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Thin-layer Ñî9S8 electrodes were synthesized via the electrolysis technique onto aluminum

foil and tested in redox reactions with lithium in polymer and liquid electrolytes. It was

established the difference between the discharge characteristics of the Co9S8-electrode in

the polymer electrolyte with a gel-like consistency and in solid film electrolyte. The

starting discharge capacity of Ñî9S8 both in a gel-like electrolyte and in a liquid electrolyte

may reach 600 mAh/g, which exceeds its theoretical value (544 mAh/g). The reversible

capacity of Ñî9S8/Li in the polymer electrolyte is about 280–250 mAh/g at the average

discharge voltage of 1.40–1.45 V. During a long cycling, the discharge capacity of Co9S8

decreases both in the polymer electrolyte and in the liquid electrolyte. The discharge

capacity of a metal-sulfide material/Li system in the polymer electrolyte is mainly reduced

due to an increase in the polarization resistance of the lithium electrode caused by the

disruption of its contact with the polymer electrolyte and a drying of the electrolyte in the

porous space of the polymer gel matrix. The irreversible capacity of Ñî9S8/Li can be

reduced under the influence of an anionic polyelectrolyte (sodium polyacrylate) that was

used as an additive to the electrolyte for the synthesis of Ñî9S8. Norit conductive filler

added to the electrolyte for the synthesis of Ñî9S8 was tested to improve the electrochemical

characteristics of Co9S8. A positive effect of Norit may be associated with the stabilization

of the reversible capacity of Ñî9S8 electrodes that reaches 400 mAh/g.
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Introduction

Cobalt sulfides in lithium power sources with
non-aqueous electrolytes are capable of multiple
transformations with significant discharge capacity
[1]. When Co9S8 is used in the redox reaction with
lithium in the potential range of 3.00–0.02 V, its
high starting capacity is reduced to 200 mAh/g in
the 20th cycle [2]. Parasitic processes are observed as
in the case of CoS2 cathodes [3], for which the
starting discharge capacity (1280 mAh/g) is higher
than the theoretical one (871 mAh/g).

Thin-layer sulfide Co9S8 can be obtained by
electrolysis technique for the use in lithium and
lithium-ion miniature power sources [4–6]. The
solution composition and technological parameters
of electrolysis for the preparation of Co9S8 in aqueous
electrolyte are as follows (g/L): CoSO47H2O 25–
30, Na2S2O36H2O 3–5; pH 3.4–2.8; electrolyte

temperature of 60–800C, icathode=2.5–4.0 mA/cm2,
Scathode:Sanode=1:5. A single-phase thin-layer Co9S8-
electrode with the structure of pentlandite was
obtained on a plate made of stainless steel. The
crystallite size of the synthesized material was about
49 nm as determined by the Debye-Scherer method.
Co9S8 film obtained by electrolysis after its heating
to 6000C can be considered as a completely stable
structure. The surface morphology of the Co9S8

electrodes showed the presence of agglomerates of
tightly packed ball-like particles having an average
size of 8–12 m. They, in turn, consist of smaller
submicron particles of 300–400 nm. The discharge
capacity of the Co9S8 electrodes in the electrolyte of
EC (Merck), DMC (Merck) (1:3 wt.), 1 mol/L
LiClO4 depends on the loading, increasing
significantly at 7.3, 3,8 and 0.3 mg/cm2 from 200–
250 to 850–900 mAh/g on the 20th cycle at 230C
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[4–6].
It should be mentioned that the electrochemical

characteristics of Co9S8 prepared by the electrolysis
from ionic liquid [7] coincide with the marked
characteristics of the Co9S8 samples synthesized from
an aqueous solution [4–6].

In this study, the thin-layer Co9S8 electrodes
obtained by the electrolysis in aqueous solution were
tested in redox reactions with lithium in polymer
electrolytes (PE) that are considered as the most
environmentally safe for lithium power sources. The
performance of thin-layer Co9S8 electrodes was
compared with their electrochemical behavior in a
liquid electrolyte.

Experimental

Co9S8 electrodes were synthesized on aluminum
foil by the cathodic reduction of aqueous solutions
containing (g/L): cobalt sulfate 7.0–9.0, sodium
thiosulfate 3.0–3.5 and sodium sulfide 1.0–1.5. The
pH of the solutions was maintained at 3.0–3.2. The
cathodic current density was equal to 2.5–4.0 mA/cm2.
The weight content of Co9S8 deposits varied from
1 mg/cm2 (the thickness being 2 m) to 36 mg/cm2.

Charge-discharge cycling of Co9S8 electrodes
was carried out using coin-type cells 2325 with a
lithium counter-electrode in PE with a polymer
matrix PVDF (polyvinylidene fluoride). PE was
prepared by irrigation technology described briefly
below. For the preparation of PE, we used a polymer
PVdF Solef 21508, LiClO4 (Iodobrom, Saki,
Ukraine) and the following solvents: PC (propylene
carbonate, Angarsk Chemical Reagents Plant, Russia)
and THF (tetrahydrofuran, Labskan, Ireland). The
constituents of PE (solvents, lithium salt, and
polymer) were mixed, if necessary with heating, in a
predetermined ratio and sequence. The resulting
solution was poured on a thin-layer test electrode,
forming a polymer solid film with a thickness of
30–60 m or a viscous gel-like mass. All operations
were performed in a glove box under a dry argon
atmosphere. PEs were prepared as follows. A portion
of the polymer was dissolved in a predetermined
amount of solvent (THF), then a lithium salt was
introduced. After its dissolution, a plasticizer
polypropylene carbonate (PC) was added. The mass
ratio of PVDF to 0.5 mol/L salt solution was 1.0:5.5,
respectively. Subsequently, THF was removed by
heating.

The components of the liquid electrolyte were
as follows: ethylene carbonate (EÑ, Merck):dimethyl
carbonate (DMÑ, Merck)=1:1 (wt.), and 1 mol/L
LiClO4 (Iodobrom). In the study of Co9S8 electrodes
with carbon conductive filler, Norit A SUPRA USP

30 with a surface area of 1900 m2/g was added (2 g/L)
to the base electrolyte for the synthesis of Co9S8 at
pH 3.26. The electrolysis was conducted under the
following conditions: electrolyte temperature of 600C,
cathode current density of 2.0–2.5 mA/cm2, duration
of electrolysis of 15 min, and the ratio Scathod:Sanod=1:5.

The structure of the synthesized compounds
was determined by X-ray diffraction phase analysis
(DRON-2). Fourier transform infrared spectra of
Co9S8 were recorded using a Magma FTIR
spectrometer (Nicolet Inc.) in a CO2- and H2O-free
atmosphere of glove box using an atmospheric
purification capacitor (Balston, Inc.).

The test objects were cycled in a galvanostatic
discharge-charge process by means of the software
test bench. The VoltaLab PGZ 301 analytical
radiometer was used in kinetic studies of Co9S8 by
cyclic voltammetry.

Results and discussion

According to the X-ray analysis of the deposits,
Co9S8 with the structure of pentlandite (JCPDS 01-
086-2273) was identified in the resulting synthesis
products (Fig. 1). The maximum size of its crystallites
in accordance with the Debye-Scherer equation was
71 nm.

Fig. 1. X-ray diffraction pattern of the Co9S8 synthesized by

the electrolysis on aluminum foil

Peaks of the FTIR spectra of deposits at the
wave numbers of 433.77, 442.78 and 452.91 cm–1

indicate the presence of Ñî9S8 in the as-synthesized
products (Fig. 2). FTIR peaks at 575.61, 616.70,
685.37 and 711.26 cm–1 most probably can be
ascribed to the ions adsorbed on the surface of the
deposits from the electrolyte for the synthesis of
Ñî9S8. They reflect the Co–O bonds of the cobalt
oxide compounds and SO4

2– ions [8].
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Fig. 2. FTIR spectrum of the as-prepared Ñî9S8 deposits

The discharge and charge profiles of Ñî9S8

electrode in PE and liquid electrolyte show that the
mechanism of electrochemical transformations may
be similar in both cases (Figs. 3 and 4).

Fig. 3. Discharge-charge curves of Ñî9S8-electrodes in the

electrolytes: a – ÅC, DMC, 1 mol/L LiClO4 (m=3.0 mg/cm2),

b – PVdF-CTFE, ÅC, DMC, 1 mol/L LiN(CF3SO2)2

(m=1.4 mg/cm2), ³discharge=0.05 mÀ/cm2, ³charge=0.03 mA/cm2.

«m» stands for «sulfide mass»

Fig. 4. The dependences of differential capacity of Ñî9S8-

electrodes on the electrode potential, obtained from Fig. 3 in

liquid electrolyte (a) and PE (b), accordingly

The discharge capacity of Ñî9S8/Li system with
PE differs significantly in values in the first and
subsequent cycles, just as it is observed with the

electrochemical conversion of Ñî9S8 in a liquid
electrolyte. The starting capacity of Ñî9S8 may reach
600 mAh/g, which exceeds its theoretical capacity
similar to that of CoS2 sulfide [3]. The theoretical
capacity of Ñî9S8 is equal to 544 mAh/g according
to the following reaction:

Co9S8+16Li++16e–9Co+8Li2S.  (1)

This excess is explained by the heterogeneity
of the process associated with the significant specific
contact surface of the nanometer active material and
large Norit surface with the electrolyte.

The reversible capacity of Ñî9S8/Li in PE is
about 280–250 mAh/g. The discharge voltage in
the first cycle is higher than that in the subsequent
ones (Fig. 3). This can be explained by the increased
resistance of the surface film formed on the sulfide
in the first cycle, which transforms and stabilizes it
in the subsequent cycles.

The irreversible capacity of Ñî9S8 electrodes
can be reduced by the addition of an anionic
polyelectrolyte, polyacrylate (–CH2–CH–]nCOO–Na+)
with a molecular mass of Ì=1500000 to the
electrolysis solution. This surfactant was synthesized
by polymerization of sodium acrylate in the presence
of K2S2O8. When the Ñî9S8-electrode prepared in
the presence of anionic surfactant, Na-polyacrylate,
is cycled, the difference between the specific
discharge capacity in the first and the second cycles
decreases, as shown in Fig. 5.

Fig. 5. Discharge-charge profile of the Co9S8/Li system with

the deposit on aluminum substrate obtained in the presence of

anionic surfactant (0.04%). Òtreatment=1800Ñ

It is important to compare the discharge
characteristics of the Co9S8-electrode in PE with a
gel-like consistency and in a solid film electrolyte.
The electrochemical characteristics of Ñî9S8 in a
solid electrolyte are similar to those in PE (Figs. 6
and 7).
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Fig. 6. Discharge-charge curves of Ñî9S8/solid-like PE/Li

system. m=1.4 mg/cm2; ³disch=0.05 mA/cm2;

³charge=0.03 mA/cm2. The numbers show the cycles

numbers (1–70)

Fig. 7. Dependence of differential capacity of Ñî9S8-electrode

on electrode potential in a solid- like electrolyte in 1–70 cycles

The discharge-charge characteristics of Co9S8

with the same weight content of 1.4 mg/cm2 in solid
and gel-like electrolytes differ from each other. The
difference is observed both in the starting curves and
after cycling for 60–70 cycles. The discharge capacity
of Co9S8 in the 10th cycle in a gel-like electrolyte
exceeds that in a solid electrolyte (Fig. 3,b and Fig. 6).
However, the irreversible capacity in a gel-like
electrolyte significantly exceeds that in a solid
electrolyte. The discharge voltage stably keeps at 1.4 V
before moving to a lower voltage in a solid electrolyte.
In a gel-like electrolyte, the voltage begins to decline
from 1.4 V in the first cycle. In a gel-like electrolyte,
the voltage platform of 1.4 V is almost leveled in the
second cycle (Fig. 3,b).

When comparing differential capacity curves
of specimens with the same weight content of Ñî9S8

(1.4 mg/cm2), the difference between the processes
that take place at around 1.4 V and 0.8 V in the used
electrolytes is observed (Fig. 7 and Fig. 8). In Co9S8-

electrodes, sulfide conversion occurred at around 1.4 V,
whereas a maximum electrolyte conversion activity
in redox reaction with Co9S8 can be seen at around
0.8 V. In a solid electrolyte (Fig. 7), a maximum
sulfide conversion is observed at around 1.4 V,
whereas a maximum electrolyte conversion activity
at around 0.8 V in a gel-like electrolyte can be seen
(Fig. 8).

Fig. 8. Dependence of differential capacity of Ñî9S8-electrode

on electrode potential in a gel-like electrolyte in the 60th cycle

In a solid electrolyte at the 60th cycle, the main
electrode process is a conversion of a sulfide
compound, whereas it is an electrolyte reduction in
a gel-like electrolyte. This can be explained by a
lower electrochemical activity of the reduction of
the solid phase electrolyte than that of the liquid
electrolyte. In the solid electrolyte, the solubility of
the electrochemically inactive lithium polysulfides,
which can be formed when the sulfide compounds
are distorted during cycling, is much lower than that
in the liquid electrolyte.

Synthesis and study of electrolytic Co-sulfide
reinforced with carbon filler Norit

Norit carbon material showed a positive effect
on the electrochemical properties of LiMn2O4 spinel
in a model lithium accumulator [9]. Therefore, Norit
filler was tested in this study to improve the
electrochemical characteristics of Co9S8 prepared by
electrolysis.

Norit filler was used with micrometer-sized
particles (Fig. 9) and a developed surface of 1900 m2/g.

The dependence of the differential discharge
capacity of a Co9S8,Norit-electrode on the electrode
potential is due to the inclusion of Norit in the
electrolytic cobalt sulfide (Fig. 10). The curve reveals
three phase transitions at the potentials of 0.19, 0.14
and 0.09 V. It is a reversible process.
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Fig. 9. SEM micrographs of the Norit surface

Fig. 10. Dependence of differential intercalation capacity of

Ñî9S8,Norit-electrode on the electrode potential in redox

reaction with lithium in PE. ³disch=0.05 mA/cm2;

³charge=0.03 mA/cm2. The weight content of the deposit

was equal to 36 mg/cm2

Confirmation of the electrochemical
participation of Norit in the indicated range of
potentials in Fig. 10 is the absence of transients on
the discharge curves of Co9S8 electrode without Norit
filler [4]. In the starting curve of the redox reaction
Ño9S8 with lithium in the region of 0.5–0.0 V, a
transition process is only detected at 0.3 V, which is
related to the formation of a surface film on a sulfide
material. It does not appear in all subsequent cycles.
The transient processes in the region of 0.25–0.00 V
are absent. The detected transients are presumably
related to the electrochemical activity of surface
functional groups on the Norit carbon material,
which is subjected to an acid treatment [10]. Oxygen-
containing functional groups determine the ion-
exchange properties of the carbon material. During
metal adsorption, ion exchange processes between a
metal ion and surface functional groups (for example,
carboxylic) are possible.

The implementation of redox adsorption is also
possible, as a result of which a part of the metal ions
is reduced to a metal [10]. Ion-exchange processes

with the participation of lithium ions and hydrogen-
ions of functional groups can be associated with the
transients that we discovered.

The discharge characteristics of the Co9S8 films
were improved by the incorporation of the Norit
filler into Co9S8. From the discharge-charge curves
reinforced with the Norit filler (Fig. 11 and Fig. 12),
we can see that the capacity of the first discharge
cycle is 760 mAh/g and the reversible capacity is
stabilized reaching a level of 400 mAh/g.

Fig. 11. Discharge-charge characteristics of Ñî9S8,

Norit-electrode in redox reaction with lithium in PE.

³disch=0.05 mA/cm2; ³charge=0.03 mA/cm2

Fig. 12. Dependence of Ñî9S8,Norit-electrode discharge

capacity on the cycle number

Diffusion coefficient of Li+ in Ñî9S8

Cyclic voltammetry method was used to
determine the diffusion coefficient of lithium ions
in Co9S8 (Fig. 13). The discharge capacity of the
Co9S8 sample depends on the potential scan rate. As
the potential scan rate increases, the capacity
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decreases (Table). From the results obtained, we
suggest that the cathodic and anodic processes are
partially reversible in the specified scanning rate
interval.

Fig. 13. Cyclic voltammograms of Ñî9S8 (5.6 mg/cm2) at

different potential scan rates

Charge-discharge capacities obtained depending on

potential scan rate

, V/s Qcathod, mАh/g Qanod, mАh/g Qcathod/Qanod 

310–5 222 227 0.965 

510–5 200 215 0.930 

110–4 188 205 0.915 

310–4 185 201 0.920 

 
Cyclic voltammogram measured at the lowest

potential scan rate (310–5 V/s) demonstrated peaks
at the potentials of 1.42 and 2.02 V in the discharge
and charge regions, respectively. A large difference
between peak potentials (0.6 V) at such a low scan
rate indicates a thermodynamic irreversibility rather
than kinetic irreversibility of intercalation/
deintercalation process. High values of the half-width
potentials 0.91 V at the discharge and 0.98 V at the
charge indicate the existence of a deviation of the
equilibrium potential from the Nernst dependence
[11].

In a certain interval of potential scan rate
(0.5102=0.5–1.0), the cathodic peak Ipeak is linearly
dependent on the scan rate (Fig. 14), indicating a
diffusion controlled electrode process.

In the case of diffusion controlled electrode
reactions, the peak current obeys the Randles-
Shevchik equation:

0.5 0.5 0.5 0.5

p 0I 0.446n FS(F / RT) D c ,    (2)

where Ip is the peak current of the current-voltage
curve (A); n is the number of electrons per Li+ ion
(n=1); S is the electrode surface (cm2); D is the
diffusion coefficient of Li + in the active material
(cm2/s);  is the potential scan rate (V/s); C0 is the
concentration of the diffusing solid particles
(mol/cm3).

Fig. 14. Dependence of the cathodic current peak on the

potential scan rate of Ñî9S8 electrode

Based on the slope of the given lines and
equation (2), the average value of the diffusion
coefficient of lithium was determined. The
concentration of the diffusing solid particles was
calculated based on both the density of the cathode
material, which was equal to 5.52 g/cm3, and the
maximum degree of the included Li+ ions. The value
of C0 was 0.055 mol/cm3. The diffusion coefficient
corresponding to 1.4 V at intercalation was found to
be 2.6510–10 cm2/s. This coefficient is the so-called
«effective» one, since it is a characteristic of a porous
macro-system in which a hindered diffusion of
lithium ions is also accompanied by some kinetic
restrictions of charge transfer through the phase
boundaries and other processes.

During prolonged cycling, the discharge
capacity of Co9S8 in PE also decreases in the redox
reaction of electrolytically produced iron oxysulfide
with lithium. As was established for iron oxysulfide
with the help of dynamic impedance method [12],
critical factors in reducing the discharge capacity of
oxysulfide material are an increase in the polarization
resistance of the lithium electrode, resulted from
the disruption of its contact in the PE, and drying of
the electrolyte in the porous space of the polymer
gel matrix.
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Conclusions

Ñî9S8 thin-films were synthesized by the
electrolysis onto aluminum foil and tested in redox
reactions with lithium in PEs and liquid electrolyte.
The as-prepared cobalt sulfide has a pentlandite
structure with a crystallite size of ~71 nm.

The starting capacity of Ñî9S8 in a gel-like PE
and in a liquid electrolyte may reach 600 mAh/g,
exceeding its theoretical value (544 mAh/g). The
reversible capacity of Ñî9S8/Li in a solid PE is about
280–250 mAh/g at the average discharge voltage of
1.40–1.45 V. During a long cycling, the discharge
capacity of Co9S8 decreases in a gel-like PE and in a
liquid electrolyte. In a solid electrolyte, the drop of
capacitance is 0.3% per cycle after 70 cycles. Critical
factors of the reduction in the discharge capacity of
metal-sulfide material/PE/Li are an increase in the
polarization resistance of the lithium electrode,
resulted from the disruption of its contact with PE,
and drying of the electrolyte in the porous space of
the polymer gel matrix.

The irreversible capacity of Ñî9S8/Li can be
reduced by the incorporation of an anionic
polyelectrolyte, sodium polyacrylate, which was used
as an additive to the electrolyte for the synthesis of
Ñî9S8. Norit conductive filler added to the electrolyte
for the synthesis of Ñî9S8 was tested to improve the
electrochemical characteristics of Co9S8 electrodes.
It was established that the reversible capacity of Ñî9S8

was stabilized at 400 mAh/g for electrodes obtained
with Norit conductive filler added in the electrolyte
for synthesis. Improved electrochemical
characteristics were explained by positive effects of
Norit: an increase in the electrical conductivity of
the active Co9S8+Norit mass and an increase in the
adhesion of the deposit to the substrate.
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ÏÎÐ²ÂÍßÍÍß ÏÎÂÅÄ²ÍÊÈ ÒÎÍÊÎØÀÐÎÂÎÃÎ Co
9
S

8

Â ÎÊÈÑËÞÂÀËÜÍÎ-Â²ÄÍÎÂÍÈÕ ÐÅÀÊÖ²ßÕ Ç
Ë²Ò²ªÌ Ó ÏÎË²ÌÅÐÍÈÕ ² Ð²ÄÊÈÕ ÅËÅÊÒÐÎË²ÒÀÕ

Ð. Àïîñòîëîâà, Å. Øåìáåëü, Á. Ìàðêîâñüêèé, Ä. Oðáàõ

Òîíêîøàðîâèé Ñî9S8 áóëî åëåêòðîë³òè÷íî îñàäæåíî
íà àëþì³í³þ ³ äîñë³äæåíî â ðåäîêñ-ðåàêö³¿ ç ë³ò³ºì ó ïîë³-
ìåðíîìó òà ð³äêîìó åëåêòðîë³òàõ. Áóëî âèÿâëåíî ð³çíèöþ
ì³æ ðîçðÿäíèìè õàðàêòåðèñòèêàìè Co9S8-åëåêòðîäà ó ïîë³-
ìåðíîìó åëåêòðîë³ò³ ç ãåëåïîä³áíîþ êîíñèñòåíö³ºþ òà ïîë³-
ìåðíîìó òâåðäîìó åëåêòðîë³ò³. Ñòàðòîâà ðîçðÿäíà ºìí³ñòü
Ñî9S8 â ãåëåïîä³áíîìó åëåêòðîë³ò³, à òàêîæ ó ð³äêîìó åëåêò-
ðîë³ò³ ìîæå äîñÿãàòè 600 ìÀãîä/ã, ùî ïåðåâèùóº éîãî òå-
îðåòè÷íå çíà÷åííÿ 544 ìÀãîä/ã. Îáîðîòíà ºìí³ñòü Ñî9S8/Li
â ïîë³ìåðíîìó åëåêòðîë³ò³ ñòàíîâèòü ïðèáëèçíî 280–
250 ìÀãîä/ã ïðè ñåðåäí³é íàïðóç³ ðîçðÿäó 1,40–1,45 Â. Ï³ä
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÷àñ òðèâàëîãî öèêëóâàííÿ ðîçðÿäíà ºìí³ñòü Co9S8 çìåíøóºòü-
ñÿ ÿê ó ïîë³ìåðíîìó åëåêòðîë³ò³, òàê ³ â ð³äêîìó åëåêòðîë³ò³.
Êðèòè÷íèìè ôàêòîðàìè çíèæåííÿ ðîçðÿäíî¿ ºìíîñò³ ñèñ-
òåìè ìåòàëåâî-ñóëüô³äíèé ìàòåð³àë/Li â ïîë³ìåðíîìó åëåê-
òðîë³ò³ º çá³ëüøåííÿ îïîðó ïîëÿðèçàö³¿ ë³ò³ºâîãî åëåêòðîäà
âíàñë³äîê ïîðóøåííÿ éîãî êîíòàêòó ç ïîë³ìåðíèì åëåêòðî-
ë³òîì, à òàêîæ âèñèõàííÿ åëåêòðîë³òó â ïîðóâàòîìó ïðîñòîð³
ïîë³ìåðíî¿ ãåëåâî¿ ìàòðèö³. Íåçâîðîòíà ºìí³ñòü Ñî9S8/Li
ìîæå áóòè çíèæåíà ï³ä âïëèâîì àí³îííîãî ïîë³åëåêòðîë³òó
(íàòð³é ïîë³àêðèëàò), ÿêèé âèêîðèñòîâóâàâñÿ ÿê äîáàâêà â
åëåêòðîë³ò ïðè îñàäæåíí³ Ñî9S8. Çä³éñíåíî âèïðîáóâàííÿ
åëåêòðîïðîâ³äíîãî íàïîâíþâà÷à Norit, ÿêèé äîäàâàëè â åëåê-
òðîë³ò äëÿ ñèíòåçó Ñî9S8 äëÿ ïîë³ïøåííÿ åëåêòðîõ³ì³÷íèõ
õàðàêòåðèñòèê îñàäæóâàíîãî ñóëüô³äó. Ïîçèòèâíèé åôåêò
Norit ïîâ’ÿçàíèé ç³ ñòàá³ë³çàö³ºþ çâîðîòíî¿ ºìíîñò³ åëåê-
òðîä³â Ño9S8, ùî äîñÿãàº 400 ìÀãîä/ã.

Êëþ÷îâ³ ñëîâà: Ñî9S8, åëåêòðîë³ç, ïîë³ìåðíèé ³ ð³äêèé
åëåêòðîë³òè, Norit, ðîçðÿäíà ºìí³ñòü, Li-äæåðåëî ñòðóìó.

COMPARATIVE BEHAVIOR OF A THIN-LAYER Co
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REDOX REACTIONS WITH LITHIUM IN POLYMER AND
LIQUID ELECTROLYTES

R. Apostolova a, *, E. Shembel a, B. Markovsky b, D. Aurbach b

a Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

b Bar-Ilan University, Ramat-Gan, Israel
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Thin-layer Ñî9S8 electrodes were synthesized via the
electrolysis technique onto aluminum foil and tested in redox
reactions with lithium in polymer and liquid electrolytes. It was
established the difference between the discharge characteristics
of the Co9S8-electrode in the polymer electrolyte with a gel-like
consistency and in solid film electrolyte. The starting discharge
capacity of Ñî9S8 both in a gel-like electrolyte and in a liquid
electrolyte may reach 600 mAh/g, which exceeds its theoretical
value (544 mAh/g). The reversible capacity of Ñî9S8/Li in the
polymer electrolyte is about 280–250 mAh/g at the average
discharge voltage of 1.40–1.45 V. During a long cycling, the
discharge capacity of Co9S8 decreases both in the polymer
electrolyte and in the liquid electrolyte. The discharge capacity
of a metal-sulfide material/Li system in the polymer electrolyte
is mainly reduced due to an increase in the polarization resistance
of the lithium electrode caused by the disruption of its contact
with the polymer electrolyte and a drying of the electrolyte in the
porous space of the polymer gel matrix. The irreversible capacity
of Ñî9S8/Li can be reduced under the influence of an anionic
polyelectrolyte (sodium polyacrylate) that was used as an additive
to the electrolyte for the synthesis of Ñî9S8. Norit conductive
filler added to the electrolyte for the synthesis of Ñî9S8 was tested
to improve the electrochemical characteristics of Co9S8. A positive
effect of Norit may be associated with the stabilization of the
reversible capacity of Ñî9S8 electrodes that reaches 400 mAh/g.

Keywords: Ñî9S8; electrolysis; polymer and liquid
electrolytes; Norit; discharge capacity; lithium cell.
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