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(54) HERMETICALLY SEALED AIKALI METAL BATTERY

715 We, FORD MOTOR COMPANY
LIMITED, of Eagle Way, Brentwood, Essex CM13
3BW, a British Company, do hereby declare the
invention for which we pray that a patent may
be granted to us, and the method by which it is
to be performed, to be particularly described in
and by the following statement :—

The invention relates to a hermetically seal-
ed alkali metal battery container.

A recently developed type of secondary or

. rechargeable electrical conversion device com-
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prises: (1) an anodic reaction zone containing
a molten alkali metal anode-reactant, e.g., sod-
ium, in electrical contact with an external cir-
cuit; (2) a cathodic reaction zone containing

_(2) a cathodic reactant comprising sulfur or a
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mixture of sulfur and molten polysulfide, which
is electrochemically reversible reactive with
the anodic reactant; (b) a solid electrolyte com-
prising a cation-permeable barrier to mass lig-
uid transfer interposed between and in contact
with the anodic and the cathodic reaction zones;
and (c) electrode devices within the cathodic
reaction zone for transporting electrons to and
from the vicinity of the cation-permeable barrier.
As used herein the term “reactant” is intended
to mean both reactants and reaction products.
During the discharge cycle of such a device,
molten alkali metal atoms such as sodium sur-
render an electron to an external circuit and
the resulting cation passes through the solid
electrolyte barrier and into the liquid electro-
lyte to unite with polysulfide ions. The poly-
sulfide ions are formed by charge transfer on
the electrode by reaction of the cathodic reac-
tant with the electrons conducted through the
electrode from the external circuit. Because
the ionic conductivity of the liquid electrolyte
is less than the electronic conductivity of the
electrode material, it is desirable during dis-
charge that both electrons and sulfur be applied

* to and distributed along the surface of the elec-
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trode in the vicinity of the cation-permeable
solid electrolyte.

During the charge cycle of such a device
when a negative potential larger than the open
circuit cell voltage is applied to the anode the
opposite process occurs. Thus, electrons are
removed from the alkali metal polysulfide by
charge transfer at the surface of the electrode

and are conducted through the electrode mat-
erial to the external circuit, and the alkali metal
cation is conducted through the liquid elec-
trolyte and solid electrolyte to the anode where
it accepts an electron from the external circuit.
Because of the aforementioned relative con-
ductivities of the ionic and electronic phases,
this charging process occurs preferentially in
the vicinity of the solid electrolyte and leaves
behind molten elemental sulfur.

It is the principal object of this invention
to provide a structure for containing an alkali
metal battery in which electrical insulation is
provided between the anodic and cathodic reac-
tion zones and a secure seal is formed so that
the reactants are not lost from the battery.

In accordance with the general principles
of this invention, a structure for containing an
alkali metal battery includes a ceramic ring
having top and bottom surfaces. An inner cas-
ing of solid atkali ion-conductive material hav-
ing one open end is sealed, adjacent its open
end, by means of a glass seal to the ceramic ring
so that the inner casing extends downwardly
from the bottom surface of the ceramic ring.
A first outer casing, preferably of metal, with
an open end and a closed end surrounds the
inner casing and is spaced therefrom. A first
ring, preferably of metal, encircles and is bond-
ed, e.g. by welding, to the open end of the first
outer casing. This metal ring (a) has a raised
annular ridge encircling the open end of the
first metal casing, (b) has at least a pair of open-
ings for receiving bolts therethrough, and (c)
is adjacent the bottom surface of the ceramic
ring. A first pair of thin metal washers are pos-
itioned between the raised annular ridge of the
first ring and the bottom surface of the ceramic
ring. The washer adjacent the first ring has a
coefficient of thermal expansion closely match-

" ing that of the first ring. The washer adjacent

the ceramic ring has a coefficient of thermal
expansion closely matching that of the ceramic

. ting.

A second outer casing, preferably of metal
having an open end and a closed end has associ-

. ated therewith a second ring, preferably of me-

tal, which encircles and is bonded, e.g. by weld-
ing, to the open end of the second outer casing.
The second ring (a) has a raised annular ridge
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encircling the open end of the second outer
casing, and (b) is located adjacent the top sur-
face of the ceramic ring whereby the second
outer casing is spaced from and extends in an
opposite direction from the ceramic ring than
does the first outer casing. A second pair of
thin washers similar to the first pair of thin wash-
ers are positioned between the raised annular
ridge of the second metal ring and the top sur-
face of the ceramic ring.

A Belleville spring encircles the second outer
casing and engages an upper surface of the sec-
ond ring. A third ring, preferably of metal, en-
circles the second outer metal casing. This
third ring engages an upper surface of the Bell-
eville spring and has at least a pair of spaced op-
enings aligned with the openings of the first
ring for receiving bolts therethrough. At least
a pair of nut and bolt assemblies extend through
the first and third rings and are securely tight-
ened together to draw the annular ridges on the
first and the second rings tightly into engage-
ment with the first and the second pair of wash-
ers to provide a hermetically sealed alkali metal
battery container.

By using a pair of thin washers as described
above, a provision is made for the mismatch
in coefficient of thermal expansion between
ceramic and metal which produces a dimen-
sional change in the materials as they are heat-
ed from room temperature to operational temp-
eratures.

The invention will now be described with
reference to the accompanying drawings, in
which:—

Figure 1 is an elevational view, in cross
section, of the alkali metal battery structure
of this invention in a disassembled condition;
and Figure 2 is an elevational view in cross-
section, of the hermetically sealed alkali metal
battery of this invention in an assembled con-
dition.

The type of secondary electrical conversion
batteries to which this invention relates are dis-
closed in the following U.S. patents: 3,404,035;
3,404,036; 3,446,677, 3,458,356; 3,468,709;
3,468,719; 3,475,220, 3,475,223, 3,475,225,
3,535,163; 3,719,531; and 3,811,493,

A novelty search conducted on the structure
of this invention resulted in the citation of the
following prior art, all U.S. patents: 2,646,997,
3,188,116; 3,398,978; 3,419,432, 3,468,709,
3,632,143; 3,650,550, 3,746,347, 3,918,919;
and 3,946,751.

In Figures 1 and 2 there is seen a hermet-
ically sealed alkali metal battery designated gen-
erally by the numeral 10. This battery includes
a ceramic ring 12 which has a top surface 14
and a bottom surface 16. The ceramic material
may be formed from a material such as alpha
alumina of high purity, such as 99.8%.

An inner casing 18 of a solid alkali ion-con-
ductive material is in the form of a closed end
tube. This casing is used as a reaction zone sep-
arator and is made from a material which will

permit the transfer of ions of an anodic react-
ant therethrough to a cathodic reactant. The
barrier may have a thickness in the range of
about 20 to 2,000 microns and may be made
of a material such as glasses and polycrystalline
ceramic materials as is well known in the art.
One material which is extremely useful is beta-
type alumina or sodium beta-type alumina. The
inner casing is bonded near its open end within
and to an interior surface 20 of the ceramic
ring 12 by means of a glass seal 22 so that the
inner casing extends downwardly from the bot-
tom surface 16 of the ceramic ring.

A first outer metal casing 24 with an open
end 26 and a closed end 28 surrounds the inner
casing 18 and is spaced therefrom.

A first metal ring 30 encircles and is welded
by weldment 32 to the first outer metal casing
24, This first metal ring 30 is formed of a me-
tal such as and has a raised annular
ridge 24 encircling the open end 26 of the first
outer metal casing 24 for a purpose described in
detail herein below. The first metal ring also
has at least a pair of openings 36 (only one
shown) for receiving bolts therethrough. Inits .
assembled condition the first metal ring is locat-
ed adjacent the bottom surface 16 of the cera-
mic ring 12.

A first pair of thin metal washers 38 and 40
are positioned between the raised annular ridge
34 of the first metal ring 30 and the bottom
surface 16 of the ceramic ring 12. The washers
have a thickness in the range of 0.003 to
0.005 inches. The washer 38 adjacent the first
metal ring 30 may be formed of hardened pol-
ished steel and has a coefficient of thermal ex-
pansion closely matching that of the first metal
ring. The metal washer 40 adjacent the ceramic
ring 12 may be formed from “Radar”, a pro-
duct name for a cobalt, nickel, iron alloy which
has a coefficient of thermal expansion closely
matching that of the ceramic ring.

A second outer metal casing 42 has an open
end 44 (shown only in Figure 1) and a closed
end 46. A second metal ring 48 encircles the
open end 44 of the second outer metal casing
42 and is secured thereto by weldment 50
(shown in Figure 1 only). This second metal
ring is formed from the same material as the
first metal ring and it also has a raised annular
ridge 52 encircling the open end 44 of the sec-
ond outer metal casing 42. In its assembled
condition, the second metal ring 48 is adjacent
the top surface 14 of the ceramic ring 12 where-
by the second outer casing 42 is spaced from
and extends in an opposite direction from the
ceramic ring than does the first outer casing 24.

A second pair of thin metal washers 38 and
40 are positioned between the raised annular
ridge 52 of the second metal ring 48 and the
top surface of the ceramic ring 12 for the same
purposes as the washers were placed between
the raised annular ridge 34 of the first metal
ring 30 and the bottom surface 16 of the cera-
mic ring 12.
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A Belleville spring 54 encircles the second
outer metal casing 42. This spring also engages
an upper surface of the second metal ring 48.

A third metal ring 56 also encircles the sec-
ond outer metal casing 42. This third metal
ring engages an upper surface of the Belleville
spring 54, The third metal ring also has at least
a pair of spaced openings 58 (only one shown
in the drawing) aligned with the openings 36 in
the first metal ring 30 for receiving bolts there-
through.

At least a pair of nut and bolt assemblies 60
(only one shown in each figure) are shown in
their un-assembled condition in Figure 1 and
in a securely tightened position in Figure 2.

In the securely tightened position, the nut and
bolt assemblies draw together the annular ridges
34 and 52 to compress the first and second pair
of thin metal washers 38 and 40 tightly into en-
gagement with one another and with the bot-
tom surface 16 and the top surface 14 of the
ceramic ring 12 to provide a hermetic seal for
the alkali metal battery 10. Pressure is placed
on this assembly through the action of the Bell-
eville spring 54 when the nut and bolt assem-
blies are tightened down.

By utilizing the two pairs of metal washers
38 and 40, the mismatch in coefficient of ther-
mal expansion between the ceramic ring 12 and
the first metal ring 30 and second metal ring 48
are compensated for, The first and second wash-
ers 38 and 40 may at their interface slide back
and forth sufficiently to adjust for the differ-
ences in coefficient of thermal expansion. Thus,
the hermetic seal of the battery remains even
though the battery is cycled through temper-
ature variations from room temperature to op-
erational temperatures.

With reference to Figure 2, a first react-
ion zone 62 is formed by the interior of the
second outer metal casing 42 and the interior
of the inner casing 18, This reaction zone may
contain an anodic reactant. The anodic reac-
tant is heated by any conventional source and
may be viewed as the anode proper or conduct-
or through which electron flow to an external
circuit (not shown) is achieved. Molten sod-
ium is employed as the anodic reactant in most
preferred embodiments of such alkali metal bat-
teries. However, potassium, lithium, other alkali
metals, mixtures of such alkali metals or alloys
containing such alkali metals can be used.

A second reaction zone 64 (shown only in
Figure 2) is formed in the volume between
the interior surface of the first outer metal cas-
ing 24 and the exterior surface of the inner cas-
ing 18. This reactant zone can obtain the cath-
odic reactant. The cathodic reactant of the
fully charged battery is molten sulfur, which is
electrode chemically reversibly reactive with the
anodic reactant. As the battery is discharged,
the mold fraction of elemental sulfur drops un-
til the open circuit voltage remains constant.
During this portion of the discharge cycle as the
mold fraction of sulfur drops from 1.0 to ap-

proximately 0.72, the cathodic reactant displays
two phases, one being essentially pure sulfur
‘and the other being sulfur saturated with alkali
metal polysulfide in which the molar ratio of
sulfur to alkali metal is about 5.2:2. When the
battery is discharged to the point where the
mold fraction of sulfur is about 0.72 the catho-
dic reactant becomes one phase in nature since
all elemental sulfur has formed polysulfide salts.
As the battery is discharged further, the catho-
dic reactant remains one phase in nature and as
the mold fraction of sulfur drops so does the
open circuit voltage corresponding to the chan-
ge in the potential determining reaction. Thus,
the battery continues to discharge from a point
where polysulfide salts containing sulfur and
alkali metal in a molar ratio of approximately
5.2:2 to the point where polysulfide salts con-
tain sulfur and alkali metal in a ratio of about
3:2. At this point the battery is fully discharg-
ed. »
WHAT WE CLAIM IS: —

1. A hermetically sealed alkali metal batt-
ery container comprising:

a ceramic ring having top and bottom
surfaces;

an inner casing of a solid alkali ion-con-
ductive material with one open end;

a glass seal sealing said inner casing ad-
jacent its open end to said ceramic ring so that
said inner casing extends downwardly from the
bottom surface of said ceramic ring;

a first outer casing with an open end and
a closed end, said outer casing surrounding said
inner casing and spaced therefrom;

a first ring encircling and bonded to said
open end of said first outer casing, said ring (a)
having a raised annular ridge encircling said op-
en end of said first outer casing, (b) having at
least a pair of openings for receiving bolts there-
through, and (c) being adjacent said bottom
surface of said ceramic ring;

a first pair of thin washers positioned be-
tween said raised annular ridge of said first ring
and said bottom surface of said ceramic ring,
said washer adjacent said first ring having a co-
efficient of thermal expansion closely matching
that of said first ring and said washer adjacent
said ceramic ring having a coefficient of thermal
expansion closely matching that of said ceramic
ring;

a second outer casing with an open end
and a closed end;

a second ring encircling and bonded to
said open end of said second outer casing, said
second ring (a) having a raised annular ridge
encircling said open end of said second outer
casing, and (b) being adjacent said top surface
of said ceramic ring, whereby said second outer
casing is spaced from and extends in an opp-
osite direction to said first outer casing;

a second pair of thin washers positioned
between said raised annular ridge of said second
ring and said top surface of said ceramic ring,
jsaid washer adjacent said second ring having a
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coefficient of thermal expansion closely match-
ing that of said second ring and said washer
adjacent said ceramic having a coefficient of
thermal expansion closely matching that of
said ceramic ring;

a Belleville spring encircling said second
outer casing and engaging an upper surface of
said second ring;

a third ring encircling said second outer
casing and both (a) engaging an upper surface
of said Belleville spring, and (b) having at least
a pair of spaced openings aligned with said op-
enings of said first ring for receiving bolts there-
through; and

at least a pair of nut and bolt assemblies
extending through said openings in said first
and said third rings and securely tightened to-
gether to draw said annular ridges on said first
and said second rings tightly into engagement
with said first and said second pair of washers
to provide a hermetically sealed alkali metal
battery container.

2. A hermetically sealed alkali metal batt-
ery container comprising:

a ceramic ring having top and bottom
surfaces;

an inner casing of solid alkali ion-con-
ductive material with one open end;

a glass seal sealing a portion of an outer
wall of said inner casing adjacent its open end
within and to an interior surface of said cera-
mic ring so that said inner casing extends down-
wardly from the bottom surface of said ceramic
ring;

a first outer metal casing with an open
end and a closed end, said outer metal casing
surrounding said inner casing and spaced there-
from;

a first metal ring encircling and welded to
said open end of said first outer metal casing,
said metal ring () having a raised annular ridge
encircling said open end of said first outer me-
tal casing, (b) having at least a pair of openings
for receiving bolts therethrough, and (c) being
adjacent said bottom surface of said ceramic
ring;

’ a first pair of thin metal washers position-
ed between said raised annular ridge of said first
metal ring and said bottom surface of said
ceramic ring, said washer adjacent said first
metal ring having a coefficient of thermal expan-
sion closely matching that of said first metal
ring and said washer adjacent said ceramic ring
having a coefficient of thermal expansion close-

ly matching that of said ceramic ring;

a second outer metal casing with an open
end and a closed end;

a second metal ring encircling and weld-
ed to said open end of said second outer metal
casing, said second metal ring (a) having a raised 60
annular ridge encircling said open end of said
second outer metal casing, and (b) being adja-
cent said top surface of said ceramic ring, where-
by said second outer casing is spaced from and
extends in an opposite direction to said first
outer casing;

a second pair of thin metal washers posi-
tioned between said raised annular ridge of said
second metal ring and said top surface of said
ceramic ring, said washer adjacent said second
metal ring having a coefficient of thermal ex-
pansion closely matching that of said second
metal ring and said washer adjacent said cera-
mic having a coefficient of thermal expansion
closely matching that of said ceramic ring;

a Belleville spring encircling said second
outer metal casing and engaging an upper sur-
face of said second metal ring;

a third metal ring encircling said second
outer metal casing and both (a) engaging an
upper edge of said Belleville spring, and (b) hav-
ing at least a pair of spaced openings aligned
with said openings of said first metal ring for
receiving bolts therethrough; and

at least a pair of nut and bolt assemblies 85
extending through said openings in said first
and said third metal rings and securely tighten-
ed together to draw said annular ridges on said
first and said second metal rings tightly into
engagement with said first and said second pair
of metal washers to provide a hermetically seal-
ed alkali metal battery container.

3. The container of Claim 2 wherein each
of said washers have a thickness in the range
from 0.003 to 0.005 inches.

4. The container of Claim 3 wherein said
washer adjacent said metal rings are formed of
hardened and polished steel and said washers
adjacent said ceramic ring are formed of nickel, -
cobalt, iron alloy. i

5. A hermetically sealed alkali metal batt-
ery container substantially as hereinbefore de-
scribed with reference to and as shown in the
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PETER ORTON
Chartered Patent Agent.
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1583784 COMPLETE SPECIFICATION

This drawing is a reproduction of
1 SHEET the Original on a reduced scale
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