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¥ SAFETY VALVES ™ 1. Field of the Invention The present 3rj o
relates to especially safety valve elenents for battery use, battery case
lids provided with safety valves and batteries produced by enpl oying such
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Rel ated Art Conventionally, batteries which use al kaline netal such as
li t hi uPRFESHE WOES pot assi um as an active material on negative electrode

t hereof sonetimes suffer fromrupture when the pressure in the batteries
Is abnormally elevated. To prevent the occurrence of such a rupture,
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uses al kal i ne rreta as t tive mat e electrode’is urther
requi r edem@nitaVend battery case 1lids.

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 rﬁpture when the pressure
in the batteries is abnormally elevated. To prevent the
occurrence of such a rupture, safety valves which can release the
pressure outside in the case that the pressure in the battery is
excessively increased have been requested and accordingly various
safety valves having different mechanisms have been proposed. To
assure the safety in which even when the battery ruptures by a
chance, broken pieces or contents of the battery do not scatter
ocutside and cause no damage on human body, the batteries must be
operated at a low pressure not more than 30 kgf/cm ? .

The dry-cell type battery which uses alkaline metal as the
active material negative electrode is further required to have a
high sealability. A Japanese laid-open publication SHO 63-285859
discloses 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 made thin by cold rolling using a press until the

thickness of the rolled part becomes half of the original thickness



high sealability. A Japanese |aid-open,publication SHO 63-285859 discloses
‘a safety val ve which can rel ease the |nner pressure of such a battery
outside. In this battery, a part of the wall of the battery vessel is made
thin by cold rolling using a press until the thickness of the rolled part
beconescfiathe gparhe Aceprdingly ckhess the inner pressure is elevatated

-2- of the part. Accordingly, when the inner pressure is elevatated and
reachesaadp?%‘!féh%? # PE@GeteaTlipedsinner presswtendthadiiinmed wald paptur ed
and the, inner pressure is, rel eased outside. To rel ease the inner
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hardening 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 pressure.

Furthermore, although an etching method has been proposed to
make a part of the wall of the battery vessel thin, it is extremely
difficult to control the thickness of the thinned wall part after
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 release pressure at a low
pressure of not more than 30 kgf/cm ? , a reliable reproductivity of
the pressure releasing operation cannot be achieved.

To resolve the drawbacks of the above-mentioned methods,
Japanese laid-open publication HEI 5-314959 discloses a method in

which one metal plate having a perforated opening and the other



etching and the thinned wall part is a£>t to suffer frompin holes.
*Accordingly, thinned wall parts of all”battery vessels must be subject to
a pin hole test for detecting the presence of pin holes. ~Inthis
manner, W th the above-mentioned nethod, it is extremely difficult to
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physical properties such as a neltlng poi nt I n Japanese
plates are restricted to same metals or metals having similar

physical properties such as a melting point. 1In 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
obtain 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
sophisticated operation and facilities. Furthermore, these thin
metal plates are usually produced by a cold rolling so that they are
subjected to hardening 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 so that the
mechanical strength of these metal plates differs before and after
the heat sealing operation. Accordingly, the properties of the
materials before heat sealing, the heating temperature and the
heating time have to be strictly controlled to make the mechanical

strength ( the limit strength which causes a rupture as the inner



| ai d- open publication HEl 5-314959, _st4ai_nl ess steel, iron, nickel and the
-like are proposed as preferable materials for these netal plates.

Furthernore, to heat seal these netal plates under pressure to obtain a
uni form adhering strength, an oxide filmforned on the surface of these
nmet al plrasenneusits beElevatmdd) bgf bbhéi mgtal pheatesk eonstdnthearftehe haxttal

pl ates nust be heated at a high tenperature of approximately 1000 [err]C
so th®&ealtimg. nethod necessitates a sophisticated 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-nentioned netal plates which are hardened by wor ki ng are anneal ed at
a high tenperature during tHeMA&F: O J&E FIVENTEPNpressure so that the
mechani cal strength of these nmetal plates differs before and after the
heat sealing operation Accordingly, the properties of the materials
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manufactured readily.

It is another object of the present invention to provide
battery case lids which are provided with such safety valve
elements.

It is still another object of the present invention to provide
batteries which incorporate such safety valve elements and such
battery case lids.

The safety valve element according to the present invention
comprises a metal substrate which is provided with a perforated
opening and a metal foil which is stacked on the metal substrate to
close the perforated opening. The safety valve element may
preferably be provided with a plurality of perforated openings.
The metal substrate may be made of one selected from a group
consisting of steel plate, stainless steel plate, copper plate and
aluminum plate. The metal foil may be made of one selected from a
group consisting of steel foil, stainless steel foil, copper foil,

aluminum foil, nickel foil, and nickel-iron alloy foil.

The battery case 1lid which is provided with the safety valve
element may preferably be produced by forming a perforated opening

on the metal substrate, pressure welding the metal foil to the



Accordingly, it is an object of the prgsent invention to provide safety
*val ve elenents which rupture precisely at a predeterm ned pressure in a
| ow pressure range and can be nanufactured readily. It is another
obj ect of the present invention to provide battery case |ids which are
provi dedelal swhatrate etoy asatveclesentnt perfordtied opeiilng andt herdehpect
of the present invention to provide batteries which incorporate such
saf et y Vi metalespbssrake iniecha anme di¢ oxge | i ds. The safety val ve
el enment according to the present invention conprises a netal substrate
which is prd® GBFTRFYIMAY prFetrrakly ke dnavidas witheeithesi thehsafiety

st acked t he tal substrate to, . close the perforated opening. The
saf ety Y/%?Y/% eefg%é’?ﬁt e ﬂﬁﬁ e&’é‘ﬁ‘ltfrye FRS¢ ddddwi PRO¥igedr aVith othe
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a group consisting O e, stainless steel plate,
alum numplate. The nmetal foil may be nade of one selected froma group
consisting of steel foil, stainless steel foil, copper foil, alum num

forl, miokel Toll. BRI bRScREORTBN OF thelpraymngs The Dattery case |id

which is provided wt e safety valve enent ‘may preferably be produced
by formng a perforated opening on the netal substrate, pressure wel ding
the metal foil to the

Fig. 1 is a schematic perspective view of a safety valve element

for béttery use according to the present invention.

Fig. 2 is a schematic perspective view showing the manner of
mounting the safety valve element to a battery case lid according
to the present invention.

Fig. 3 is a schematic perspective view showing the manner of
producing the composite material.

Fig. 4 is a schematic perspective view showing the manner of

producing the composite material.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The safety valve elements, the battery case lids provided with
the safety valve elements and the battery which incorporate the
safety valve elements or the battery case lids according to the
present invention is hereinafter explained in detail in
conjunction with attached drawings.

As shown in Fig. 1, a safety valve element D according 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 mounted on

the metal substrate A. The metal foil B is provided with a



- 5- nmetal substrate so as to close_tpe_perforated opening and nol di ng

*the netal substrate into a case lid form The battery may preferably
be provided with either the safety valve elenent or the battery case lid
provided with the above-nentioned safty val ue. BRI EF

DESCRI PFeORPTRLEROPFANGS The safgty valive elephetst D caeisperbduecd ew
of a safety valve elenment _for batte]rogy use according to the present
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detai | phesent invention should have a thickness of 5 to 50 g m
corresponding to the kind of metal of the metal foil B. In the case
that the thickness of the metal foil B is less than 5 g m, if the
safety valve element D is mounted on the battery as the safety
valve, the metal foil B readily ruptures when it is dropped on a
working table or the like. In the case that the thickness of the
metal foil B is more than 50 4 m, even when the metal foil B is made
of a metal having a low rupture strength, if the safety valve
element 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 pressure far exceeding 30 kgf/cm? is applied to the metal
foil B. Accordingly, when the vessel ruptures as the inner
pressure thereof is elevated, broken pieces are scattered and the
content also is spilled outside thus causing a damage on a human
body. Furthermore, the use of such safety valve elements 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 safety valve
element 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.



conjunction with attached drawings. _ 5 As shown in Fig. 1, a safety valve
‘el ement D according to the present invention has a |amnar sheet-like
construction and is made of a netal substrate A and a netal foil B which
is mounted on the netal substrate A. The netal foil Bis provided with a
-6-  perfdmathe opeaithptCthehnetalefqgil & ie ebedefos usagms béherothaad
froma conposite clad material 19 as will be described |later. The

saf ety RAFRrieencny kinde ofdmegalofohd Brearnehe useshonothei gondition
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el ementmdd5i A ARk 9 dhed Eﬁﬁa’i&bﬁsig the safety valve, the netal foil B
does not rupture at a pressure bel ow 30 kgf/cm[err] and ruptures when a

pressure faltasaghding idt&gifoen] Biddn be ppedheddtin Bhg FBbAh ndOhddS;
Accordi ngly, when the vessel ruptures as the inner
the metal foil B is generally produced by thinning a strip by a cold
rolling or by further annealing the cold rolled strip.
Although the thickness of metal sheet used for metal substrate
A is not specifically limited, it should be 0.03 to 0.50 mm usually
and preferabaly 0.05 to 0.10 mm in view of the strength, economy and
for facilitating welding or calking the safety valve to the vessel.
In the case that the metal substrate A is used for the safety
valve element 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,
stainles steel plate, copper plate, nickel plate and nickel-iron
alloy plate since the metal substrate A is required to 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 corrosion resistacnce against
alkaline aqueous solution, any metal plate can be used on the

condition that the metal substrate A is stable against a content



pressure thereof is elevated, broken_péeges are scattered and the content
-al so is spilled outside thus causi ng a damage on a human body.

Furthernore, the use of such safety valve elenents D having thick netal
foil Bis not favorable in terns of the manufacturing cost of the
batterifslled innthgevesselvhad the performainceBdfs tsedaistetye iaf by
valve elenent D of the battery, the kinds of netal foil B should
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of electrol n the case
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general ly produced by thinning a strip a cold rolling or by furt
anneal itlgidried &gl dheatdled relllipg is directly used as the metal substrate

A or the metal plate which is produced by annealing the thinned
metal plate after cold rolling is used.

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 valve element D is mounted. Accordingly, there is no
restriction on the size and shape of the perforated opening C. 1In
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 having 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 a section of a line
such as a straight or curved slit having a desired width.

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

The perforated opening C is formed by punching a cold-rolled

thin plate produced by means of a punching press.



Al t hough the thickness of netal sheet yised for netal substrate A is not

.specifically limted, it should be O. to 0.50 mmusually and preferabaly
0.05 to 0.10 nmin view of the strength, econony and for facilitating
wel ding or cal king the safety valve to the vessel. In the case that

the netal sIbsthet cakiel $hededa f plutakisyf efypevdbretelicmpeningshiChare made
of two netal pieces, nanely, the netal foil B and the netal substrate A,
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etching method.

Furthermore, one safety valve element D for battery use may be
provided with a plurality of perforated openings C. The safety
valve element D may also be produced by adhering the metal foils B
on both sides of the metal substrate A. In this case, even when cne
one metal foil B adhered on one surface of the metal substrate A is
broken, so long as the other metal foil B adhered to the other
surface of the metal substrate A is not broken, the function of the
safety valve can be assured.

In Fig. 2, the manner of mounting the safety valve element D to
a battery case 1id E is shown. The battery case 1id E is previously
provided with an opening F and the safety valve element D is mounted
on the bottom of the battery case 1lid E. The periphery of the
safety valve element D is fused by laser beams and is welded to the
battexry case 1id E in such a manner that the safety valve element D
hermetically closes the opening F.

Although, as described above, the safety valve element D for
battery use is usually mounted on the vessel by welding in such a
manner that the safety valve element D closes an opening which is

formed in a part of the vessel of the battery, it is possible to



substrates A Furthernore, altho the above-nentioned netal
substratee A can be produced by any nethods, in general, the nmetal plate
which is thinned by the cold rolling is directly used as the nmetal
substrate A or the netal plate which is produced by annealing the thinned
met al pfers tife batdery case iligl Esliussrtly fromTahaeatlasubsbeatatze hAviiag
provided with at |east one perforated opening C. The size and shape of the
per f or aReBhbpknesy arepterrthaptp@fiithe vodinaryi netadd ssbhsperase Bhe
vessel on which the safety valve elenment D is mounted. Accordingly, there
is no VBEIPiRd @ﬁrgﬁrlaﬁ@ds?ggnm Epgptogred Ha pepimptaksubsdmaty end| E
general ,, the perfora en| ng.C.should preferably be of a circular shape
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punching a cold-rolled thin plate produced by neans o punchi ng press
perforated apertures C are pressure welded by a cold rolling in a

vacuum, for example, by a method disclosed in Japanese laid-open
patent publication HEI 1-224184.
In Fig.3 and Fig.4, an apparatus for producing the composite
material 19 by pressure welding a metal foil 20B and a metal
substrate 20A making use of a cold rolling is shown in a partial
cross section. As shown in these drawings, the metal substrate 20A
and the metal foil 20B which are respectively reeled out from
uncoilers 3A, 3B are wound around electrode rolls 6A, 6B which have
portions thereof protruding toward an etching chamber 22 and then
they are subjected to a sputtering treatment so as to be activated.
Subsequently, thé metal substrate 20A and the metal foil 20B are
subjected to a cold rolling by a rolling unit 2 mounted in the
vacuum chamber 1 thus producing the composite material 19 which, in
turn, 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 9.

In the production of the composite material 19, a magnetron

sputtering method is employed for activating the metal foil 20B and



-9- In the case that a plurality of perforated openings C are forned
-in the netal substrates A these perforated openings-C are preferably
arranged in a geonetrical manner such as a lattice-like pattern or a

zi gzaging pattern. The pitch or interval between the perforated openings C
i s det ekhereettalh subfdatated 2@8nand a mighefrefiluenty power cfourtme dwfveing wal ve
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restri cEE898pREY T rengeyet 1 Heo g} Mimtiad copdoviegs asan pewesr gedrice for
conventi nal . manpners such as punchi 3:911 out the netal substrate A with a
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safety valve elenent Dto a battery case I1d E 1s shown. attery  case
lid E isygteniveesines aﬁgyéﬂéﬂam;{r%ﬁ@m@%&b@g F and the safety valve

el enent %) is mounted on the bottom of the battery case Iid E. The
periphery of Folte stafeiygvahee etenkny Rperdtisms, byreasannbedly anghes
wel ded to the battery case lid E in such a manner that the safety val ve
el enentvéruum level in the etching chamber 22 has to be held not more than

@ _th
8

1 X 10 ** Torr by means of a vaccum pump {an air exahust pump) 25 and
argon gas is charged into the etching chamber 22 so as to produce an

* Torr.

argon gas atmosphere with a vacuum level of 107! to 10~
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.

In the case that the presssure of argon gas is below 1 X 10 ~*
Torr, it is difficult to assure the stable glow discharge and a high
ion flow is not obtained so that a high speed etching becomes
difficult. On the other hand, in the cése that the pressure of

argon gas exceeds 1 X 107!

Torr, the average free path 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 deteriorated. Accordingly, the pressure of argon gas

in the etching chamber 22 should be in a range of 10 "' to 10 ~*



hernetically closes the opening F. _ Al t hough, as described above, the
safety valve element D for battery use is usually nmounted on the vessel by
welding in such a manner that the safety valve elenment D closes an opening
which is forned in a part of the vessel of the battery, it is possible to
- 10 - Tof¥smthe battery case lid E directly froma netal substrate A
having a thickness greater than that of the ordinary netal substrate A
wherein a peFishat EBCopese ngtire i magnatsn n spudteatialg smeshodt eiandthehen a

metal foil is welded to the metal substrate to close the opening F and
then t HRFAREGFLQR G composd teppakerial tdy Ba etehingdspeed @ftmore thas
case, t tal foil supports the entire bottom surface of the battery
case it B angStEI‘H%/W'Pe‘?eﬂanf | oBtaiBetngo fehat evMa @ stabAeppsdi BBack t h

f .wel ded by, | d l1jng in a vacuum
Por Zi?n%?%?pﬁiyﬁﬁrf‘;w%% & ee?@&%fvga%aﬂéﬁ%ﬁamoé%n i’ﬁg?‘ltélﬁPl?tle
[ ' [ 1- . .3 a i 8. n_apparatu 0
Brgghgﬁ%ﬁé‘ﬁigéﬁrﬁogéﬁgﬁlﬂ% ees“ aILIrbf9b%§/L§8r gg%ﬁr%ﬁ%?%i%%&%ﬁ?ﬁ?af& ZfZOB
d t n a r [ IS own
ot 2l R s GELER, Pt UL BelaE, And® iRebrll WidR S Brbib Tt e 20n
and t hey@msui@ake20P oMeinghoaf Sr HEBRE Heoklds " eel ed out from uncoilers

3A, 3B are wound around el ectrode rolls 6A, 6B which have portions thereof
protrudi ng taMehdugh i< NokerdhgnbervaAnidndeB8Nin the vacuum chamber 1
lowers the welding strength of the metal foil 20B with the metal
substrate 20A, the allowable lower limit of the vacuum level should
be 1 X 10 ™' Torr in view of industrial economy, while the upper
limit should be 1 X 10 "% Torr since this vacuum level still assures
a sufficient welding strength.

Furtheremore, in the production of the composite material 19,
it is unnecessary to heat the metal foil 20B and the metal substrate
20A during the cold rolling. Namely, in the cold rolling, there is
no problem even if the temperature T of these metals 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
caused by heat generated at the time of rolling and accompanying
deformation of these metals 20A,20B affer being cooled, the upper
limit of heating should be in a range of, preferably not more than
300 C so as to prevent the occurrence of recrystallizing annealing
and generation of an alloy layer or carbide which deteriorates the
welding strength between these metals 20a,20B.

The rolling reduction rate at the time of cold rolling the



they are subjected to a sputtering tr ment so as to be activated.
‘Subsequently, the netal substrate 20A ahd the netal foil 20B are subjected
to acoldrolling by arolling unit 2 nounted in the vacuum chanber 1 thus
produci ng the conposite material 19 which, in turn, is wound around a

coi | er metahefoil I208)andi the mesadr substdatei20R ahowld pgefedably ase devi ce
18 for descending the roll. The vacuumlevel in the vacuum chanber 1 is
hel d i nte B&ngé of Nam¢lys]|cedd rolléng] shoud he acdmrimi sbredwiahutmepunp
9. In the production of the conposite material 19, a nmagnetron

sput t er FRGLABIHRAYGE o rafedhirh Ladilsat R fgrange mxnyesssd agoRobinews .

-11- the netal substrate 20A and a_hi gh_frequency power source having a
frequency range of 1 to 50 MHz0+ & %r’rﬁl e@Vas a power source for
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vacuum | evel i mjhe eheBiBACEHABnEsEeE At L cBOLCAR Schian 1 X 10

[err] Torr by nmeans of a vaccum punp (an air e ust punp
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
contact area if pressure is not applied to them and under a
conventional cold rolling welding method, a strong welding cannot
be obtained even if the surfaces of these metals are sufficiently
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 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 ana 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



argon gas is charged into the etchin? ﬁ%qpber 22 so as to produce an argon
‘gas at nosphere with a vacuum |l evel o [err] to 10[err] Torr. Then, a

hi gh frequency current is supplied between the etching chanber 22 and the
vacuum chanber 1, plasma is generated and the surface of the nmetal foi

20B andcepmpositetamateriahel fretad b sirmaol R0A e drotimdentjaatioad bae

et chi ng. In the case that the presssure of argon gas is below 1 X 10
[err] formedien thegpprfaces afbothesigtal foidt 208 engl thedietriasgbsamata hi gh
ion flow is not obtained so that a high speed etching becones difficult.
On the éPAer TB®R: the meradadeidndPBt Ardpike sigtabfsu gdP2exepeltie 1 X

10 T the_gverage free path of the sputtered atons beconmes short
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angstrom mn can be obtained so that "even a stal15 e an oXi
formed po11ihegdddrictiBnangtéit ani um can be conpletely

Considering a case that the plate is subjected to a cold
rolling and a finishing rolling or to a refining 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 a rolling rate gives rise
to an extremely high work hardness. For pressure welding the metal
foil 20B and the metal substrate 20A in a cold rolling, in place of
rolling roll, a pressurizing mechanism such as a press which is
provided with a flat block at one side thereof or flat blocks at

both sides thereof can be used.

The present invention is further explained 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 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 # m was applied to both



renmpved in a few mnutes. The oxi de_fillg‘n_f ormed on the surface of copper,
steel, stainless steel and anorphous retal can exhibit clean surface by
etching for a few seconds. Al t hough the |l owering of vacuum |l evel in
t he vacuum chanber 1 |lowers the welding strength of the netal foil 20B

wi t h t heurfages efijshe merfzoataheteeflopdbte byvieeans mf aWatie basbutim

| evel should be 1 X 10[err] Torr in view of industrial econony, while the
upper PFrafgceoBelabsubstrREgerr] Torr since this vacuum | evel still
assures a sufficient_welding strength. . Furtherenore, in the
product i on of PifeMEbApErpRL ?%ﬁ“éilgai}g?lum%n?g ik dessinng) & Shaskpegge
metal foLl 508 and_t he et al saxbst{ate 20A during.the cold rolling.
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deformation of these netals 20A 20B affer I ng coo t he upper Imt of

heat i ngr B Vdre-iponitl idd R8s fad¥ Sifef ROl vRBn AP £8 11 N t r30RabREE}EnSO as
to prevent the occurrence of recrystallizing annealing "and genération of

an al | oypheyering eethode Wsudked@lettilyatidfe thetalekdbgratecnaid taeween
t hese netal s 20A, 20B. The rolling reduction rate at the tinme of cold

rollingallmeinum foil were laminated in a manner that the etched surfaces

fat )

of them are contacting each other and pressure welded by a cold
rolling at a temperature of 120 C and with a rolling reduction rate
of 3 % to produce a or a composite material. A multiplicity of
safety valve elements for a battery use were punched from the
composite material, wherein each valve element was of a
rectangular shape having a longitudinal length of 10.5 mm and a
lateral width of 7.5 mm and was provided with a circular opening at
the center thereof.

The periphery of each valve element for a battery use was
fused by léser beams and was welded to a steel-made pressure vessel
in such a manner that the valve element hermetically closed a
perforated opening formed in the pressure vessel.

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

Thereafter, several safety valve elements for a battery use



- 13 - nmetal foil 20B and the netal féjb_strate 20A shoul d preferably be
0.1 to 30 %. Nanely, cold rolling shoud be carried out with the rolling
reduction rate which falls in a range expressed as foll ows.

0.1 [err] RJerr] 30 wherein, R= (Tl + T2 - TA) X 100/ (T1 + T2) (9
Tl : t hWwekmepsodfceadt tin fhe |samef oraneressdrthegbriesgures which Baused a
t hi ckness of netal substrate before pressure wel di ng TA

t hi cken&4ptBrecopgesnasigecpilunippnafocbmasr sespagtively measured offihieng
reduction rate ( %%:(M The lower limt of the rolling reduction rate is’
det er mi REGSBYTer dasthni fgevedt shat alawmEinum fohbygRLt IAd s use ey ovailive
plate appears flat at.  a glance, there are many fine or m.nute .

i rregul QE%"F@iSoFOF nﬁeh?‘ég?’c%su§% THRERLSSE Gop iR assrdesy i igd fied 1 dgmd i nt o
cotact wth.,each other with an_extr ly_insyfficient contact area if
pressur\é\%ﬁglﬁtﬁreaﬁfﬂﬁeeﬁaflget%g amﬁ[éeda%#/%m conventional cold rolling
wel di ng nmethod, a strong wel ding cannot be obtained even if the surfaces
of these nmetals are sufficiently activated. Accordingly, in the

conventipr@m@&{@ E&Qﬂg‘.’ﬁ’@'ﬁi)”g met hod, the oxide filmon the surfaces

of these netals are subjected’to a plastic flow by cold rolling with a

hi gh rollingonr eiectd e I 8F €afo allh@linllte PlWaAGRSiH #h8 pebakmiakeil
partially activated and the contact area is increased and then the tal s

are wekdtlle@atd Diitickrdsss & 0a2nihhog hdhe s arewith LheerRbaksogr e

not necessarily flat. Nanely, the netal substrate is
0.1 mm was provided at a plurality of circular portions thereof
each having a diameter of 3 mm until the remaining thickness of the
circular portions became approximately 30 4 m. A plurality of
safety vallves which were provided with half-etched circular
portion were produced by punching the aluminum plate in the same
manner as that of the example 1. These safety valve elements were
hermetically welded to a steel-made pressure vessels in the same
manner as that of the example 1. Then, the steel-made pressure
vessels were pressurized in the same manner as that of the example

1. The half-etched portions of the safety valve elements ruptured

in a relatively wide range of 6 to 24 kgf/cm?.

{ example 2 )

A multiplicity of circular perforated openings having a
diameter of 3 mm were formed on a stainless steel plate rolled by a
cold rolling and having a thickness of 60 4 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 u m were

inserted into a vacuum chamber of an argon gas atmosphere having a



prelimnarily finished at a reasonabl e;4oughness and then is subjected to
the cold rolling wwth a high rolling reduction rate to mnake the surfaces
flat and snoot h. On the other hand, in purifying the surfaces of the
netal foil 20B and the netal substrate 20A by the nethod for producing
- 14 - vagghposieekheeérilak 19 °nBorewsir ragyutar prioysder amdehchingnofare
formed on the surfaces of the metal foil 20B and the netal substrate 20A
Then, tRBPKERAMALSEly OB angstremner 4Pne fHrtfage %Mﬁﬁm—?@@| lnaeld
wel ded while keeping a surface flatness at the tinme of inish rolling
carri edPSEFOEéFSBeSgPéQiﬁﬁé fefet Rl et andiiayIsEchigg pivepprexdmatie ly
pressur a_ sufficient ﬁﬁont act area,Js aobtaine a . netallic bonding
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rolling rate gives rise to an extrene hi gh wor rdness. pressure

wel di ngptbgsiebabe1ddd Iby2@Bcand +HELIRS alt aUbsSbhotEmpdfatird £ %itdl Li ng,

in place of rolling roll, a pressurizing mechanism'such as a press which

i's proxoledngitddwctiod ddteckfal.Die 56 darddiriecal comipbs fte b Acds £t .
Seven safety valve elements for a battery use were punched from the
composite material, wherein each valve element was of a
rectangular shape having a longitudinal length of 10.5 mm and a

lateral width of 7.5 mm and was provided with a circular opening at

the center thereof.

These valve elements for a battery use were hermetically
welded to a steel-made pressure vessels in the same manner as that
of the example 1. Then, the inside of each steel-made pressure
vessel was pressurized in the same manner as that of the example 1,
and as a result, the nickel foils of seven safety valve elements for
a battery use ruptured in a stable pressure range of 13 to 17

kgf/em ? .

( comparative example 2 )

On one side of a thinned nickel plate which is produced by a
rolling and has a thickness of 0.1 mm, a plurality of circular dents
having a diameter of 3 mm were formed in a lattice pattern with
intervals of approximately 10.5 mm, wherein each dent has a

remaining plate thickness of approximately 10 4 m. Seven sefety



bot h sides thereof can be used. The present invention is further
expl ained in conjunction with foll ow fig preferred exanpl es. (exanple 1)
A mltiplicity of circular perforated openings having a dianmeter of 3 mMm
were formed on the cold rolled steel plate having a thickness of 90 [err]m
in a | avieilyye paementsbfonenbatdery paackacly hepriass thehelecnlarpiénts et ween
openi ngs was determned to be 10 mm A nickel plating having a thickness
of 2 [e¢m$hpﬁg§e§pbhe§go£dm%ng|@roduced in the same manner as that of tie -
surfaces of the perforated steel plate by nmeans of a Watt bath to produce
a met al e¥aFPdeat e This metal substrate and an alumi numfoil having a
e |n erted i nto a vacuum chanber of an argon gas

at mosphor e hm%éereié% FRGEFS 05 £ Ryeheny THfe ¥Bess hapmgiisaldy an
00 t
subst r A G E SRR PRSP EReT f S%éﬁzs‘;q:m%w%q g that of
f f |, t t utterin
ot hod “aresaiBle | Bilnhuly Lol R OF Bt S RE L MR AR MR T ¢ e
| ami nat gasl BrasBRADEE Biergtcgtyehga@%ﬁg%éyr ds2€h8t OF dHllPWLaRB1601T aGid NG each

ot her and pressure we
a result, three valve elements for a battery use already had micro

or minute cracks at the time of press working so that the inner
pressure was not elevated, while the remaining four safety valve
elements for a battery use ruptured their dents at pressures which

falled in a wide range of 8 to 33 kgf/cm ? .

{ example 3 )

A multiplicity of circular perforated openings having a
diameter of 3 mm were formed on the cold rolled steel plate having a
thickness of 90 u m in a zigzaging pattern by means of a punching
press, wherein a pitch between openings was determined to be 10.5
mm. A nickel plating having a thickness of 2 g 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 u m were inserted into a wvacuum
chamber of an argon gas atmosphere having a vacuum level of 2 X
10~ Torr so as to provide an etching of approximately 500 angstrom
on one surface of the nickel plated steel plate and an etching of
approximately 500 angstrom on the corresponding one surface of the
copper foil by the magnetron sputtering method. Subsequently, the

etched surfaces of the nickel plated steel plate and the copper



r ol I ing at a tenperature of 120 [err] Gy and with a rolling reduction rate
of 3 %to produce a or a conposite matérial. A nultiplicity of safety

val ve elenents for a battery use were punched fromthe conposite material,
wherein each valve el ement was of a rectangular shape having a

| ongi t uEbhkiwenengdemionted. Sndnpmua?e Welded| byiadtbldf rdl himnand nasm
provided with a circul ar openi ng the center thereof. The

per i phersmraratere pad withevplling zedration rade 9P - ¥ M b yrodaser abeans
and was welded to a steel-made pressure vessel _ in such a manner that the
val ve e?%ﬁl%%%h y €?E§%c§aafe%ﬁfﬁéﬁ@t BYSBBBAS NP 6r hagteayt nee
pressure vessel a edg@g art of the steel-made pressure vessel

was dcé’FfoéectEB gref d‘TFOé‘f r{;}&%nﬁp tﬁy okaly pFBSEEiR SARSe WRlvehe
;)lessﬁre(e)l 0 é}&g’tagteégl@gi g?gsslg?’%eié g&g ?ecgjc ur I of kjg?y%ﬁ‘}“[ QPB]W"L‘QP%
alum PR dodle ke BATRY ¥, Bl QURN R %fenacegbﬁéﬁéafyse ruptured.

Thereaf severa ty val ery use
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a battery use ruptured at pressures which In a e pressure range
of 12 tnankfeikghscriRit ]of the example 1. Then, the inside of each

steel-made pressure vessel was pressurized in the same manner as
that of the example 1,as a result the copper foils of these safety

valve elements ruptured in a stable pressure range of 10 to 15

kgf/cm ? .

( comparative example 3 )

In a nickel-plated steel plate which was produced 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 example 3 were laminated and heat sealed
under pressure in a vacuum furnace at a temperature of 1000 T .
Seven safety valve elements each having a circular dent at the
center thereof were produced from this laminated plate. After
hermetically welding these safety valve elements to steel-made
pressure vessels, the inside of each steel-made pressure vessel
was pressurized, and as a result the nickel foils of these safety

valve elements ruptured in a wide pressure range of 4 to 12 kgf/cm ? .

As has been described heretofore, the safety valve element



(conparative exanple 1) On one_si ge_of an al um num pl ate whi ch was
‘prelimnarily rolled to a thickness of "'0.2 nm a half etching with
intervals of 0.1 nmwas provided at a plurality of circular portions
thereof each having a diameter of 3 mmuntil the remaining thickness of
the ci f@N & bpsiterynyssesanerdppyoke nbhel yrefeferijventich pan ateddinf
safety vallves which were provided with half-etched circular portion were
pr oduce®TRY 1 hirHgtiune RPEkiaBNTAY 2R arenhEormrehickness s thet tife t he
exanpl e ,1. These ,saf eté val ve el enents were, hernetically welded to a
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of a pupphirdg ipgeSfessiyier ein a pitch between openings was determned to
be 10.5 E)n?h Tﬁi S persfsorat ed cold-rolled stainless steel plate and a nickel

foi| having addimdieirse of abedr@linky Mwer @hel NpREkRML NiGvantagHUM GhayTber
of an argon gas atnosphere having a
composite material is produced using a cold pressure welding so
that the lowering of the strength of material can be minimized
compared to that by the conventional high temperature heat molding
method thus realizing a stable operating pressure of the safety
valve element for a battery use.

Furthermore, the battery case lid according to the present
invention can be molded after forming a perforated opening in the
metal substrate therein and pressure welding the metal foil to the
metal substrate so that the battery case 1lid provided with the
safety valve which works as a rupture portion can be readily
produced and when the battery case 1id is used actually as a 1lid of
various kinds of battery case, the safety valve element can be
reliably operated with its stable operating pressure.

Still furthermore, the battery provided with the safety valve

element according to the present invention is operated with a

stable operating pressure thus assuring an optimum safety.



- 17, - vacuum | evel of 1 X 10 [err] jhorr so as to.provide an etching of
approxi mately 500 angstrom on one surface of the cold-rolled ﬁﬂ” b
.

perforated stainless steel plate and an etching ofamnm“l
angstrom on the correspondi ng one surface of the ni

magnetron sputtering nethod. Subseq@E®IME the €tclied surfaces of the
cold-rolled and perforated stainless steel plate and the nickel foil were
| am nat ed and both plate and foil were pressure welded by a cold rolling

t t t dwtha rolling reduction rate of 0.5 %to

o oduce . combos t &k et Bt val e, Afened, £67 ot RrE nune sﬁ%pfas%aft ary
the . composite terial, wherein each val ve el enent
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her met i éffdraﬂ@é%%rﬁi%g’% steel -made pressure vessels in the same nmanner as
that of the exanple 1. "Then, the inside of each steel-made pressure

vessel was pressurizeghidty Nea SAsTR TR f&rt@@ét@,?ytﬁ@eeéég&&i%% £gnd as
a result, the nickel foils of seven safety valve elenents for a battery

use ruptlatn i, whedicihl @ pLagalieyrapgeforskdd obénik@y aFel €bthed in (
conparative exanple2 )
said metal substrate.

3. A safety valve element for battery use according to
claim 1 or 2, wherein said metal substrate is one selected from a
group consisting of steel plate, stainless steel plate, copper
plate and aluminum plate.

4. A safety valve element for battery use according to any
one of preceding claims 1 to 3, wherein said metal foil means is one
selected from a group consisting of steel foil, stainless steel
foil, copper foil, alwmminum foil, nickel foil and nickel-iron
alloy foil.

5. A battery case lid provided with a safety valve being
produced by forming an opening on a metal substrate, pressure
welding a metal foil to said metal substrate so as to close said
opening, and molding said metal substrate into said battery 1lid
case.

6. A battery provided with said safety valve element
according to any one of claims 1 to 4.

7. A battery provided with said battery case having a

battery case lid with a safety valve according to claim 5.



On one side of a thinned nickel platg yhich is produced by a rolling and
has a thickness of 0.1 nmm a plurality of circular dents having a dianeter
of 3 Mmwere forned in a lattice pattern with intervals of approxinmately
10.5 mm wherein each dent has a remaining plate thickness of
approximately 10 [err] m Seven sef ety ABSTRACT -

18 - val ve el enents for a battery use each having the circular dents at
the center thereof were produced in the sane manner as that of the exanple
1. Igzgse ¥ajgve e erren aq?batter use were hernetically welded
to steel - SPretiurd V@s? ek (X %@Wnﬂﬁe Aehipht rBPtuFﬁﬁ &karfpl e

1. Th ed
Lhe sangtabiel Bregsudl Fah0ePLETas TROCRI S50 hd iy RSP T A |
el ement %aft‘EEax? hat 8k 1bseq@! r eady sQ%gtg's 959veorélginéﬂtte f%&aé%é%t%%. rﬁ%tqt]:a”e

of press worki'ng so that the inner pressure was not el evat

remai ni pgmbedsenake I n r u upt
dents at Ig;)essurefgl V\h%ﬁ:\(é% \é%blsr%ggglgn@l&mﬁdégr g)%géﬁg%%%ﬁgﬁl % E{;?%cm err]

(exanpl 8pdnling and aAneBAX ieBlNCI i RALEH St te RBLRI" 8LBELPREAI FSH13Y Ng a
di ameter of 3 mMmwere forned on the cold rolled steel plate having a
t hi cknesdost the penfioratedi gpeging. Qﬁbhetér?VWMisoﬁrévﬂaéahbM sﬂ)k:?xss
wherein a pitch between openings was determned to be 10.

a safety valve is also disclosed. A battery case prov1ded with such

a safety valve is also disclosed. The battery and the battery case
1lid is produced by forming the perforated opening in the metal
‘substrate, pressure welding the metal foil to the metal substrate

and molding the clad material into a form of the battery case 1lid.



mm A nickel plating having a thickness of 2 [err] mwas applied to both
surfaces of the cold rolled steel plate in the sane nmanner as that of the
exanpl e 1. Thi s 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 atnosphere having a vacuumlevel of 2 X 10 [err] Torr so
as to provide an etching of approximtely 500 angstrom on one surface of
the nickel plated steel plate and an etching of approxinmately 500 angstrom
on the correspondi ng one surface of 1h copper foil by the magnetron
sputterimg method. Subsequently, the,<§}ched surfaces of the nickel plated
steel plate and the copper - 19 - f oi
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 conposite

material. Seven safety valve elenents for a battery use were punched from
the conposite nmaterial, wherein each valve elenent was of a circul ar shape
having a dif gr of 10.5 mmand was provided with a circul ar opening at
the center thereof. These safety valve elenents for a battery use

were hernetically welded to a steel-nade pressure vessels in the sane
manner as that of the exanple 1. Then, the inside of each steel-nade
pressure vessel was pressurized in the same manner as that of the exanple
l,as a result the copper foils of these safety

D\v J
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val ve el enents ruptured in a stable pressure range of 10 to 15 kgf/cm
[err]. ° (conparative exanple 3 ) In a nickel-plated steel plate

whi ch was produced in the sane manner as that of the exanple 3, a
multiplicity of circular openings were formed in a zigzaging pattern in
the same manner as that of the exanple 3. This nickel-plated steel plate
and a copper foil simlar to that of the exanple 3 were | am nated and heat
seal ed under pressure in a vacuum furnace at a tenperature of 1000 [err]C.
Seven safety val ve el enents each having a circular dent at the center
thereof were produced fromthis |an nat@d plate After hernetically
wel di ng these safety valve elenents to s -made pressure vessels, the

i nsi de of each steel-made pressure vessel mas pressurized, and as a result
the nickel foils of these safety valve elenents ruptured in a w de
pressure range of 4 to 12 kgf/cm[err]. As has been descri bed
heretofore, the safety val ve el enent - 20
- for [ﬁag; gry use according to the present invention can readily
provi de a pture portion having a uniformthickness so that t he
irregularity on inner pressure which causes rupture can be m nim zed.
Accordi ngly, when such a safety valve elenent for a battery use is used as
a safety valve of various kinds of pressure
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vessels or the like, they can be reliably operated with its stable
operating pressure. Furthernore, according to the present invention,
the conposite material is produced using a cold pressure welding so that-
the lowering of the strength of nmaterial can be m nimzed conpared to that
by the conventional high tenperature heat nolding nethod thus realizing a
stabl e operating pressure of the safety valve elenent for a battery use.
Furthernore, the battery case lid according to the present invention can
be nol ded after formng a perforated opening in the netal substrate
therein and pressure welding the netal fol to the netal substrate so that
the battery case |id provided with the zgty val ve whi ch works as a
rupture portion can be readily produced antd when the battery case lid is
used actually as a lid of wvarious kinds of battery case, the safety val ve
elenentﬂ@a&]be reliably operated with its stable operating pressure.

Still furthernore, the battery provided with the safety valve el enent
according to the present invention is operated with a stable operating
pressure thus assuring an optinum safety.

- 21 - CLAI M5 1. A safety

val ve el ement for batfery use €4dnpra si ng B4
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nmet ab substrate which is provided wth perforated opening and netal foi
stacked on said netal substrate so as to close said perforated opening.

2. A safety valve elenent for battery use according to claiml, wherein
a plurality of perforated openings are formed in said netal substrate.
3. A safety valve elenment for battery use according to claim1l or 2,

wherein-said netal substrate is one selected froma group consisting of
steel plate, stainless steel plate, copper plate and al um num pl ate.

4, A safety valve elenent for battery use according to any one of
preceding clains 1 to 3, wherein said netaln(gfl means is one selected
froma group consisting of steel foil, stai éks steel f oil, copper foil,
al um num fre nickel foil and nickel-iron alloy foil. 5. A
battery casgﬁlciprOV|ded with a safety valve being produced by form ng an
opening on a netal substrate, pressure welding a netal foil to said netal
substrate so as to close said opening, and nolding said netal substrate
into said battery lid case. 6. A battery provided with said
safety valve el enent according to any one.of clainms 1 to 4. 7. A
battery provided with said battery case having a battery case lid with a
safety val ve according to claimb.
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