US 20020071992A1

a2 Patent Application Publication o) Pub. No.: US 2002/0071992 Al

a9 United States

FAUTEUX et al.

(43) Pub. Date: Jun. 13, 2002

(549) ELECTROLYTIC CELL HAVING AN
INTERMEDIATE SUB-COMPONENT
CONNECTING LAYER AND PROCESS FOR
FABRICATING THE SAME

(76) Inventors: DENIS G. FAUTEUX, ACTON, MA
(US); MARTIN VAN BUREN,
CHELMSFORD, MA (US)

Correspondence Address:

JODY L FACTOR

DICK & HARRIS

SUITE 3800

181 WEST MADISON STREET
CHICAGO, IL 60602

(*) Notice:  This is a publication of a continued pros-
ecution application (CPA) filed under 37
CFR 1.53(d).

(21) Appl. No.: 08/754,276

(22) Filed: Nov. 20, 1996

18\

Cu
179~ ]
2o~ Ky

4
X ! Fog e #os 5" G,.é.’_ LK P
Z[,_,/F/////////////Jg’_._./‘ § Lo Ao 3 Tore, .

2 & — NN
24 =

F
23 Al
22/

Related U.S. Application Data

(63) Non-provisional of provisional application No.
60/008,434, filed on Dec. 11, 1995.

Publication Classification

(51) Int. CL7 oo HOIM 10/40
(52) US.CL oo 429/306; 429/309
(7) ABSTRACT

The present invention is directed to an electrolytic cell and
associated process for fabrication, wherein the cell utilizes
an intermediate sub-component connecting layer. This layer
comprises an electrolyte which, in an at least partially cured
state, is at least partially sandwiched between an electrolyte
on a first sub-component and an electrolyte on a second
sub-component. Prior to full curing of the intermediate
sub-component connecting layer, the cell is oriented into a
desired product configuration. Once such a configuration is
obtained, the intermediate sub-component connecting layer
is fully cured to, in turn, maintain the cell in the desired
product configuration without concern of misalignment or
mechanical degradation between the various sub-compo-
nents and/or the cell.

¢,

.

¥

14 2



Patent Application Publication Jun. 13, 2002 US 2002/0071992 A1

18-
Cu &2
15~ —
20— RIIRRINNNNY
X (777777 TTTITIII—fg et v e,
28— \ ﬂ
24— &= 14 25
23— Al




US 2002/0071992 Al

ELECTROLYTIC CELL HAVING AN
INTERMEDIATE SUB-COMPONENT
CONNECTING LAYER AND PROCESS FOR
FABRICATING THE SAME

[0001] This application depends from Provisional Patent
Application Serial No. 60/008,434 entitled USE OF AN
INTERMEDIATE LAYER (TIE-COAT) TO IMPROVE
SUB-COMPONENT ADHESION, filed Dec. 11, 1996.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention is directed to electrolytic
cells and their fabrication, and, more particularly, to an
electrolytic cell with an intermediate sub-component con-
necting layer which ties together other sub-components,
such as an anode and cathode, and which facilitates opera-
tive alignment and securement of the sub-components dur-
ing formation of a desired product configuration, without
jeopardizing mechanical integrity of the fully fabricated cell.

[0004] 2. Background Art

[0005] Electrolytic cells fabricated from various sub-com-
ponents, wherein one of the sub-components is an electrode,
are well known in the art. Indeed, in such prior art devices
and processes, adhesion between the electrodes and electro-
lyte is typically accomplished by one of three ways. First,
when a liquid electrolyte is utilized in a cell, the cell is
maintained under pressure so as to avoid the loss of contact
between the sub-components. To maintain such pressure for
a round cell, the cell is wound so as to create an inner
tension. When a prismatic cell is fabricated, spring loading
is utilized to maintain the necessary pressure. Second, when
a high temperature polymer electrolyte is used (such as PEO
or PVdf), the sub-components are fused together by pressure
and heat. Third, when a gel electrolyte is used, the sub-
components are placed in contact with each other, and then
the electrolyte precursor is polymerized to a monolithic gel
electrolyte by for example, UV, EB or heat curing.

[0006] Although such prior art does enable attachment of
the various sub-components together, several problems nev-
ertheless exist. Specifically, in many cases, the sub-compo-
nents do not uniformly adhere to each other, thereby result-
ing in a cell with poor performance capabilities.
Furthermore, in such prior art cells, mechanical degradation
often occurs when, for example, the cell is bent or rolled into
a desired product configuration. Additionally, such bending
or rolling also may result in an electrolytic cell having the
edges of the electrode misaligned with each other—thereby
resulting in poor cell performance and short circuiting.

SUMMARY OF INVENTION

[0007] The present invention is directed to an electrolytic
cell having an intermediate sub-component connecting layer
for facilitating secured operative alignment between the
electrodes of the cell. The electrolytic cell includes a first
electrolytic sub-component having a first electrolyte applied
therewith, and a second electrolytic sub-component having
a second electrolyte applied therewith. The intermediate
sub-component connecting layer is secured to the first and
second electrolytes and may comprise an electrolyte of the
same or different composition as that of the first and/or
second electrolytes.

[0008] In a preferred embodiment of the invention, the
intermediate sub-component connecting layer comprises
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means for enabling rolling/winding and bending of the
electrolytic cell without causing mechanical degradation to
the electrolytic cell or any of the associated sub-compo-
nents. As will be explained, after rolling and bending has
occurred, the intermediate sub-component connecting layer
will be cured so as to maintain the electrolytic cell in the
desired product configuration; without the need of additional
mechanical aids such as springs or casings. As will be
understood, the first and second electrolytic sub-components
may comprise an anode and cathode. The use of the term
sub-component is due to the fact that such anodes and
cathodes may be pre-fabricated to include the current col-
lector, primer, active material and an associated electrolyte.

[0009] In another preferred embodiment of the invention,
the intermediate sub-component connecting layer comprises
a polymerizable gel electrolyte or a high temperature poly-
mer. Such an electrolyte further includes means for pen-
etrating into the first and second electrolytes to, in turn,
promote securement therebetween.

[0010] The present invention also contemplates a process
for fabricating an electrolytic cell comprising the steps of 1)
fabricating the first electrolytic sub-component with a first
electrolyte; 2) fabricating a second electrolytic sub-compo-
nent with a second electrolyte; 3) applying an intermediate
sub-component connecting layer, comprising an at most
partially cured/polymerized electrolyte (the term cured will
be understood to include polymerization), onto one of the
first and second electrolytes of the first and second electro-
lytic sub-components, respectively; 4) attaching the other
one of the electrolytic sub-component to the intermediate
sub-component connecting layer so that at least a portion of
the intermediate sub-component connecting layer is sand-
wiched between the first and second electrolytes; 5) orien-
tating the electrolytic cell into a desired configuration while
enabling relative sliding between the first and second elec-
trolytic sub-components so as to facilitate operative align-
ment therebetween; and 6) fully curing the intermediate
sub-component connecting layer after the desired configu-
ration and alignment have been obtained to, in turn, maintain
the electrolytic cell in the desired configuration after such
full curing.

[0011] In the present process, the step of fabricating the
first and second electrolytic sub-components further com-
prises the step of fabricating at least one of the first and
second electrolytic sub-components with an electrolyte
which is at most partially cured.

[0012] In addition, the process also contemplates the steps
of allowing at least a portion of the intermediate sub-
component connecting layer to penetrate into at least a
portion of the first and second electrolytes prior to the step
of fully curing the intermediate sub-component connecting
layer; and, curing the at least one of the first and second
electrolytes. It is important to note here that the curing of the
first and second electrolytes does not need to be accom-
plished prior to the step of fully curing the intermediate
sub-component connecting layer.

[0013] The intermediate sub-component connecting layer
may include a liquid with polymerizable monomers. Inas-
much as the intermediate sub-component connecting layer is
not in a fully cured state, the liquid state will facilitate the
desired slidability between the sub-components when trying
to achieve a desired product configuration.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 of the drawings is a schematic diagram of
the present electrolytic cell having an intermediate sub-
component connecting layer; and

[0015] FIG. 2 of the drawings is a schematic diagram of
the present electrolytic cell having an intermediate sub-
component connecting layer.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0016] While this invention is susceptible of embodiment
in many different forms, there is shown in the drawings and
will be described in detail, one specific embodiment with the
understanding that the present disclosure is to be considered
as an exemplification of the principles of the invention and
is not intended to limit the invention to the embodiment
illustrated.

[0017] Electrolytic cell 10 is shown in FIG. 1 as com-
prising first electrolytic sub-component 12, second electro-
Iytic sub-component 14 and intermediate sub-component
connecting layer 16. First electrolytic sub-component 12
includes current collector 18, primer material 19, active
material 20 and first electrolyte 21. Although several mate-
rials can be used, current collector 18 will be described, for
illustration purposes only, as comprising copper, although
many other conventional materials, as would be easily
understood to those with ordinary skill in the art, are
likewise contemplated for use. The same holds true for the
particular primer 19 and the active electrode material 20. As
will be more fully explained, first electrolyte 21 preferably
comprises a gel or high temperature polymer electrolyte.

[0018] Second electrolytic sub-component 14 also com-
prises a current collector 22, primer 23, active material 24
and second electrolyte 25. Again, each of the materials
associated with the second electrolytic sub-component are
conventionally available and the particular types of materi-
als to be used would be readily understood to those with
ordinary skill in the art. However, for the purposes of the
present explanation, current collector 22 may comprise
aluminum.

[0019] Although the term “sub-component” has, and will
continue to be used throughout the present Specification, it
should be understood that such a term (with respect to
sub-components 12 and 14) are representative of a fully
fabricated anode (12) and cathode (14); each of which
include the previously identified associated primer, active
material and electrolyte. Intermediate sub-component con-
necting layer 16 comprises an electrolyte which can be of the
same composition as either first and/or second electrolytes
21, 25, respectively, so long as all of the electrolytes, when
associated with each other, exhibit the necessary ionic
conductivity required to enable operable performance of cell
10.

[0020] Intermediate sub-component connecting layer 16 is
shown in FIG. 1 and FIG. 2 as having at least a portion
sandwiched between first and second electrolytes 21 and 25,
respectively. As will be explained more fully with respect to
the process for fabricating electrolytic cell 10, intermediate
sub-component connecting layer 16 will be applied to first
and second electrolytes 21 and 25, respectively, which are,
at most, in a partially cured state. However, even if partially
cured, intermediate sub-component connecting layer 16 will
remain in a substantially liquid phase after application on to,
and sandwiching between first and second electrolytes 21
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and 25, respectively. Indeed, the liquid phase of intermediate
sub-component connecting layer serves two purposes: 1) it
facilitates penetration (See FIG. 2) and, in turn, excellent
securement with the first and second electrolytes; and 2) it
enables operative slidability to occur relative to the first and
second electrolytic sub-components. As will be more fully
explained, such slidability enables proper alignment of the
edges of the electrolytic sub-components, relative to each
other, during (and after) bending or folding of electrolytic
cell 10 into a desired configuration. Once the desired con-
figuration is made, intermediate sub-component connecting
layer 16, and, if necessary, first and second electrolytes 21
and 25, respectively, will be exposed to final curing which
will maintain electrolytic cell 10 in the desired configuration
while also maintaining excellent adhesion between the vari-
ous sub-components.

[0021] With respect to the fabrication of electrolytic cell
10, and as previously explained, it will be assumed that first
and second electrolytic sub-components 12, 14, respectively,
comprise pre-fabricated electrodes (anode and cathode) with
desired current collectors, primers, active materials and
electrolytes associated therewith. Again, the particular mate-
rials used, and the associated application processes for the
elements of the first and second electrodes/electrolytic sub-
components, onto the respective current collectors, are con-
ventionally known and understood by those with ordinary
skill in the art. However, it is also contemplated that
although pre-fabricated sub-components have been identi-
fied for use in the present disclosure, that non-pre-fabricated
sub-components can also be used and conventionally
assembled in accordance with the teachings of the present
disclosure.

[0022] After the desired sub-components have been
selected, intermediate sub-component connecting layer 16,
which may comprise a liquid with polymerizable monomers
in an at most partially cured state, is then applied onto either
first electrolyte 21 or second electrolyte 25. The electrolyte
composition of the connecting layer may be the same as that
of the first or second electrolyte 21, 25, respectively.

[0023] Although the particular composition of the various
electrolytes and, more particularly, intermediate sub-com-
ponent connecting layer 16, are not of great significance to
the teaching and understanding of the present invention, it is
nevertheless contemplated that a gel or high temperature
polymer electrolyte be used. For example, a PC gel electro-
lyte 16 having the following formulation was used
(although, as understood to those with ordinary skill in the
art, the present invention is in no way limited to this
particular formulation or type of electrolyte):

PC GEL

FORMULATION g %
PC 117.75 78.5
LiAsFg 18 12.0
PEO 0.75 0.5
PHOTOMER 4050 9 6.0
PHOTOMER 4158 4.5 3.0
TOTAL 150 g 100.00

[0024] After using conventional mixing and fabrication
techniques, the total viscosity of the PC gel electrolyte was
measured at approximately 500 cps. The prepared PC gel
was then coated onto first electrolyte 21 (which may, for



US 2002/0071992 Al

example, comprise a SPE), and allowed to at least partially
penetrate into the first electrolyte (See FIG. 2). After such
has occurred, second electrolyte sub-component 14, and in
turn second electrolyte 25, was placed over intermediate
sub-component connecting layer 16, to, in turn, sandwich at
least a portion of it between the first and second electrolytes.
As previously stated, although the first and second electro-
lytes and the intermediate sub-component connecting layer
may be in an at most partially cured state, the intermediate
sub-component connecting layer will remain in a substan-
tially liquid state relative to the first and second electrolytes
to, in turn, facilitate desired slidability of the first and second
electrolytic sub-components relative to each other.

[0025] After all of the sub-components have been applied
to each other (FIG. 2), electrolytic cell 10 can be manipu-
lated into a desired product configuration. Inasmuch as the
first and second electrolytic sub-components will slide rela-
tive to each other, misalignment (such as edges inadvertently
overlapping, or hanging over one another) and mechanical
degradation between the various sub-components which
would otherwise occur during, for example, folding, bend-
ing, rolling and/or winding of the cell, will be avoided.
Accordingly, once the desired product configuration has
been obtained, intermediate sub-component connecting
layer 16, and, if necessary, first and second electrolytes 21,
25, respectively, will be exposed to a “full” curing/polymer-
ization process (as those terms are understood in the art).
Once such full curing has occurred, electrolytic cell 10 will
be maintained in the desired product configuration, without
the need for additional mechanical devices, such as casings
or springs. In addition, since the product configuration has
occurred before curing of the electrolyte(s), mechanical
degradation and loss of adhesion between the various sub-
components (which may otherwise occur during folding,
bending and/or rolling of an electrolytic cell) is substantially
precluded.

[0026] As an additional benefit of the present invention, it
is further contemplated that when, for example, a stack of
electrolytic cells are to be associated with each other (such
as in a battery pack), the individual cells can be placed into
a box or package prior to curing/polymerization of the
electrolyte(s), such as the intermediate sub-component con-
necting layer. Accordingly, inasmuch as the box or package
will have a specific internal geometry, the stacked cells may
be configured into a conforming relationship with the inter-
nal geometry. After the stacked cells have been placed and
properly configured/formed within the box or package, the
electrolyte(s) of the stacked cells will then be allowed to
cure/polymerize, to, in turn, maintain the configuration of
the stacked cells in conformance with the internal geometry
of the box or package.

[0027] The foregoing description merely explains and
illustrates the invention and the invention is not so limited
except insofar as the appended claims are so limited, as
those having skill in the art who have the present disclosure
before them will be able to make modifications and varia-
tions therein without departing from the scope of the inven-
tion.

What is claimed is:

1. An electrolytic cell having an intermediate sub-com-
ponent connecting layer comprising:
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a first electrolytic sub-component having a first electrolyte
associated therewith;

a second electrolytic sub-component having a second
electrolyte associated therewith; and

an intermediate sub-component connecting layer secured
to the first and second electrolytes of the first and
second electrolytic sub-components, respectively,

the intermediate sub-component connecting layer com-
prising an electrolyte of the same or different com-
position of the first and second electrolytes and
having means for facilitating secured operable align-
ment between the first and second electrolytic sub-
components.

2. The electrolytic cell according to claim 1 wherein the
intermediate sub-component connecting layer further com-
prises means for enabling rolling and bending of the elec-
trolytic cell without causing mechanical degradation to the
electrolytic cell or any of the associated sub-components.

3. The intermediate sub-component connecting layer
according to claim 1 further including means to enable ionic
conductivity.

4. The electrolytic cell according to claim 1 wherein the
first electrolytic sub-component includes an anode and the
second electrolytic sub-component includes a cathode.

5. The electrolytic cell according to claim 1 wherein the
intermediate sub-component connecting layer comprises a
polymerizable electrolyte.

6. The electrolytic cell according to claim 1 wherein the
intermediate sub-component connecting layer comprises a
high molecular weight polymer.

7. The intermediate sub-component connecting layer
according to claim 1 including means for penetrating into
the first and second electrolytes to, in turn, promote secure-
ment therebetween.

8. A process for fabricating an electrolytic cell comprising
the steps of:

fabricating a first electrolytic sub-component with a first
electrolyte;

fabricating a second electrolytic sub-component with a
second electrolyte;

applying an intermediate sub-component connecting
layer, comprising an at most partially cured electrolyte,
on to one of the first and second electrolytes of the first
and second electrolytic sub-components, respectively;

attaching the other of the first and second electrolytic
sub-components to the intermediate sub-component
connecting layer so that at least a portion of the
intermediate sub-component connecting layer is sand-
wiched between the first and second electrolytes;

orientating the electrolytic cell into a desired configura-
tion while enabling relative sliding between the first
and second electrolytic sub-components so as to facili-
tate operative alignment therebetween; and

fully curing the intermediate sub-component connecting
layer after the desired configuration and alignment have
been obtained to, in turn, maintain the electrolytic cell

in the desired configuration after such full curing.
9. The process according to claim 8 wherein the steps of
fabricating the first and second electrolytic sub-components
further comprise the steps of fabricating at least one of the
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first and second electrolytic sub-components with an elec-
trolyte which is at most partially cured.

10. The process according to claim 9 further including the
steps of:

allowing at least a portion of the intermediate sub-com-
ponent connecting layer to penetrate into at least a
portion of the first and second electrolytes prior to the
step of fully curing the intermediate sub-component
connecting layer; and

curing the at least one of the first and second electrolytes.

11. The process according to claim 8 wherein the first
electrolytic sub-component includes an anode and the sec-
ond electrolytic sub-component includes a cathode.
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12. The process according to claim 8 wherein the inter-
mediate sub-component connecting layer comprises an elec-
trolyte having the same composition of at least one of the
first and second electrolytes.

13. The process according to claim 8 further including the
step of fabricating the intermediate sub-component connect-
ing layer to include a liquid with polymerizable monomers.

14. The process according to claim 8 wherein the inter-
mediate sub-component connecting layer is partially cured
prior to the step of applying the intermediate sub-component
connecting layer to the one of the first and second electro-
lytes.



