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A novel process has been devel oped to
prepare high energy density anodes

for rechargeable lithiumbatteries. The
process involves formation of neta

and alloy clusters enbedded in a
conductive matrix. The metal and all oy
clusters are produced within the
conductive matrix through reaction of the
appropriate netal halides with Si (or P)
formng a volatile Si halides (or
phosphorus halides). Conposites of
several sp netals capable of alloying
with Li such as Pb, Sn, Sb, and Bi have
been produced with a variety of
matrices, including graphitic,

car bonaceous and gl assy material s.

El ectrochem cal tests of these conposite
anodes in Li cells denmonstrate
significantly superior energy capacity
conpared to the Li C6 anodes

currently used in comrercial lithium
batteries.

Current rechargeable lithiumbatteries
use carbon or graphitic anodes

(Li C6) with maxi mum energy density of
about 372 mAh/g. The use of netallic
lithium with nuch higher energy density,
has not been succesful. been used

in the past. Lithium alloys have al so
been exam ned as candi date anodes for
[ithiumbatteries. However, due to
degradation of the el ectrode during
cycling, they have not been devel oped to
a comerci al product.

W report here devel opnent of a process
to produce snmall netal and all oy

clusters within conductive matrix.
Preparati on of conposite anodes

i nvol ves reaction of suitable neta
halides with Si or P powders. This
process will incorporate both netallic
and/or nonnetallic el ements and

alloys in the matrix. The conposite

provi des a uni que conposition and
structure that allows alkali netals, such
as lithium to be reversibly

inserted and extracted fromthe conposite
matri x el ectrode.

This process significantly, facilitates
control of the shape and size of

the active particles within the matrix.
Therefore, energy density (rel ated

to nmetal concentration) and rate
capability (related to cluster size) of
the electrode can be tailored with this
process.

The synthetic process involves reaction
of netal halides and silicon

powder. The silicon and netal halide are
prem xed with the matrix materia

and heat treated at a tenperature close
to the nmelting point of the neta

hal i de. Near the nelting tenperature of
the halide, silicon powder reacts

with the netal halide to produce gaseous
Si halides and netal clusters.

Sui tabl e netal halides include netals
fromthe third, fourth, and fifth row

of groups Ill, IV, and V of the periodic
table. Silicon can be substituted

by other elenents, such as P, which also
generate vol atile halide conpounds

at the tenperature of the reaction zone
A typical reaction can be

illustrated as

pMXn + qSi + graphite matrix ------ >
pMcl uster + pn/4Si X4 +
(g-px/4)Sicluster + graphite matrix
nodi fi ed

The tenperature of the reaction is
usually close to the nelting point of
the netal halide. The reaction rate is
driven toward conpletion as the Si
hal i des escape fromthe reacti on zone. By
adjusting the ratio of the netal

halide to silicon concentration, the
quantity and size of metal clusters

and excess silicon can be controlled to
optim ze the battery el ectrode

per f or mance.

The lithiumextraction capacity of the
Pb/ Si contai ni ng conposite el ectrode

was 872 mAh/g at 0.1 mA/cnR, and 610
mAh/ g at 3mA/ cnR. The energy capacity

of this typ of anode is nuch higher than
that of typical lithiumbattery

wi th carbonaceous anodes.

In addition, the process developed in
this work significantly reduces the
initial irreversible capacity of the
anode. This derives directly from

sel ective etching and renoval of bonded
and trapped inpurities from

graphite by reactive Si d 4, produced
during the reaction. Anal ogously,
antinmony chloride can be used as the
netal halide. The reversible capacity
for lithiumextraction of electrode
containing Sh/Si was 815 mAh/ g

Use of other elenments, instead of Si to
formvolatile and reactive halides

are possible. Use of other halides of Pb
Bi, Sn, and Sb are al so possible.

Use of alloying elenents may al so produce
clusters of small sizes, and

al l oying el enents can be utilized in the
same process. Several exanples

wi Il be discussed.



