CLAD MATERI AL BACKGROUND OF | NVENTI ON 1. Field

of the Invention The present invention relates to a clad materi al
conprising a netal substrate having a nmultiplicity-of perforated openings
lam nated with -a metal foil. 2. Description of Related Art

Conventi onal | yuq Palkdf’ i €s which use al kaline metal such as peyypori0ase
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l'ithium sodium or potassiumas an active material on negative electrode

t hereof sonetimes suffer fromrupture when the pressure in the batteries
is abnormally el evated. To prevent the occurrence of such a rupture,
safety val ves which can release the pressure outside in the case that the
pressure in t{ﬁaégﬁg&gry IS excessively increased have been requested and
accordi ngly vdri safety val ves having different nmechani SESRHPB88cen
proposed. To assure the safety that even when the battery ruptures by a
chance, Dbroken pieces or contents of the battery do not scatter outside
and cause no danmage on human body, .the batteries nust be operated at a

| ow pressure not nore than 30 kgf/cm 2 The dry-cell type battery which

uses al kal i ne neb¥l TasaAe Tagt v/ D ER —oR ITEEY 3¢ el otk es!
is further required
POLYFUIBRTCIR—IBRECRTL, TyF > IROBREOL KIS
EEBRBEETS, BEOREEFL TS,
COESi, LROFEEAVESE, —EORTOBRBERIT S = &%

5 DTHRETHD. Hic30keg f/ cm? UFOEECRLBRERBEELS
ETHHAR. BREOIVWRELAKBELNEShE,

LRORSEMET HHHELE LT, BEALE T 5LEKEMORAD SR
EROBDEBCLICLYD, MAROBRI2—EICERTEZLIcED, BEG
DENEELE3Okg f/cm? UTOEBEHNBENS LD (EBRTS —

10 3149598/ AWRIATLS,

UL, ChZEELEET5OMRLMOBROSEIRE KZFh Tl .
METZZLRL>THRERTILOTHD, BERINILEBMEE L TiZaE
ENTREAZSOTAThIZE ST, A—0LEh, EAEARE OWEIRE
KHEVHERLANDOIESHhS.

15 $M¥5-3149598ARCHARINENTIE. XFLAZF—, &.
SuTABREMFELVESNTVS. 5K, ThEO&REg—iER M
BONBLOCHRERT DI, SEREICERLBILMEEE N TS
BRECEIDFHRELEE. 1000 CHBOBRICINT 2 HENBD. HlE
BEBME, BIUBRBESEEL TS, 351, ChoORBADLRKIZESI

0 BEEEEEZHOTEEIN. NTEELTHBZ EMBW, Thbb, MTE
LU LROSEABHIMEOMMT X DESix N, MIESE O THRRNS
ENELT B2, BN OWEOME, MENEE. MERSEAZSE. Mk
HEEROBMNRE (WENALBRLZBICHNT 2HE) 2—8iRr5dd >k
BIEET 3 REMNS DL OBENS S,

25
SHDOPER |

ARBL, BICEECBNT, BERHEOEHNTHBL TRNEERNT 3
CEMEEET, AOTOMENERAREARECANSNSE Y Ty R 2R
THI L HRNREET S,



to have a high scalability. A Japanese |aid-open publication SHO 63-285859
di scl oses a safety valve which can release the inner pressure of such a
battery outside. In this battery, a part of the wall of the battery
vessel is nade thin by cold conpressing using a press until the thickness
of the conpre t becones half of

-2- t he orﬁglna thi ckness of the part. Accordingly, mheﬁcFﬂngﬁﬁEr
pressure is elevated and reaches a predeterm ned inner pressure |level, the
thinned wall part ruptures and the inner 3pressure is released outside.

To rel ease the inner pressure at a | ow pressure of not nore than
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30 kgf/cnferr], the thinned wall part nust be nmade considerably thin.
Accordingly, during the press working to obtain such an extrenely thin
wal | part, fine or mnute cracks may occur, and once such cracks occur,
the seal ability of the vessel is spoiled. Although the thinned wall part

I s hardened it h a press working, the hardening does not_occur

uni fornly. Aﬁ%ﬁgﬁﬁﬁgly, the rel ease valve discloesed in Jaﬂgﬂgggmpﬁpd-open
publication SHO 63-285859 also suffers froma drawback that even when the
thinned wall part is pressed to have -a4umi formthickness, the thinned wall
part does not always rupture at a -predeterm ned uniform pressure.

Furt hernore, although an etching nethod has been proposed to nake a part
of the wall of thegbatteggamgssel thin, it is extrenely difficult to

uniformy control the thickness of the thinned wall
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part after et'ching and the thinned wall part is apt to suffer from pin
hol es. Accordingly, thinned wall parts of all battery vessels nust be
subject to a pin hole test for detecting the presence of pin holes.

thi s manner,

In

with the above mentioned nethod, it is extremely difficult to

provi de the t
especially on
rel ease pressure at a low pressure of not nore than 30 kgf/cm[err], a
reliable reproductivity of the pressure el easi ng operation cannot be

achi eved.
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Japanese | at d-open publication HEl 5-314959 discloses a nethod in which a
mat al plate having a perforated opening and a thin-netal plate adhered
with each other to produce a thinned wall part having a uniformthickness
and such a nmethod provides a val ve operating pressure which is not nore

than 30 kgf/ hdas and has a reliable reproductivity on sure -

r el easi ng oﬁg}a I on. In this nmethod, however, since thgcﬁéﬁﬁg&ﬂfed
netal plate and the thinned netal plate are heated in a vacuum furnace and
heat - seal ed with each other under pressdére, the materials for these netal

pl ates nust neet a condition that t.hey can be heat-seal ed under pressure.
Nanmely, the nmaterials for these netal plates are restricted to sane netal s

or netals havi g3k migds & ASIEEIcHL sph@erties such as a nelting point.
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| .ai d- bpen publication HEl 5-314959, stainless steel, iron, nickel and the
| i ke are proposed as preferable materials for these netal plates.
Furthernore, to heat seal these nmetal plates under pressure to obtain a
uni form adhering strength, an oxide filmforned on the surface of these
metal plates Pashaiags renoved by buffing or the like and theigripemniRba

pl ates nust be heated at a high tenperature of approximately 1000 [err]C
so that the nmethod necessitates a iophistiated operation and
facilities. Furthernore, these thin netal plates are usually produced by a
cold rolling so that they are subjected to hardening by working. Since the
above-nenti oned netal gggtes whi ch are hardened by working are anneal ed at
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strength of these nmetal plates differs before and after the heat sealing
operation. Accordingly, the properties of the nmaterials before heat
sealing, the heating tenperature and the heating tine

z4- have to be strictly controlled to nake the mechanical strength (

i nvention to
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s constant after heat sealing.
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providé a clad material which is preferably used for producing safety

val ves which rupture precisely at a predeterm ned pressure in a |ow
pressure range and can be manufactured readily. The clad materi al
according to the present invention is conprising a netal substrate
which is pr 'gqsgmwith a multiplicity of perforated opqigrgsceseg 2a
metal foil which T's stacked on the netal substrate so as to close the
perforated openings. At |east one surface of the nmetal substrate having a
multiplicity of perforated openings and 8orrespondi ng one surface of the
nmetal foil are subjected to a dry etching and the etched surfaces face
each other as inner surfaces of the netal substrate and the netal foi
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dry etching and the nmetal foil is stacked on the etched surface of the

metal substrate. In the clad material according to the present invention,
it is preferable that the netal substrate or the nmetal foil is provided
with a nickel plating. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1is a a@gsga&%c perspective view of a clad materi al :
-5- accordi O the present invention. Fig. 2is a FETERT 00
per spective view show ng the nmanner of
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produci ng the clad material according to the present invention . Fig. 3
s a schematic perspective view showi ng the apparatus for producing the

clad material according to the present invention. Fig. 4is a
schematic view of a safety valve chip produced from the clad materi al
accordi ng to ywh9np@sent invention. Fig. 5 is a schenatipcrie?naé a |id
of a vessel on which the safety valve chip is nounted. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCODI MENT The clad material according
to the present invention is hereinaffé#leiplained in detail in conjunction

with attached
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dr awi ngs. “In Fig. 1, a clad material 19 according to the present

I nvention has a | am nar sheet-like construction and is made of a netal
substrate A and a netal foil B which is lam nated on the netal substrate
A. The netal substrate Ais provided with a nmultiplicity of perforated
openings C. Aplurality of safety valve chips D can be reag ﬁ?ﬂaﬁgpced
fromthe clad’ al 19 as described hereinafter. Thgbga ety val ve
chips D shown in Fig. 4 which are produced from the clad naterial 19
shoul d be operated at a | ow pressure of ldot nore than 30 kgf/cm[err], or
preferably, of not nore than 20 kgf/cm[err]. To achieve this objective,
the nmetal foil B which can be enployed for the present invention should
have a thickness of 5 to 50 [err] mB#coRr e®poftlii By to the kind of netal of
the nmetal foil B. In the case

1. 2ROBBEAZERLASBERSE. MERBELEZHAETILSCHESRE
EFE LICHBEINSREENSBDT 5y FH.

2. ZROEFALZERLELBEEREISBEOIURS EB—HERFSI Ly
FoIL. FOIyF I IERBENAMCRS XS ICREEINELY 5y RH,

3. SBRIRCESBORBAEHERL. TORBRO—EERSIITvFIL.
10 2OXyFrIEIRRICESLICLTRBEEMEENLY Ty FH.

4. MRSEEEXBEBRN=—y I NDH>ESINCHDOTHHHREL~3IOD
nWFhhicie®o s 5 v BH.
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- 6- that the thickness of the netal foil Bis less than 5 [err] m if the
safety valve chip Dis nounted on the battery as the safety valve, the
netal foil B readily ruptures when it is dropped on a working table or the
|ike. In the case that the thickness of the netal foil B exceeds 50 [err]
m even when | foil Bis nmade of a netal having a | m&%e
strength, if %Eﬁ"@%%%ty valve chip Dis nounted on the batggﬁ@ as the
safety valve, the netal foil B does not rupture at a pressure bel ow 30

kgf/cm 2 and ruptures when a high pressure far exceeding 30 kgf/cm2 is

applied to the netal foil B. 1In such a cay, as the vessel itself ruptures
when the inner 5

(1]

19




pressure thereof is elevated, broken pieces of the vessel are scattered
around and the content in the vessel is also spilled outside thus causing
a damage on a human body. Furthernore, the wuse of such safety valve chips
D having thick netal foil Bis not favorable in ternms of the manufacturing

cost of the batteries. In the case that the netal foil pBTURS708388 as
the safety vaV@&™¥Bi p D of the battery, the kinds of netal foil B should
preferably be steel foil, stainles steel foil, copper foil, alumnumfoil,

ni ckel foil and nickel-iron alloy foil since the netal foil Bis required
to have a favorable corrosion resist.ance agai nst al kaline aqueous solution

of electrolyte.. In the case that thq%getal foil Bis used for usages
other than batteries, any kinds of netd goil B can be used on the
condi tion

(®21




that the nmetal foil B shows a stability against a content filled in a
vessel, is not corroded and does not gererate a considerable anount of a
reaction gas. Nanely,the nmetal foil B can be made of zinc, |ead, copper

al l oys such brass, bronze, phosphor bronze, gun netal or nonel netal, and
al um num al | oywesRedas dural m n besides the materials as nmenid 380
previ ously. -7- Al t hough the neta
foil B can be produced in any known nmethods, the netal foil B is generally
produced by thinning a strip by a cold rolling or by further annealing the
thus cold rolled strip. Al t hough-the thickness of netal sheet used for

pr oduci ng net al 3
/%
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substrate Ais not specifically limted, it should be 0.03 to 0.50 mm
usually and preferably 0.05 to 0.10 mmin view of the strength of the
netal substrate A, an econony of production and for facilitating the
wel di ng or cal king of the safety valve chip Dto - the vessel. In the
safety val ve ghih ich is made of two netal pieces, nanmglofpéiegssstt al
foil B and the nefal substrate A if the netal substrate A directly cones
into contact with al kaline agueous solution of electrolyte, the kinds of
netal substrate A should preferably be steel plate, stainless steel plate,
copper plate, nickel plate and nickel-iron alloy plate since the netal
substrate A nust have a favorable corrosion resistance agai nst al kaline
aqueous sol ution of electrolyte. {E/’

5
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In case that*the netal substrate A does not directly cone into contact

wi th al kal i ne aqueous sol ution, since the netal substrate A does not have
to have a favorabl e resistacnce agai nst al kaline aqueous solution, any
metal plate can be used on the condition that the netal plate is stable

agai nst a con%&gﬁﬂi&iled in a vessel, the performance of t@%wﬁﬂﬁ@ﬁﬁ% IS
not deteriorated, and a reaction gas is not generated in a considerable

anount . The object of the present invention can be achi eved even when
the kind of nmetal foil Bis different fromthe kind of the netal
substrates A Furt hernore, although the above-nentioned netal

substrate A

(5]




- 8- can be pr.oduced by any methods, “gerferally, the metal plate which is
thinned by the cold rolling is directTy used as the netal substrate A or

the metal plate which is produced by further annealing the tRhi t
plate after the cold rolling. The netal substrate Ais ppgpm%

at | east one perforated openingcEap MiwerRIae and shape of the perforated
opening C differ. corresponding to the size and shape of the vessel. on
which the safety valve chip D is nounted. Accordingly, there is no
restriction on the size and shape of the perforated opening C. In general,
t he perforated openi ng C shoBACKSRIWNIOFYINMENFICGN circul ar shape having a
dianeter of 1 to 10 mm The perforated opening C can be of an elliptical
shape having a | ongitudinal axis

1. Field of the Invention
The present invention relates to a clad material comprising a
metal substrate having a multiplicity of perforated openings

laminated with a metal foil.

2. Description of Related Art

Conventionally, batteries which use alkaline metal such as
lithium, sodium or potassium as an active material on negative
electrode thereof sometimes suffer from rupture when the pressure
in the batﬁeries is abnormally elevated. To prevent the
occurrence of such a rupture, safety iralves which can release the
pressure outside in the case that the pressure in the battery is
excessively increased have been requested and accordingiy various
safety valves having different mechanisms have been proposed. To
assure the safety that even when the battery ruptures by a chance,
broken pieces or contents of the battery do not scatter outside and
cause no damage on human body, the batteries must be operated at a
low pressure not more than 30 kgf/cm 2,

The dry-cell type battery which uses alkaline metal as the
active material on negative electrode thereof is further required
to hav.e a high scalability. A Japanese laid-open publicatibn SHO
63-285859 discloses a safety valve which can release the inner
pressure of such a battery outside. 1In this battery,.a part of the
wall of the battery vessel is made thin by cold compressing using a

press until the thickness of the compressed part becomes half of



|l ength of 1 to 10 mm or of a pol ygonal hzhape havi ng a di agonal [|ength
whi ch corresponds to the dianeter of T above-nmentioned circul ar shape.
The shape of the perforated opening C can be defined by a section of a
I|ne such as a straight or curved slit having a desired wdth. The

shape of tid i fryated ckpriisngfCrhenpaet def eedrdinylygewhetr thel ipagtrern
which is a conblnation of several kinds of above-nentioned figures.

These pesfessiins Dpeslavstd aamd f neacihes na t predetatmninedt iater pressare
desired shape by a punching press, wherein the netal substrate Ais

pr oducedléyel hi tine nghimed| wa kb pyrioreptores ndstheetenebeprppsvreudsy .
These perforated openings C are preferably arranged in a geonetrical
manner steleased oudstides- I|ke manner or a

To release the inner pressure at a low pressure of not more than
30 kgf/cm ? , the thihned wall part must be made considerably thin.
Accordingly, during the press working to obtain such an extremely
thin wall part, fine or minute cracks may occur, and once such
cracks occur, the sealability of the vessel is spoiled. Although
the thinned wall part is hardened with such a press working, the
hardenin§ does not occur uniformly. Accordingly, the release
valve disclosed in Japanese laid-open publication SHO 63-285859
also suffers from a drawback that even when the thinned wall part is
pressed to have a uniform thickness, the thinned wall part does not
always rupture at a predetermined uniform pressure.

Furthermore, although an étching method has been proposed to
make a part of the wall of the battery vessel thin, it is extremely
difficult to uniformly control the thickness of the thinned wall
part afte.f etching and the thinned wall part is apt to suffer from
pin holes. Accordingly, thinned wall parts of all battery vessels
must be subject to a pin hole test for detecting the presence of pin
.holes.

In this manner, with the above-mentioned method, it is
extremely difficult to provide the thinned wall part which has a
uniform thickness so that especially on the condition that the
safety valves are to be operated to releaée pressure at a low
pressure of not more than 30 kgf/cm 2 , a reliable reproductivity of
the pressure releasing operation cannot be achieved.'

To resolve the drawbacks of the above-mentioned methods,



zigzagi ng manner. The pitch or interval between the perforated openings C
is determined in a desired manner. in~vPew of the size of the saf ety val ve
chip D. Although the manner of formng such

-9- perforated openings C is not restricted specifically, the

per f or aygganeesi Tgsd-Lopean gub 1 ivatEihn AETOPVEDL D9l i FPIOEES 6 uR¥thd in
punching out the netal substrate A with a punching press or an etching
nmet hod. which &umatbal nplate theevioiqad pErformtatydenimodnded hhiadmetialg t he
metal foils B on both sides of the netal substrate A . In this case, -
plate adhered with each other to produce a thinned wall part having
a uniform thickness and such a method provides a valve operating
pressure which is not more than 30 kgf/cm? and has a reliable
reproductivity on a pressure releasing operation.
| In this method, however, since the perforated metal plate and
the thinned metal plate are heated in -a vacuum furnace and
heat-sealed with each other under pressure, the materials for
these metal plates must meet a condition that they can be
heat-sealed under pressure. Namely, the materials for these metal
plates are restricted to same metals or metals having similar
physical properties such as a melting point. In Japanese
laid-open publication HEI 5-314959, stainless steel, iron, nickel
and the like are proposed as preferable materials for these metal
plates.

Furthermore, to heat seal these metal plates under pressure to
obtai.n a uniform adhering strength, an oxide film formed on the
surface of these metal plates must be removed by buffing or the like
and then the metal plates must be heated at a high temperature of
approximately 1000°C so that the method necessitates a
sophistiated operation and facilities. Furthermore, these thin
metal plates are usually produced by a cold rolling so that they are
subjected to hardenihg by working. Since the above-mentioned
metal plates which are hardened by working are annealed at a high
temperature during the heat sealing under pressure, the mechanical
strength of these metal plates differs before and after the heat
éealing operation. Accordingly, the properties of the materials

before heat sealing, the heating temperature and the heating time



even when one netal foil B adhered on one surface of the nmetal substrate A
I s broken, so long as the other netal™ floi1 B adhered to the other surface
of the nmetal substrate A is not broken, the nornmal function of the safety
val've can be assured. The safety valve chip Dis generally nounted on

the vessgkeOto bbesbaiiteny bynveblleg to MHakd thdmmeHan vl theramjet yﬁ
valve chip D closes an opening which is forned in a part of the vessel of

t he bather ¥imkersexanpth, witkcls amsdsn aFrgpinrenwheanthg index paksgure |id
E of the vessel of the battery is closed by the safety valve chip D. '
The per fisraledaopdni of the netfol pddities cohpstrentlafiext beat sgalihge t he net al
substrate A and the netal foil B is adhered to the netal substrate Ato
produce the safety valve chip D and such a safety valve chip D can be

directly nolded into a |lid of the vessel
SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a clad material which is preferably used fér producing
safety valves which rupture precisely at a predetermined pressure
in a low pressure range and cén be manufactured readily.

The clad material according to the present invention is
‘comprising a metal substrate which is provided with a
multiplicity of perfbrated openings and a metal foil which is
stacked .on the metal substrate so as to close the perforated
openings. At least one surface of the metal substrate having a
multiplicity of perforated openings and corresponding one surface
of the metal foil are subjected to a dry etching and the etched
surfaces face each other as inner surfaces of the metal substrate
‘and the metal foil respectively. A plurality of perforated
openings are formed in.a metal plate so as to produce the metal
substrate and one surface of the metal substrate is subjected to a
dry etching and the metal foil is stacked on the etched surface of
the metal substrate. In the clad material according to the present
invention, it is preferable that the metal substrate or the metal

foil is provided with a nickel plating.
BRIEF DESCRIPTION OF THE DRAWINGS

Figl. 1 is a schematic perspective view of a clad material



of  a batt'efy. : The netal foil B_apd the nmetal substrate A provided
with perforated openings C are subjécted to a pressure welding in a
vacuum for exanple, by a nethod disclosed in Japanese | aid-open patent
Jpublication HEl 1-224184. In Fig. 2 and Fig. 3, an apparatus for

pr oduci agcohéinga thetmresentl Snbenpieasure wel ding a nmetal foil 20B and a
metal substrate 20A in a vacuumis shown in a partial cross section. . As
shown i'n tEHsp @& dw gschemahist gerspecitriaee view showting reamannielr of

- 10 - 20B which are respectively rel eased fromuncoilers 3A, 3B are
wound producing the clad material according to the present invention .

Fig. 3 is a schematic perspective view showing the apparatus
for producing the c¢lad material according to the present
invention.

Fig. 4 is a schematic view of a safety valve chip produced from
the clad material according to the present invention.

Fig. 5 is a schematic view of a 1id of a vessel on which the

safety valve chip is mounted.
DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The clad material according to the present invention is
hereinafter explained in detail in conjunction with attached
drawings.

In f‘ig_. 1, a clad material 19 acéording to the present invention
has a laminar sheet-like construction and is made of a metal
substrate A and a metal foil B which is 1éminated on the metal
sﬁbstrate A. The metal substrate A is provided with a multiplicity
of perforated o@enings C. A plurality of safety valve chips D can
be readily produced from the clad .material 19 as described
hereinafter.

The safety valve chips D shown in Fig. 4 which are produced from
the clad material 19 should be operated at a low pressure of not
more than 30 kgf/cm ? , or preferably, of not more than 20 kgf/cm ? .

To achieve this objective, the metal foil B which can be employed
for the present invention shouid have a thickness of 5 to 50 um

corresponding to the kind of metal of the metal foil B. In the case



around a bair of electrode rolls 6A, 686\/\@ ch have portions t_hereof
protrudi ng toward an etching chanber 22°and then they are subjected to a
sputtering treatnment so as to be activated. Subsequently, the netal
substrate 20A and the netal foil 20B are subjected to a cold rolling by a
rol ling that thediniekness tdie thec metrathfother B1is hlisss privaiu @ pgni,he fctnd
material 19 and then the clad material 19 is wound around a coiler 5. The
rol |ing safety Valvye ehiked W thountedion hjerkatterprasidhiec eafétovalve,
descending the roll. The vacyum |evel in the vacuum chanmber 1 is held in a
range of tHYME3l tfolloBerepdityr Fupfures ahen siv dd vroppedponpa(warking
exhaust L{D ) 9. .. In_the production of the clad material 19, a
magnet I’Oﬁa ni%&rt EhentikRt ndd the saseofbatridie iddickaessgof H‘ehﬁm\l&ﬁ'-lalf 801208
A and a hi.gh frequenc ower source_having a
and theB rree}'g&lee SUb§6 rl?tme’ 2eQrenaw en th% metal foil pB is made of a megal
having a low rupture strength, if the safety valve chip D is mounted
on the battery as the safety valve, the metal foil B does not
rupture at a pressure below 30 kgf/cm? and ruptures when a high
pressure far exceeding 30 kgf/cm ? is applied to the metal foil B.
In such a case, as the vessel itself ruptures when the inner
pressure thereof is elevated, broken pieces of the vessel are
scattered around and the content in the vessel is also spilled
outside thus causing a damage on a human body. Furthermore, the
use of such safety valve chips D having thick metal foil B is not
favorable in terms of the manufacturing cost of the batteries.

In the case that the metal foil B is used as the safet-y valve -
chip D of the battery, the kinds of metal foil B should preferably
be steel foil, stainles steel foil, copper foil, aluminum foil,
nickel foil and nickel-iron alloy foil since the metal foil B is
required to have a favorable corrosion resistance against alkaline
aqueous solution of electrolyte.

In the case that the metal foil B is used for usages other than
batteries, any kinds of metal foil B can be used on the condition
that the metal foil B shows a stability against a content filled in
a vessel, is not corroded and does not gererate a considerable
amount of a reaction gas. Namely,the metal foil B can be made of
zinc, lead, copper alloys such brass, bronze, phosphor bronze, gun

metal or monel metal, and aluminum alloy such as duralmin besides

the materials as mentioned previously.



frequency range of 1 to 50 MHz is enpl gyed as a power source for

sputter

ing. In the case that the frequenCy is less than 1 MHz, it s

difficult for the high frequency power source to assure a stable glow
ge so that a continuous etching is not achieved, while in the case

di schar

that- the freqgusitiigH sheuierd h@oii0BMan behsrdd@bed finegHe Neyowo wet hoddr,ce

apts to oscillate so that the power supply system becones unpreferably

conpl i cahednetal foiloB id geniery lliepeddinded bypehahndng Pralrin bara lopld he

vacuum

| evel in the etching chanber 22 has to be held at a pressure not

mor e t haelliXgley byr fulfther angdealdog e thuschaldadliledosthep. et chi ng

chanber
10[ err]

22 so as to produce_an argon gas atnosphere with a vacuum | evel

t o Algthaugh ther thigknesg of gietaleghestyused ton pnqs,iwm n@@al

bet ween the et chi ng, chanber 22 and_t he vacuum chanber
gener at EHPERYALRAA shit PteSBECLAACARL Y| LIl tedoh taghontd be 03"to 0.50

mm usually and preferably 0.05 to 0.10 mm in view of the strength of
the metal substrate A, an economy of production and for
facilitating the welding or calking of the safety valve chip D to
the vessel. |

In the safety valve chip D which is made of two metal pieces,
namely, the metal foil B and the metal substrate A, if the metal
substrate A directly comes into contact with alkaline aqueous
solution of electrolyte, the kinds of metal substrate A should
preferably be steel plate, stainless steel plate, copper plate,
nickel plate and . nickel-iron alloy plate since the metal substrate
A must have a favorable corrosion resistance against alkaline

aqueous solution of electrolyte.

In case that the metal substrate A does not directly come into
contact with alkaline aqueous solution, since the metal substrate
A does not have to have a favorable resistacnce against alkaline
aiqueous solution, any metal plate can be used on the condition that
the metal plate is stable against a content filled in a vessel, the
performance of the battery is not deteriorated, and a reaction gas
is not generated in a considerable amount.

The object of the present invention can be achieved even when
the kind of metal foil B is different from the kind of the metal
substrates A.

Furthermore, although the above-mentioned metal substrate A

of



- surface of the netal substrate 20A are poth subjected to etching.

In the case that the presssure of argon gas is below 1l X 10 [err] Torr,
i.s difficult to assure the stable glow discharge and a high ion flowis
not obtained so that a high speed etching becones difficult. On the other

hand,

the average free path of the sputtered atons becones short so that the
f r eqgeuncihimngd byethemiekdred lingnis firetivhy 4gednas dhehmetalgsubstrate

i ncreased. Nanel

ens which are separated fromthe oxide formed on

., OX ch ar '
the sur s the y@?\@%gﬂ te grticth i Herefiesd shibsfratkenyarneal hay athe

agai n. sq:cﬁ

inned metal plate after the cold rolling.

The metal substrate A is provided with at least one perforated
opening C. The size and shape of the perforated opening C differ
corresponding to the size and shape of the vessel on which the
safety wvalve chip D is mounted. Accordingly, there is no
restriction on the size and shape of the perforated épening C. In
general, the perforated opening C should preferably be of a
circular shape having a diameter of 1 to 10 mm. The perforated
opening C can be of an elliptical shape ha\}ing'a longitudinal axis
length of 1 to 10 mm or of a polygonal shape having a diagonal
length which corresponds to the diameter of the above-mentioned
circular shape.

The shape of the perforated opening C can be defined by a
section of a line such as a stréight or curved slit having a desired
width.

.The shape of the perforated opening C éan be defined by a
geometrical pattern which is a combination of several kinds of
above-mentioned figures.

These perforated openings C are formed in the metal substrate
A in a desired shape by a punching press, wherein the metal
substrate A is produced by thinning the plates by cold rolling as
described previouély. These perforated openings C are preferably
arranged in a geometrical manner such as a lattice-like manner or a
zigzaging manner. The pitch or interval between the perforated
openings C is determined in a desired manner in view of the size of

the safety valve chip D. Although the manner of forming such

It

i rcathbecpzedubad bhenyr ssthods pfgermnpinl yyashexmetdd fdlate hdch] igorr,



tothe target so that the efficiency of surface activating treatnent is
det eri or at ed. Accordingly, the pres’sL19re' of argon gas atnosphere in the
et ching chanber 22 should be held in a range -of 10[err] to 10[err] Torr.
Wth the use the nmagnetron sputtering nmethod in the production of clad

mat eri alpch® Hatldif RIRIAMgsd NCENtiEONnodn £&sbiNEtedpesfediti®aE1Yhanti&00
angstromi mn can be oObtained so that even when a stable and thick oxide

filmis derfmehuy bhendhyli Owambd fdiied insoohvent bana? fddmemasubt as
conpletely renoved 1n a few mnutes. The oxide filmfornmed on the surface

of coppefunctiiel ,outstehel essatt sebstnatandr pliths anpuaichdany exteds toxm ahean
surface by etching for a few seconds. Al t hough the | owering of
vacuum lebadiinqumetibodacuum chanber 1 .

Furthermore, the clad material may be produced by adhering the
metal foils B on both sides of the metal substrate A. In this case,
even when one metal foil B adhered on one surface of the metal
substrate A is broken, so long és the other metal foil E adhered to
the other surface of the metal substrate A is not broken, the normal
function of the safety valve can be assured.

The safety valve chip D is generally mounted on the vessel of
the battery by welding in such a ﬁlanner that the safety valve chip D
closes an opening which is formed in a part of the vessel of the
battery. For example, as shown in Fig.5, an opening F formed in a

' 1id E of the vessel of the battery is closed by the safety valve
chip D. / .

The perforated opening C is formed in the metal plate to
produce the metal substrate A and the metal foil B is adhered to the
metal substrate A to produce the safety valve chip D and such a
safety valve chip D can be directly molded into a 1lid of the vessel
of a battery.

The metal foil B and the metal substrate A provided with
perforated openings C are subjected tb a pressure welding in a
vacuum, for example, by a method disclosed in Japanese laid-open
patent publication HEI 1-224184. |

In Fig. 2 and Fig. 3, an apparatus for producing the clad
material 19 by pressure welding a metal foil 20B and a metal
substrate 20A in a vacuum is shown in a partial cross section. As

shown in these drawings, the metal substrate 20A and the metal foil



| eads to the corresponding | owering of_ the welding strength of the netal
foil 20B to the metal substrate 20A ~ahlaTlowable lower limt of the
vacuum | evel in the vacuum chanber 1 should be 1 X 10[err] Torr in view of
industrial econony, while the upper limt should be 1 X 10[err] Torr since

this | epeb whivRE#Erebpbbtagelyefefessdd feoaNtncyel € HBASt BBNEES wound
Furtherenore, in the production of the clad material 19, it

- 12 - arbandnaqueiss afyelecteade trod Izebal, §®iwhi2dBhand pdiet st haiteris at e

20A during a cold rolling. Nanely, in the cold rolling, there is no

pr obl enpeetnudiingheovangametchiigofhanisse 23ednd SIEMALh2gB e sulgjected
to a sputtering treatment so as to be activated: Subsequently, the
‘metal substrate 20A and the metal foi]_. 20B are subjected to a cold
rolling by a rolling unit 2 mounted in the vacuum chamber 1 thus
producing the clad material 19 and then the clad material 19 is
wound around a coiler 5. The rolling unit 2 is provided with a
rolling reduction device 18 for descending the roll. The vacuum
level in the vacuum chamber 1 is held in a range of 10 " to 10 ~°
Torr by a large-sized vacuum pump ( air exhaust pump ) 9.

In the production of the clad material 19, a magnetron
sputtering method is employed for activating the metal foil 20B and
the metal substrate 20A and a high frequency ﬁaower source having a
frequency range of 1 to 50 MHz is employed as a powér source for
sputtering. In the case that the frequency is less than 1 MHz, it
is difficult for the high frequency power source to assure a stable
glow discharge so that a continuous etching is not achieved, while
‘in the case that the frequency is more than 50 MHz, the high
frequency power source apts to oscillate so that the power supply
system becomes unpreferably cémplicated .

For starting the efching operation, preliminarily, the
vacuum level in the etching chamber 22 has to be held at a pressure
not more than 1 X 10 ~* Torr and argon gas is charged into the
etching chamber 22 so as to produce an argon gas atmosphere with a
vacuum level of 10 ' to 10 ™! Torr. Then, a high frequency current
is supplied between the etching chamber 22 and the vacuum chamber
1, plasma is generated and the surface of the metal foil 20B and the

surface of the metal substrate 20A are both subjected to etching.



ti'me of gripping them between roIIs I 5 ;held at a room tenperature.

However, if it becomes necessary to h a%t the metal foil 20B and the netal
substrate 20A duri ng the cold rolling in view of decreasing the difference
.of the thermal expansion rates of these nmetals A, B caused by a heat
gener at ed at Ihhighe |meothabl1the1g>msmiﬁe af axgooyRsNyE el dr al Dot of
these netals A B after being cooled, the upper limt of heating should

pr ef er dBOYX bdtnds dickBiqmkn t90@5$1er¢ [tbe sbahsetglqw disgharge and @ highe of
recrystal lizing annealin an alloy |ayer or carbide which deteriorate the
wel di ngie® r BhgWh ishaofedbained ne@ atBah anduigh speedrietehing ngesemest i on
rate at the tine of cold rolli metal foil 20B and the netal

subst r B houl P phie e?‘élb‘l“&glb%“‘@)l 1ingphecage wankl the cBreasFRrei A§

shoud be carried out h mlllln re uction rate which falls_in a
range e%g%%sga a?xﬁﬁqd(tﬁmsf 3¢ 10 J:%' e average free pat % of the

sputtered atoms becomes short so that the fregeuncy that the
sputtered atoms are shot again to the target is increased. Namely,
oxygens which are separated from the oxide formed on the surfaces
of the metal foil and the metal substrate by etching are again shot
to the target so that the efficiency of surface activating
treatment is detelriorated. Accordingly, the pressure of argon
gas atmosphere in the etching chamber 22 should be held in a range
of 10 "' to 10 7* Torr.
. With the use the magnetron sputtering method in the
production of clad material 19 of the present invention, an etching
- speed of more than 1000 angstrom/min can be obtained so that even
when a stable and thick oxide film is formed on the aluminum and
titan, such an oxide film can be completely removed in a few
minutes. The oxide film formed on the surface of copper, steel,
stainless steel and amorphous metal can exhibit a clean surface by
etéhing for a few seconds.
Although the lowering of vacuum level in the vacuum chamber 1
leads to the correspondin'g lowering of the welding strength of the
metal foil 20B to the metal substrate 20A, an allowable lower limit

! Torr

of the vacuum level in the vacuum chamber 1 should be 1 X 10
in view of industrial economy, while the upper limit should be 1 X
10 ~® Torr éince this level of vacuum still assures a sufficient
welding strength. |

Furtheremore, in the production of the clad material 19, it



0’1 <R< 30 - wherein, R (T1 + g - TA) X100 / (T1 + T2) (9
Tl thickness of netal foil before preSsure wel ding

thickness of metal substrate before pressure wel di ng

.TA thickeness of clad material after cold rolling R

rol I'i ngisednnecessaayetd Heat the mBtal dodl ROB Andfthdenetd]l isubgeshiod | on
rate is determned by following factors. Nanely, although the surface of
t he pl alk®A dppingsa tlodd aelhimg antlemefliyerin d&rthe cahst follking, wheweeis no
irregularities or indentations in a mcroscopic |level and netals cone into
cot act wroblemcevenhat whentempesatwre® ofhfbesecinehals 20A, 20B at the

time of gripping them between rolls is held at a room temperature.
However, if it becomes necessary to heat the metal foil 20B and the
metal substrate 20A during the cold rolling in view of decreasing
the difference of the thermal expansion rates of these metals A, B
caused by a heat generated at the time of rolling as well as
accompanying deformation of these metals A,B after being cooled,
the upper limit of heating should preferably be not more than 300 C

so as to prevent the occurrence of recrystallizing annealing, an
alloy layer or carbide which deteriorate thé welding strength
between these metals A and B.

The rolling reduction rate at the time of cold rolling the
metal foil 20B and the metal substrate 20A should preferably be 0.1
to 30 % . Namely, cold rolling shoud be carried out with the
rolling reduction rate which falls in a range expressed as follows.

0.1=R = 30
wherein, R= (Tl + T2 — TA) X 100,/ (T1 + T2) (%)
T1 : thickness of metal foil before pressure welding
T2 : thickness of metal substrate before pressure
welding
TA fhickeness of clad material after cold rolling
R .: rolling reduction rate ( % )

The lower limit of the rolling reduction rate is determined by
following factors. Namely, although the surface of the plate
appears flat at a glance, there are many fine or minute
irregularities or indentations in a microscopic level and metals

come into cotact with each other with an extremely insufficient



- 13 - contact area if pressure is not applied to them and under a
conventional cold rolling welding net ,_a strong wel di ng- cannot be
obtained even if the surfaces of these netals are sufficiently activated.
Accordingly, in the conventional cold rolling welding nethod, the oxide

fil moncbheastr faaees of Phressuiet as Abe appliied egbt ehamplasd | Gnlkeway a
cold rolling with a high rolling reduction rate so that the surfaces of

t he nmet ebaveneipaalli ably rellimptwed ddmd nbehodnt acdtromg wesldingy easedtand

then the nmetals are welded each other. In such a nethod, the surfaces of

t he net besohtainadtevemrcelssde syrfaces. of thesd wetdlwe aresalffisvlentiyt e

is prelimnarily finished at a reasonabl e roughness and then is
activated. Accordingly, in the conventional cold rolling welding
method, the oxide film on the surfaces of these metals are
subjected to a plastic flow by a cold rolling with a high rolling
reduction rate so that the surfaces of the metals are partially
activated and the contact area is increased and then the metals are
welded each other. In such a method, the surfaces of the metals are
not necessarily flat. Namely, the metal substrate is
preliminarily finished at a reasonable roughness and then is
subjected to the cold rolling with a high rolling reduction rate to
make the surfaces flat and smooth. |

On the other hand, in purifying the surfaces of the metal foil
20B and the metal substrate 20A by the method for producing clad
material according to the present-invention, no new irregularities
or indentations are formed on the surfaces of the metal foil 20B and
the metal substrate 20A. Then, the metal foil 20B and the metal
substrate 20A can be pressure welded while keeping a surface
flatness at the time of finish rolling carried out before pressure
welding. . Accbrdingly, even with a small pressure, a sufficient
contact area is obtained and a metallic bonding steadily takes
place on the contact portions so that a strong adhering strength is
obtained even with the small rolling reduction rate.

Considering a case that the plate is subjected to a cold
rolling and a finishing.rolling or to a refihing rolling in one
rolling step, the upper limit of the rolling reduction rate is
determined to be 30 % . It is not desirable that the rolling

reduction rate exceeds 30 % since such rolling rate gives rise to



subjected to the cold rolling with a high rolling reduction rate to nake
the surfaces flat and snoot h. On1hs ot her hand, in purifying the
surfaces of the netal foil 20B and the nmetal substrate 20A by the nethod
f.or producing clad material according to the present invention, no new

i rregul am x@Trenly ey alorknhazdneker. "TeHooNprEestavel weding the metal
foil 20B and the netal substrate 20A. Then, the netal foil 20B and the
netal <SAdidt R@Bead/Aameialpsebstiratec? tednhi teld espi icha, Smr phaee of
flatness at the time of finish rolling carried out before pressure

wel di ng.rddddiovglingglly, a\eressutizinhadchasissmraich aufd ipress whioch ats
area is obtained and a netallic bonding steadily takes place on the

cont act pIeviidas wigh Raiflatsblesdk aﬁh@ﬂﬁngléﬁrféggtﬁofsor obtat netoekeawi t h
the small rolling reduction rate. -Considering a case that the plate
i s subj datdysideq thexeof can be used.

The present invention is further expiained in conjunction

with following preferred examples.

( example 1)

A multiplicity of circular perforated openings having a
diameter of 3 mm were formed on the cold rolled steel plate ( metal
plate ) having a thickness of 90 4 m in a lattice pattern by means
of a punching press, wherein a pitch between openings was
determined to be 10 mm. A nickel plating having a thickness of 2 u
m was applied to both surfaces of the perforated steel plate by
means of a Watt bath to produce a metal substrate.

This metal substrate and an aluminum foil having a thickness
of 30 x4 m were inserted into a vacuum chamber of an argon gas

® Torr so as to provide

atmosphere having a vacuum level of 5 X 10 ~
an etching of approximately 100 angstrom on one surface of the
metal substrate and an etching of approximately 2000 angstfom on
the corresponding one surface of the aluminum foil by the magnetron
sputtering method. Subsequently, the metal substrate and the
aluminum foil were laminated in a manner that the etched surfaces
of them are contacting each other and pressure welded by a cold
rolling at a température of 120 °C and with a rolling reduction rate
of 3 % to produce a clad material. A multiplicity of safety valve

chips for battery use were punched from the clad material, wherein

each safety valve chip was of a rectangular shape having a



rolling and a finishi ng rolling or to gd{Jefini ng rolling in one rolling
step, the upper Iimt of the rollingT™ Ction rate is determned to be 30
%. It is not desirable that the rolling reduction rate exceeds 30 % since

such rolling rate gives rise to _ _ - 14 -
an ext r ehetgitudginabrlemsiri e 10 .Botmpand sar Bavet &l eridien B¥ 3l 5 fgi hnd0B
and the netal substrate 20Ain a cold rolling, in place of rolling roll, a

pr essur i was prevdided with wote airauparspeariinthat sheprentdedvértdom, 1 at bl ock
at one side thereof or flat bl ocks_at bot h si des_ther_eof can be used.
The present iB3eht is@faty fvalver chipl dordbabhteny] wset ivas welded to a

steel-plate-made pressure vessel in such a manner that the safety
valve chip hermetically closéd a perforated opening formed in the
pressure vessel, wherein the pressure vessel was provided with one
end through which a compressed air'is supplied to the pressure
vessel so as to pressurizé_ the inside of the pressure vessel.

Then, a edge part of the steel—piate-made pressure vessel was
connected with an air compressor by way of a pressure gauge and the
inside of the pressure vessel was pressurized. When the inner
pressure of the pressure vessel reached 14 kgf/cm ?, the aluminum
foil of the safety valve chip for battery use ruptured.

Thereafter, several safety valve chips for battery use were
hermetically welded to the steel-plate-made pressure vessels and
the inner pressure of the pressure vessels was increased. The
aluminum foils of all sefety valve chips for battery use ruptured
at pressures which fall in a stable pressure range of 12 to 18

kgf/cm ? .

( example 2 )

A multiplicity of circu_lar perforated openings having a
diameter of 3 mm were formed in a cold-rolled stainless steel plate
having a thickness of 60 £ m in a lattice pattern by means of a
punching press, wherein a pitch between openings was determined to
be 10.5 mm. This perforated cold-rolled stainless steel plate and
a nickel foil having a thickness of 10 4 m were inserted into a
vacuum chamber of an argon gas atmosphere having a vacuum level of 1

X 10 "% Torr so as to provide an etching of approximately 500



wi th follow ng preferred exanples. 1g*)xarrplel A mltiplicity of
circul ar perforated openings having a aneter of 3 M were forned on the
cold rolled steel plate (- netal plate ) having a thickness of 90 [err] m
in a lattice pattern by neans of a punching press, wherein a pitch between
openi ngsangstroet en nonedstpfhee 16£ nhe Acoldkedl pédt pegfoantad stalintkssss

of 2 [err] mwas applied to both surfaces of the perforated steel plate by
means ofstedltplabe hahd pnodtcking nef abppnbsimately 500 aidgstromtah the
substrate and an alum numfoil having a thickness of 30 [err] mwere

i nser t edcorrespondingneorasyaface of dthpnnjekel afeddphar ethmviniagnetyaouum

| evel of 5 X 10[err] Torr so as to provide
sputtering method. Subsequently, the etched surfaces of the the

cold-rolled and perforated stainless steel plate and the nickel
foil were laminated and both plate and foil were pressure welded by
a cold rolling at a room temperature and with a rolling reduction
rate of 0.5 % to produce a clad material. Seven safety valve chips
for battery use were punched from the clad material, wherein each
safety valve chip was of a rectangular shape having a longitudinal
length of 10.5 mm and a lateral length of 7.5 mm and was provided
with one circular opening at the center thereof._

These safety valve chips for battery use were hermetically
welded to a steel-plate-made pi‘essure vessels in the same manner as
that of the example 1. and as a result, the nickel foils of seven
safety valve chips for battery use ruptured at pressures which fall

in a stable pressure range of 13 to 17 kgf/cm? .

( example 3 )

A multiplicity of circular perforated openings having a
diameter of 3 mm were formed on a cold rolled steel plate ( metal
plate ) having a thickness of 90 4 m in a zigzaging pattérn by means
of a punching press, wherein a pitch between openings was
determined.to be 10.5 mm. A nickel plat'ing having a thickness of 2
4 m was applied to both surfaces of the cold rolled steel plate in
the same manner as that of the example 1.

This nickel-plated and perforated steel plate and a copper
foil having a thickness of 10 4 m were inserted into a vacuum

chamber of an argon gas atmosphere having a vacuum level of 2 X



an-etching of approximtely 100 angstrom on one surface of the netal
substrate and an etching of approxi mat gl7y"2000 angstromon the

correspondi ng one surface of the alum numfoil by the nmagnetron sputtering
met hod. Subsequently, the nmetal substrate and the alumnumfoil were

I'ani nat q@ N @ F@BREss itRbrbbedet b ed chunbas e appfoxiiemeayes 00 Hegs trgm each
ot her and pressure welded by a cold rolling at a tenperature of 120 [err]C

and wi t braonel suirgacedott tha miatleel flated tskgaloglateaantagn netehindg . o\

multiplicity of safety valve <chips for battery use were punched fromthe

cl ad matappmiximdielst 500cangstuérion Lheveorhepponding ane surfagel af thape

having Ei:oPper foil by the magnetron sputterim_;; m1e51:lj-od. Subsequently, the
etched surfaces of the nickel plated stéel plate and the copper
foil were laminated and pressure welded by a cold rolling at a room
temperature and with a rolling reduction rate of 0.3 % to produce a
clad material. Seven .safety vaive chips for battery use were
punched from the clad material, wherein each valve element was of a
circular shape having a diameter of 10.5 mm and was provided with
one circular opening at the center thereof.

These ‘safety valve chips for battery use were hermetically
welded to a steel-plate-made pressure vessels in the same manner as
that of the example 1. 'fhen, the inside of pressure vessel was
pressurized in the same manner as that of the example 1, as a result

the copper foils of these safety valve chips ruptured in a stable

pressure range of 10 to 15 kgf/cm ? .

( control - heating pressure welding under high temperature )

In a nickel-plated steel plate which was prodﬁced in the same
manner as that of the example 3, a multiplicity of circular
openings were formed in a zigzaging pattern in the same manner as
that of the example 3. This nickel-plated steel plate and a copper
foil similar to that of the the example 3 were laminated and heat
sealed under pressure in a vacuum furnace at a temperature of 1000
C , seven safety valve chips each having a circular dent at the
center thereof were produced from this laminated plate. After
hermetically welding these safety wvalve chips to the pressure

vessel, the inside of the steel-made pressure vessel was



| oigi tudinal length of 10.5 mmand a | atgeral length of 7.5 mmand was
provided with one circul ar opening at the center thereof. Each
safety valve chip for battery use was welded to a  steel-pl ate-nmade
pressure vessel in such a manner that the safety valve chip hernetically.
cl osed sppesswrited, gpehasga fresEd thetihicke pbriesdisr of vidsesd saffediyeivalivbe
pressure vessel was provided with one end t hrough which a conpressed air
i s suppl ¢ketps cuptanadeisw wideypessHursorasge®hHiass 02i Jogf fmm Fnsi de of the
pressure vessel . Then, a edge part of the steel-plate-nade pressure
vessel was connected with an air conpressor by way of a pressure gauge and
the inside of the pressure vessel was pressurized. Wen the i nner

pressure of tfig A% dggctebed enriPinragtheftad materdad asratmingo |

of the safe val ve chip for hatter se ruptured. Thereafter,

sever al 1_s%f{éi{? 9ﬁ?§§n£hilﬁé’ef15r"°ﬂaf:f%‘r y’%&&%&@"ely used for producing
safety valve chips which rupture accurately at low pressures which

fall in a stable pressure range on a mass production basis.



h_ér'rretical'ly wel ded to the steel-plat e;}g):rade pressure vessels and the inner
pressure of the pressure vessels was 1 €ased. The alum numfoils of all
sefety valve chips for battery use ruptured at pressures which fall in a
stabl e pressure range of 12 to 18 kgf/cm[err]. (exanmple 2 ) A
mul tiplicity of circular perforated opemnagsshaving a diameter of 3 mm
were formed in a cold-rolled stainless steel plate having a thickness of
60 g min a lattice pattern by neans of a punching press, wherein a pitch
bet ween openings was determined to be 10.5 nm This perforated cold-rolled
stai nl ess st eellpl at €ladd maxexiielekcofipiriisiagi agmetahi skhessate phofdédel m
were inserted into . a_, | . ) i
with a multiplicity of perforated openings therein and a metal foil
laminated on said metal substrate so as to close said perforéted
openings.

2. Clad material, wherein at least one surface of a metal
substrate and corresponding one surface of a metal foil are
respectively subjected to a dry etching and said metal substrate
and said metal foil are laminated in a manner that said etched
surfaces face each other.

3. Clad material, wherein one surface of a metal
substrate is Subjected to a dry etching and said metal substrate
and a metal foil are laminated in a manner that said etched surface
of said metal substrate defines a laminating surface.

4. Clad material according to any one of preceding claims
1 to 3, wherein said metal substrate or said metal foil is provided

with a nickel plating.

* [ L M s *



vacuum chanber of an argon gas atnosphere having a vacuum level of 1 X
10[err] Torr so as to provide an etchTré)oo“I' approxi mately 500
-. 16 - angstrom on one surface of the cold-rolled perforated stainless
steel plate and an etching of approximately 500 angstrom on the
correspondi ng one surface of the ni aggirrie by the magnetron sputtering
nmet hod. Subsequently, the etched surfaces of the the <cold-rolled and
perforated stainless steel plate and the nickel foil were |am nated and
both plate and foil were pressure welded by a cold rolling at a room
t enper at ur e andChlatimatenial mpmpedisetsi ametal &ubistGafeltwhbchrisd provddeldad
material. Seven safety val ve chips )
with a multiplicity of perforated openings therein and a metal foil
which is laminated on the metal substrate to close the perforated
openings. To-produce such a clad material, at least one surface of
the metal substrate and corresponding one surface of the metal foil
are respectively subjected to a dry etching and the metal substrate
and the metal foil are laminated in such a manner that the etched
surfaces face each other. Alternately, only one surface of the
metal substrate is subjected to a dry etching and the metal
substrate and the metal foil are laminated in such a manner that the
etched surface of the metal substrate defines a laminating
surface. It may be possible to provide a nickel platihg on the metal
substrate or the metal foil. The clad material can be effectively
used for producing safety valve chips which rupture accurately at

low pressures which fall in a stable pressure range on a mass

production basis.



for battery use were punched fromthe clad material, wherein each safety

val ve chip was of a rectangul ar shape: having a longitudinal Ilength of 10.5
mmand a |lateral length of 7.5 nnjand was provided wth one circular
openi ng-at the center thereof. i These safety valve chips for battery

use were hernetically welded to a steel-plate-nade pressure vessels in the
sanme manner as that of the exanple 1. and as a result, the nickel foils of
seven safety valve chips for battery use ruptured at pressures which fal
in a stable pressure range of 13 to 17 /gE%cn{err]. (exanple 3 )

A multiplicity of circular perforated openr?ngs having a dianmeter of 3 mm
were fornmed on a cold rolled steel plate ( nmetal plate ) having a

thi ckness of 90 [err] min a zigzaging pattern by neans

[ﬁgl]




of "a punching press, wherein a pitch between openings was deternined to be
10.5 mm A nickel plating having a thickness of 2 [err] mwas applied to
both surfaces of the cold rolled steel plate in the same manner as that of
t he exampl e 1. This nickel -plated and perforated steel plate and a
copper foil having a thickness of 10 [err]mwere inserted into a vacuum
chanber of an argon gas at nosphere having a vacuum |l evel of 2 X

- 17 - 10[err] Torr so as to provide an etching of approximately 500
angstrom on one surface of the nickel plated steel plate and an etching of

Q
[‘ﬁq_Z] |




approxi mately 500 angstrom on the correspondi ng one surface of the copper
foil by the magnetron sputtering nethod. Subsequently, the etched surfaces
of the nickel plated steel plate and the copper foil were |am nated and
pressure welded by a cold rolling at a room tenperature and with a rolling
reduction rate of 0.3 %to produce a clad material. Seven safety valve
chips for battery use were punched fromthe clad material, wherein each
val ve el ement was of a circular shape having a diameter of 10.5 mm and was
provided with one circular opening at the center thereof. These
safety valve chips for battery use weBe hernetically welded to a
steel -pl ate-made pressure vessels in B sane manner as that of the
exanple 1. Then, the inside of pressure vessel was pressurized in the sane
manner as that of the exanple 1, as a result the copper foils of these
safety ﬁ%igﬁ chips ruptured in a stable

>le : 5|
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pressure range of 10 to 15 kgf/cnferr]. (control - heating pressure
wel di ng under high tenperature ) - In a nickel-plated steel plate which
was produced in the sane nanner as that of the exanple 3, a nultiplicity
of circular openings were fornmed in a zigzaging pattern in the sanme manner
as that of the exanple 3. This nickel-plated steel plate and a copper.

foil simlar to that of the the exanple 3 were | am nated and heat seal ed
under pressure in a vacuum f.urnace at a tenperature of 1000 J[err]€ seven
safety val ve chi ps each having a circular dent at the center thereof were
produced fromthis |lam nated plate. After hernetically welding these

safety valve chips to the pressure vessel4- he i nside of the steel-nade
pressure vessel was 5

GTEDI
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- 18 - ‘pressurized, and as a result the nickel foils of these safety
valve chips ruptured in a wide pressure range of 4 to 12 kgf /cnferr].

As has been described heretofore, the clad material according to the
present invention can be effectively used for producing safety valve chips

whi ch rupture accurately at | ow pressures which fall in-a stable pressure
range on a mass production basis. - 19 -
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GLAIMS .t ~1. Oad material conprising a netal substgake roAded d
with a multiplicity of perforated openings therein and a metallt> foil
| ami nated on said nmetal substrate $0p@Swbls W@Ee Sai d perforé @

2. Cad material, wherein at |eagf gnessugs age of a netal g rat o0

corr esPMCIRg one Sur ASR B TIPS A STl Z“J?*g,ef; ot

a mannar that said etched surfaces face each other
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(57) Abstract 19

To provide a cladding material which accurately bursts at
a predetermined pressure to release an inner pressure, and is casy
to manufacture and used for safety valves. The cladding material
(19) comprises a metallic substrate {(20A) formed with a
multiplicity of through holes (C) and a metallic foil (20B)
taminated on the metallic substrate (20A) so as to close the
through holes (C).




and a net al

foil are lamnated in a nmanner that said etched surface of

said netal substrate defines a |am nating surface. 4. d ad

mat erial according to any one of preceding clainms 1 to 3, wherein said

metal substrate or said netal foil is provided wth a nickel platinag.
.(57) BEH
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