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Abstract

The thermal and electrochemical behavior of pyrite as an electrode material for rechargeable lithium polymer electrolyte batteries has
been investigated. The samples of pyrite from several different sources were characterized by thermogravimetric analysis (TGA), SEM,
X-ray photoelectron (XPS) and electrochemical methods. As determined by thermogravimetric measurements, the pyrite samples of
““vendors A and G’ were highly stable up to 500°C. The weight loss of FeS, at 500°C did not exceed 1.3%. The decomposition of the
“*vendor E’ sample, including eight phase transitions, starts at about 100°C and is caused by the surface impurities of pyrite, such asiron
oxides, hydroxides and sulfates. These influence the OCV and the first discharge of the Li /CPE/FeS, cell. It is noteworthy that the
performance characteristics, such as Li/Fe ratio, faradaic efficiency and charge—discharge overpotential of the Li/composite polymer
electrolyte (CPE) /10-pwm-thick cathode pyrite cells were found to be amost independent of the degree of contamination and,
consequently, of the pyrite source during 30 cycles. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

There is an increasing demand for the development of
high-energy density batteries for portable electronic de-
vices as well as for eectric vehicles and energy storage.
Lithium batteries are attractive in this regard as they offer
higher energy density compared to other rechargeable sys-
tems. In rechargeable lithium and lithium-ion batteries, the
cathodes that are on the market are made of expensive
synthetic compounds capable of reversibly intercalating
the lithium ions. Natural pyrite warrants interest as a
cathode materia in lithium batteries because of its nearly
unlimited abundance, low cost and high theoretical energy
density when coupled to lithium. We have recently demon-
strated that an all-solid-state lithium battery containing
composite polymer electrolyte (CPE) and a pyrite-based
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cathode is a promising candidate for EV and energy-stor-
age applications. The theoretical energy density of this
battery is nearly twice that of lithium /lithiated Co, Mn, V
and Ni oxide batteries. The projected specific energy for
practical value of alarge Li/CPE/FeS, battery is 250 W
h/kg [1,2].

One of the major obstacles to the commercialization of
lithium polymer electrolyte and lithium-ion batteries for
EV application is the high cost of these batteries. The
material cost of the Li/CPE/FeS, battery is about
$40/kW h (excluding the case), a sixth that of lithium-ion
batteries and other lithium polymer electrolyte batteries
(estimated at $250/kW h). There are two reasons for such
alow cost (similar to that of the lead-acid battery): the use
of Lil as a salt a $20/kg while others use LiPF; or
lithium imide at about $250/kg and the use of a natural
ore (pyrite) as a cathode material at $0.5/kg while others
use lithiated metal oxides at $30,/kg to $80,/kg [5].

The mineral pyrite, FeS,, is present in the most ancient
magnetic rocks and in more recent sedimentary deposits.
There are different sources of natural pyrite: Logrono
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mines in Spain, USA (Missouri; Shasta County, CA);
Canada (Ontario), Russia (Urals), etc. [3]. One of the
possible paths of pyrite oxidation in the presence of water
[3] is described by Eqg. 1:

2FeS, + 70, + 2H,0 — 2FeSO, + 2H,S0, . (1)

Formation of thiosulfate and sulfite intermediates, and
sulfur as a side product of pyrite oxidation have been
reported [3].

The use of pyrite as cathode material in batteries pre-
sumes a detailed knowledge of the phase diagram and the
thermal stability of the mineral. For the purpose of devel-

200000

150000

-

100000

Intensity, c/s

50000 [~

20 30

oping a high-energy density rechargeable lithium battery,
special attention must be paid to the homogeneity range
and impurities. The quality of pyrite, which varies dramati-
cally among sources and even between lots from the same
source, may cause persistent problems for the manufac-
tures of Li/FeS, batteries. It was found that a high-volt-
age spike, which may result in the instability of the cell,
accompanies the first discharge of the Li /composite poly-
mer or gel electrolyte/pyrite battery. In addition, it is well
known that the reproducibility of the cathode behavior is
improved with the use of pyrite of highly uniform physical
and chemical properties.

The main aim of this work is to characterize natural
pyrite from different sources and suppliers as possible

40 50 60

Diffraction angle, 20

Fig. 1. XRD pattern of natural pyrite (vendor G).
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Fig. 2. TGA /DTA thermograms of natural pyrite.

cathode material for al-solid-state lithium batteries. The
X-ray photoelectron (XPS), thermogravimetric analysis
(TGA) /differentia thermal analysis (DTA), SEM, X-ray
diffraction (XRD) and €electrochemical methods are used.
BET measurements were made with the use of a NOVA
2200 surface analyzer (Quantachrom).

2. Experimental

The electrochemical cells studied comprise a lithium
anode, CPE consisting of (Lil)P(EO),,EC 9% v /v Al,O,

(where v /v is a volume concentration) and a composite
FeS, cathode, which contains 50% v /v of CPE and 50%
v/v natural pyrite from various sources and vendors,
which were chosen arbitrary and marked A, B, C, E, F and
G. The samples of vendors A, B, F and G were chemically
pretreated according to different procedures, which were
not specified by the suppliers. The electrolytes were pre-
pared from poly(ethylene oxide) [P(EO); Aldrich, average
molecular weight 5 108], which was vacuum-dried at
45°C to 50°C for about 6 h. The Lil (Aldrich) was
vacuum-dried at 200°C to 230°C for about 8 h. All subse-
quent handling of the materials took place under an argon

1.0
0.8
- Vendor F
Q 06 — e
N
5 Vendor A
(7}
2 04
2
©
fa) Vendor G
02 @ ——— e T
Vendor C
Vendor E
____________ /\\ e ——
0.2 — T T — T — T T T
0 100 200 300 400 500 600 700

Temperature (°C)

Fig. 3. DTG thermograms of natural pyrite from different sources.
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Fig. 4. DTG thermograms of different particle size natural pyrite (vendor A).

atmosphere in a VAC glove box with water content < 10
ppm. The particle size of pristine pyrites is less than 44
pm. BET measurements showed that the surface area of
this pyrite is 0.3 m? /g. The surface area of finely ground
less than 10 wm pyrite particles used for thin-cathode
lithium batteries is 2.3 m?/g.

In order to obtain uniform particle size, dry and wet
methods were used. For large particles (38—44 pum), the
pristine pyrite was sieved and the desired fraction isolated.
For particles smaller than 38 wm, which cause problems

on dry sieving, the wet method is used. Acetonitrile or
cyclopentanone is added to the powder and the mixture is
stirred and decanted. For more effective separation of the
undesired smallest particles, 0.03-0.1 g/I of Triton X was
added to the dlurry. The polymer electrolyte and the cath-
ode were prepared as described elsewhere [4]. The find
thickness of the solvent-free CPE films was 100 wm. The
cathode foil was prepared from pristine, 38—-44 pum or
<10 pm ball-milled pyrite powder. All investigations
were performed in the 0.95 cm? cell, which permitted the

05

0.4

pristine

0.3

0.2+

Deriv. Weight (%/°C)

0.1

38-44 um

00- ~—-

vendor E

-0.1 T T
0 200 400

600 800 1000

Temperature (°C)

Fig. 5. DTG thermograms of pristine natural pyrite and after separation of small particles (vendor E).



Table 1
TGA data of pyrites from different sources up to 1000°C
Pyrite Particle Total 1st weight 2nd weight 3rd weight 4th weight 5th weight 6th weight 7th weight
source size weight loss loss loss loss loss loss loss
(nm) loss up (°C/%)? (°C/%)? (°C/%)? (°C/%)? (°C/%)? (°C/%)? (°C/%)?

to 1000°C

(%)
E <44 29.7 80(0.36) 100 (0.41) 178 (0.5 290(0.85) 498 (6.3) 540 (7) 624.3 (10.6)
E 38-44 277 105 (0.64) 206.4 (0.7) 291.8 (0.62) 536.9 (6.4) 636.9 (16)
C <44 259 301.5(0.2) 385.8(0.31) 489.5(2.8) 538.4 (4.3) 646.7 (15.8)
C <10 26 354.8(0.4) 532(2.6) 648.2(19.2)
A 38-44 25.9 562 (shoulder) 648.3 (23.9)
A <10 258 346 (0.6) 453 (3.4) 527 (4.1) 638.4 (15.4)
G <70 25 550 (1.2) 649.8 (21.3)
F <70 24.7 429.6 (0.2) 517.3(0.64) 668.4 (21.9)

#The first number shows the temperature of weight loss. The number in parentheses indicates weight loss percent.
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sandwiching of the CPE film between a lithium (Foote
Minera) anode and a composite cathode (the detailed
procedure of cathode preparation may be found in Ref.
[5D. The cells were held under spring pressure inside the
hermetically sealed glass vessel. Before each experiment,
cells were equilibrated at a given temperature for at least 2
h. The batteries were cycled at 135°C with the use of a
Maccor series 2000 battery test system.

Samples for simultaneous TGA-DTA were transferred
from the glove box in a sealed vessel just before each
measurement. The sample compartment was flushed with
dried, UHP argon at all times. The TGA tests were carried
out with a TA Instruments module SDT 2960. TGA-DTA
runs were recorded at a scan rate of 20° /min up to 700°C.
XRD data were obtained with the use of a Phillips PW
1710 diffractometer with Cu Ko radiation. Films were
mounted on a single-crystal quartz dlide and sealed from
the atmosphere with 7-pwm-thick aluminum film. A JEOL
SEM was used for surface topology study. The X-ray
photoelectron (XPS) measurements of the pyrite samples
were performed with a monochromatic Al Ka source
(1486.6 €V) in UHV (2.5 x 107 ° Torr pressure) with the
use of a’ 5600 Multi-Technique System (Physical Electron-
ics, USA).

3. Results and discussion

Large and quite beautiful crystals of pyrite occur in
nature, for instance, in the Urals. Fig. 1 shows a pyrite
powder diffractogram measured with Cu Ko radiation.

Table 2
Temperature of decomposition of iron-sulfur and iron-oxygen compounds
R.C. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press.

Name Formulae

Temperature
decomposition
O

Iron (11) hydroxide Fe(OH), 150-200
Iron (111) hydroxide ~ Fe(OH); — Fe,O4 500
Iron (111) hydroxide =~ FeO(OH)—5H,0 136
oxide
Iron (11, 111) oxide Fe;0, 1538
Iron (111) oxide Fe,04 1565
Iron (111) oxide, Fe,05- XxH,0— xH,0 350-400
hydrate
Iron (1) sulfate, FeS0, -5H,0—5H,0 300
pentahydrate
Iron (1) sulfate, FeSO, - 7H,0—3H,0 56.8
heptahydrate
FeSO, - 7H,0—6H,0 2
FeSO,- 7H,0—7H,0 300
Iron (111) sulfate Fe,(SO,)4 480

Iron (111) sulfate,
enneahydrate
Iron (1) sulfate FeSO;-3H,0 250
Iron (111) hydrosulfate Fe,05-4S05-9H,0—-6H,0 80

Fe,(SO,);-9H,0—7H,0 175

Well-defined doublets specific to pyrite are observed, indi-
cating ordered structure of the material.

It should be pointed out that pyrite is one of the few
sulfide minerals, having a molar volume smaller than that
of iron sulfates (Veesoa/Vees, = 80/24) [3]. Thus, a film
formed by iron sulfate provides protection of pyrite from
oxidation. On the other hand, the presence of surface
compounds may cause persistent problems for the manu-
facture of Li/FeS, batteries.

It has been found [6] that the compositional homogene-
ity range in the natura Fe-S, system is limited by the
stoichiometric composition and typicaly is 0.5 mol%
shifted to the Fe-rich side. Pyrite (grain size of the order
< 10 wm) starts to decompose at 300°C. The decomposi-
tion process occurs in several steps at 390°C, 440°C,
500°C and 520°C [6]. This complex mechanism was ex-
plained by reactions involving single sulfur atoms and
sulfur dumbbells on the surface whose bonding energies
are different from that of sulfur in the bulk [6].

Simultaneous differential thermal analysis of the five
types of pyrite from different sources was performed.
Some of the experimental data are presented in Figs. 2—5
and Table 1. As can be seen from Fig. 2, DTA and TG
curves of vendors A and G are essentially identical. Ther-
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Fig. 7. SEM micrograph of the finely ground pyrite (vendor C) after
separation of small particles (wet procedure).

mograms show that the main weight loss (about 23%),
appearing as a sharp peak on the derivative thermo-
gravimetry (DTG) curve, occurs at above 640°C (Fig. 3). It
is accompanied by a strong endotherm (Fig. 2) and is
attributed [10] to the decomposition of pyrite to FeS, ,,
according to reaction (2)

FeS,., FeS,; ,+043S, (2)

The measured weight loss (23.9%) is in good agreement
with the theoretical value (22.98%) for the decomposition
of pyrite to FeS, ,,. Similar behavior was found for pyrite
of vendor F. The decomposition of vendor C pyrite (Fig.
3) starts at about 530°C and a scarcely visible peak appears
on DTG run at 300°C. The DTG thermogram of the vendor
E sample (Fig. 3) is much more complicated. A very small
shoulder at above 530-540°C, preceding the decomposi-
tion of pyrite samples of vendors A and G is exhibited by
clear peaks on the DTG curves of vendor C and especially
vendor E samples. The decomposition process of the latter
sample starts at about 100°C and the main peak of pyrite
destruction splitsinto three roughly equal weight-loss com-
parable DTG peaks (Fig. 3). Ultimately seven phase transi-
tions accompanied by a weight loss of initial material are
clearly observed on the DTG/DTA curve of a pristine

vendor-E sample up to 700°C. (Fig. 5, Table 1). Almost al
the transitions are endothermic. These weight changes can
be attributed to surface contamination as can be seen from
the Table 2 and from the XPS analysis [5, 7]. The first
low-temperature transition (80—90°C) is attributable to the
loss of six molecules of water by iron (I1) sulfate heptahy-
drate or iron (111) hydrosulfate (Table 2) [8]. The subse-
guent weight losses at about 105°C, 178°C and 200°C are
associated with partial water loss by iron hydroxide oxide
and iron (111) sulfate enneahydrate and the possible decom-
position of iron (1) hydroxide. The DTG peak at 292°C is
close to the temperature of complete dehydration of iron
(1) sulfate, pentahydrate. A small weight loss of 0.4% at
350°C may be due to dehydration of iron (I1I) oxide
hydrate and the weight loss observed at 490°C is associ-
ated with the decomposition of iron (111) sulfate. The DTG
traces of al pyrite samples under investigation show clear
peaks over the range of 517°C to 540°C preceding the
main peak of pyrite decomposition. We believe that this
thermal transition is related to the surface decomposition
of FeS, as was shown in [6].

It is highly unusual to find a naturally occurring sub-
stance used directly as a principa ingredient in a chemical
system requiring components with extremely uniform par-
ticles. In order to obtain more uniform distribution of
pyrite particles, wet and dry methods of particle separation
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Fig. 8. SEM micrograph of the <44 pm pyrite (vendor C) after
separation of small particles (dry procedure).
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were used. Particle size was found to affect the thermal
stability of pyrite. For afinely powdered (less than 10 pm)
vendor-A sample, the major DTG peak of pyrite decompo-
sition is seen at a temperature about 10°C lower than its
origina value of 648°C (Fig. 4). The additional peaks
appear at 346°C, 453°C and 527°C. This phenomenon is
associated with the extremely large surface area of the
particles, a property that leads to high reactivity. On the
other hand, uniform particle distribution increases the ther-
mal stability of pyrite. This can be clearly seen from a
comparison of the DTG curves of pristine vendor-E sam-
ple (< 44 wm) with those of the 38-44 um particle size
sample (Fig. 5). There is a decrease in the number of
low-temperature transitions and overlapping of the two
high-temperature (about 500°C) peaks. It is noteworthy
that the total weight loss of pyrite from the different

700°C independent of the particle size and pretreatment
procedure. As determined by our thermogravimetric mea-
surements, the pyrite samples of vendors A, F and G were
highly stable up to 500°C. The weight loss of pristine FeS,
up to this temperature did not exceed 1.3% (Fig. 3 and
Table 1).

SEM micrographs of the pristine pyrite (vendor B),
presented on Fig. 6, show that the particle size is less than
44 pm.

The particle-separation process of finely ground pyrite,
performed by the wet method with the addition of a
surface-active agent, resulted in a very low yield particles
of 10-15 pm average size. However, a considerable frac-
tion of particles smaller than 10 wm is still present (Fig.
7). The best uniformity — 38 to 44 p.m particles — was
achieved by repeated pyrite sifting (Fig. 8). The surface

sources showed little variation — 23% to 26% up to area of this sample was less than 0.1 m?/g.
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XPS data of the pyrite powder (< 10 wm, vendor A)
before and after sputtering are presented in Fig. 9. Two
clear sulfur peaks typical of pyrite (about 162 V) and iron
sulfates Fe,(SO,), or FeSO, (about 169 €V) are observed
in the S2p-XPS spectrum (Fig. 9a). After 40 min of
sputtering (corresponding to removal of 30-50 nm surface
layer) the peak at 167 eV, which characterizes the binding
energy of sulfur in iron sulfate disappears. The iron-bind-
ing energy (Fe2p) region of the XPS spectrum of pyrite is
shown in Fig. 9b. There is a doublet peak at 720 and 706
eV characteristic of pyrite [9] and a broad peak at about
710 eV of iron oxides and /or iron sulfates. In addition this
peak may also include the FeOOH compound with binding
energy 711.3 to 711.8 eV [9].

XPS profiles for iron, sulfur and oxygen of <44 um
particle-size vendor-B pristine samples are presented in
Fig. 10 (a, b and c). The intensity of the S2p line of the
pyrite doublet (Fig. 10a) grows with time of sputtering,
whereas the peak at 169 eV, which characterizes the
binding energy of sulfur in iron sulfate gradually disap-
pears (Fig. 10b). The oxygen signal at 532 eV, typical of
iron oxides, deteriorates, however, even after 40 min of
sputtering, traces of Fe,O; and/or Fe,O, are still ob-
served. The small shift of the FeS, peak on sputtering can
be ascribed to partial decomposition of pyrite with the
formation of FeS. After 40 min of sputtering, the peaks of
the pyrite and surface compounds overlap. The Fe2p XPS
peaks of iron oxides and iron sulfates in the iron-binding
energy region are in close proximity to each other. The
binding-energy peak of the Fe2p line at 712.1 eV corre-

spond to Fe,(SO,), and those at 710.9 and 710.4 eV to
Fe,O, and Fe,O,, respectively [9]. Thus, in order to
identify the surface compounds more conclusively, the
fitting of the Fe2p, S2p and Ols spectra was performed.
XPS fitting analysis revealed that pyrite (< 44 um particle
size, vendor B) is covered by a nonhomogeneous layer
composed mainly of FeSO, and iron oxides. The thickness
of the surface layer, estimated semiquantitatively, is 30 to
50 nm. In addition it should be mentioned that pyrite
surface impurities, such as oxysulfide and iron (11 and I11)
hydrosulfates cannot be excluded. However, it was practi-
caly impossible to identify these compounds by XPS
measurements. The bulk of the particles is contaminated
by Fe,O; or Fe;O,. For finely ground pyrite (< 10 pwm),
the atomic concentration of oxygen increased by about
10% (from 13.3% to 29.6% grinding for 67 h, and 19.7 to
25.3, grinding for 48 h vendor-B sample). A comparison of
pyrite from different sources and suppliers showed that
pyrite of vendors A and G are the least contaminated (Fig.
11). FeSO, was found in negligible guantities on the
surface. Fe,O, was completely absent even before sputter-
ing. FeS appeared only as a result of partial pyrite decom-
position on sputtering. Similar results were found for
pyrite of vendor F. The FeS, surface of vendor E has the
largest content of iron oxides and FeS. It is extremely
difficult or even impossible to identify the hydroxide and
hydrate derivatives of iron sulfates and oxides by the XPS
method. However the XPS data showing, for instance, low
contamination of the pyrite surface, are in a good agree-
ment with the high thermal stability of the sample, and
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Fig. 12. First discharge of Li/CPE/FeS, cell at different preheating time in equilibrium state. Cathode composition: 50% (v /v) FeS,, 50% (v/v) PE,
thickness 10 wm, operating conditions: T = 135°C, id = 0.05 mA /cm?. (1) 2.5 h. (2) 72 h. (3) 100 h.
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vice versa: high concentration of iron oxides and sulfates
is accompanied by low-temperature weight losses.

The therma behavior and XPS behavior of synthetic
FeS,, prepared and stored in an inert atmosphere was
studied [10]. Surface oxidation products were absent, but a
small amount of iron sulfate was found. XPS spectra of
synthetic material, exposed to 100% RH (room tempera-
ture air) for increasing time periods, show a continuous
increase in sulfate concentration. This coincides with in-
creasing weight loss, attributed to the decomposition of
iron sulfate at 480°C, just below the main FeS, decompo-
sition temperature. The authors found that the high chemi-
cal reactivity of the synthetic material, resulting in the
formation of surface oxidation products, caused high volt-
age spikes during the early stages of discharge of the Li
aloy/FeS, thermal batteries.

Similar results (high initial OCV and discharge voltage)
were found for Li/composite polymer or gel electro-
lyte/pyrite batteries [5,7,11]. OCV values as high as 2.5 to
2.8 V was observed in an as built Li/FeS, cell and the
first discharge curve had an additional voltage slope at 2.5
to 1.8 V (Fig. 12). The capacity of the high voltage slope
at first discharge depends on the source of pyrite and the
slope is more pronounced when the cathode is composed
of small, less than 10 um particles. This results from the
high surface area of pyrite and its increased sensitivity to
the environment and is in agreement with the TGA, BET
and XPS data. For more detailed information on the high-
voltage slope and to distinguish smaller regions of the
coexistence of several phases, dQ/dV vs. V curves were
studied. Two or three clear peaks (Fig. 13) are found in a
typical dQ/dV plot of the Li/CPE/FeS, cell on first

0
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<
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= 2.0 2.5 3.0
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-200 -
-250 I T T
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Fig. 13. dQ/dV curves of Li/CPE/FeS, cedl at cycle 1. Cathode composition: 50% (v/v) FeS,, 50% (v/v) PE, cathode thickness 45 wm, PE
composition: Lil P(EQ),, EC, 12% Al ,0,. Operation conditions: T = 135°C, id = 0.05 mA /cm?. (1) Vendor B. (2) Vendor E. (3) Vendor F. (4) Vendor

G.
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discharge. With the use of EXAFS and NEXAFS tech-
nigques it was proved that reduction of the ferrous disulfide
proceeds as a multistage process, first to Li,FeS, and
finally to metallic iron [12]. Magnification of the 2.5to 1.8
V region shows several additiona peaks at about 2.7 and
2.3V (Fig. 13a). These may be attributed to the reduction
of surface impurities in agreement with their standard
reduction potentials vs. Li [8].For instance, the reduction
potentials of iron (11 and I11) hydroxides are 2.1 and 2.5 V
vs. Li, respectively, and E° of iron (11 and I11) sulfates are
2.6 and 2.9 V in agueous solutions. The capacity of the
high-voltage peak increases with pyrite contamination, the
enlargement of the surface area of cathode material and the
alumina content in the cathode. The optima preheating
time of the cells in the equilibrium state to get minimal
high-voltage capacity was found to be 48 h. However, it
should be mentioned that 45-p.m-thick cathode utilization
on first discharge is influenced neither by the source of
pyrite nor by the uniformity of particle distribution. It
varies from 80% to 90% at 50 wA /cm? and 135°C.

All of the subseguent discharge curves of the Li/FeS,
cell differ from the first indicating a change in the initial
mechanism of pyrite reduction. The charge process, which
is reversible from the second cycle, ends with the forma-
tion of Li, ,FeS, via Li,FeS, [1,2,4,512-17]. Up to
seven domains are distinguished on the reversible dis-
charge curve. Three of them correspond to single phases,
and the others to multiphase regions. The dQ/dV vs. V
plot shows three or four clear peaks on each branch of the
charge—discharge curve (Fig. 14). There is another inter-
esting aspect to be emphasized in relation to the pyrite

purity. All the characteristic peaks on charge—discharge of
10-wm-thick cathode Li/CPE/FeS, cell coincide, inde-
pendent of the pyrite source. The reversible Li /Fe ratio is
2.3-25 a 50 pA/cm? and 1.4-1.8 at 300 pwA /cm?.
Similar results were obtained for pyrite cathodes, com-
posed of less than 44 wm and 38-44 pwm particles. The
degradation rate for 10-pm-thick cathodes, composed of
pyrite from vendors A and C was found to be about
1%/cycle after 30 cycles and differs after 70 cycles,
0.8%/cycle for vendor C and 0.6%/cycle for vendor A.

4, Summary

The thermal and electrochemical behavior of pyrite as
the cathode material for Li /CPE/FeS, rechargeable bat-
teries has been investigated. The samples of pyrite from
several different sources were characterized by TGA, SEM,
XPS and electrochemical analysis. The main result of the
present study is the experimental determination that, in
spite of the fact that pyrite from different sources is
contaminated to different extents, the cells with FeS,-com-
posite cathodes show similar electrochemical behavior and
performance characteristics, such as first-cycle utilization,
capacity loss (during the first 30 cycles), Li /Fe ratio and
faradaic efficiency. These experimental results are ex-
tremely encouraging for battery producers.
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