)coapkingompedisiegt aor cggexyc shelrgioml asdad ngesiBy forning an
anodi zed | ayer on the surface of the alumnumplate, it is possible to

i nprove adhesi oavebond 8 apegpand €51IéMehond strength) at the interface
between the al um num pl ate and the thernoplastic resin covering |ayer. For
t he treat meft éﬁY?ﬁeCﬁ’é‘fC&Ilﬂlélgst?rlffé@éllui“nWe%‘e“GFaflorcrﬁer%Jé?ﬂem cal
conversion treated |layer, single- layer plating, multiple-layer plating or
al | oy platlng,téﬁatmﬁﬂﬁwsed chromic acid treatnment or chrom um phosphate

t reat ment p ectr i_c.chr.o G reatment, it
i's possibIZB¥OQP5?E1Eog%ﬁdpénﬁé§&¥anﬂgpeP ébﬁ 9 g%gxg%réﬁénaydrated

oxi de or a douﬁ ﬁg%%% | ayer conprising a netalllc chronme | ayer. (| owner

| ayer) and a c 5Vated oxi de |l ayer (upper layer) on the surface of

the netal | )ph%gg{ §B§%l%b@gl a%b%ﬁzéﬁﬁeEreb%nEQﬁﬁEd the chrome content

IS preferab odble-Tayer l'ayer is formed, the
chrome content of Th@eth(i‘&f}‘crnés%\/%ff ichePEakanablly e AR0Q e and

that of the upper layer 1s preferably about 5-30 ng/n2.
layer is not specifically limited but is preferably 1-
3000 & (0.1-300 nm). If the thickness is less than 50 A
(5 nm), when the resin-covered metallic plaﬁe is subjected
to drawing, the covering resin may peel or otherwise the
workabiiity will be inferior. If over 3000 A (300 nm),
formation of the laver may be difficult.
Also, if the chemical conversion treated layer is
B an anodized layer, the thickness is preferably 500-20000
. A (0.05-2 g m), and more preferably 1000-20000 A (0.1-2
g 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 um, long-time anodizing is
necessary and thus the productivity would be inferior.

The thickness Qf'the anodized layer can be adjusted to a

value within the above range by adjusting the treating



The silane coupling agent |layer is formed by applying a silane coupling
agent to the netallic plate or the chem cal conversion treated | ayer and
drying it. This layer functions to inprove the bond strength between the
metallic plate and the thernoplastic resin covering |ayer. 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 glass or nmetal. The 7 other is a
reactive group that chemcally bonds to organic materials such as synthetic
resins. The reactive group. that .bonds.to an_ingrganic materi.al, a netallic
plate or E%?nﬁonQQFgFSHlFFéXtSécﬁg§89 anﬁ6glgﬂgcﬁpﬁc§ﬁﬂf’ linited
but a met hoxy grou hox r.oup, ,silanol g n cited. On

t he ot her hand, asg%hgﬁFeﬁéPg&éeegéggﬁrfhSPgégggpcgﬁpélﬁ%ﬁbé grorganic
material s,_an_, epox rQup 1 u Layl graup, hacrylic group,

nmer capt o g?%% ?egt%¥tga%Hbgl%?Fg§}9k§ ?8B¥égégpgt%$ele§%%ane coupling
agents, y s PLARY! mhh BENGXKE]! 808n ad 2AMARCRHORE alfiBHRAXY

si | ane, 3ﬁ¥g§%é%§§i%x§§?§p?%& trimet hoxy splgne? e?c. éan bg gited. The

al um num nd; hhepabkpRe réeuRkiindadu8At e 1biciFoy yhend droget her by

form ng agiggsEfgglﬁgng. AFSO, the thernopl astic reg?n and the sil ane
coupling agestiz&&r ghymband tegerhesihgcprsepabgani @cfidneiidonal groups in
the silane coupling agent react with the thernoplastic resin. Thus, the

al um num phat puand abedt ber appldstitcolyesi nanowranidig eldaydrmdmant i rm y
bonded together at the interface through the silane coupling agent. As
exanpl es ofayde ssliapgepbosphiomdcagentl ehdt ogadicbeciskeds wmyl tri met hoxy
silane, chloropropyl trinethoxy silane, 3-glycydoxy propyltrinethoxy

sil ane, 3-ehethnotytexypndpphnodiizedt hdrpispmaseyes- AaimspRRAPhariliCet hoxy
silane,lN-Z-aninoeth | - 3-am nopropyl tri methoxy

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

Besides the above, it is also possible to use a
method in which after anodized aluminum phosphate has been
formed, it is layer-laminated after electrolytic
treatment in a bath of a 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 is layer-laminated
after electrolytic treatment in a mixed bath of a silane
coupling agent and an epoxy emulsion, and a method in
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 is possible to improve adhesion (bond



silane, 3-nercaptopropyl trinmethoxy silane, 3-(N 8§,

styryl met 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 sil ane
coupling agent layer is preferably fornmed by applying a silane coupling
agent on the netallic plate or the chem cal conversion treated |ayer by
0.01-1000 ng/ M, nore preferably 0.5-500-ng/mM. If the anount of the
sil,ane coupling agent is less than 0.01 ng/m, the adhesion (bonding
property) of the interface may be insufficient. If over 1000 ng/m, bond

wll mot bR BPBRBTERoRa TOC RETATNN Shptied” IS4 L MRS 9 ane

coupl 1 9. EOSRLGLETEIANS, ARSNSRT e kbgIones i e g bR il

agent even plyi ng "a si’l ane "couplin

anodi zed | ayer, | NQLARhl @ IAGHEATE o ARLLANIN 0N S A A dhte

silane coupling agent is preferably applied uniformy by diluting it with

.al cohol o sWabehihe lanicfh%wﬁdéfldic%we_\f%i%rn di SReI3e ldydo, | omey1dhe

surface tension. As a nethod of lowering the surface “tension,” an organic

conpound SP&?eflsp@at%gﬁnirrﬁ;1Stq|p\1%ﬂt1a_y@rr P 19WifRC ANt IRy el added, 44 an
aqueous solution of the silane coupling agent 1s applied to the surface of

a netal i ciphateelr caroaiemaedld eersen@inan dir edirethilay ehoddisate®ncent rati on
of is not specifically limted, but the content of the 9 silane coupling
agent is pteéetmbhy Ga@l-bE0 aparltiedby Adesioghtbyr eflatdbre Itk KOG pamisc by
wei ght of water. If less than 0.01 part by weight, the bonding function
may jnot beacsdf treasment!f idvdis pOssditle By dgirghta sing lst1laier coupl i ng
agent becones likely to agglonerate, so that it may not sufficiently
per f or m t hbabendeagPirdsdnidor CArSse &ydiqtesudddiautaron stodne sia¥ie
couplin
P d layer comprising a metallic chrome layer (lower layer)
and a chrome hydrated oxide layer (upper layer) on the
surface of the metallic plate. If a single-layer layer
is formed, the chrome content is preferably about 3-30
mg/m?. If a double-layer layer is formed, the chrome
content of the lower layer is preferably about 2-200 mg/m?
and that of the upper layer is preferably about 5-30 mg/m?.
The silane coupling agent layer is formed by
) applying a silane coupling agent to the metallic plate or
" the chemical conversion treated layer and drying it.
This layer functions to improve the bond strength between
the metallic plate and the thermoplastic resin covering
layer.
The silane coupling agent is 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



agent is preferably adjusted so that the contact angle when appfied to the
surface of the netallic plate or the chem cal conversion treated |ayer

will be 55 or under. The nagnitude of this contact angle is determ ned by
the surface tension between the netallic plate and the aqueous solution
of the silane coupling agent, and the surface tension can be easily

adj usted by the kinds and added anmpounts of organic solvents and
surfactants added to the aqueous solution of silane coupling agent. As the
organi c solvents, ethanol, isopropanol, etc. may be used. As the
surfactants, anionic surfactants, cationic,surfa nts, ,_anpholytic
surfactant%?hﬁﬁn?Bn?cr§3F$é8€aﬁf§?pe%hétn§§e@éCaaégd%oﬁgﬁ t1fese By ¢

sol vents and surfactants, _.th ich .nQt i ir it t he

si | ane codb??%blaggnfucghSEI§§§gh§ghgc %glg%d a d%drgékggﬁkhéﬁéﬂgﬁnunts. | f
the contact, angle | eL.th 1.h rhage of §R%iAaN jRetnesnR the
netallic plé % éﬁaaghggaéﬁeéggraggﬁgtﬁgﬁggﬁagﬁeaSi aﬁé éoupling agent woul d

be too laﬂﬂ?emieﬁgoggh@eﬂgﬁﬁﬂr@k%@%%ﬁ QBy%Qei%UhB%C%ﬁgkiEh%dmﬂha||iC 10

plate, so that t esive function will not be perfornmed sufficiently.

To the aqueoyst &gl Yhton ﬁ%thﬁ@zcglé@hbﬂgeﬂﬁé&ty, grey,des lbhe lorganirs,
sol vents and surfactants, thickeners, antiseptic agents, etc. may be added

of such kiggs. aggni Be stieébdannont $hkhat hilre haoidt,acls angl & esdddivee

mai ntai ned at 55" or under. The contact angle may be neasured by a so-
cal | ed dr optetipnmehhedchemiwbiadiyt bendentacorgeglie ofataridiepl etn of the
aqueous solution of the silane coupling agent that adhered to the surface
of tjhe netapdke gratp, bsimvagured, WiRWagireouP nmEESMEICTY ld&viTedIP The
aqueous solution of the silane coupling agent nay be applied to the
surface ofmg¢heapbPabkPEPpl &6 -bFadnbeofdithsry At HEPTSFER AL W Yi p net hod,

spray nethod, roll- coat nethod, gravure-rgll-netho T8 &§e-r0H! nmet hod,
ai r-kni f e $el#R@, CRPBI1PG PIRBER0d,” SPrATYCOLY RRGRYgq Frtethoxysilane,

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-



bar - coat net hod, dipping nethod, gravure-roll nmethod, reverse-roll method,
and air-knife-roll nmethod. To the silane coupling agent, various organic or
i norgani ¢ additives nay be added such as viscosity adjusting agents,

def oaners, colorants such as pignents and dyes, stabilizers and sol vents
for -adjusting dissolving properties. After applying an aqueous sol ution of
the silane coupling agent, solvents and the |like are preferably volatised
and scattered by drying. Wen drying, 1 1 tenperature is preferably raised
at arate of 50 Cls or under. If over 50 Cls, the aqueous solution of

the sila | g, AgeN | 1 0pghé EedyysSei 1khat the
adhesi on %&#&%@#%?hﬁ %%%g(?é#@%%)%ﬁ%ﬁaqueous sg utilon of the

si | ane coypl4 Yol OVESami JSPPSE R &80 £y SE118nEY ebeeabkynabea rate
of 5-50 Sﬂ%§f§$ IFIQ%2-$%§%% % lfromr%‘omterr:!{)erature to 150 C The | ayer
f or med by(fgggdﬁ ng and drying the aqueous solution of the silane coupling
agent has the SI  content of preferably 5-15 atomc % when its surface is
measured by an X- rgye el £¢4 F OBf SPREL § DEEOPYCc ST hgakyent deferreéd to as

"ESCA nethod"”). If the S elenent content is lower than 5 atomic % the
adhesi ve f dibf themedgpeoaspsping i @nsbifandecsupdnegcegphitngnagent is
not sufficiently obtained. Al so, even if over 15 atomc % it will not

i nprove amhe uidtherlid\ sbatée her ESGA aethbdal scanwet Bdanotraadkfizi ng t he
surface of a solid by electron spectroscopy, in which _soft X-rays are shed
on the surlfeveer dfy 0 s&1+H08Peny idh, BoEd REcHeRePAY, Océrafc MY Aorgani ¢

conpound, high- nolecular material, and photoel ectrons rﬁleasgﬁ fromthe
surflace oflfi Hhe Aneupeef nbhe af &1 aae ccPell by9 a28Fati ¢5 t§58 &Méfgy

anal’yzer to analyse the kinds of el nt s state_ of .oxi.dation and bond,
etc. on tHe Gurmdde oft?%eadQ%Fiﬂnsggg?aéﬂg ?ﬁo?ﬁégﬁécﬂfng%ﬁod, ordi nary

maasurlnginterface may be insufficient. If over 1000 mg/m?, bond

strength would reach saturation, so that increase in the
bond strength will not be proportional 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
) 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
tension, an organic compound such as an organic solvent
or a surfactant may be added.
If an aqueous 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



conditions may be used'without limtation. For exanple, 1 2 as a X-ray
source, MgKa , AlK a , etc may be used. The output may be set at 15 kv X
33 mMA and the degree of vacuumset at 5 x 10 8 Torr. On the |ayer of the
silane coupling agent, a covering |layer of a thernoplastic resinis
formed. This thernoplastic resin covering |ayer inproves electric

i nsul ating properties and chem cal resistance, etc. of the resin-covered
netallic plate to provide a printing surface for identification. For the
t hernopl astic resin covering layer, a |ayer of a thernoplastic resin may

sl ey B 0 (LBRETRRE3ERR! 38 Br 2 RAT 000 108 bt gipl vam de

resin my yester “‘resin, a-polyester resin-such as

polyethylegg?%ﬁEepgﬁﬁghggetoquﬁbg%XE%n%gie nepht W Blfer. 1f less

poly-1, 4-cyc exa hyl ene "t'er epht hal or their copolyner; a

copol ymer of s5ugho@ Bakyesiereigsic +#Rd 1dnRalnkolrfddt FSink s Ut aske
pol yet hyl ene or pol ypropylene, et hyl ene-vi nyl "acetate copol'yner, ethyl ene-

vinyl al cohefrcepehyner rranded q0P@aymar 9f welibplenerand i amecrylic acid
derivative; or a mxture of these polyester resins may be used. As the

pol yam de &gsphingokyantdecbomeel YaKede tb ageQlopamiate 1250 paiaanite 66,
pol yam de 610, polyam de 612, polyam de 46, their copol yneric pol yam de,
n xed pol yaay deotaBudFQEaENE 1golpgafiode sbeh basmddelgy Meirtwxydryl eneadi pani de
containing 90 nmole % or over of structural units produced 1 3 in

pol ycondensat i on r Baebi, oanobquethax glojlugied axfi rdearsd 1 eulcing

anor phous pol yam de, polyam de-fam |y el astomer, shock-resistant

pol yani de, agenh hExpueéeshblihasgusdiegamodd adsithe MBNRCusEH L8nong t hem
i'n view of heat resistance, particular heat resistance in the solder

|
Fe-flow stepenaapPpdigdnit-Ge thEsPNIEACSofedtE Ml IR iff % el ™y poi nt

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 aqueous
solution of the silane coupling agent, and the surface
tension can be easily adjusted by the kinds and added
amounts of organic solvents and surfactants added to the
aqueous solution of silane coupling agent. As the organic
solvents, ethanol, 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.

If 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



of 180 OC or over' can be used favorably in manufacturing a container for a
capacitor froma resin-covered plate. The nethod of formng the
thernoplastic resin covering layer is not particularly limted, but it can
be forned by a known nethod such as extrusion nethod using a coat-hanger
die,- T-die, I-die or inflation die, or calendering. The thernoplastic
resin covering |ayer nmay be non-oriented or biaxially oriented. The

t hernopl astic resin covering |layer formed beforehand nay be | am nated on
the silane coupling agent I|ayer. Also, a thernoplastic resin may be

| am nated on the silane coupling agent |ayer while extruding it in a

| ayer-|i kepbhape §oowhah Eker adbeségei fpedtionhwa ldag@totbe et fgirgmed di e,
etc. To the thernoplastic resin, various kinds of resin additives nay be
added as regfifteitlebefiyeke formng a layer. As resin additives, colorants
such as dyes and pignments, lubricants, blocking preventive agents, heat
stabilizers, antistattbeaganesus| sgRttdeabpPEi £8fs Coupdting £95Tdvent i ves,

ul travi ol et absorbers, shock resistance i

, i_nprovers, antioxi.dants,
anti stati cPAgERES, CBECOrEaR16e SOLVERES RREsEUFESCH ARSIt i%ﬁ‘rﬁsﬁfﬁe bl ended
esin CoveRRRGSFRFSF. BaRERer S DRdePet BCPREr OFe S dorel U fibe
thor mopl ast e r SOPRRE BB P hg ey 8P SRS ePBNs “had Bt MPakesd Rl %200 U
m pin hoi 22 Eoninstaey BS, cont A S B L AR IR o Trove.

cor rpsi on é&%hé&aa%ﬁgeq gkl Gl @gkﬁt kR BOARALH esife dfe al umi num

platie. Also, it becohes extrenely difficult to |lamnate the thernoplastic
resin covegipgibaysr eRet Rguetdisalskhiathbat 8f @Ret e 1etkerciidng f over 200

gm it is too thick, so that cracks tend to devel op during draw ng
agent that adhered to the surface of the metallic plate
is measured with various measuring devices.

The agueous solution of the silane coupling 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-roll method, reverse-roll method,

air-knife method, kiss-roll method, spray-coat method,

bar-coat method, dipping method, gravure-roll method,

N

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,



or ironing. Also, this is economcally not favorable. As a nethod of
formng or lamnating the thernoplastic resin covering |ayer on the sil ane
coupling agent layer, a continuous nethod or a batch nethod may be used.
In the continuous nethod, firstly, the silane coupling agent is applied to
themetallic plate or the chemcal conversion treated |ayer. Next, it is
heated to a tenperature of 250-350 "C to scatter the liquid content in the
si l,ane coupling agent. And imrediately, a 1 5 thernoplastic resinis

| am nated by extruding it in a |ayer shape by an extruder equipped with a
base of a T or | die, or a thernpplastic_resin Iager hgb Qf? al r eady

been for mE@MPRIR HUERris PRl AR 13HA Mt d BITG AFp Yr &l &rCheated to

the nelting point of the thernoplastic resin or under., Aft | am nati on,
it is i medideTel y Teddied B g:)fs ort%t%qu%%ﬁiﬁ%rugfo?hg tghﬁer ature

duri | am ' [ [ h 250, dhesi 0 -1 ' I
and (e Ederiong I IREIE 48 Thewep) Sot T CATRsTn Aoy BALELRGu Frci ont . 11
hi gher th 5Q.,0C , ..heat d ' i ' I il d,
o that | REAR ATy N BT EeB o1 S ke ady Bl Rt ng

d i ' I ng. - t [ . Dat t , talli

ol at o Tor RSN S0 RTTAI ZUTT rg” Mot e s R et 5545 eper at ur o

fromthe pel .éﬁééﬁ4@trf$%3§9 éé%ﬁ%ﬁ?ﬁiﬁr@@ly t 8209 35050CG /then the

t hernmopl astic resin is m na Ile extruding in a |layer shape with an

extruder equipRedwi tfagqbase pfod dod tefbberabire tbhesoo astic resin
| ayer that has already been forned into |layer is pressed and | am nated by

a nijp roller heatefhetDajde fEthéMgbpoambl ping henfihérgbpbashec resin or
under. After lamnation, it is imediately cooled by air or ‘water
cooling. agueous solution of the silane coupling agent has the Si
content of preferably 5-15 atomic % when its surface is
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
aqueous solution of the silane coupling agent is not
sufficiently obtained. Also, even if over 15 atomic %,
it will not improve any further.
Also, the ESCA method is a method of analyzing the
B surface of a solid by electron spectroscopy, in which
' soft X-rays are shed on the surface of a solid specimen
such as a metal, ceramic, inorganic compound, high-
molecular material, and photoelectrons released from the
surface 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,



I.f it is lower than the nelting point of the 1 thernoplastic resin, the
thernopl astic resin covering |layer may not sufficiently adhere, and it may
peel when the resin-covered netallic plate is worked. Al so the

t hernopl astic resin covering |layer of the resin-covered netallic plate
becones too hard to achieve a good workability. On the other hand, if

hi gher than 350 C the netal in the resin-covered netallic plate wll
become too soft, so that its strength drops markedly and recesses or the
like tend to devel op. Also, the thernoplastic resin covering |ayer may
deterioratgs Jhe-phevesenteonrdka nMehlkag, petot magf besuseda p&ak
tenperature of the <crystalline nelting tenperature when tenperature is

rai sed at gut@ie @iylBeCsbti att 5byvaxdBsfeht aatl sbendepgeecaffori meter
(DSC). For the resin-covered netallic plate according to this invention,
the Vi ckerngdatifiness at the Lhefnbptastic resin covering layer forming the
resin-covered netallic plate as measured fromits outer surface is
preferably withi nOnheheahgresf 0f5t86. silanes§OHRAANI5AIERE /1 &sin- covered
nmetallic plate would be too soft to achieve a required morkabithy. On the
ot her hand;ovérbyer 188ert Ré ar§§Pﬁm€B%@?EHCnéF§FPi&SpESFQQQOUIH B8 t oo
hard. The "Vickers hardness" refers to.,a hardness neas rﬁg der JIS Z
2244 "V cKerSr HAP HAEESECE EEE1AERBAT LN MeXfYEF hé MRLPRES 8#6 HE acturing the

resin- covered netallic plate accordi to this_in ion_is 1 _specifically
descri bed }HS'$k¥Et AP BXQEﬁF%%?SAgng ?Bg@fcgiaﬁgﬁéf¥§g%§§iﬁigdvgged netal lic

| at [ f act d by f ' | . 3@f 10,052 4 t hi ck
the sur ac o1 e AT G REAOp P A AL SRoPURG 0 BFSnd caubl e Adent on th

oot LPHER AP EPE SRR TEL B ToR e, o nel g s cover o
For the thermoplastic resin covering layer, a
layer of a thermoplastic resin may be used. As the
thermoplastic resin, a polyester resin or a polyamide
resin may be used. BAs the polyester resin, a polyester
resin such as polyethylene terephthalate, polybutylene
terephthaléte, poly-1,4-cyclohexadimethylene terephthalate,
or their copolymer; a copolymer of such a polyester resin
and a polyolefin resin such as polyethylene or
B 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 polymethaxylyleneadipamide

containing 90 mole % or over of structural units produced



|.ayer of the silane coupling agent at a tenperature of 250-350 C. As a
second exanple,.a resin-covered netallic plate is manufactured by form ng
a chem cal conversion treated |ayer on one side of an al um num pl ate
having a thickness of 0.1-0.5 nm applying a silane coupling agent on the
| ayer at a rate of 0.01-1000 ng/nR, heating the alum num plate on which
are lam nated the chem cal conversion treated |ayer and a silane coupling
agent layer at a tenperature of 200-350 C, and lam nating and pressing a
t hermopl astic resin layer having a thickness of 5-200 u monto the |ayer
of the silane coupling agent so that the Vickers hardness of the surface
of the colerpagytapéenshtaonhaeaspiast Pé meshaxylylepedizupae @i her as a
third exanple, a resin-covered netalli¢ plate is n%nufact red by bl endi ng
a silane @@QPLCngCééenﬁm@99@09§ PQlﬁémﬂéebypwéN@HF Eelf&n to 100 parts

by wei ght of water, ap t he aqueous sol, tlon of th S|Ia coupling
agent, whi @haBESMBEenS §8F338551§68ﬂt19§i¥ Fheogoﬁtggﬁ €%en appl i ed

to the surface of | at e be .55' or under, to the surface of

t he netalIFEeEFaPQ%YémﬁﬁﬁgI&Flgﬁemﬁg ErHFGﬂe rising speed of 50 'C /s or

under to forma | ayer ting th y hi erature range of
fromthe nelting p ﬂﬁp og%ephelph % Easplgkrggﬁégsg g'C, and

am nati ng,a, .} BE7 dRRLaRkY rggllet%me%r 80 chy 8o 1o he Surdpcs &, the

| ayer. vered netallic plate according to this i nvention is

wor ked byeg g%ﬂ?deCE%% %&epr§%st|kaQE%lhOH$$ﬂﬁdﬂé'Méﬂﬂﬁhéfﬁﬁﬂﬁ@|35t'0

resin cov SinCe the thernoplastic resin covering |ayer

wi | 1y not e@?'hﬁoPQ?'onBv%Qec@ﬁt%E|h%eﬂ'&%@orh%ﬂyrQﬁ MartEeeredr g al | i c
pl atie can be advantageously used as the material for a container forned

through segopdatyihefnifeg astepacitelr d@someadirrgintcanergdamldtoni ng.
Also. since The method of forming the thermoplastic resin
covering layer is not particulérly limited, but it can be .
formed by a known method such as extrusion method using a
coat-hanger die, T-die, I-die or inflation die, or
calendering. The thermoplastic resin covering layer may
be non-oriented or biaxially 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 in 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

stabilizers, antistatic agents, light stabilizers, rust



the resin-covered netallic plate will not easily peel off the netallic
plate even if heated after working by various nethods, a contai ner

manuf actured fromthis resin-covered netallic plate can withstand heating.
Al so, since this resin-covered netallic plate is superior in workability
such as drawing, it can be advantageously used for the manufacture of
containers for alumnumelectrolytic capacitors. Also, if the Vickers
hardness of the resin-covered surface is 25-60, even if containers contact
each other during pressing, recesses 1 9 hardly develop in the top or side
surfaces. Also, the pressure resistance increases and graceful printing
for identgdfdaearitomesanuberappbiletd ehsvhbetsp shotkeresnsaiamers. Furt her
besi des as wall surface materials of a building, partitioning plate

mat eri al s,imesdgar smt entabsidaahd, nranekshhsitongranef aetar.i egnvde ous cans,
this resin- covered netallic plate can be used advantageously as nmateri al
for contaigigred f orToapaciesis. afdiranes avedir PAgblsndRdc bt &usdr 21 or
capacitors, since the solder re-flow step_is required, a resin-caqvered
netal | i c @EreRenbnashner tPshpufi aaYedad eRhERRBpPASENE CESIIACEIPESRg | ayer
havi ng excel]ent heat resistance_should be preferably used. Also, it is
pref er abl & 8L MOFRVEHERTtL haYSEhe FHEFRBPK ashi OTHESI HO dBPERYEY | ayer will
face outside. As a container _for _a capacjtor, a container for. an
eIectrolyTQ{%%%@%EitBPF%Qﬁe EF@@FP8P§tEBcbaBECFP5Pn8a§Fe {gens Kol

can be cited.

[Exanples]ﬁ%gﬁégﬁggggggﬁatnggbgfggééﬁgggntion is further described with

ref erence invention is not limted to these

Exanpl es. The reSi?PFCQKSEﬁgggﬁggEEL§§BE?tSBVQF??.?quge the de@mles were

evaliuated by the folTow ng ~Drawabi Resin-covered netallic
pl ates obtained +jnckxaup! 83 vepeof edni nhera pregeessilve sinaw ng myachi ne,

and with the covering layer of a thernoplastic resin on
most preferably 10-50 g m. If 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:

too thick, so that cracks tend to develop during drawing

or ironing. Also, this is economically not favorable.

R

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 is 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 liquid content

in the silane coupling agent. And immediately, a



the outer side of containers, 100 cylindrical containers 2 0 of 10 mm di a.
X 20 mm high (drawing rate: 20% were manufactured. The interface between
the alum num plate surface and the covering |ayer was visually observed,
and those in which no ply separation was observed at the interface were
indicated as good articles and in terns of good article rate (%9 or "O it.
(2) Caul kability: 100 cylindrical containers of 10 mmdia. x 20 mmwere
manuf act ured, and a di sk-shaped caul king having a thickness of 3 mm (wth
a section having a radius Rof 1.5 mm was pressed against themwhile
rotating themat 100 rpmto performcaul king so that,K the, dianmeter would be

7.5 mm ( ditaeemeap ertige Tef i = oshaninatrd ih 30 Ha¥ whkbntBhd al uni num
pl ate surface and the covering |ayer was visual] observedf ang those in
whi ch  no lpive s @R ilvh alsS ohaet %oe%kflm??éigi‘ﬁlc%ﬁ/f%c]%a%rg Fndi 2ated as
good articles in ternms of good article rat 9 "0, Lt ange with
time: Aftér &R 190 %oﬁ'ﬁ%ﬁrﬁ%ﬁ’gaﬁﬁja? et o %éﬁ%ﬁge%t}gggt%l%%édgal uation
test for caulkability ,were left for S ef,at Ur g; ot he
interfacebﬁﬁﬁvééﬁmq%eiéﬁﬂn}%%%¥p+%1%}s%$ aé%%%nggﬁﬂgggggeP?ng ﬁéger was
visual |y observe nd.those in ' epRs at rved at
the i nt er ftel Slerte 3 el cuY eﬁl%smg\gggﬁg QE???XJ(I: e%fi n te$%98%3323§grti cle

rate (%. [EX gcé} n@é@%?ﬁa”}x) @e}ll«éﬁ(fﬁétfﬁ(ﬁﬁpi@sié‘§%m8diaEE@PUf acture of

the resin-¢ c plate> Both sides of an alum numplate (JIS A

1050 H22) g ¢ h re,808pdigsdi Mgt h a 20% phosphoric acid solution
to forn1aﬁu%%§elzé% %f%ngﬁun$layer shoﬁ% in Table 1. Next, a silane

coupling agent shows iRe Tebhgetavase appihedlémihbeianodszédweayéhaat the
rate of 50 ng/nR, and the applied surface was heated to 280 C. On the
heat ed 250 °C , adhesion between the aluminum plate and the
covering layer of a thermoplastic resin may be
insufficient. If higher than 350 °C , heat detericration
of the covering layer will proceed, so_that the covering
layer may get damaged or cracks develop during drawing or
ironing.
On the other hand, in the batch method, a metallic
plate formed with a silane coupling agent layer 1is heated
to a temperature from the melting point to 350 °C,
) preferably to 200-350 °C, then the thermoplastic resin is
" laminated while extruding in a layer shape with an
extruder equipped with a base of a T or I die, or a
ﬁhermoplastic 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 is immediately cooled by air or
water cooling.

If it is lower than the melting point of the



surface, a separately manufactured |ayer of polyamde 6 (nelting point:
223 C ) having a thickness of 15 u mwas |amnated by pressurizing with a
pair of pressure rollers to obtain a resin-covered netallic plate. For the
obt ai ned pl ates, evaluation tests were carried out for the test itens (1)
to (3). The test results are shown in Table.1l. (Test Exanples 6 and 7) In
the exanpl e described in Test Exanple 1, instead of anodizing with a 20%
phosphoric acid solution, phosphate chromate treatnent (chrome content: 10
ng/ n2, Test Exanple 6) or anodizing with an oxalic acid (Test Exanple 7)

ied out to f | . For_th i - i | at
bt ai ned, KRR T 1 GSToE 47 ot P RoRHGLT SR o L f e CeShe P aha orhe 1 o

he sane 1tens. "The test

I h i bl s I f i i
ppar ent - YEHSIWIH |B5r SUERoH SO0 b TS photphort o ai R for ‘ehes 3 2 in

which a layer having a thigk 0 forpgede dpawability and
caul kabi |'i %ﬁvﬁﬁngékgﬁéééﬁ,HggglgF§ gg%%%a?%gkﬁaggdobservgd at the

interface .in each, s n : | ti et eghl arabiverkdwas
observed (Eﬂﬁfmﬁ%%?é€§%n%?%gn2?02Q22385¥§9?5)bFﬁtggn%rast, for Enes in

whi ch layer of,{£ss LoHe® thbCkavasthorardeeca Fostl Example 1),
even thoud%Et%ggﬂf %%%ggzgg adfh a phosphoric acid was forned, in the

caul ki ng S{&P.al Yi6¢par ehi enewashebsrendq af hhigheirntériadé0 &hd mar ked
change with tinme was” observed. (3) Also, for ones in which a |ayer anodized
with phosphatge€hi omat ehwasebanredyeaktihnaghliher plads a1 lpAsisoas wit h
drawing, it was inferior in caulkability and marked change with tine was
observed (s&e Jest, Exanphet6)ts EayeRgkhh8ropFofagHedily R SCaPerS
anodi zed with an oxalic acid was forned, it is inferior hoth.in

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 its outer surface is preferably
" within the range of 25-55. 1If less than 25, the resin-
covered metallic plate would be too soft to achieve a
required workability. On the other hand, if over 53, the
resin-covered metallic plate would be too hard. The
wyickers hardness" refers to a hardness measured under
JIS 7z 2244 "vickers hardness test method".

Next, the method of manufacturing the resin-

" covered metallic plate according to this invention is



caul kability and change with tinme (see Test Exanple 7). (5) For one in

whi ch a silane coupling agent was not applied even though a | ayer anodi zed
wi th a phosphoric acid was fornmed, it was inferior in caulkability and

mar ked change with tinme (deterioration) was observed (see Test Exanple 3).
(Test Exanples 8-12) Both sides of an alum numplate (JIS A 1050 H22) 0.3
mm t hi ck were anodi zed with a 20% phosphoric acid solution to form an
anadi zed | ayer having a thickness of 2 3 0.6 uin. To the layer, a silane
coupling agent having functional groups shown in Table 2 was applied at a

rate of 20,40{fP-809 bbecappLhednsutiacs) Wesahigated to 260 C. On the

heat ed surtace,” a separately manufactured |ayer of polyamde 6 (nelting

point: 223 C) haVAEQaafiEQECEE:Eg%?l@t 45y Hs huasvkaBinaked 10Y cppasger i zi ng
with a pair of pressure rollers to obtain a resin-covered netallic plate.

For the obfaings phatesedendl 88kh@Agt 88t Snoweredcanyeedogul . 062t he sane
items. The test results are shown in Table 2. (Results) From Table 2, the

foll owi ng J,syappackendbn €A Eorfapnesofnamwhatbmansaml adetequpbpigiagert was
applied, 1t was superior both in drawability and caul kability, no ply
separ at i ons Wesn®bseuptdngt aybati ohethacenodieadhlayep, aantdheo raftangé wit h
time (deterioration) was observed (see Test Exanples 8-12). (Test Exanples
13-15) Botth. 5+8e8¢ nf/mh,abodi hamiphaieg(dl Soretds0 MIEr 0f3amm thick were
anodi zed with a 20% phosphoric acid solution to forman anodi zed |ayer
havi ng a tthiecknessasticorgsinmhavénghpsthagkness 8fl anéOfoupM RG &§ént
havi ng ureide grougs was applied at a rate of 20 ng/nﬂ, and th applied
surfiace wabaYeated tbe2splene CRUPhENACABBAT 8&r PabEMPEIRLYEF 15 u m
t hi ck separatelg nanuf act ur ed
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
B pressing a thermoplastic resin layer having a thickness
- of 5-200 u m onto the layer of the silane coupling agent
so that the Vickers hardness of the surface of the
covering layer of a thermoplastic resin will be 25-60.
Further 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 welght of water, applying the aqueous solution of

the silane coupling agent, which has been adjusted such



froma resin showm in Table 3 was |am nated by 2 4 pressurizing with a pair
of pressure rollers to obtain a resin-covered netallic plate. For the
obtained plates, evaluation tests were carried out. The test results are
shown in Table 3. (Results) From T Table 3, the following is apparent. (1)
In t-he case in which the covering | ayer of the alumnumplate was of a

pol yester resin or a polyamde resin, drawability and caul kability were
excellent, no ply separation at the interface was observed in each step,
and no change with tine (deterioration) was observed (see Test Exanples 13

e
s
Eg;dbzfeg- ;hf¥§vziﬁhcn8i3#?fcdg¥g%§sa¥§%$3iné@?gggSﬁzgtgéﬁIgésﬁ %gre .
anodi 21 ng ¥ ot nont = vt 48 Sy S0 Pl e L aY o - rRe e PR e P

shown in Eliqp 4 Jhe PLABDEGcarkdrysed ber rebRethal weathbg folitit2 oF
oxylTc fna

sel ected fromTdi car acl ds eic acid, malonic acid), aromatic

sul foni c agjds.suhdgsakt eyl tesagi do 350! fophthal eamiagicdhg @arboxylic acid
sul fonate (sultfomaleic acid), am ne sulfonate (sulfamc acid), etc. The

Coﬂd!ti0”&H€¥mé$§§éﬂ?6tré§iﬁ asvéolhgwsayeconnenteasatiack pifospisor i
acid: 0.1-500 g/l, concentration of sulforic acid, oxalic acid or chromc
) layer.
| If the resin-covered metallic plate according to
this 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 as the
material for a container formed through secondary fgrming
steps such as bending, drawing and ironing. Also, since
the resin-covered metallic plate will not easily peel off
) the metallic plate even if heated after working by various
" methods, a container manufactured from this resin-covered
metallic plate can withstand heating.

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

hafdness of the resin-covered surface is 25-60, even if

containers contact each other during pressing, recesses



acid: 0.1-500 g/l, voltage: 1-100 VAC or 1-100 VDC, or both applied, tine:
1-60 m nutes, layer thickness: 50 to 50 Um content of phosphoric acid
ani on: 1-5000 ppm Further, as other conditions, the following conditions
were used. . Qther condition No. 1: After formation of al um numlayer

anodi zed with phosphoric acid, AC or DC electrolysis (with the substrate
as the cathode) in a bath of silane coupling agent, and | ayer is

| aminated. . Other condition No. 2: After formation of alum numlayer

anodi zed with phosphoric acid, AC or DC electrolysis (with the substrate

th t hod [ . | si bat h, d._l is.lamnated. .
other condia1Gh 1=V SLSRr Ly ERer FaBi OF Bt 951 SRFRBRERay el SZnodiFed i i h
phosphoric acid, AC or.D% electrolgsis émﬁth t he .substr.ate asfthe cat hode)
in a mxedBEEHOF GeSPFANEccOUBFFAGEagaRT JAACEATEpBRy "EhiSsiESE and
I [ | am d... Oh R .4 A I lysis inth
othor 26 VORI LT onSERET 153, B8 Fana Baunn Shet FeBt sEnftr SRR Telaul'ei on

coating, and |ayerpﬁ§tb§?inBESQdeEEéEeQET?nEuEFQEB!ﬁa%krﬁ%ﬁ , ofegl Exanpl es

subj ected to other évaldati onS™ are shown. Evaluation nethods used in the

fol | owi ng g@ﬂdiﬁgggé?g%%%ﬁ%nar 51§Eewﬂate§ha\1’lsq][<ee§iear %%%%:iaﬁ%r,d

resi n-covered su uminum thin plates of the resin-covere

metal lic pladefatPEERRECGort RanViEEKELS i REr RS HUMASaRBISHINAG URGan-JI S
Z2244 " Vi ckers hardness testing nethod". The |oad applied during hardness

measur emendovese®. 9804 1Nic( blaveér kahi bt seRondvhatresionsdyversed nmetal lic
pl ates prepared, seven-stage drawi ng was carried out using a progressive
drawj ng mashteeiad feputaataieecy! fodr cephcitomsai néns mehuf@atmrding. - x 20
mnm hi gh (drawing rate: 20%9 wth the resin-covered |ayer as the outer side
of the such containers for capacitors, since the solder re-flow

step. is required, 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 erk such that the thermoplastic 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.

[Examples]

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 containers



container, and the peel state between | ayers was observed visually. For
those in which no ply separation was observed were indicated as "0" and
those in which ply separation was observed were indicated as "x ". (c)
Recess properties: Specinen containers were prepared in which in the
cylindrical containers of 10 mmdia. x 20 nm high, elenments for capacitors
were filled and the containers were caul ked with nout h-sealing rubber.
Wth 100 pieces of these specinmen containers put in a paper container of
200 nm x 200 mm x 200 mm vibration was 2 7 applied in a |ongitudinal
direction for one hour at the vibrating speed of 10 Bgisecond. After one
hour, the ofspkdimendtant &i AGr8mwaight AREAVERE LAGSE héVAppdarance of the
top portions was observed. Those in which reces £s re observ%g at the
bot t om or wARIEE dRTPESSF tﬂ@estEFﬁéﬁcecBﬁFﬁ?ﬁﬁri ﬁe?ﬁﬁpﬁ8pgb§@§ s "x " and

th in which t d I.ndi "c g (d
Gonoral | eVl LARTONENEES WHYERLSRONB- balaRor £ AaAY, £y Far a1 We

pacsabl o GVRFF itk -Fbeievel b FaaaEathan vaor BRRETEUER I E 20] At tor
th face of | um num pl J 1 : [ by 0.3
had boen CLEHRERGE 40 SSbRARASCArt hoal 200 Som Ry drox e aaicebe

sol ution at 0 u i ZLRQ sccarried 'out with a 10%nnitric acid
%g%%aTS :INRIY) ggamgf s 0

aqueous sofUWT o Ft - Wwas wash h'water for 10 seconds. Then, on one

side of this,al &'QMHH%;E&%% hayeey1anadized wohkaphesphaerf d i dilr.omat e
(Cr =20 mg/ ) was fornmed. On the layer, 7 -am nopropyltriethoxy silane

as a coupl } ngoageniepasmanpkbeduabda eatieaotiiSR-spaped candkifteri diying,
the'al um num plate was heated to a tenperature of 210 C, and a pol yam de
6 | ayer haviggiag hhtbkoraesef of53umm wastpr essed tdmno have idurd ace to whi ch
was applied the coupling agent to obtain a polyam de i
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 in which
no ply separation was observed at the interface were
indicated as good articles in terms of good article rate

(%) or IIO u.
(3) Change 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
between the aluminum plate surface and the covering layer
was visually observed, and those in which no ply

separation was observed at the interface were indicated as

=)

good articles in terms of good article rate (%).
[Experiment Example 1]

(Test Examples 1-5)



resin-covered netallic plate. The obtained netallic 2 8 plates were

eval uated for the above itens. The test results are shown in Table 6.

[ Test Exanple 211 Except that in the Test Exanple 20, the |ayer was

changed to a 1000 A-thick layer fornmed by anodizing with an oxalic acid, 7
-gl yci doxy propyltriethoxy silane was used as the coupling agent, and the
alum numplate tenperature was 250 'C , a polyam de resin-covered netallic
pl ate was obtained in the same manner as in the Test Exanple 20. The
obt ai ned pol yam de resin-covered netallic plate was evaluated in the sane

manner. The results are shown in Table 6. [Test anpl e 221 Except that
the | ayer udedufactage Bfarbice 26 Masoversdgdeted 149 Rt or ned by

anodi zing with a phosphoric acid, a _polyam de resin-covere lic plate
was obtained in tBetdard degnidy s §IyRHRImT Pt&érﬁi p211.615d;ﬁ%bt ai ned

pol yam de resin-covered netallic, plate was val uated .in the sa manner .
The resul t §-ar 8MsKOEHN Nefﬁaﬁq9Q§z%$éQﬁ@Efa%&ﬂa REQEt %%%fethe | ayer
used in Test Exanple 21 was changed t I f.ar | Zj ith a
phOfEhate SQKPBﬁQPeFLhﬁﬁﬁlhéﬁhégl Eﬁ?5®0@?é§ﬁ%g%3gi;égﬁgg?giié%ﬂgé t ai ned
in e sane manner as in.the Te : : : m de

resi n-coveted PNESH i% Sﬁlaaf%e V\(;aog}%ﬁg@%aﬂeeua escsml-UnHatlhe r'Ega{ak?ne ei\aala/usgti on
method. The fesul [ 25 the shown Jdy Tahls Gt @F‘éfr@@fﬂ)ﬁ es@4dg F¥cepdnd hat as

t he coupliﬁBp égﬁt, am nopropyltriethoxy silane was used, a pol yam de
resin. covered ehaldd Gl Uk olAldrtd mehiecsamprotedueteas in the

Test Exanple 2 e obtained netallic plates
) surface, a separately manufactured layer of polyamide 6
| (melting 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

Table 1.

(Test Examples 6 and 7)

In the example described in Test Example 1,
instead of anodizing with a 20% phosphoric acid solution,
’ 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. For 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 1s apparent.

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



- were evaluated in the sane nethod. The results are shown in Table 6. (Test
Exanpl e 251 Except that no coupling agent was applied, a polyam de
resin-covered netallic plate was obtained in the sanme procedure as in the
Test Exanple 20. The obtained polyam de resin-covered netallic plate was
eval-uated in the sane nmethod. The results are shown in Table 7. [Test
Exanpl e 261 Except that as the coupling agent, 7

met hacryl oxypropyltrietoxy silane was used, and the alum numplate
tenperature was changed to 380 *C , a polyam de resin-covered netallic

pl ate was obtained in the sanme procedure as in the Test Exanple 20. The
obt ai ned it a¥rieh ppal 8Y@REsheVandate§hi AKRBSSaRE 995%6&.ﬁT WaSesul ts are
shown in Table 7. (Test Exanple 271 Excegtvthat t he al um_num pl at e

t enper at urEPTBaA 3 Or dHaRGEAtY0a880CRUIKEPHSLFANVEE S ESCH-IGTEred et al | i ¢
pl ate was obtained in the sane . Exanpl e 23. The

in the Test
obt ai ned d%¥&l$?Bab?5%8nmﬁése99Eéggg u%ﬁ gﬁﬁggggﬁgfﬁgéh&@.e?ﬁ S¢SHts are

hown in Table 7. |Test Exapple 28 { that the al | at

T empor ot urT0eR0 ERARGEI T B20OTE {CatROFyARLAE™) odrR. CEvBIAR R CR i

| at bt ai ped jn_th d in the Test Exanple 24. Th
Obtai ned rtaT | FASBPAFS das ‘eddluated in the same method. The resuits are

shown in T@%’g)e fn cbResubis) sEohIablas,fiand 4y cthed aldsang. s

apparent. S|n-coveréd nmetallic plates in which a chemnica
conversiony {{ eat gde ha¥RN whg BoRMededser @Bg_tsﬂ&faﬁaﬁﬁeoﬁ )3N evdurdHbEgH! at e,

a layer of a silane coupling agent is provided thereon, the alum num pl ate
‘i's heated {9y@P0385@ized 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) Aalso, 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
acid 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 H22)

0.3 mm thick were anodized with a 20% phosphoric acid

solution to form an anodized layer having a thickness of



Cto lamnate and press a resin layer so that the hardness of the
resin-covered surface of the alumnum plate is within the range of 25-60
in Vickers hardness are superior in the adhesion between the al um num
plate and the covering |layer. Thus the covering layer will not peel off,
and ‘even if the containers contact each other, recesses hardly formin the
wal | surfaces (see Test Exanples 20-24). (2) In contrast, ones in which
even though a chem cal conversion treated |ayer is formed on the surface
of the 3 1 alum num plate, no Iayer of a coupling agent is provided and a

resin 1 ayey 4, covered ad pLessedy LOCaROVERLBY:nheNBentmyaRgRly duri ng

pressing (s one ch even though a

chem cal - SGOIVEISHON £5ab gdshawRl 1hoThpiEed QBst Bepsythace of rbhe

alunlnun1t n prate a ayer of a silane coupling agent is provided
thereon, ?? (Zy 'ax#za tﬁecgkﬁﬁﬂﬁgd andrpressad webRetiheot emperature of
t he alunlnun1 bove 350 t he Vickers hardness of the surface of

the res'nccpveéﬁdtﬁ@tﬁébt@dpbatgambL|abgebasatémgnm%ﬁufactuthdt recesses
are liableto be formed if the containers contact each other (see Test

Exanpl es 26:vd) - of 4poNyamidkob gmestingwpbthtevenst foughaaicigemi cal
conversion treated layer is provided on the surface of the alum num plate,
and a Iaye&hp&k@egslaﬁeleompM|wgsa@amtnagedpbavpde@swheﬂQQW vaidh @ resin

| ayer is pressed with the tenperature of the alunlnun1plate at 200 C, the
har dness mélrhefrpseasuoee[edlgmsfEQeObtaﬂﬁearé§ﬁﬁﬂc§@§ﬁé@ metal lic plate
exceeds 60 in Vickers hardness, the alumnum_plate as the substrate may

br eak durlm@¢@1b55|p@atéTesFOExéﬁﬁl@bESYHGFTééﬁtéﬁaWSWé 1561 180 &84S Ghat "t he
amount of the coupling agent was_ chan ed to 100 nd th% tenperature
of the aIU%@h%n?aEFé?g fHS ERAnGEE £6™ gétéms a ﬁg%y§ﬁs di-cover ed

are shown in Table 2.
(Results)

From Table 2, the following is apparent.
(1) For ones in which 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 time (deterioration) was observed
(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 a 20% phosphoric acid
solution to form an anodized layer having a thickness of
0.5 ym. 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 yu m thick separately manufactured

from a resin shown in Table 3 was laminated by



netallic plate was obtained in the sane procedure as in 3 2 the Test
Exanpl e 20. The obtained netallic plate was evaluated in the sanme nethod.
The results are shown in Table 8. [Test Exanple 30] Except that the anount
of the coupling agent was changed to 500 ng/n2 and the tenperature of the
al uni num plate was changed to 290 C, a polyam de resin-covered netallic
pl ate was obtained in the sane procedure as in the Test Exanple 23. The
obtained netallic plate was evaluated in the sanme evaluation nmethod as in
Test Exanple 23. The results are shown in Table 8. [Test Exanple 31]

Except.thaé $§u§gg A d8£t aglggwkpggg?gsgﬁrgﬂ%ﬁ @gg% t®+q90 ,1u/ N2, a

pol yam de was obt aine he same procedure

as 10 the Jeol, Exaupee ddcaThecopyatped EBW@HEd%b’tﬁsih%dc‘b‘d%rt%@, metallic

pl ate was ‘eva U € sane resul'ts are shown in Table 8.

[ Test Exanpl e, 3211 GACEBLLLNAL LNEL2IRUA! oft .t NPnEONRLNG AGARs was  changed

to 0.005 ng/ne, a polyam de resin-covered metal lic plate was obtained in

t he sane QﬂggﬁQU{ﬁ agphp 3the Test Exanple 29. The obtai ned pol yamn de
resin- covered netallic plate was evaluated in the sane nethod. The
results argrsf@wpsihin Table 8. [Test Exanple 33] 3 3 Except that the anount
of the coupling agent was changed to 1300 ng/m, a pol yam de resin-covered
metallic plate wasroht aabéd B8n the faddopingedsr epgsriemtt.ne Test Exanple
31. The obtai ned pol yam de resin-covered netallic plate was evaluated in
the same ngt hodinThkee cesal s whéchhtive cavFabhe BayeResd ttd)e

? “aluminum plate was of a polyester resin or a polyamide
resin, drawability and caulkability were excellent, no
ply separation at the interface was observed in each step,
and no change with time (deterioration) was observed (see
Test Examples 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 (see Test Example 15).
(Test Examples 16-19)
) Exéept that anodizing was done in the following

" manner, resin-covered metallic plates were obtained as in
Test Example 13. For the resin-covered metallic plates
obtained, evaluation tests were conducted. The test
results are .shown in Table 5.
(Anodizing method)

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 is



From Table 8, the followng is apparent. (1) Ones in which a layer is
provided on the surface of the alum num plate, and a | ayer of a sil ane
coupling agent is provided thereon with the anmount of the silane coupling
agent within the range of 0.01-1000 ng/m are superior in press

wor Kabi lity. 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 snall as 0.005

ng/ M, adhesion between the alumnumthin plate and the covering | ayer was

Exanpl 6 357 SO AR o I TR S e tn  SI T RRER R ERe Toot

e anount o he silane coupling

agent was _as Jl.ar %%po%aég gsv{ﬁgfcmic Sécaiméi(té’n%]g%on?éffcﬁ?ﬂ@' bRggagent was so

bad that P Nels ipossi apply 1t uniformly on the surface of the
alum num & 3RontIe0 68 1a XAP! & ARty | FPRs] RSk 1 Faame e 3] 3 4 Next,
val uat e

Test Exanmples for other evaluation itens are shown. Eval uation

met hods used (if) 44161 & ofd QW N TEsd  FXPFEN Sse 3 OPf atiec shown) bekow. The

silane coupl'ing agent aqueous sol ution was eval uated by the nethods

described in the fiold oA {ildn@antbf Areft dont tihereresi liotdwesed pl ates was
eval uated by nethods described in the following (3)-(6). (1) Measurenent
of contacteomr@reir Alidenpersticsshofi@3acid and. hud®di ¢ylef 50% an aqueous
solution of a silane coupling agent was dripped on the surfaces of
prepared dmeicadriatpl @t est byu bf oeiwi aeid anoxal jC aadidt 8r c6REABLC angl e was
nmeasured using a contact angle neter (CA-A made by Kyowa Kai nen Kagaku).
(2) JEval uatdisn of . Wwe$@@bd /1t yvoPrapar et he® aVMf copl hrel0 ¥BFe €4t to A4
size, and an aqueous solution of a silane cou Iing agﬁnt was %p%!ied to

t hei r sur feadds app hied, bafme: 1-60 minutes, layer thickness: 5

to 50 y m, content of phosphoric acid anion: 1-5000 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 electrolysis
(with the substrate as the cathode) in a bath of silane
coupling agent, and layer 1is laminated.
. Other condition No. 2: After formation of aluminum layer
) anodized with phosphoric acid, AC or DC electrolysis
" (with the substrate as the cathode) in an epoxy emulsion
bath, and layer is laminated.
. Other condition No. 3: After formation of aluminum layer
anodized with phosphoric acid, AC or DC electrolysis
(with the substrate as the cathode) in a mixed bath of a
silane coupling agent and an epoxy emulsion, and layer is
laminated.

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



coater at a rate of 10 g/n2, and the state of the layer was visually
observed. For the results, those formed wth uniformlayer wth no
repelling were judged "0 " and those in which |layer was spotty were judged
"X ". (3) Measurenent of Si element content: In the step of preparing
resi'n-covered plates, after an aqueous solution of a silane coupling agent
was applied to the surface of netallic plates and dried to forma |ayer,
the- Si elenent content (atomic % on the surface of the |ayer was neasured
by the ESCA nethod (X-ray source: MgKa , output: 3 5 15 kv x 33 MA, degree
of vacuum 5 x 10-' Torr)., (4) Eialuation of mgrkagili%y: Resi n- cover ed
pl at es werc®ndiib}rs ¥t ol sdvef! seAGeCARM MY bySasBEBE QX pFBgFessi ve
drawi ng machi ne, t o manuf acture c¥lindrica contﬁiﬁers 10 mmin outer
di anet er &0 59 ¢n FPYRLNP t h2PRel SUFF ab® oW UAFEH was | aminated a
t hernmopl astic resin | ayer o? tg? outer side of the container. It was
checked vi%ﬁﬁﬁ?@lmﬁ%ﬁt 2FBr € n the thernoplastic resin |ayer had peel ed
off the netallic : t [ I Gk eehi at all
p&%§€' %@é%hggéﬁp%gsrguﬁﬂ?gﬁe% ebi Bgnetag vahaaryeds

wer e indicated as and eeling was observed were

| ndicat ed g5, "¢, Evabaahhenonf nadheatonsalien waekisagioag eykindrical

cont ai ner prepare e evaluation of workability was put in a hot-air

drying ovesn ain2d9 6-88darketholar one minute. Thereafter, the cylindrical
containers were taken out of the hot-air drying oven, and it was checked

visual |y whet heyi @ke POt hh hentBer mppkases tn-ceseneliager flaamisnatted on t he
outer side of the container had peeled off. For those in which no peeling
was obserymshatu@l thyerplbandscafedhasr28in-aodetrkdsaeita liliccplagesl i ng was
observed were indicated as |ix 11. (6) General evaluation: Those judged
good bot h prepane&abthetyiakdradhesidoasafves neakRiagdwsnderudgéd 0 in the
general evaluation, and those judged bad in one or either of themwere
judged x i#22he Yehekarsehardaessntesting method”. The load

applied during hardness measurement was 0.9807 N.
(b) Workability: For the resin-covered metallic plates
prepared, seven-stage draQing 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 "O" and those in which ply
separation was observed were indicated as "X ".
(c) Recess properties: Specimen containers 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 contailners put in a paper

container of 200 mm x 200 mm x 200 mm, vibration was



[ Test Exanples 34-451 3 6 <Preparation of aqueous solution of silane
coupling agent> A silane coupling agent and a non-ionic surfactant
(effective conmponent: pol yoxyet hyl eneal kyl ether, clouding point: 42.1 C
were bl ended into 100 g of water by the anobunts 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 alumnumplate 0.3 mm thick,
anodi zed with a phosphate chromate (alloy nunber: A1100P H24, chrone

T U1 cathab et in ol Gr0L Susene &l ki rbran: FRE ARsnbSEbne Lyt chrom ¢
Uoper | ay S ma g vepe sl O R Epaneacors a nit o REARERE st i on' of
coupl i ng ARaAEsTRon R Taer 8 Uesbr Bonrt plf Eto iR, dbRAT afLes A E
(ree kinds of netallic plaics Lo-copdct mmasur ofenheh daecegukact angle

Furt her, ds solruti ons™of “silane coupling agent

shown in Table 9 merg?agglkgg EBtEPﬁ 5yr% ggswgﬁlgh@ftamges@e@mmam

metallic %ﬁ%s ?% Ev uate wet t abi e results are shown in Table

10. From T@&A €519 fR0yd0e Lh: bakbavkag hs " agRar enbse (i) AL dresul t of
measur enen fe>cont act angle, for 3 7 any netallic plate, the contact

angl e of §§§e§°k85boﬂét ebssirkaaeweouplhagcagedt as t"@I1".] was 55 or
under (Test anpl es 34-36, 38-40 and 42-44). In contrast, the contact

anghe of sjhaneggquphiingvageatiagueouasosel uhioh Bhowmﬂsgﬁﬂﬁﬂhﬁe t han 55
(TeSt Exanples 37, 41 and 45). This is because the anmount of non-jonic
SUFfaCtantqu@l@tyaBQr aduplihey exgdniatagoedtemsol(@)i-df )| Wk JUTE9FY i cient .

good "Q " and those which were not passable even in one
item were judged 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 aqgueous solution at
50 °C , neutralizing was carried'out with a 10% nitric
acid aqueous solution and it was washed with water for 10
) seconds. Then, on one side of this aluminum plate, layer
-~ anodized with phosphoric acid chromate (Cr = 20 mg/m?)
was formed. On the layer, 7 -aminopropyltriethoxy silane
-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 a
thickness of 15 y m was pressed onto the surface to which
was applied the coupling agent to obtain a polyamide

resin-covered metallic plate. The obtained metallic



(it) Also, as a result of evaluation of wettability, wuniformlayer was
formed on the surface of any of the netallic plates on which were applied
aqueous solutions I to Ill of silane coupling agent, and wettability was
good (Test Exanples 34-36, 38-40 and 42-44). In contrast, no uniform

| ayer was fornmed on the surface of any of the netallic plates on which
were applied silane coupling agent aqueous solution IV. Filmwas spotty
and. wettability was inferior (Test Exanples 37, 41 and 45). This is
because the contact angle of silane coupling agent aqueous solution IV was
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coupl i ng agent aqueous t epared by bIendlng 0.1 g of a silane
coupling 1 n?ﬁd%?o%@n?rle ﬂ%xy silane) and 0.4 g of a nonionic

sur f act ant ﬁﬂﬁ sed in Test Exanple 34) into 100 g of water and
adj usting %é &% c?f%ngfg when applied to 3 8 the surface of the al um num

plate to 50* was t f@é‘@tOﬁE éﬂa 18l 21@1 nue Pl ayerbyado g/ m,
and dried at theaﬁwéé§€a§ﬁ?% ?ﬁs?ﬁ% speed X g /s to for%1g | ayer.

Then, the | rﬁ{/ edBS, h@f’ﬂ‘i@@'o ag 2@191c}€3 laped E@rrh@@ b§Uéiﬁ@@52@hgt hishl ayer, a
pol yam de having a nelting point of 220 *C and a thi ckness of 20

um was |fﬁﬁfE%é?héOa@i@Pa&e—@1y©§d6kﬁ0yﬁmp¢lﬁtaéEhokp tbheastepasof
preparing this resin-covered plate, neasurenment of Si el enent content was

carri ed oulsed@ndk fetiet Beupsha- sgeet edandl ahe, a bval nani phabé wor kabi lity
and adhesion after working and total evaluation were conducted. The
resylts aremshomuia Fabl 2501°C ( TespoExampflesragis2gopreedt mehat life ki nd
and’anount of silane coupling agents, the tenperature raising speed in
dryi ng af terateppi$ cabtanned ansth%n%a@@u®¢$ﬂ§fa@%n%naﬁﬁﬁoﬁ§sgolution

Example 20. The obtained 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
" evaluated in the same manner. The results are shown in
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
chromate, 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



(layer heating tenperature), and the kind of thernoplastic resin |ayer was
changed to those described in Table 11, resin-covered plates were prepared
in the same manner as in Test Exanple 46. In the steps of preparing these
resin-covered plates, neasurenent was conducted in the same manner as in
Exanpl e 46. For the resin-covered plates, evaluation tests were conducted
in the sane manner as in Exanple 46. The results are showmn in Table 11.
From Tabl es 10 and 11, the following is apparent. 3 9 (iii) For the
resin-covered plates prepared so that any of the anount of the silane
coupling agent, contact angle of the silane coupli g e '
sol ut i on, eVenpEtERdrE rEh S TS P %ﬁﬁ%?ﬂ;@ﬁ@?ﬁ%‘apﬁ%g g%%??ggt?gg of the
si l ane coupli ng agent queous solution, and heating tenperature of the

| ayer woulSh BET v rﬁ?Pf$e *predeterm ned ranges, the Si elenment content on
the surface of the resi ayer was within the range of 5-15 atomc % and
morkabilit?%ﬁﬁjéﬁﬁﬂ%f n?%iter wor ki ng were excellent (see Test Exanples

46-48). (iv) For t |%éﬁ%;ggi?z$%Eﬁbéﬂé%&ﬁlpﬁ@p@é@gtyS%ng a silane coupling

agent aqueous sol e content of a silane coupling agent was

less than %i%%v‘%gl?é’ié‘@ﬁﬁﬂ’siii‘ﬁe Sha @l es@n} §opbeptmoact hessurface of

the resinTayer ess than 5 atomc % and adhesi on after working was

inferior (S8& J&stn&XaPl € PPite (Was Fotdheed eshntnoveard pratesupeepared
with the tenperature raising speed during drying after application of a

sil ane coupl iy @gentesoverahpae 59. C Tise obeaShedenetenlicopteseson the
surface of the resin layer was |less than 5 atomc % and adhesion after
wor Ki ng Wagerd néesioatédeen Tese Exmephet’50d., (Vhy Fepulhe RESI KOWVer ed
pl ates prepared with the heating tenperature of the layer |ower than the
melting pioi MaloIetée thernoplastic resin (220C ), workability was

[Test Example 25]

Except that no coupling agent was applied, a
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 same 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 1n the same method. The

results are shown in Table 7.

[Test Example 27]

Except that the aluminum plate temperature was



inferior and the polyam de 6 | ayer peeled during working. 4 O In this case,
since eval uation of adhesion after working was inpossible, it was not
carried out (see Test Exanple 51). (vii) For the resin-covered pl ates
prepared with the heating tenperature of the |ayer higher than 350 C

wor kability was inferior and cracks devel oped in the polyethylene
terephthal ate | ayer. Al so, adhesion after working was inferior (see Test
Exanpl e 52). The present invention offers the following effects and has a
| arge value for industrial application. 1. The resin-covered netallic plate
according to the resent invention formed with a | ayer anodi.zed with a
phosphoﬂtﬁhﬁﬁ@eﬁaganSQ i cRnBedYaMigeoses1in-RPYETEA M&iédilz&d | ayer is
superior in the adhesion,gbondin proEerté or _.bond str.en Q% at the

i nt erface DethRenaghabtaf ﬁﬁn&ﬁ1ghﬁtéa Gr PARECHE St RE oV d9%4yer. Even

i nter f ace BERvecHEhe U A O nuh | g T8y
ther mopl asktETFes %32LCEPFEa%?éééggmﬁ‘é%éaﬂigﬁéisl %p?%ﬁ?vlaﬁtuaﬁt%f%ﬁf

. Pesi A hoE " e
esin couch e EPal MPEOBRAL o AbcoraLNG ot 8 EnE hPoetnt Savent’ on having a

si |l ane coup%%gg ggg%%ﬁgiéggsed bet ween the | ayer anodized with a

phosphori c sin layer has a good adhesi on (bondi ng property

or bond _str engt ) gt the1gLetaCR 106 HeAN o Ae oAk AR ! GaUr f ace and
ven en

the covering | ayer. rawm ng or ironing is carried out, danmage

or cracks @I.aw@d EBerz@@pFCES,tiacp6@§fiama@ve@isrig-lc@>o@rre\@ e taat1 idevel op, and
it hardly detefiorates with tinme, and ply separation hardly devel ops. 3.

Wth the mgnafaciusi Betaehbadiaceordisaget prokedpresest in mrentlest, there is
no heed to re-nelt the thernoplastic resin covering |layer by heating after
drawi ng orgx&@piieg24. 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 apparept.

(1) Resin-covered metallic plates in which a chemical
conversion treated layer is provided on the surface of an
aluminum plate, a layer of a silane coupling agent is

provided thereon, the aluminum plate is heated to 200-350

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

hardness of the resin-covered surface of the aluminum
' plate is within the range of 25-60 in Vickers hardness

are superior in the adhesion bet&een 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

conversion treated layer is formed on the surface of the



as in the nethods described in Japanese patent publications 1-66030 and
2-16043. Thus it is possible to efficiently manufacture a resin-covered
nmetallic plate superior in the adhesion (adhesion or bond strength) at
the interface between the alum num plate surface and the covering |ayer.
4. Wth the manufacturing nethod of a resin-covered netal-lic plate
according to the present invention, it is possible to obtain a
resin-covered netallic plate which is superior in the press workability
such as drawing, and in which the covering |ayer hardly peels during
working. 5. Wth the manufacturing nethod of a resin-covered netallic

pl ate accoxbimgnuo phatereseniayrvenfi sncosphtéeg egensi ds @ir avieled umi num
plate is covered by a resin |layer, it allows to apply graceful printing
t hereon foandidenefincheyen. 16. C@N?ﬁe@hénﬁanuﬁasednlh@enepwedlam a
resin-covered netallic_plate according to the present invention, since

t he V'cker%aﬁ%fd%éﬁsp%ﬁltﬁériéglﬁf§§§éﬁ§d §9?f3éétoEXﬁW@1@ 25dlun1nun1plate

is within L?e ragg 25-60, it is, superior gress wor kabi lity, and
even if the3tordafRer 50T oBREFN&E BYLGRr RVAY EBHF@ t %e&ERTCRAr , recesses

hardly f d i 7. Th t f I
ol cct ol yi§ e EapatPior Eoahedorarhg L5 fﬂgfﬂ%ﬁiéé’&?%ﬁ%gﬁ%&% fedieno st ep

of coverlgpuMqagmatﬁfﬁt Eg£én§%elcove§ aaﬁgbgfgﬁgan 8Ugg&([)‘lrrnanufacturing

steps are S|np e resin t al dlng to the

present '”aY QL4 Ofs i %f%fﬁéﬁeghgl‘e%p' %h@gaaPeéﬂHe?Hﬁers%mc Y rQly a

specific si ane cou g agent on the surface of the netallic plate to

forma.layefq grysogaiiah ehép%@mfabeawﬁ@%ét HRE- 5%&&&%8@@%% and
| ani'nating a hernmopl astic resin Tayer l e heating the | ayer at a

speci fic tempesatsoer ¢repksvhakdry Hevehepsi frtbre theraepl agt ikger esin

| ayer if the resin-covered netallic

‘resin-covered 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 is
provided thereon, and a resin layer is pressed 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 hardness, 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 of the aluminum

plate was changed to 290 °C, a polyamide resin-covered

metallic plate was obtained in the same procedure as in



plate is worked by ironing, and also the thernoplastic resin layer wll

not easily peel off the netallic plate. 9. If the resin-covered netallic
plate is prepared by applying an aqueous solution of a specific silane
coupling agent on the surface of the netallic plate to forma |ayer,
drying it at a specific tenperature-raising speed, and |am nating a
thernopl astic resin layer while heating the |layer at a specific
tenperature, the .thernoplastic resin layer will not easily peel off the
netallic plate even if the resin-covered netallic plate is 4 3 subjected to
heat treatnment after morking9by vari ous he_ resin-covered

,neéhods. 0. Iﬁ %

metal |ic pihd &9t phepBPLs B | ARfnaPFAL S tﬁ%Fﬁ%iF&s?'é Fe¥PR | ayer by
heating the |ayer_ forned on the su%fgce ﬁf t he Eallic ate within the
t enper at uey ket &f 17 r bR t RRMRePEFAGY poi eofe?ﬁg Stﬁé?nngggtFE resin

| ayer to 350 C,_ the strength of the netallic plate will not |ower, and

t he thennﬂi §SBresin | ayer will not deteriorate. 11. If the

resi n-covered allic p eis prepared by lamnating a thernoplastic
resin |ay Fﬁﬁvyﬁ%%?Tégethgﬁ | ayer fornmed on the surface of the netallic

plate wthin “the {guperatyse (aagenglntl OF LHE BBLLIAAGPGLEH Olsthe

t hernopl astic resin , econom cal disadvant ages. produced

during_ conyemdonalohigh- mb PRPCRALUERCNeahpLE gaLFRNL FCaReba IehiimuAAl ed. 12,
Wth the manutfacturing nmethod of a resin-covered netallic plate according

to the presente ip¥eNEhQAgelit tbs 29p0%si, bhepbyamNUbactia-aorvesied- cover ed
netallic plate that provides the abovesaid effects. 13. Since the
contai ner f«ta Bl tapptater wascobdiatigetioihhehepsesenbriomedntieorshas t he
resin-covered netallic plate prepared by draw ng or ironing, even if heat
treat nent tree Depptieelampler 2Bt h@bebebhammdd mateldacemdarod@st, the
t hernopl astic resin layer form ng the container will not

evaluated in the same evaluation method as in Test Example

23. The results are shown in Table 8.

[Test Example 31]

Except that the amount of the coupling agent was
changed to 1000 mg/m?, a 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]
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Except that the amount of the coupling agent was
changed to 1300 mg/m?, a polyamide resin-covered metallic
plate was obtained in the same procedure as in the Test
Example 31. The obtained polyamide resin-covered
metallic plate was evaluated in the same method. The
results are shown in Table 8.

(Results)

} From Table 8, the following is apparent.
(1) Ones in which a layer is provided on the surface of
the aluminum plate, and a layer of a silane coupling
agent is provided thereon with the émount of the silane
coupling agent within the range of OtOl—lOOO mg/m? are
superior in press workability. Thus, even if containers
contact each other, recesses hardly form in the wall
surfaces (see Test Examples 29-31).
(2) 1In contrast, ones in which the amount of the silane
coupling agent was as small as 0.005 mg/m?, adhesion
between the aluminum thin plate and the covering layer was

" inferior, so that the covering layer peeled during

pressing (see Test Example 32).
(3) Also, for ones 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]
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Next, Test Examples evaluated for other evaluation
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).
! (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 required amount, and its 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 aqueous 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 ". |
(3) Measurement of Si element content: In the step of
preparing resin-covered plates, after an agueous solution
of a silane coupling agent was applied to the surface of
metallic plates and dried to form a layer, the Si element
content (atomic %) on thé surface of the layer was

measured by the ESCA method (X-ray source: MgKa , output:
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15 kv x 33 ma, degree of vacuum: 5 x 10~ ° Torr).
(4) Evaluation of workability: Resin-covered plates were
subjected to seven-stage drawing by use of a progressive
drawing machine to manufacture cylindrical containers 10
mm in outer diameter and 20 mm high with the surface on
which was laminated a thermoplastic resin layer on the
outer side of the container. It was checked visually

f whether or not the thermoplastic resin layer had peeled
off the metallic plate. For those in which no peeling
was observed at all were indicated as " " and those in
in whichrpeeling was observed were indicated as "X ".
(5) Evaluation of adhesion after working: The
cylindrical container prepared for the evaluation of
workability was put in a hot-air drying oven at 270 °C and
left for one minute. Thereafter, the cylindrical
containers were taken out of the hot-air drying oven, and
it was checked visually whether or not the thermoplastic
resin layer laminated on the outer side of the contalner

| had peeled off. For those in which no peeling was

observed at all were indicated as “(Q " and those in which
peeling was observed were indicated as "X "

(6) General evaluation: Those judged good both in

workability and adhesion after working were judged O in

the general evaluation, and those judged bad in one or

either of them were judged X in the general evaluation.

[Test Examples 34-45]
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<Preparation of aqueous solution 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 prepare four kinds of aqueous
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 content in hydrated chrome oxide
in the upper layer: 18 mg/m?) were prepared.
<Evaluation of aqueous solution of silane coupling agent>
The four kinds of aqueous 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 aqueous 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 is apparent.

(1) As result of measurements of the contact angle, for

C) X0
C
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any metallic plate, the contact angle of agueous solutions
of silane coupling agent I to III was 55 or under (Test
Examples 34-36, 38-40 and 42-44). 1In contrast, the
contact angle of silane coupling agent agqueous 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 aqueous solution IV was insufficient.

! (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 applied aqueous solutions I
to III of silane coupling agent, and wettability was good
(Test Examples 34-36, 38-40 and 42-44). 1In contrast, no
uniform layer was formed on the surface of any of the
metallic plates on which were applied silane coupling
agent aqueous solution IV. Film was spotty and
wettability was inferior (Test Examples 37, 41 and 43).
This is because the contact angle of silane coupling agent
aqueous 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 silane coupling agent (7 -
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 heated at 250 °C, and to the
surface of this layer, a polyamide 6 iayer having a
melting point of 220 °C and a thickness of 20 um was
laminated to prepare a resin-covered plate. In 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 11.
[Test Examples 47-52]

Except that the kind and amount of silane coupling
agents, the temperature raising speed in drying after
application of a silane coupling agent agueous solution
(layer heating temperature), and the kind of

) thermoplastic resin layer was changed to those described

"in Table 11, resin-covered plates were prepared in the

same manner as in Test Example 46. In the steps of
preparing these resin-covered plates, measurement was
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 is apparent.
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(iii) For the resin-covered plates prepared so 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 a silane
coupling agent agueous solution of which the content of a
silane coupling agent was less than 0.01 parts by weight,
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 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.



O LLU3-.UL...1-. Q~+0O0CECO U.GLO--0OCC. G Y CS)CC. Cd=LCAC. hd ) xrnL~.U)
OO0 --~000UOO sO. ~L.C Q[n06ab6 CU O NC'7-zr G1 49 LOCL) CL) oo-
~.~0000xx 3 y 00004x cc 0000 co00 an

In this case, since evaluation of adhesion after working
was impossible, it was not carried out (see Test Example
51).
(vii) For the resin-covered plates prepared with the
heating temperature of the layer higher than 350 °C,
workability was inferior and cracks developed in the
polyethylene terephthalate layer. Also, 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 laYer anodized with a
phosphoric acid having a thickness of 0.05-2 u m as an
anodized layer is 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 or cracks of the
) thermoplastic resin covering layer will not develop, and
it hardly deteriorates with time, and ply separation will
not develop.
2. The resin-covered metallic plate according to the
present invention having a silane coupling agent disposed
between the layer anodized with a phosphoric acid and the
resin layer has a good adhesion (bonding property or bond
strength) at the interface between the aluminum plate

surface and the covering layer. Even when drawing or
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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 is no need to re-melt the thermoplastic
resin covering layer by heating after drawing or ironing,
) as in the methods 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 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 in
) 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 is covered by a resin layer,
it allows to apply graceful printing thereon for
identification.

6. With the manufacturing method of a 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, 1t is
superior in press workability, and even if the containers
obtained by working contact each other, recesses are
hardly formed in wall surfaces.

7. The container for aluminum electrolytic capacitors
according to the presen£ invention needs no step of
covering with a heat-shrinkable tube as before. Thus the

) manufacturing steps are simple.
8. 1If the resin-covered metallic plate according to the
present invention is prepared by applying an aqueous
solution 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
thermoplastic resin layer while heating the layer at a
specific temperature, cracks hardly develop in the
thermoplastic resin layer if the resin-covered metallic
plate is worked by ironing, and also the thermoplastic
J resin layer will not easily peel off the metallic plate.

"9, If the resin-covered metallic plate is prepared by
applying an aquecus solution 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 thermoplastic 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 treatment after working by various
methods.
10. If the resin-covered metallic plate is 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 , the strength of the
) metallic plate will not lower, and the themoplastic resin
layer will not deteriorate.
11. If 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 treatment can be eliminated.
12. With the manufacturing method of a resin-covered
) metallic plate according to the present invention, it is
- possible to manufacture a resin-covered metallic plate
that provides the abovesaid effects.
13. Since the container for a capacitor according to the
present invention has the resin-covered metallic plate
preéared by drawing or ironing, even if heat treatment 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



.:C0CO -+ 6)C) &4 C.- C ciscc E3 CCO-.)-14 N.ctj QLy , oco -03> C6 o.
.-, CCco(1) .)COcri .._.... CCE- O COCO- CCLC.3COO)CC O U"ULOO
C7E-QCLCYOE- v C ¢cc 00 pC) cu O CN

commercial value.



) C.

-v.Ya 00 N Ec cC) O -x

'-'Oxx cll~ EOT COU_ XuO C

xC C) C) C) C)

gue[ 1SAX0y)auid}|Adosdoujue-g-[AyIa0utweR-7-N
aue|1sAxoyjamiiy[AdoIdAXop1IA[3-¢ :
auej1sAxoyjatiijhdoidoujue-g :

pIJ® J1[EX0 Y)iM pazipoue :
3jemoJyd 3jeydsoyd yiim pajeadi:
pioe o1ioydsoyd yjim pazipoue :

<nOOEM

.-+ CCcoaF 40 51 L

001 001 0 001 ov aul] Yiim 23ury)
001 001 0y 001 08 (%) £1rpiqeqine
d ad 1IN d d (%) L11jiqemelq

001 001 001 001 001 juade dui[dnoj
81 10 9°0 10 GO0 | (un) Jade] JO SSAWIIY]
Vv A4 v A v Jafe| pajeal)

U0 SI3AUOI [BITWAYY

(%9 oD )|( 3@+ duoD) A.xmmv A.x%v Axm.g_mcuv h.xmmv A.xﬂmv 1 duExa 159,

.) Ex a)a) L

[ sjduexs juamiJadxy

--O0C C. CD >4 NC)CL) wCLO oN eQ -00

C~

COC 00 LCC
CChn

I

4THdV.L

=~

46




N
: -~..0 G CT,) NcoCDhccscn
.C.C...p.... >4C fl

xC) Oc)=v C>n-

r.

Cd. C

.~X 00 uOC Ln CWUy~cCd ™'
."O Eo cocaa.)a.)-....

C.~'oC0LC) CL) C.OCEOCOO0 OXX co 6C7O~+ U O CL

CO ZCdN r X.

C3' C TLLN. . ..

aue[isAxoyjatJjjAdoidoujweopiain : H
auej1sAxoyjauily[AdoidAxo] A10RYIU-E : D
aue|1sAxoyjauiayjAdosdoutue-g-[ Ay1aouime-g-N =
Jue[ISAX0yjauii)[Ad0IdAX0PIIL|B-E : H
aue|1sixoyjatajjhdordoutue-¢ : g
001 001 001 001 001 BWI] YIiM B3ury)
O O O O O (%) £1111qeqine)
O @) O @) O (%) £111iqemelq
H ) G| 4 a Juage 3ul[dno)
o.o_ 9°0 9°0 9°0 9°0 (ur') Jakef Jo SSauydIyj
p1oe otrioydsoyd yjim pajealy 13fe] pajean)
U01SJIAUOD [BITUWBYY)
(X§) (%8) (%D ('X8) ('Xd)
¢1 11 01 6 8 ajdmexa 189,

[ a[duexa juswitadxg

2 414Vl

47



~r--'C)CdXC EC. Nr~CdYL cocc 33 CL)C UCS--NC)) a OCdLCn C)CONCd C) L CuuC)
U+ OLCOO. C)E "'Qicz.G'HE ~+ 52 a)a)C) a) GC coO CCDO O O o C- a0OC~
E.. -X.4co O>00 U COC= i

TABLE

3

Experiment example 1

Test example

(Bx.)

14
(Ex.)

15
(Comp. ex)

Chemical conversion

treated layer

treated with phosphoric acid

Thickness of layer (£m) 0.5 0.5 0.5
Resin covering layer polyester polyamide 6 polypropylene
Drawability (%) O Q X
Caulkability (%) O O not done
Change with time @ O not done

48




CU In

49

ar0 6 a~ Cam O CU OoLo -1BCcc:cO0O 0 o.

6 p~GCha) C.) LC) O) NO NC)-0 coOfOE CID>1 X ccilC 00> Qo NUXC a)6 6CC

002¢ pioe 21Joydsoyd
006G [ I QVAQ € freeremmomem oo e b
00T pioe 21uedio
01 P18 21WOJYD
00¢ 01 02 WAQ 2 feorrmmmmmmeememmmeee oo e
06 pioe arJoydsoyd
0¢ p1de J[EX0
000¢ 1 g WAQ § |eereeereremmmemmreeni e AR .
00¢€ p1oe aiJoydsoyd
N~
—~ 001 pioe auanjins
<. 0001 € 0T | 9080 Q€ Jeveormermemsmmmonosfrommemem oo ﬂ
WM 061 p1ae d1Joydsoyd
o (udd) uolue pioe (w7) (utm) ) (1/3) 214]01793]3 ‘o)
8 ardoydsoyd Jo juajuo) | sSSauwyoryl JokeT| awi] afe1j0p | uoijBIIU3IUO) ~Jo pury 21410479313
o . .
T . — poATdVL _~
%



+b .17 CC) CCa)CWCC. x EC60 CC.Y L -

N~ 3..060C) 4 4 C) o.-v "CoLv)o E 0 cc ne cisUa)
a).

c cC .
.--~ Ca~CC. O yG -.

. CC. CL+0OCC en

~

0 C

X X O. — — (x3 “duoy) | m
x v 0 — — | o a0y g m
O O O v v Cxp 61| 5
O e 0 g £ (xg) 81| @
O O ) AR 2 (%) L1 .m
O o 0 I I cx o] L
auyy yiom . ‘0N UOT}1PUOD !
aguey) Ajijiqeyiney | Aj1[1gemedq 13410 314j011031g | ojduexa 1S3y,
a § F7dVL ~

50



(0]

COO0O>4 L
6 6 TTACS 1--

s L *

to cCCOC)L_Oa)cc L O oC a) U
a CCCL CUCO v) CE >,
.--06 6L O o

.+ WCC CE 0a) CnC4

pioe atioydsoyd yiia pazipoue :
pioe J1]BX0 Y}IM pazipoue:
31ewoyd ajeydsoyd yiim pajealty :

auejisdxoyjaiijjAdordouiue- L
auejISAX0y}a141[LdoadAx0op1a43- 4

- GV

O O O O O UOT1EN[BA3 [B]O],
O O @) O O K1111qey108 SS903Y
O O O O O Ay1[iqeylon ssaid
(4 114 av 0y Gy SSaUpJey SIa}aip
0S¢ 0S¢ 062 0S¢ 012 (0,) @4njeadual ajeqd |y

g apruekjod

g apiuekjod

g apruefjod

g apiuefjod

9 apiwekjod

Jake] uisaJ a1jsejdowsay]

I £ [ £ I juade 3ui|dnod uejig
Jakej 3ujmio} 10§
0 0 S A y) poyjam Suiieady
(X1) @) (X8) ("X8) ('x3)
[ £¢ ¢ ¢ | 07¢ afduexa 1s3]
7 ajduexs juawiiadxg
— 9 4TV -

51



2 53 TABLE 9 Anount of

Cl]0 co CC 1 a)

0OC) C)

'C 6 ~
anionic t Aqueous solution of Kind of silane coupling agentt ( ) f an silane

coupl i ng agent Amount (g/ 1048 of water)g sur ac 7
- gl yci dozypropyl tri et hoxysi

P4 0 OL

|l ane0 5 15.0. 7 -am nopropyl et hoxysilaneO 5
115.0. 7 -am nopropyl et hoxysilane2 0 1115.0. 7 -am nopropyl et hoxysilane01 0O

I V5.0. 54 TABLE 10 Test exanpl eKi nd of Aqueous sol uti onCont act

angel PVettability metallic plateof silane(degree)
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ex) 1 V57X W2

el ectrolytic 44
55 -4 ¢ O CC cc000xxxx

37 (Conp. ex)I1V58X ro38 (Ex.)I500 phosphate 39
ex) 1 V56X |

plate 43 (Ex.)treated withll410

(Ex.)chromat eU400 al um num 40 (Ex.)platell 500 E 41 (Conp.
st eel

(Ex.)1510
(Ex.Jchrom c acidl 1480 45 ( Conp.

cC

coupling agent 34 (Ex.)I530 35 (Ex.)Stainlessl1430 plate 36
(Ex.) (SUS430-2B) 111520
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TABLE 9

Aqueous solution of Kind of silane coupling agent Amount of anionic

silane coupling agent surfactant (g)
Amount (g/100g of water)

r-glycidozypropyltriethoxysilane

I 0.5
5.0
7 -aminopropylethoxysilane
T 0.5
5.0
v -aminopropylethoxysilane
I 0.2
5.0 '
)
: v -aminopropylethoxysilane
v 0.01
5.0
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y. CCCCCC CCC) as. ~COcd COp- 00CCcn. NNWZA4a) C3A~. 7+9+9. Y.

TABLE 10
Test example Kind of Aqueous solution | Contact angel |Wettability
metallic plate of silane (degree)
coupling agent
34 (Ex.) I 53 O
35 (Ex.) Stainless I 43 O
plate
- 36 (Ex.) (5US430-2B) il 52 @)
2 |37 (Comp. ex) I\ 58 X
Q,
5 |38 (Bx.) I 50 @)
5 phosphate
39 (Bx.) chromate il 40 O
e aluminum
J8 |40 x) plate i 50 e
JE
§ 41 (Comp. ex) IV 57 X
g |42 @x) I 51 O
steel plate .
43 (Bx.) treated with I 41 O
electrolytic
44 (Bx.) chromic acid il 48 O
45 (Comp. ex) I\ 56 X
3\
)
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resin-covered netallic plate conprising a netallic plate, a chem cal
conversion treated |layer formed on said netallic plate, a |layer of a
silane coupling agent fornmed on the surface of said chem cal conversion
treated | ayer, and a covering |layer of a thernoplastic resin forned on
said | ayer of a silane coupling agent. 2. The resin-covered netallic plate
as claimed in claim1l wherein said chem cal conversion treated |ayer is
sel ected fromthe group consisting of a |layer treated w th phosphate
chromate, Whahyés €d@predi A§:an organic resin layer and chrome, a cheni cal
conversion treated |ayer containing zirconium a chem cal conversion
treated |layer containing titanium and an anodi c oxi dation-treated

1. A resin-covered metallic plate comprising a
metallic plate, a chemical conversion treated layer formed
on said metallic plate, a layer of a silane coupling

agent formed on the surface of said chemical conversion
treated layer, and a covering layer of a thermoplastic

) resin formed on said layer of a silane coupling agent.

2. The resin-covered metallic plate as claimed in
claim 1 wherein said chemical conversion treated layer is
selected from the group consisting of a layer treated

with phosphate chromate, a layer comprising an organic
resin layer and chrome, a chemical conversion treated
layer containing zirconium, a chemical conversion treated
layer containing titanium, and an anodic oxidation-treated

layer.

3. The resin-covered metallic plate as claimed in
claim 1 or 2 wherein said covering layer of a
thermoplastic resin is a layer comprising a resin
selected from the group consisting of a polyester resin

and a polyamide resin.

4, The resin-covered metallic plate as claimed in

claim 1 wherein said metallic plate is an aluminum plate,
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l.Layer. 3. The resin-covered netallic plate as claimed in claim1l or 2
wherein said covering layer of a thernoplastic resinis a layer conprising
a resin selected fromthe group consisting of a polyester resin and a

pol yam de resin. 4. The resin-covered netallic plate as clained in claim1l
wherein said netallic plate is an alum num plate, 57 said chem ca
conversion treated layer is an anodic oxidation |ayer having a thickness
of 0.05-2 ,um and said covering layer of a thernoplastic resin has a

t hi ckness of 5-200 ,u m 5. The resin-covered netallic plate as clainmed in
claim4 wherein said anodic oxidation layer is a |layer anodized with an

el ectrol ytsa icontleemiogl atoheassiphosphated hsyvdr 6s Fheamedhied of

manuf acturing a resin-covered netallic plate conprising steps of formng
an anodi c oxdxdatatdonl évger hauvnaga athbhrkkeessosf 0006522 wimm @rdt he surface
of an alum num plate, applying a silane coupling agent to said anodic

oxi dat i on dadiyercane s hegr agkepf 0b. 8- thoonaglaptie f6FANalR&yér, and fornmi ng
a covering layer of a thernoplastic resin having a thickness of 5-200 u m
on the | &yeiCigiess spfane2BBupl Png agent by nelting at a tenperature of
250-350 C. 7. The resin-covered netallic plate as clained in claim1l
wherein said netallic plate is an .al um num plate having a thickness of

0.1-0.5 id | f. i [ i.s f b | yi
Siiane coubt ing apuntrari-FarErEr bRl 1080BAE ke S i E S e e | Byer of
a FhernDphgﬁéﬂﬁ § egh0 . bad %aEH'QF88§§ 8kiaag? n/}agér ard ;58 jthe surface of
said covering layer of a thernoplastic resin has a”Vickers hardness of

25-60. 8. Andmihod @1cHRAHT 8ekuttagyBe" 88hRatAYRECE TREALK C

phosphoric acid.

6. The method of manufacturing a resin-covered
metallic plate comprising steps of forming an anodic
oxidation layer having a thickness of 0.05-2 y m on the
surface of an aluminum plate, applying a silane coupling
agent to said anodic oxidation layer at the rate of 0.5-
500 mg/m? to form a layer, and forming a covering layer of
a thermoplastic resin having a thickness of 5-200 g m on
the layer of é silane coupling agent by melting at a

temperature of 250-350 °C.

7. The resin-covered metallic plate as claimed in
claim 1 wherein said metallic plate is an aluminum plate
having a thickness of 0.1-0.5 mm, said layer of a silane
coupling agent is formed by applying a silane coupling
agent at a rate of 0.01-1000 mg/m?, said covering layer of

a thermoplastic resin has a thickness of 5-200 g m , and

58



pl ate conprising the steps of formng a chemcal conversion treated |ayer
on one side of an alum num plate having a thickness of 0.1-0.5 mm
applying a silane coupling agent at a rate of 0.01-1000 ng/n2 on said

| ayer to forma layer, heating said alum num plate on which are |am nated
sai d chem cal conversion treated |layer and the |ayer of a silane coupling
agent at a tenperature of 200- 350 C, and covering and pressing a
thernoplastic resin |ayer having a thickness of 5-200 u mon said | ayer of
a silane coupling agent, mhereby t he Vickers hardness of the surface of

said ther Iastr resi r IS mrthr the r of 25-60. The
resi n-cove E PF EI §Oﬁgﬁ¥%h A L Pdi QﬂﬁﬁQﬁ¥P%ﬁﬁ% | ayer of a

si |l ane cou Lin for p _an aqueous solution of a
si |l ane Eﬁﬁ%g%ggeﬁt ke & suf?%m%% F*aqﬁeggllrc pl ate, said aqueous

solution berng pr epar ed by bl ending a silane coupling agent with 100 parts
by weight of water at the rate of 0.01-10 parts by weight so that the

contact angle wheR aRRhiRd O i W A48 0k $RIM MRIAN j& PhAte Wid | be
55 or under, and drying at a tenperature- rarsrng speed 59 of 50 C /s or

under, and §§%@ %%%%&h%gnbak%% %Eé%s tre Rl a3t iL£ diRsiitds | am nated on
t he surface of said | ane coupling agent |ayer which has been heated at a

t enper at ur eoakefrkan !t&em!etdl NGRA ’in Ae33Qd€ oflGn HigimERim-goves ed
metallic plate as claimed in claim1l wherein said |layer of a silane

coupling apertinhas taiBknelsesmerft (cdnrttent maf, SpP3 yatrgmes dbvdren its surface
is neasured by an X-ray electric spectroscopy. 11. A nethod of

‘manuf act ur cpypad ingsiageotverted mettal lafc 0. Pllatld Odoma/insti ran teel &t dise of
appVyrng an aqueous solution of a silane coupling agent to the surface of
a metalli&opiard asdpyeaquicdd g9 wrilen aBeidgUsy ddated By VIB@hd iRy a
silane coupling agent with 10Q parts by wei ght of mater at the rate of
0.01-10 paE?@lﬁﬁtﬁéléﬁﬂ dsghedical conversion treated layer and the

layer of a silane coupling agent at a temperature of 200-
350 °C, and covering and pressing a thermoplastic resin
layer having a thickness of 5-200 g m on said layer of a
silane coupling agent, whereby the Vickers hardness of
the surface of said thermoplastic resin layer is within

the range of 25-60.

) 9. The resin-covered metallic plate as claimed in

“claim 1 wherein said layer of a silane coupling agent is
formed by applying an aqueous solution of a silane
coubling agent to the surface of a metallic plate, said
agueous solution being prepared by blending a silane
coupling agent with 100 parts by weight of water at the
rate of 0.01-10 parts by weight so that the contact angle
when applied to the surface of said metallic plate will be

55 or under, and drying at a temperature-raising speed
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the contact angle when applied to the surface of said netallic plate wll

be 55 or
to forma
on the su
fromthe
cont ai ner

under, drying at a tenperature-raising speed of 50 CIs or
| ayer, and lami nating a covering |ayer of a thernoplastic

under
resin

rface of said |ayer by heating said |ayer at a tenperature of

nmel ting point of the thernoplastic resinto 350 C. 12. A
for a capacitor manufactured by drawing or ironing the

resin-covered netallic plate 60 claimed in any of clainms 1-5, 7, 9 and 10.
13. The container for a capacitor as clainmed in claim 12 wherein said

covering |o?fyejo o Asther gpakast badresi tsveotinghé agetrerfsiade of the

cont ai ner.

thermoplastlc resin is laminated on the surface of said
silane coupling agent layer which has been heated at a

temperature of from its melting point to 350 °C .

10. The resin-covered metallic plate as claimed in
claim 1 wherein said layer of a silane coupling agent has
a Si element content of 5-15 atomic % when 1its surface is

measured by an X-ray electric spectroscopy.

11. A method of manufacturing a resin-covered metallic
plate comprising the steps of applying an aqueous
solution of a silane coupling agent to the surface of a
metallic plate, said aqueous solution being prepared by
blending a silane coupling agent with 100 parts bf welght
of water at the rate of 0.01-10 parts by weight so that
the contact angle when applied to the surface of said

metallic plate will be 55° or under, drying at a

. temperature-raising speed of 50 °C /s or under to form a

layer, and laminating a covering layer of a thermoplastic
resin on the surface of said layer by heating said layer
at a temperature of from the melting point of the

thermoplastic resin to 350 °C.

12. A container for a capacitor manufactured by

drawing or ironing the resin-covered metallic plate
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claimed in any of claims 1-5, 7, 9 and 10.

13. The container for a capacitor as claimed in claim

12 wherein said covering layer of a thermoplastic resin is

on the outer side of the container.
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