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ABSTRACT

Intermetallic Co-Sn and Ni-Sn nanoparticles were synthesized by a template technique with a support, through a boro-
hydride reduction method in a mixture of aqueous solutions respectively ofCоCl2.6H2O, NiCl2.6H2O and SnCl2.2H2O at a 
pre-set ratio of Co:Sn, respectively Ni:Sn, at room temperatute and atmospheric pressure. Fluorinated graphite (CF) was 
used as the template and sodium borohydride as the reducing agent. In order to from uniform and finely monodispersed 
nanocrystals, β-cyclodextrine(β-СDx) was employed as a capping agent and citric acid(С6Н8О7), as a stabilizing ligand. 
The morphology, structure, elemental and phase compositions of the obtained carbon-based nanocomposite materials 
with Co-Sn and Ni-Sn nanoparticles, were investigated with scanning and transmission electron microscopy (SEM/TEM), 
energy dispersive analysis (EDS) and X-ray diffraction analysis (XRD). The nanocomposites were characterized before 
and after being electrochemically tested as electrodes in a Li-ion battery through a cycling voltammetry. After the electro-
chemical tests the samples remained homogeneous and compact, and no cracking was observed. This shows that during 
the processes of charge/discharge the tested samples keep their mechanical stability.
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INTRODUCTION

Due to the fastly increasing development of elec-
tronic devices in recent years, the need of new, highly 
effective and ecologically friendly materials for elec-
trodes in batteries and electrochemical energy storage 
systems becomes evident.

Graphite carbon is an active anode material, used 
in conventional Li-ion batteries. Its electrochemical 
behavior depends on its microstructure and morphology. 
Furthermore, graphites show relatively low theoretical 
gravimetrical and volume capacities that cannot yet 
cover the demands and the new requirements of the 
market for highly energetic systems. Some problems 
are due to the continuous and safe work of the graphite 
anode. The electrochemical process is exothermal and 

local superheatings occur. Another disadvantage of the 
graphite electrode is the possibility for dendrites to be 
formed during the process of lithiation, because of the 
low working potential. That enforces the demand for 
safer alternatives [4, 5, 7].

During the cycle of charge/discharge the volume of 
the graphite electrodes changes quickly. This causes the 
forming of cracks and destruction of the electrode. For 
this reason they are not used in the commercial manufac-
turing of batteries. This negative effect can be minimized 
by creating composite (bi- or multiphase) electrodes 
or by decreasing the size of the receiving material (the 
electrode). At the bi- or multiphase electrodes the ac-
tive material (Sn) is usually surrounded by an inert (non 
reacting) phase (Cu, Co, Ni), which serves as a buffer, 
increasing the mechanical stability of the electrode. 
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Decreasing the size of the particles in the electrode is 
also an effective way to reduce the volume change, the 
mechanical stress and the material cracks, respectively.

That is why, recently the investigations are focused 
on preparing metal alloys and intermetallic compounds, 
e.g. nanosized intermetallic compounds for electrode 
materials, to replace the graphite electrode, currently 
used as anode in Li-ion batteries. Such compounds are 
based on Co, Ni, and Sn. They are used in both the scien-
tific and the industrial spheres, because of their improved 
characteristics, as compared to those of pure metals [1-
24]. There is a great interest for nanosized intermetallic 
compounds to be used as electrode materials and replace 
the graphite electrode in Li-ion batteries. These materials 
have higher volumetric capacity compared with graphite.

Various methods and techniques are used for prepar-
ing nanosized alloys with a different morphology, such 
as a high energy ball milling (mechanical alloying and 
synthering), melting together with spinning, electrostatic 
spray reductive precipitation, vapour deposition, electro-
spinning, electrochemical deposition, chemical methods, 
carbon-thermal reduction [4,7, 13 - 15, 18, 19, 22, 23].

Chemical reduction with sodium borohydride 
(NaBH4) is a well known technology and is often applied 
for obtaining cathode materials for Li-ion batteries [26 - 
28]. This method is based on the so-called „bottom-up” 
technique, opposite to the”top-down” technique, used 
with mechanical methods. Changing some parameters, 
such as concentration of the precursors, temperature, and 
use of different surfactants, can control the size of the 
obtained particles and their morphology. The chemical 
reduction of metal chlorides with NaBH4 is a method that 
can be carried out in both water and organic solutions, 
while an effective control of the size of the obtained 
nanoparticles can be achieved. The borohydride reduc-
tion can sometimes be combined with an electrostatic 
spray pyrolysis of the precursors, known as the ESRP 
method [3]. By combining these two technologies fine 
monodisperse nanoparticles are obtained.

According to literature data nanoparticles with good 
dispersity and low aggregation can be prepared using cy-
clodextrines as a capping agent during the synthesis [10, 
24]. Cyclodextrines are characterized with structure that 
consists of a hydrophobic hollow and a hydrophilic surface.

Their specific structure allows for the formation 
of complexes when interacting with hydrophobic mol-
ecules. Cyclodextrines are used in different scientific 

fields, such as electroanalysis, biotechnologies and en-
vironmental studies, due to their specific physical and 
chemical characteristics. For example, the interaction of 
β-cyclodextrine with the binding agent epychlorhydrine 
results in polymers, which selectively form complexes. 
The functionalization of the carbon-containing com-
posite nanomaterials with such polymers gives them 
unique properties.

The combination of the unique properties of carbon 
(graphite) with those of the intermetallic nanoparticles, 
determines the carbon C-based nanoparticles composites 
as perspective materials for new generation electrodes 
in the modern electrochemical energy storage systems. 
The potential of carbon-based nanocomposites with 
intermetallic nanoparticles and the obtained results con-
cerning the synthesis of intermetallic nanoparticles with 
a carbon-containing matrix, determined the aims of this 
work. First, to synthesize Co-Sn and Ni-Sn nanoparti-
cles through a borohydride reduction, using a template 
technique with a matrix of graphite and also graphite, 
in the presence of β-cyclodextrine, and thus to obtain 
in situ carbon-containing composite materials. Second, 
to investigate the morphology, structure, elemental and 
phase composition of the intermetallic nanoparticles and 
their carbon based composites, before and after running 
electrochemical tests to study their mechanical strength 
during the charge/discharge processes.

EXPERIMENTAL

Synthesis of intermetallic Co-Sn nanoparticles at 
a ratio Cо:Sn = 35:65 and their carbon-containing 
nanocomposites

The intermetallic Co-Ni nanoparticles were syn-
thesized through the borohydride reduction method 
with 0.5М NaBH4 in a mixture of aqueous solutions 
of 0.2М CоCl2.6H2O and 0.2MSnCl2.2H2O, at a ratio 
Cо:Sn=35:65. To reach the ratio chosen according to 
the phase diagram of the binary Co-Sn system, we used 
20 ml 0.2M CоCl2.6H2O and 36 ml 0.2M SnCl2.2H2O. 
To fully complete the reduction process, the quantity 
of the reducing agent stabilized with NaOH was 55ml 
0.5MNaBH4, i.e. approximately equal to the sum of the 
quantities of the precursor solutions. Citric acid (С6Н8О7) 
was used as a stabilizing ligand, in a quantity of 0.44 g.

The synthesis was carried out in a double-wall cell 
to keep a constant temperature (with a thermostat), 
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ensuring consecutive introduction of the initial solu-
tions and continuous mechanical stirring of the reaction 
mixture with a magnetic stirrer. The experiments were 
run at room temperature and atmospheric pressure. The 
reduction process was completed in 2 minutes, adding 
the reducing agent dropwise. Fine powder precipitates 
were obtained. They were filtrated, washed with distil-
late water and alcohol, and dried in a vacuum oven for 
24 hours at 100оС.

Co-Sn nanoparticles (Co:Sn = 35:65) were also syn-
thesized applying a template technique using a carbon-
containing support of fluorinated graphite (CF) and 
graphite, in the presence of β-cyclodextrine (β-CDx). 
Thus, the carbon-based nanocomposites were obtained 
in situ. The technological conditions (concentration and 
quantity of the initial reaction solutions, reducing agent 
and ligand) were the same.

The quantity of the fluorinated graphite CF, used as 
a support was 0.247 g. The ratio of support to nanoparti-
cles was 20 % : 80 %.When using fluorinated graphite in 
the presence of β-cyclodextrine, we used equal quanti-
ties of CF and β-CDx – 0.306 g. In this case the ratio 
CF/β-CDx)/Co-Sn nanoparticles has been 20 % CF : 20 
% β-CDx : 60 % Co-Sn nanoparticles.

Synthesis of intermetallic Ni-Sn nanoparticles at 
a ratio Ni:Sn = 45:55 and their carbon-containing 
nanocomposites

Synthesis of intermetallic Ni-Sn nanoparticles was 
carried out through the borohydride reduction method 
with 0.2М NaBH4 in a mixture of aqueous  solutions 
of 0.1М NiCl2.6H2O and 0.1MSnCl2.2H2O, at a mass 
ratioNi:Sn=45:55, in accordance with the phase diagram 
of the binary Ni-Sn system, consecutively introducing 
the initial solutions of the chloride salts and the reduc-
ing agent. Citric acid С6Н8О7 was used, as a stabilizing 
agent, in a quantity of 0.4g/100 ml. The synthesis was 
accomplished in the same double-wall cell, described 
above, and at the same technological conditions - room 
temperature and atmospheric pressure.

A template synthesis of intermetallic Ni-Sn nano-
particles was also performed through the borohydride 
reduction with 0.2М NaBH4 in a mixture of aqueous 
solutions of the corresponding chloride salts-hydrates 
(0.1М NiCl2.6H2O and 0.1MSnCl2.2H2O), at a ratio 
Ni:Sn=45:55. Fluorinated graphite (CF) was used as 
carbon-based support and β-cyclodextrine (β-CDx), as 

a capping agent. In this manner, the carbon-based na-
nocomposites are obtained in situ. The quantity of the 
support was 20 % from the total volume of the synthe-
sized nanoparticles, i.e. the mass ratio nanopartilces to 
graphite support was 80:20. After finishing the reduction 
process, the obtained precipitates were filtrated, washed 
with distillate water and alcohol, and dried in a vacuum 
oven at 100оС for 24 hours.

Investigating techniques
We used different techniques to characterize the 

synthesized intermetallic Co-Sn and Ni-Sn nanopar-
ticles and their carbon-based nanocomposites. Their 
morphology, structure, elemental and phase composi-
tion were studied with Scanning electron microscopy 
(SEM), Transmission electron microscopy (TEM), 
Energy-dispersive X-ray spectroscopy (EDS) and X-ray 
diffracrion analysis (XRD).

The SEM images were made with a JEOL  6390 (Ja-
pan) SEM microscope at accelerating voltage of 20 kV in 
three regimes: a secondary electron image (SEI regime), 
a back reflex electron composition image (BEC regime), 
and a split/shadow image, the so-called “combined re-
gime (SPI regime)”. The SEI images give information 
for the investigated sample surface, while the BEC im-
ages – for its chemical composition. The dark regions 
of the BEC images characterize the existence of atoms 
with a lower atom number, while the light region brings 
information for existence of atoms with higher atom 
number. The TEM images were taken with Transmission 
electron microscope JEOL JEM-2100F, at accelerating 
voltage of 200 kV. The EDS analysis was made, using 
the same SEM microscope with a detector for Energy-
dispersive X-ray spectroscopy. Additional EDS analysis 
was performed with an UHR-FEG-SEM (Zeiss Merlin) 
with SDD (Oxford Inst), at an accelerating voltage of 
15 kV. The phase composition of the investigated sam-
ples was determined by X-ray diffracrion (XRD). The 
X-ray diffraction patterns of all samples were collected 
within the 2θ range from 10o to 95o, with a constant step 
of 0.03o and a counting time of 1 s/step on a Philips 
PW 1050 diffractometer, using CuKα radiation. The 
electrochemical tests of the model electrode samples, 
based on the obtained nanocomposites with a carbon 
matrix and intermetallic (Co-Sn, Ni-Sn) nanoparticles 
as anodes, were done at room temperature by cycling 
voltammetry in a three-electrode cell (Li-ion battery), 
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using a laboratory cycle system BA502 Series Battery 
Analyzer with computer control [25 - 28].The model 
electrode was the positive electrode (anode), prepared 
by spreading on one side the obtained C-matrix/nanopar-
ticle composites of a Cu foil. The electrodecomposition 
was as follows: 80 % (w/o) anode materials, 10 mass % 
of TAB2 (Teflonized Acetylen Black), and 10 mass % 
of PVDF (polyvinylidenfluoride) binder in 1-methyl-
2-pyrolidinone (NMP) solvent to form a homogeneous 
slurry. The electrodes were dried at 120oC in a vacuum 
oven for 12 h and then pressed to enhance the contact 
between the active materials and the conductive carbons. 
Metallic Li foil was used as a counter electrode, while the 
reference electrode was Li/Li+. The electrolyte (dried) 
was 1M LiPF6, dissolved in a mixture of ethylene car-
bonate (EC) and dimethylcarbonate (DMC) (1:1 in vol-
ume). The water content in the electrolyte was below 30 
ppm. The test cell was assembled in a glove box, under 
argon. It was cycled at room temperature, respectively 
discharged and recharged at constant current densities 
with a 0.1 C rate between 50 and 1500 mV vs. Li/Li+. 
Cyclic voltammograms (CVs) were measured with a 
scan rate of 0.1mV/s, using a potentiostat in the same 
three electrode cells. 

In the case of the anode composite material, based 
on graphite (CF) matrix and Co-Sn, respectively - Ni-Sn 
alloy, the composition of the active material was 80% 
intermetallic (Cо-Sn, Ni-Sn) nanoparticles and 20% 
graphite (CF). In the case of a graphite matrix/β-CDx, 
the composition was: 60 % Co-Sn, resp. Ni-Sn nanopar-
ticles, 20 % graphite(CF) and 20 % β-СDx. 

RESULTS AND DISCUSSION

Physicochemical charachterisation of the ob-
tained samples, based on co-ni nanoparticles, before 
conducting electrochemical tests

The SEM image, at a magnification x1000, of the 

fluorinated graphite (CF) used as a support for the tem-
plate synthesis of Co-Sn nanoparticles (Co:Sn = 35:65) is 
shown on Fig. 1a, 1b, while Fig. 1c presents the graphic 
formula of the β-CDx used during the synthesis.

1. Investigation of the morphology and elemental 
composition of Co-Sn nanoparticles

Results from SEM/EDS analyses of Co-Sn nano-
particles, obtained at a ratio Co:Sn=35:65.

The SEM image of Co-Sn nanoparticles, synthesized 
at a ratio Co:Sn = 35:63 is presented in Fig. 2, while the 
EDS results are given in Fig. 3.

Table 1. Data for the elemental composition of the sample in sp4 point.
Element App Intensity Weight % Weight % Atomic % 
 Conc. Corrn.   Sigma   
O K 0.24 0.3431 18.24 1.80 57.23 
Cl K 0.07 1.0197 1.71 0.21 2.42 
Co K 0.54 0.9489 15.11 0.74 12.87 
Sn L 2.26 0.9208 64.94 1.57 27.47 
Totals   100.00   

 

Fig. 1. SEM - SPI image of CF at magnification x1 000: a - 
BEC image, b - SEI image, c - graphic formula of the β-CDx.
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The SEM image of the Co-Sn nanoparticles, ob-
tained at a ratio Co:Sn = 35:65 shows a morphology 
typical for alloyed materials. Spherical particles and 
also particles irregular in shape are observed. The paral-
lelepipeds, like particles formed between the others, are 
probably from Sn.

In Fig. 3a is presented the SEM image of the same 
sample at a magnification x5000 (Co:Sn = 35:65), and 
the two points where the EDS analysis has been carried 
out, are indicated. The EDS spectrum for the distribution 
of the Co and Sn elements on the nanoparticle surface 
in the sp4 point is shown in Fig. 3b, while the elemental 
composition of the investigated sample in the same point, 
is given in Table 1.

Based on the results from the EDS analysis it could 
be concluded that the ratio Co:Sn = 35:65, set up in the 
initial solutions, was approximately preserved in the 
synthesized Co-Sn nanoparticles.

Results from TEM/EDS analyses of Co-Sn nano-
particles, obtained at a ratio Co:Sn = 3:2

The TEM images of the Co-Sn nanoparticles, syn-
thesized at a ratio Co:Sn = 3:2 are presented in Fig. 4.

The Co-Sn nanoparticles, synthesized at a ratio 
Co:Sn = 3:2, are spherical in shape and their size is 50 

Fig. 2. SEM - SPI image of Co-Sn nanoparticlesat a 
magnification x1 000: a - BEC image, b - SEI image.

Fig. 3. Results from EDS analysis: а) SEM image at a 
magnification х5 000 with indicated sp3 and sp4  points 
where EDS analysis is carried out, b) EDS spectrum 
for a distribution of the elements on the Co-Sn (Co:Sn 
= 35:65) nanoparticle surface in the sp4 shown on the 
SEM image left point (spectrum 4). Fig. 4. TEM images of Co-Sn nanoparticles (Co:Sn = 3:2).
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- 70 nm. Even though they formed spontaneous aggre-
gates, the particles are monodisperse. The TEM images 
show good size distribution, that is favorable for their 
application as electrodes in Li-ion batteries.

The SEM image of the Co-Sn (Co:Sn = 3:2) nano-
particle surface, where the EDS analysis has been  per-
formed, is shown in Fig. 5a. The analysis was done with 

an EDS detector in order to investigate the distribution 
of the elements on the surface and in the volume of the 
obtained nanoparticles (the so-called “mapping”). Fig. 
5b presents a layered EDS image of all elements con-
tained in the sample, while in Fig. 5c their distribution 
is given. Fig. 5d is the EDS spectrum. It can be clearly 
seen, that both the Co and the Sn elements are uniformly 

Element App Intensity Weight % Weight % Atomic % 
 Conc. Corrn.  Sigma   
O K 0.73 0.3938 35.35 1.46 77.11 
F K 0.00 0.6514 0.00 0.00 0.00 
Cl K 0.09 1.0048 1.77 0.18 1.74 
Co K 0.42 0.9061 8.93 0.52 5.29 
Sn L 2.50 0.8877 53.95 1.30 15.86 
Totals   100.00   

 

Table 2. Data for the elemental composition of the sample in sp8 point.

Fig. 5. Results from EDS analysis for Co-Sn nanoparticles (Co:Sn = 3:2):  a-SEM image on the surface, b – lay-
ered image, c- EDS spectrum of the element distribution on the nanoparticle surface. 

а) б)

c) d)
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distributed, providing another confirmation that the 
synthesis of crystal intermetallic Co-Sn nanoparticles is 
successful. On some places the color representing Sn is 
more saturated, which is also in line with the observed 
formation of rod-shape Sn particles.

Investigation of the morphology and elemental 
composition of nanocomposites based on Co-Sn 
(Co:Sn = 35:65) nanoparticles and fluorinated graph-
ite (CF). Results from SEM/EDS analyses

The SEM image at a magnification x1000 of the 
nanocomposites based on Co-Sn (Co:Sn = 35:65) na-
noparticles and a fluorinated graphite matrix, is given in 
Fig. 6. The graphite used as a support is characterized 
by a flake-like structure (Fig. 1) that has influenced 
the formation of the intermetallic nanoparticles during 
their synthesis. The particle morphology is similar to 
that of the graphite: particles irregular in shape, such 
as the flake-like particles of the graphite, can be seen. 
Rod-shape particles, probably from Sn, can also be ob-
served. The morphology is typical for alloyed materials.
The particles exhibit a tendency to aggregate, which is 
a characteristic of the nanostate.

A SEM image of Co-Sn nanoparticles (Co:Sn = 
35:65)/graphite (CF) composites, at magnification 
x5000, is presented in Fig. 7a. The two points where 
the EDS analysis is carried out are indicated. The EDS 
spectrum for the distribution of the Co and Sn elements 
on the nanoparticle surface in the sp4 point is shown in 
Fig. 7-b, while the elemental composition (at.% and 
mass %) of the investigated sample in the same point, 
is given in Table 2.

Investigation of the morphology and elemental 
composition of nanocomposites based on Co-Sn (Co:Sn 
= 35:65) nanoparticles, fluorinated graphite (CF) and 
β-cyclodextrine (β-CDx). Results from SEM/EDS 
analyses.

The structure of the β-cyclodextrine (β-CDx), used 
in the synthesis, is a hollow sphere, with functional 
groups situated on its surface (Fig. 2). It has to cover 
the synthesized nanoparticles and to prevent their ag-
gregation.

The SEM image at magnification x1000 of nano-
composites based on Co-Sn (Co:Sn = 35:65), CF and 
β-CDx, is given in Fig. 8. 

Fig. 9a is a SEM image of Co-Sn nanoparticles 
(Co:Sn = 35:65)/CF/β-CDx composites, at magnification 
x5000. Again two points of sp11and sp12, where EDS 

Fig. 6. SEM-SPI image of Co-Sn/CF  nanocomposites 
at a magnification  x1 000: a- BEC image, b- SEI image.

Fig. 7. Results from the EDS analysis: a- SEM image 
at magnification х5 000 with indicated sp7 and sp8  
points where EDS analysis is carried out, b-EDS spec-
trum for a distribution of the elements on the surface of 
the Co-Sn/CF nanocomposite in sp8 point.



Valentina Milanova, Stela Atanasova, Georgy Avdeev, Ivania Markova

549

Fig. 8. SEM-SPI image of Co-Sn/CF /β-CDx Composite 
at a magnification x1 000: a- BEC image, b-SEI image.

Fig. 9. Data from EDS analysis of Co-Sn alloy/CF/β-
CDx composite: a-SEM image at a magnification х5 
000 with indicated  two points of  sp11 and sp12  where 
EDS analysis is carried out, b-EDS spectrum for a dis-
tribution of the elements on the surface of the Co-Sn/
CF/ β-CDx nanocomposite in sp11 point.

Fig. 10. SEM-SEI image of Ni-Sn nanoparticles at a 
magnification x1 000.

Fig. 11. TEM images of Ni-Sn nanoparticles (Ni:Sn = 3:2).
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analysis is carried out, are indicated. The EDS spectrum 
for the distribution of the Co and Sn elements on the 
sample surface in the sp11 point, is shown in Fig. 9-b, 
while the elemental composition (at.% and mass %) of the 
investigated sample in the same point is given in Table 3.

Investigation of the morphology and elemental 
composition of Ni-Sn nanoparticles. Results from the 
SEM/EDS analyses of Ni-Sn nanoparticles, obtained 
at ratio Ni:Sn = 45:55

The SEM image of the Ni-Sn nanoparticles, synthe-
sized through borohydride reduction with NaBH4, at a 

ratioNi:Sn=45:55, are presented in Fig. 10. The image is 
made at a magnification of x1000. It shows that the Ni-
Sn nanoparticles have different sizes. Smaller particles 
of 20-30 nm and also bigger particles, irregular in shape 
that probably are from Sn, are observed.

Results from TEM/EDS analyses of Ni-Sn nano-
particles obtained at a ratio Ni:Sn = 3:2

TEM images of Ni-Sn nanoparticles, obtained at a 
ratio Ni:Sn = 3:2, are shown in Fig. 11, while the results 
from EDS analysis are given in Fig. 12 (a-d).

Element App Intensity Weight% Weight% Atomic% 
 Conc. Corrn.  Sigma  

O K 1.19 0.4097 38.20 1.30 74.96 
F K 0.20 0.6388 4.10 0.93 6.77 
Cl K 0.23 1.0038 2.99 0.17 2.65 
Co K 0.29 0.8911 4.28 0.34 2.28 
Sn L 3.36 0.8738 50.44 1.19 13.34 

Totals   100.00   
 

Table 3. Data for the elemental composition of the sample in sp11 point.

Fig. 12. Results from EDS analysis for Ni-Sn nanoparticles (Ni:Sn=3:2): a - SEM image of the surface, b - layered 
image, c - EDS spectrum of the element distribution on the nanoparticle surface. 

а) б)

c) d)



Valentina Milanova, Stela Atanasova, Georgy Avdeev, Ivania Markova

551

Investigation of the morphology and elemental 
composition of nanocomposites, based on Ni-Sn 
(Co:Sn = 45:55) nanoparticles and fluorinated graph-
ite (CF). Results from SEM/EDS analyses

SEM image at a magnification of x1000 of a carbon-
containing nanocomposite, based on Ni-Sn (Ni:Sn = 
45:55) nanoparticles and a fluorinated graphite matrix, is 
given in Fig. 13. The ratio of Ni-Sn alloy to the graphite 
support is 80 % : 20 %.

When fluorinated graphite is used as support, the 
SEM image shows flake-shape particles. This morphol-
ogy is typical for the morphology of the graphite itself. 
The synthesized intermetallic nanoparticles are of the 
type Ni-Sn core/carbon shell. 

In Fig. 14 are given the results from the EDS analy-
sis, for the distribution of Ni and Sn elements on the 
surface of Ni-Sn (Ni:Sn = 45:55)/nanoparticles/graphite 
matrix composite, made in the sp17point, shown on the 
SEM image (Fig. 14a). The elemental composition (at. 
% and mass %), taken in the same point on the surface 
of the investigated sample, is presented in Table 4.

On the basis of the results, obtained from the EDS 
analysisit can be concluded that the ratio Ni:Sn = 45:55 
set up in the initial solutions is also preserved in the 
synthesized Ni-Sn nanoparticles, when a graphite is used 
as the support. Investigation of the phase composition 
of Co-Sn nanoparticles, obtained at ratio Co:Sn=35:65 
and Ni-Sn, obtained at ratio Ni:Sn = 45:55, and of 
carbon-containing composites, based on them. The 
XRD patterns of Co-Sn nanoparticles, obtained at ratio 
Co:Sn=35:65 and Ni-Sn, at ratio Ni:Sn = 45:55, as well 
as of carbon-containing composites on their basis, are 
given in Figs. 15 and 16.

Fig. 13. SEM-SEI image of Ni-Sn/CF nanocomposites 
at a magnification x1 000.

Fig. 14. Results from EDS analysis of a Ni-Sn nanoparti-
cles/graphite composite: a-SEM image with an indicated 
sp17 pint, b-EDS spectrum for a distribution of the ele-
ments in sp17 pint.

Fig. 15. XRD patterns: sample 1–Co-Sn particles (Cо:Sn 
= 35:65); sample 2–Co-Sn particles/CF composite; sample 
3– Co-Sn particles/CF/β-CDx composite.
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The XRD spectra of Co-Sn nanoparticles and their 
carbon-containing composites, show that in the synthesis 
of Cо-Sn (Cо:Sn = 35:65) nanoparticles, and also when 
using a carbon-based support, two main phases of CoSn2 
and CoSn, in accordance with the phase diagram of the 
binary Co-Sn system, are formed. A phase of Sn is also 
observed, as already known from the SEM images. A 
phase of graphite is detected, as well. The impurity of 
SnO phase is due to oxidizing processes.

The XRD pattern of a carbon-based nanocomposite with 
Ni-Sn nanoparticles, synthesized at ratio Ni:Sn = 45:55, with 
graphite as a carbon support. is presented in Fig. 17. 

In the case of Ni-Sn nanoparticles, synthesized at 
a Ni:Sn = 45:55 ratio, the XRD analysis proves the 
formation of a Ni3Sn2 phase, while in the case of carbon-
based nanocomposites with Ni-Sn nanoparticles (Ni:Sn 
= 45:55) and graphite matrix CF, two main phases of 

Ni3Sn4 and Ni3Sn are formed. According to literature 
data, the Ni3Sn4phase exhibits better properties in 
electrochemical tests as an electrode material in Li-ion 
battery. This means that the graphite (CF) is a more ap-
propriate matrix for obtaining composites on the base 
of Ni-Sn alloy for electrode materials.

STUDY OF THE MORPHOLOGY AND ELEMENTAL 
COMPOSITION OF THE OBTAINED SAMPLES, 
AFTER RUNNING ELECTROCHEMICAL TESTS

Study of the morphology of a nanocomposite, based 
on Co-Sn nanoparticles (Co:Sn = 35:65) and graphite 
matrix, after running electrochemical tests

Figs.18 and 19 show SEM images of a CF matrix/
Co-Sn particles nanocomposite, after the electrochemi-
cal tests are run. Images at different magnification, in 

Fig. 16. XRD pattern of Ni-Sn nanoparticles synthesized 
at a ratio Ni:Sn = 45:55.

Fig. 17. XRD pattern of CF/Ni-Sn (Ni:Sn = 45:55) nano-
particles composite.

Fig. 18. SEM-SPI image of Co-Sn/CF nanocomposites at 
a magnification  x1 000: a- BEC image, b- SEI image.

Fig. 19. SEM-SPI image of Co-Sn/CF nanocomposites at 
a magnification  x3 000: a- BEC image, b- SEI image.
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a mixed imaging mode – back scattered electrons and 
secondary electrons, are presented.

The images show that the electrodes, based on a CF 
matrix and a Co-Sn alloy (Co:Sn = 35:65), remain dense 
and homogeneous. No visible cracking is observed after 
the electrochemical tests are run.

Study of the morphology of a nanocomposite, based 
on Co-Sn nanoparticles (Co:Sn = 35:65), a graphite 
matrix and β-cyclodextrine (β-CDx), after running the 
electrochemical tests

Fig. 20 shows SEM images of a CF matrix/Co-Sn 
particles and a β-cyclodextrine nanocomposite, after 
the electrochemical tests are performed. Presented are 
images at a different magnification in a mixed imaging 
mode – back-scattered electrons and secondary elec-
trons. The SEM images show that the electrode material, 
based on Co-Sn nanoparticles, a CF matrix, and β-CDx 
remains like an unbroken network. The material’s porous 

Fig. 20. SEM-SPI image of Co-Sn/CF/β-CDx composite 
at magnification: a, b -x1000, c-x500; 1- BEC image, 2 – 
SEI image.

Fig. 21. SEM-SPI image of Ni-Sn/CF composite at a mag-
nification: a-x1000, b-x3000; 1- BEC image, 2 – SEI im-
age.
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structure buffers the volume change during lithiation/
delithiation processes. 

Study of the morphology of a nanocomposite, based 
on Co-Sn nanoparticles (Co:Sn = 45:55), and a graphite 
matrix (ratio nanoparticles:graphite = 80 %:20 %), after 
running the electrochemical tests.

Fig. 21 shows SEM images of a CF matrix/Ni-Sn 
particles nanocomposite, after electrochemical tests are 
performed. The presented images are at different mag-
nification in a mixed imaging mode – back-scattered 
electrons (BEC) and secondary electrons (SEI).

Study of the morphology of a nanocomposite, 
based on Ni-Sn nanoparticles (Co:Sn=45:55), a graphite 
matrix and β-cyclodextrine (β-CDx), after running the 
electrochemical tests

Fig. 22 shows the SEM images of a CF matrix/Ni-Sn 
particles and a β-CDx nanocomposite, after the electro-
chemical tests are performed. Presented are images at a 
magnification x1000 in a mixed imaging mode – back-
scattered electrons and secondary electrons. Combining 
a carbon matrix and intermetallic nanoparticles helps 

reducing the mechanical stress, caused by the lithiation/
delithiation processes, during the charge/discharge cy-
cles. This prolongs and improves the cycling life of the 
battery. The electrochemical tests of the nanocomposites, 
based on а Co-Sn, Ni-Sn alloy and a CF matrix, show 
that these composites have significantly higher capac-
ity, as compared to the capacity of pure alloys [27, 28].

CONCLUSIONS

The template synthesis through a borohydrate reduc-
tion, using carbon (graphite CF and β-cyclodextrine), 
proves to be an effective way to obtain in situ new carbon 
based composites with active intermetallic Co-Ni and 
Ni-Sn nanoparticles, for electrodes in batteries. The fine 
Co-Sn and Ni-Sn powder prepared has a morphology, 
typical for alloys and can successfully replace graphite 
as an anode material in Li-ion batteries.

The CF matrix is suitable in terms of obtaining fine 
mono dispersed nanoparticles with wide size distribu-
tion. The particles are 40 to 80 nm in size. They have 
irregular shape and tend to aggregate spontaneously. 
Aggregates, ranging from 200 to 300 nm are observed. 
To avoid that, β-cyclodextrine has been used as a cap-
ping agent. 

The X-ray diffraction analysis of the Co-Sn and Ni-
Sn particles and their carbon based composites, with a 
matrix of graphite, proved that at a mass ratio of Co:Sn 
= 35:65, set in the synthesis of the particles, two main 
phases of CoSn2 and CoSn were formed, while the Ni-
Sn particles and their carbon based composites, using a 
graphite matrix at a mass ratio Ni: Sn = 45:55, formed 
three main phases of Ni3Sn2, Ni3Sn4 and Ni3Sn. This is 
in accordance with the phase diagrams of the Co-Sn and 
Ni-Sn binary systems. 

The SEM studies of the model electrodes, based on 

Fig. 22. SEM-SPI image of Ni-Sn/CF/β-CDx composite 
at magnification x1000; 1- BEC image, 2 – SEI image.

Table 4. Data for the elemental composition of  Ni-Sn alloy/graphite composite.
Element Intensity mass % mass  % atomic % 
O K 0.8128 15.87 0.70 43.28 

 0.3393 16.29 0.94 33.34 

Cl K 0.8674 2.00 0.13 1.85 

Ni K 0.9504 11.93 0.44 6.65 

Sn L 0.8814 53.91 0.84 14.88 

Totals  100.00   
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the synthesized intermetallic nanoparticles with a graph-
ite matrix and the use of β-cyclodextrin, conducted after 
running electrochemical tests, show that the morphology, 
the nanostructure and the crystallinity of the samples 
have not changed. After the electrochemical testing, the 
samples remain homogeneous and dense, with no signs 
of cracking. They are not destroyed during the processes 
of charge and discharge. The SEM images show that 
after electrochemical testing, the model electrodes, based 
on intermetallic Co-Sn and Ni-Sn nanoparticles, respec-
tively, retain their mechanical integrity and strength. 
This can be explained by the presence of the inactive 
component (Ni and Co), which acts as a buffer.

Co-Ni and Ni-Sn particles, synthesized using a 
graphite matrix, kept their flake shape, after the elec-
trochemical tests are performed. This shape is similar 
to the shape of the substrate (graphite) and is identical 
to the shape of the particles, before carrying out the 
electrochemical tests. In case of using graphite, in the 
presence of β-cyclodextrin, the SEM images reveal that 
the lattice of β-cyclodextrin has not changed and its 
entirety is retained during the electrochemical tests. We 
assume that this lattice buffers the volume expansion, 
which occurs in the lithiation/delithiation processes 
during the charge/discharge cycles.
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