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Electrochemical structures with a protective interlayer for
prevention of deleterious reactions between an active metal
clectrode and polymer electrolytes, and methods for their
fabrication. The structures may be incorporated in battery
cells. The mterlayer 1s capable of protecting an active metal
anode and a polymer electrolyte from deleterious reaction
with one another while providing a high level of 1onic con-
ductivity to enhance performance of a battery cell 1n which
the structure 1s incorporated. The interlayer has a high 1onic
conductivity, at least 1077 S/cm, generally at least 107° S/cm,
and as high as 10~ S/cm or higher. The interlayer may be
composed, 1n whole or 1n part, of active metal nitrides, active
metal phosphides or active metal halides. These materials
may be applied preformed, or they may be formed 1n situ by
conversion of applied precursors on contact with the active
metal anode matenal.
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COMPOSITIONS AND METHODS FOR
PROTECTION OF ACTIVE METAL ANODES
AND POLYMER ELECTROLYTES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 10/686,041, filed on Oct. 14, 2003
entitled “Compositions And Methods For Protection Of
Active Metal Anodes And Polymer Electrolytes™, now pend-
ing, which 1n turn claims priority to U.S. Provisional Patent
Application No. 60/418,899 filed Oct. 15, 2002, entitled
“lonically Conductive Composites For Protection Of Anodes
And Electrolytes”. These applications are incorporated
herein by reference 1n their entirety for all purposes.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to electrode
structures for use in electrochemical devices. More particu-
larly, this invention relates to interlayers for protection of
anodes and polymer electrolytes in electrochemical struc-
tures from deleterious reaction with one another, and methods
tor their fabrication.

[0004] 2. Description of Related Art

[0005] Lithium 1s an attractive material for use as an elec-
trode component in electrochemical devices, such as batteries
and capacitors, due to 1ts very high energy density and low
equivalent weight. However, lithium 1s highly reactive 1n
ambient atmosphere and with a variety of other electrochemi-
cal device components, in particular polymer electrolytes,
and thus i1ts incorporation nto electrochemical devices
requires special processing. Typically, lithtum battery manu-
facture 1s conducted 1n inert environments in order to guard
against degradation of lithtum until 1t 1s hermetically sealed
within a battery cell container.

[0006] Even with these precautions, lithium may detrimen-
tally react with incompatible maternals 1n the processing envi-
ronment. To address these problems, some researchers have
proposed that the electrolyte facing side of the lithium nega-
tive electrode be coated with a “protective layer.” Several
types of protective layers and methods for producing them
have been proposed. Prior methods have generally focused on
the application of a protective layer to a preformed lithium
clectrode.

[0007] Some research has focused on “nitridation” of the
lithium metal surface as a means for protecting lithium elec-
trodes. In such process, a bare lithium metal electrode surface
1s reacted with a nitrogen plasma to form a surface layer of
polycrystalline lithium mitride (L1;N). This nitride layer con-
ducts lithium 1ons and at least partially protects the bulk
lithium of the negative electrode from a liquid electrolyte. A

process for nitriding lithium battery electrodes 1t 1s described
in R&D Magazine, September 1997, p. 65 (describing the

work of S. A. Anders, M. Dickinson, and M. Rubin at
Lawrence Berkeley National Laboratory). Unfortunately, the
surface of lithium 1s very rough making it almost impossible
to nitride, and lithtum nitride decomposes when exposed to
moisture. While lithium metal batteries employ nonaqueous
clectrolytes, 1t 1s very difficult to remove all traces ol moisture
from the electrolyte. Thus, trace moisture will ultimately
compromise the protective properties of the lithtum nitride.

Dec. 25, 2008

[0008] Other pre-formed lithium protective layers have
been contemplated. Most notably, U.S. Pat. No. 5,314,765
(1ssued to Bates on May 24, 1994) describes a lithium elec-
trode containing a thin layer of sputtered lithium phosphorus
oxynitride (“L1PON"") or related material. LiPON 1s a single
ion (lithitum 1on) conducting glass. It 1s typically deposited by
reactive sputtering of a lithium phosphate in the presence of
nitrogen. The nitrogen, however, attacks the lithium surface,
thereby making the process of direct deposition of the glass
f1lm 1mpossible. Work in the present applicants’ laboratories
has developed technology for the use of glassy or amorphous
protective layers, such as LiPON, in active metal battery
clectrodes (see, for example, U.S. Pat. Nos. 6,025,094, 1ssued
Feb. 15, 2000, 6,402,795, 1ssued Jun. 11, 2002, 6,214,061,
issued Apr. 10, 2001 and 6,413,284, 1ssued Jul. 2, 2002,
issued to Chu and Visco, et al. and assigned to PolyPlus
Battery Company).

[0009] Some contemplated lithium metal protective layers
are formed in situ by reaction between lithium metal and
compounds 1n the cell’s electrolyte which contact the lithium.
Most of these 1n situ films are grown by a controlled chemical
reaction after the battery 1s assembled. Generally, such films
have a porous morphology allowing some electrolyte to pen-
ctrate to the bare lithtum metal surface. Thus, they fail to
adequately protect the lithium electrode. Other examples of
potential protective layers may include the deposition of
polymer layers that involve solvents or monomers that are
incompatible with lithium.

[0010] The existing approaches do not provide for the fab-
rication of a lithium electrode and polymer electrolyte lami-
nate without a barrier layer that substantially impedes 1on
conductivity.

[0011] Accordingly, it would be desirable to provide a pro-
tective layer having high 1onic conductivity between a lithium
clectrode and a polymer electrolyte. In particular fabrication
processing and successiul operation of active metals, such as
lithium, as battery electrodes would be enhanced by the pro-
vision of such a protective layer.

SUMMARY OF THE INVENTION

[0012] The present mvention provides electrochemical
structures with a protective interlayer for prevention of del-
eterious reactions between an active metal electrode and
polymer electrolytes, and methods for their fabrication. The
structures may be incorporated in battery cells. The interlayer
1s capable of protecting an active metal anode and a polymer
clectrolyte from deleterious reaction with one another while
providing a high level of 1onic conductivity to enhance per-
formance of a battery cell 1n which the structure 1s 1ncorpo-
rated. The interlayer has a high 1onic conductivity, at least
10 S/cm, generally at least 107° S/cm, and as high as 10~
S/cm or higher.

[0013] A wide variety of materials may be used 1n fabricat-
ing protective interlayers in accordance with the present
invention, consistent with the principles described above. For
example, the interlayer may be composed, in whole or in part,
of active metal nitrides, active metal phosphides or active
metal halides. Specific examples include Li;N, Li1,P, Lil,
LiBr, LiCl and LiF. These materials may be applied pre-
formed, or they may be formed in situ by conversion of
applied precursors such as metal mitrides, metal phosphides,
metal halides, red phosphorus, 10dine, nitrogen or phospho-
rus containing organics and polymers, and the like, on contact
with the active metal anode material. The 1n situ formation of
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the first layer may result from an incomplete conversion of the
precursors to theiwr lithiated analog. Nevertheless, such
incomplete conversions meet the requirements of a first layer
material for a protective interlayer in accordance with the
present mvention and are therefore within the scope of the
ivention.

[0014] The interlayer may be formed using a variety of
techniques. These include deposition or evaporation (includ-
ing e-beam evaporation) of a layer of a protective interlayer or
protective interlayer precursor material. Also, as noted above,
the active metal electrode adjacent layer may be formed in
situ from the non-deleterious reaction of one or more precur-
sors with the active metal electrode. For example, a CulN,
layer may be formed on a polymer electrolyte. The precursor
coated polymer electrolyte may then be contacted with a Li
anode (e.g., litthtum may be directly evaporated onto the pre-
cursor-coated polymer electrolyte) resulting in the formation
of LiN, at the L1 anode surface. As another example, an L1P,
interlayer may be formed by contacting a layer of red phos-
phorus on formed a polymer electrolyte with an L1 anode.
[0015] The invention encompasses protected anode struc-
tures composed of anodes, mterlayers and polymer electro-
lytes. Battery cells and methods for making anode structures
and battery cells are also provided.

[0016] In one aspect, the mvention relates to an electro-
chemical device component structure. The structure includes
an active metal electrode, a polymer electrolyte, and a pro-
tective interlayer between the electrode and the polymer elec-
trolyte, the imterlayer composed in whole or in part of a
material conductive to 10ns of the active metal and chemically
compatible with the active metal and the polymer electrolyte
including nitrides, phosphides and halides of the active metal.
[0017] These and other features of the invention will be

turther described and exemplified 1n the detailed description
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 1s a schematic illustration of an Electro-
chemical device structure incorporating an ionically conduc-
tive and chemically compatible protective interlayer in accor-
dance with the present invention.

[0019] FIG. 2-6 are schematic illustrations of alternative
methods of making an electrochemical device structure imncor-
porating an 1onically conductive and chemically compatible
protective interlayer 1n accordance with the present invention.
[0020] FIG. 7 1s a schematic 1llustration of an active metal
battery cell incorporating a protective interlayer in accor-
dance with the present invention.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0021] Retference will now be made in detail to specific
embodiments of the invention. Examples of the specific
embodiments are illustrated 1n the accompanying drawings.
While the invention will be described 1n conjunction with
these specific embodiments, it will be understood that 1t 1s not
intended to limit the invention to such specific embodiments.
On the contrary, 1t 1s intended to cover alternatives, modifi-
cations, and equivalents as may be included within the spirit
and scope of the invention as defined by the appended claims.
In the following description, numerous specific details are set
forth 1n order to provide a thorough understanding of the
present invention. The present invention may be practiced
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without some or all of these specific details. In other
instances, well known process operations have not been
described 1n detail 1n order not to unnecessarily obscure the
present 1nvention.

[0022] Introduction

[0023] The present mvention provides electrochemical
structures with a protective interlayer for prevention of del-
eterious reactions between an active metal electrode and
polymer electrolytes, and methods for their fabrication. The
structures may be incorporated in battery cells. The interlayer
1s capable of protecting an active metal anode and a polymer
clectrolyte from deleterious reaction with one another while
providing a high level of 1onic conductivity to enhance per-
formance of a battery cell 1n which the structure 1s incorpo-
rated.

[0024] The interlayer 1s composed of a material that 1s both
ionically conductive and chemically compatible with an
active metal and a polymer electrolyte between which it 1s
disposed. The interlayer has a high 1onic conductivity, at least
10”7 S/cm, generally at least 107° S/cm, and as high as 107>
S/cm or higher. By “chemical compatibility” (or “chemically
compatible”) i1t 1s meant that the referenced material does not
react to form a product that i1s deleterious to battery cell
operation when contacted with one or more other referenced
battery cell components. Chemical compatibility 1n this
aspect of the invention refers both to a maternal that 1s chemi-
cally stable and therefore substantially unreactive when con-
tacted with an active metal electrode matenal. It also refers to
a material that may be reactive when contacted with an active
metal electrode matenial to produce a product that 1s chemi-
cally stable against the active metal electrode maternial and
retains the desirable 1onic conductivity. Such a reactive mate-
rial 1s sometimes referred to as a “precursor’” material.
[0025] It should be noted that the interlayer 1s inherently
ionically conductive. That 1s, it does not depend on the pres-
ence of a liquid electrolyte or solvent or other agent for 1ts
ionically conductive properties.

[0026] Protective Interlayer Structures

[0027] FIG. 11llustrates an electrochemical structure 1ncor-
porating an 1onically conductive chemically compatible pro-
tective interlayer 1n accordance with the present mvention.
The structure 100 includes an active metal electrode 102.
Active metals are highly reactive 1n ambient conditions and
can benefit from a barrier layer when used as electrodes. They
are generally alkali metals such (e.g., lithium, sodium or
potassium), alkaline earth metals (e.g., calcium or magne-
sium), and/or certain transitional metals (e.g., zinc) and/or
alloys of two or more of these. The following active metals
may be used: alkali metals (e.g., L1, Na, K), alkaline earth
metals (e.g., Ca, Mg, Ba), or binary or ternary alkali metal
alloys with Ag, Ca, Mg, Sn, Zn, B1, Al, Cd, Ga, In. Preferred
alloys include lithium aluminum alloys, lithium silicon
alloys, lithium tin alloys, lithtum silver alloys, and sodium
lead alloys (e.g., Na,Pb). A preferred active metal electrode 1s
composed of lithium.

[0028] The electrode 1s typically bonded on one surface
with a current collector 110 composed of a conductive metal,
for example copper. However, the structure need not included
a current collector 110 and/or the current collector may be
bonded to the exposed surface of the electrode subsequently,
for example during processing to form a battery cell.

[0029] The structure 100 also includes a polymer electro-
lyte 104. In general, any polymer electrolyte suitable for use
in an active metal battery cell may be used. For example,
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polymer electrolytes such as polyethylene oxide (PEO),
polypropylene oxide (PPO), polyimide, and Nafion based
membranes such as Li1-10on based Nafions and fiber reinforced
polymer electrolytes such as fiber reinforced PEO and fiber
reinforced Nafion (i.e., GORE-SELECT, available from W.L.
Gore and Associates) may be used in accordance with the
present invention.

[0030] A protective interlayer 106 1s disposed between the
active metal electrode 102 and the polymer electrolyte 104.
The protective interlayer 106 1s composed of a matenal that 1s
both 1onically conductive and chemically compatible with an
active metal electrode material and a polymer electrolyte. The
thickness of the interlayer 1s enough to prevent contact
between the active metal anode and the polymer electrolyte,
preferably about 0.1 to 5 microns, or 0.2 to 1 micron, for
example about 0.25 micron.

[0031] A wide variety of materials may be used as protec-
tive interlayers in accordance with the present invention, con-
sistent with the principles described herein. For example, the
interlayer may be composed, in whole or 1n part, of active
metal nitrides, active metal phosphides or active metal
halides. Specific examples include L1;N, L1, P, Lil, LiBr, LiCl
and LiF.

[0032] As described further below, these materials may be
applied preformed, or they may be formed 1n situ by conver-
s1on of applied precursors such as metal nitrides, metal phos-
phides, metal halides, red phosphorus, 1odine, mitrogen or
phosphorus contaiming organics and polymers, and the like,
on contact with the active metal anode material. The 1n situ
formation of the interlayer may result from an incomplete
conversion of the precursors to their lithiated analog. Never-
theless, such incomplete conversions meet the requirements
of an interlayer material for a protective mterlayer 1n accor-
dance with the present invention and are therefore within the
scope of the invention.

[0033] Fabrication Methods

[0034] As noted above, a protective interlayer i accor-
dance with the present invention may be formed using a
variety of methods. These include deposition or evaporation
(including e-beam evaporation) of a layer of a protective
interlayer or protective interlayer precursor material. Also, as
noted above, the interlayer may be formed 1n situ from the
non-deleterious reaction of one or more precursors with the
active metal electrode.

[0035] Referring to FIG. 2, a first method for forming a
protective interlayer 1n accordance with the present invention
1s shown. The 1onically conductive chemically compatible
interlayer material 1s directly deposited onto the polymer
clectrolyte. This can be done by a variety of techniques
including RF sputtering, e-beam evaporation, thermal evapo-
ration, or reactive thermal or e-beam evaporation, for
example. In the particular example 1llustrated 1n the figure,
lithium 1s evaporated 1into a nitrogen plasma to form a lithium
nitride (L1;N) layer on the polymer electrolyte, for example
one composed of PEQ, surtace. This 1s followed by evapora-
tion of lithtum metal onto the Li1;N film. The Li,N interlayer
separates the lithium metal electrode from the polymer elec-
trolyte, but allows L1 10ns to pass from the L1 electrode to the
polymer electrolyte. Of course, other active metal, polymer
clectrolyte and interlayer matenals, as described herein, may
be used as well.

[0036] Alternatively, referring to FIG. 3, a second method
for forming a protective interlayer 1 accordance with the
present invention 1s shown. The 1onically conductive chemi-

Dec. 25, 2008

cally compatible interlayer material 1s formed 1n situ follow-
ing formation of a precursor layer on the polymer electrolyte.
In the particular example 1llustrated in the figure, a surface of
a polymer electrolyte, for example one composed of PEQ, 1s
coated with red phosphorus, a precursor for an active metal
(1n this case lithium) phosphide. Then a layer of lithium metal
1s deposited onto the phosphorus. The reaction of lithium and
phosphorus forms Li1,P according to the following reaction:
3L1+P=L1,P. L1,P 1s an 1onically conductive material that 1s
chemically compatible with both the lithium anode and the
polymer electrolyte. In this way, the polymer electrolyte 1s not
in direct contact with the lithium electrode. Of course, other
active metal, polymer electrolyte and interlayer precursor
materials, as described herein, may be used as well. Alterna-
tive precursor examples include CulN,, which may be formed
as a thin layer on a polymer electrolyte, such as PEO and
contacted with a L1 anode 1n a stmilar manner according to the
tollowing reaction: 3L1+Cu;N=L1,N+3 Cu; or lead 1odide
which may be formed as a thin layer on a polymer electrolyte

and contacted with a L1 anode 1n a stmilar manner according
to the following reaction: 2L1+Pbl,=2L11+Pb.

[0037] In either of the forgoing methods, rather than form-
ing a lithtum (or other active metal) layer on the protective
interlayer material or precursor, the protective interlayer
material or precursor material may be contacted with the
lithium by bonding metallic lithium to the protective inter-
layer material or precursor, for example by direct contact with
extruded lithtum metal foil. This alternative 1s illustrated for

either of the FI1G. 2 or FIG. 3 methods 1n FI1G. 4.

[0038] In an alternative embodiment of the invention the
interlayer layer may also include additional components. For
instance, a suitable protective interlayer may include a poly-
mer component to enhance its properties. For example, poly-
mer-10dine complexes like poly(2-vinylpyridine)-1odine
(P2VP-1,), polyethylene-iodine, or tetraalkylammonium-io-
dine can react with L1 to form an 1onically conductive Lil-
based film that 1s chemically compatible with both an active
metal and a polymer electrolyte. Without intending to be
bound by theory, 1t 1s expected that the use of polymer-1odine
charge transier complexes can lead to formation of compos-
ites containing il and polymer and having significantly
higher 1onic conductivity than that for pure Lil. Other halo-
gens may also be used 1n this manner, for example 1n bromine
complexes.

[0039] Referring to FIG. 5, a first embodiment of this

aspect of the present invention 1s shown. A polymer layer and
a layer of 10dine are coated on a polymer electrolyte surface
and allowed to react forming polymer-iodine complex.

[0040] According to this method, a thin layer of polymer
may be applied to the polymer electrolyte (e.g. PEO) using
brushing, dipping, or spraying. For example, a conductive
glass layer may be coated with a thin (e.g, 0.5 to 2.0 micron,
preferably 0.1 to 0.5 micron) layer of P2VP 1n this way.

[0041] One technique for applying an 1odine coating is
sublimation of crystalline 10dine that can be achieved at room
temperature (e.g., about 20to 25° C.) 1n a reactor placed in the
dry box or 1in a dry room. A sublimed layer of 1odine can be
made very thin (e.g., 0.05 to 1.0 microns and the rate of
sublimation can be adjusted by varving the temperature or
distance between the substrate and source of 10dine.

[0042] Alternatively, high concentrations (e.g., 50 to 100
g/liter of 10dine can be dissolved 1n an organic solvent, such as
acetonitrile and n-heptane. Dissolved 1odine can be coated on
the conductive glass surface by such methods as dip coating,
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spraying or brushing, among others. In this case, treatment
conditions can be easily changed by varying the length of
coating treatment and 1odine concentrations. Examples of
iodine sources for this technique include metal 1odides are
Agl and Pbl,, which are known to be used as the cathode
materials 1n solid-state batteries with L1 anode and Lil-based
solid electrolyte.

[0043] Then, lithium (or other active metal) 1s contacted
with the polymer-iodine complex on the polymer electrolyte,
for example by evaporation or pressing onto the electrolyte
coated with this complex. The result 1s a Lil-containing com-
posite protective interlayer between the L1 anode and the
polymer electrolyte.

[0044] Referring to FIG. 6, an alternative embodiment of
this aspect of the present mvention is shown. A polymer
electrolyte surface 1s coated with a thin layer of 10dine, such
as by a technique described above, that can react with Li
forming L1l layer (A).

[0045] Activemetal, for example lithtum foil, can be coated
with a thin layer of polymer (B), for example as described
above, and then contacted with the 10dine layer on the poly-
mer electrolyte. After assembly, 1odine reacts with the poly-
mer layer and, as a result, Lil-containing protective interlayer
with reduced impedance 1s formed.

[0046] Battery Cells

[0047] FElectrochemical structures incorporating a protec-
tive iterlayer in accordance with the present invention may
be incorporated 1n active metal-based battery cells such as are
described 1n Applicant’s prior US Patents and patent applica-
tions including U.S. Pat. No. 6,025,094 incorporated herein
by reference 1n its entirety and for all purposes. The protected
anodes may be used 1n primary or secondary battery cells.
One preferred implementation 1s 1n lithium-sulfur batteries.

[0048] FIG. 7 illustrates a battery in accordance with the
present invention. The battery cell 700 includes an electro-
chemical structure incorporating an 1onically conductive
chemically compatible protective interlayer, as described
with reference to FIG. 1. The cell 700 1s composed of an
active metal electrode 102 on an anode current collector 110,
a polymer electrolyte 104, and a protective interlayer 106, as
described above. The cell 700 further includes a cathode 108
connected with a cathode current collector 112, composed of
a conductive metal such as aluminum. Suitable positive elec-
trodes to couple with the electrochemical structure 1n such
battery cells include: for both primary and rechargeable cells,
clemental sulfur-based electrodes, lithium polysulfide based
electrodes, metal oxide-based electrodes (e.g., V,O., V°O, .,
AgV,0.), and metal sulfide based electrodes (e.g., FeS,); for
primary cells, metal oxide-based electrodes, such as MnQO.,,
Cu0O, Ag,CrO, and MoQO,; for primary cells, metal sulfide-
based electrode, such as CuS and FeS; for rechargeable cells
metal oxide-based electrodes, such as Li,CoO,, L1 Ni10O,,
L1 Mn,0O, and LiFePO,; and, tor rechargeable cells, a metal
sulﬁde based clectrode such as Ti1S,.

[0049] Additional materials and techniques for fabrication
of active metal battery cells are described, for example, 1n
U.S. Pat. No. 5,686,201 1ssued to Chu on Nov. 11, 1997.
Further description of materials and techniques for fabrica-
tion of active metal battery cells having anode protective
layers are described, for example, in U.S. patent application

Ser. No. 09/139,601, filed Aug. 25, 1998 (now U.S. Pat. No.
6,214,061, 1ssued Apr. 10, 2001), titled ENCAPSULATED
LITHIUM ALLOY ELECTRODES HAVING BARRIER

LAYERS, and naming May-Ying Chu, Steven J. Visco and
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Lutgard C. Delonge as inventors; U.S. patent application Ser.
No. 09/086,665 filed May 29, 1998 (now U.S. Pat. No. 6,025,

094, 1ssued May 15, 2000), titled PROTECTIVE COATINGS
FOR NEGATIVE ELECTRODES, and naming Steven J.
Visco and May-Ying Chu as inventors; U.S. patent applica-
tion Ser. No. 09/139,603 filed Aug. 25, 1998 (now U.S. Pat.
No. 6,402,795, issued Jun. 11, 2002) titled “PLATING
METAL NEGATIVE JLECTROD HS UNDER PROTEC-
TIVE COATINGS,” and naming May-Ying Chu, Steven .
Visco and Lutgard C. Delonghe as inventors; U.S. patent
application Ser. No. 09/139,601 filed Aug. 25, 1998 (now
U.S. Pat. No. 6,214,061, 1ssued Apr. 10, 2001), titled
“METHOD FOR FORMING ENCAPSULATED LITHIUM
ELECTRODES HAVING GLASS PROTECTIVE LAY-
ERS,” and naming Steven J. Visco and Floris Y. Tsang as
inventors. The active metal electrode may also be an active

metal alloy electrode, as further described 1in U.S. patent
application Ser. No. 10/189,908 filed Jul. 3, 2002, titled

“ENCAPSULATED ALLOY ELECTRODES,” and naming
Steven J. Visco, Yevgeniy S, Nimon and Bruce D. Katz as
inventors. The battery component materials, including
anodes, cathodes, separators, protective layers, etc., and tech-
niques disclosed therein are generally applicable to the
present ivention and each of these patent applications 1s
incorporated herein by reference 1n 1ts entirety for all pur-
poses.

CONCLUSION

[0050] Although the {foregoing invention has been
described 1n some detail for purposes of clarity of understand-
ing, 1t will be apparent that certain changes and modifications
may be practiced within the scope of the appended claims. It
should be noted that there are many alternative ways of imple-
menting both the process and compositions of the present
invention. Accordingly, the present embodiments are to be
considered as 1llustrative and not restrictive, and the invention
1s not to be limited to the details given herein.

[0051] All references cited herein are incorporated by ret-
erence for all purposes.

What 1s claimed 1s:
1. A method of fabricating an electrochemical device com-
ponent structure, the method comprising:
applying a layer of a protective interlayer precursor
selected from the group consisting of metal nitrides,
metal phosphides, metal halides, red phosphorus,
amines, phosphines, borazine (B;N,H,), and triazine
(C;N;H;) on a polymer electrolyte; and

applying an active metal selected from the group consisting,
of alkali metals, alkaline earth metals and alloys thereof
to the layer of precursor on the polymer electrolyte;

whereby the precursor 1s converted to a reaction product
formed by contact of the active metal with the precursor
such that a protective interlayer conductive to 1ons of the
active metal 1s formed 1n situ between the active metal
and the polymer electrolyte.

2. The method of claim 1, wherein the active metal com-
prises an anode.

3. The method of claim 2, further comprising applying a
current collector on a surface of the active metal anode oppo-
site that in contact with the protective interlayer.

4. The method of claim 1, wherein the active metal 1s an
alkali metal or alloy thereof.

5. The method of claim 4, wherein the active metal 1s
lithium or a lithium alloy.
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6. The method of claim 1, wherein the precursor a metal
nitride.

7. The method of claim 1, wherein the precursor 1s Pbl,, the
active metal 1s lithium, and the protective interlayer formed 1n
situ on reaction with the active metal 1s Lil.

8. The method of claim 1, wherein the reaction product 1s a
Lil-poly(2-vinylpyridine) complex formed by application of
a poly(2-vinylpyridine) precursor to the polymer electrolyte,
tollowed by application of 1odine to the poly(2-vinylpyri-
dine), followed by application of lithium as the active metal,
whereby the Lil-poly(2-vinylpyridine) complex 1s formed.

9. The method of claam 8, wherein the active metal 1s
applied by evaporation of lithium.

10. The method of claim 9, wherein the active metal 1s
applied as a lithium foil.

11. An electrochemical device component structure, com-
prising;:

an active metal electrode:

a polymer electrolyte;

a protective interlayer between the electrode and the poly-
mer electrolyte, the interlayer comprising a materal
conductive to 1ons of the active metal and chemically
compatible with the active metal and the polymer elec-
trolyte, the material selected from the group consisting
of nitrides, phosphides and halides of the active metal.

12. The structure of claim 11, wherein the active metal 1s
lithium.

13. The structure of claim 11, wherein the reaction product
comprises a material selected from the group consisting of

Li,N, Li,P and Lil, LiBr, LiCl and LiF.
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14. The structure of claim 11, wherein the polymer elec-
trolyte comprises a material selected from the group consist-
ing of polyethylene oxide (PEQO), polypropylene oxide
(PPO), polyimide, and Nafion based membranes.

15. The structure of claim 11, wherein the thickness of the
protective 1terlayer 1s about 0.2 to 1 micron.

16. The structure of claim 11, wherein the active metal of
the electrode 1s selected from the group consisting of alkali
metals, alkaline earth metals, and transition metals.

17. The structure of claim 11, wherein the active metal
clectrode further comprises a current collector on a surface
opposite that 1n contact with the reaction product.

18. The structure of claim 11, wherein the reaction product
1s an active metal halide complexed with a polymer.

19. The structure of claim 18, wherein the reaction product
material 1s Lil-poly(2-vinylpyridine).

20. A battery cell, comprising;:

an active metal electrode:

a polymer electrolyte;

a protective interlayer between the electrode and the poly-

mer electrolyte, the interlayer comprising a material
conductive to 1ons of the active metal and chemically
compatible with the active metal and the polymer elec-
trolyte, and the material selected from the group consist-
ing ol nitrides, phosphides and halides of the active
metal; and

a positive electrode chosen from a sulfur-based positive
clectrode, a metal oxide based positive electrode, and a
metal sulfide based positive electrode in contact with the
polymer electrolyte.

i i ke i i
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