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(57) ABSTRACT 
The disclosure describes a nanowire for an anode material of 
a lithium ion cell and a method of preparing the same. The 
nanowire includes silicon (Si) and germanium (Ge). The 
nanowire has a content of the silicon (Si) higher than a 
content of the germanium (Ge) at a Surface thereof, and has 
the content of germanium (Ge) higher than the content of the 
silicon (Si) at an inner part thereof. 
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Fig. 2 
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Fig. 3a 
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Fig. 4a 

3:3: al 
-, 38- SGe. N. 

l -rge powder 
&------------------------------------- 

  



Patent Application Publication Feb. 2, 2017. Sheet 8 of 25 US 2017/003.3356 A1 

i 
28 afoxia 2, 2ts as 2.0 

2-teta 

  



Patent Application Publication Feb. 2, 2017. Sheet 9 of 25 US 2017/003.3356 A1 

26.8 aid 2.2 24 2.62i,828. 
2-teta 

  



Patent Application Publication Feb. 2, 2017. Sheet 10 of 25 US 2017/0033356 A1 

Fig. 4d 
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Fig. 5c 
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Fig. 6a 
  



Patent Application Publication Feb. 2, 2017. Sheet 15 of 25 US 2017/0033356 A1 

Fig. 6b 
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Fig. 6c 
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Fig. 6d 
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Fig. 6f 
  



Patent Application Publication Feb. 2, 2017. Sheet 20 of 25 US 2017/0033356 A1 

Fig. 7a 
33th cycie 

Y. a 

i.S. 

E 

8. x: ist cycie 
* sh cycie 

4 50th cycle 
““r”; 

capacity stig 

  



Patent Application Publication Feb. 2, 2017. Sheet 21 of 25 US 2017/0033356 A1 

Fig. 7b 
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NANOWIRE FOR ANODE MATERAL OF 
LITHIUM ON CELL AND METHOD OF 

PREPARING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to Korean Patent 
Application No. 10-2015-0107138 filed on Jul. 29, 2015, 
and all the benefits accruing therefrom under 35 U.S.C. 
S119, the contents of which is incorporated by reference in 
its entirety. 

BACKGROUND OF THE INVENTION 

0002 
0003. The present invention relates to a nanowire for an 
anode material of a lithium ion cell and a method of 
preparing the same. 
0004 2. Description of the Related Art 
0005 Group IV elements, such as Si, Ge, and Sn, are 
anode materials capable of obtaining significantly higher 
energy density as compared as that of a graphite anode 
commercialized as an anode of a conventional lithium ion 
cell. However, in spite of the high theoretical capacity of the 
elements, the excessive volume expansion resulting from the 
lithiation/delithiation process causes the anode material to 
be destroyed, so that the anode material may not be com 
mercialized. 

0006. The above problems may be overcome by forming 
a complex nano-structure to maintain the morphology of an 
anode active material every cycle. As one example, in order 
to prevent the Volume expansion, a nano-complex structure 
of Sior Ge and a material having a buffer function is formed. 
To this end, studies and researches have been performed on 
a carbon-based material. Such as amorphous carbon or a 
reduced graphene oxide, which is generally known as hav 
ing Superior mechanical and electrical properties. Actually, 
the performance of a battery can be significantly improved. 
However, according to the approach way, a large amount of 
carbon (10 wt % to 39.5 wt % of carbon) must be contained 
in an electrode in order to ensure the stable lifespan char 
acteristic and a charging/discharging capacity may be 
degraded. As another example, an internal empty space is 
formed and thus the volume expansion can be effectively 
reduced by the internal empty space. Numerous nanostruc 
tures, such as nano-tubes, porous nanowires/nano-particles, 
and a mesoporous sponge nano-structure, have been Studied 
for a stable lifespan characteristic. As the morphology of the 
complex nano-structure is maintained, the performance of 
the lithium ion cell can be significantly improved. In order 
to obtain the complex nano-structure, a complex synthesiz 
ing process is required, thereby causing the yield rate being 
lowered, and forming many internal empty spaces, so that 
the Volume capacity may be lowered. Accordingly, the 
development of the anode active material for the nanostruc 
ture having no empty space and for representing a high 
charging capacity is required. 
0007 As a prior art, there is Korean Patent Unexamined 
Publication No. 10-2011-0111105 (published on Oct. 10, 
2011) entitled “Silicon nanowire comprising high density 
metal nanoclusters and process of preparing the same'. 

1. Field of the Invention 
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SUMMARY OF THE INVENTION 

0008. An object of the present invention is to provide a 
nanowire for an anode material of a lithium ion cell, capable 
of improving cell performance in a stable structure during 
charging/discharging, and a method of preparing the same. 
0009. The objects of the present invention are not limited 
to the above-mentioned objects, and other objects will be 
clearly understood from the following description by those 
skilled in the art. 
0010. In order to accomplish the above object, there is 
provided a nanowire for an anode material of a lithium ion 
cell. The nanowire includes silicon (Si) and germanium 
(Ge). The nanowire has a content of the silicon (Si) higher 
than a content of the germanium (Ge) at a surface thereof, 
and has the content of the germanium (Ge) higher than the 
content of the silicon (Si) at an inner part thereof. 
0011. In addition, there is provided a method of fabricat 
ing a nanowire for an anode material of a lithium ion cell. 
The method includes performing heat treatment with respect 
to the nanowire including silicon (Si) and germanium (Ge) 
under a hydrogen atmosphere, and distributing the silicon 
(Si) and the germanium (Ge) included in the nanowire to a 
Surface of the nanowire and an inner part of the nanowire, 
respectively. 
0012. Furthermore, there is provided a lithium ion cell 
including an anode including a nanowire for an anode 
material of a lithium ion cell, the nanowire including silicon 
(Si) and germanium (Ge), the nanowire having a content of 
the silicon (Si) higher than a content of the germanium (Ge) 
at a Surface thereof, and having the content of germanium 
(Ge) higher than the content of the silicon (Si) at an inner 
part thereof. 
0013 As described above, according to the present 
invention, the nanowire can be prepared through a simple 
scheme, thereby increasing the yield rate, and can represent 
excellent structural stability even in the lithiation/delithia 
tion. 
0014. In addition, atoms are re-arranged through heat 
treatment, so that excellent capacity retention and excellent 
rate capability can be represented. Silicon (Si) is distributed 
to the surface of the nanowire so that the overpotential can 
be finely adjusted. Accordingly, the lifespan characteristic 
can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a schematic view showing the shape of a 
nanowire for an anode material of a lithium ion cell before 
and after heat treatment is performed according to the 
present invention. 
0016 FIG. 2 is a schematic view showing the shape of 
the nanowire of the anode material of the lithium ion cell 
according to the present invention. 
0017 FIG. 3a is a high-resolution transmission electron 
microscopy (HRTEM) of the nanowire for the anode mate 
rial of the lithium ion cell according to the present invention 
before the heat treatment is performed 
0018 FIG. 3b is an HRTEM of the nanowire for the 
anode material of the lithium ion cell after the heat treatment 
has been performed. 
0019 FIG. 3c is a graph showing the atom distribution of 
the nanowire before the heat treatment is performed. 
0020 FIG. 3d is a graph showing the atom distribution of 
the nanowire after the heat treatment has been performed. 
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0021 FIG. 4a is a graph showing XRD analysis results of 
a nanowire and Ge powders before and after the heat 
treatment is performed. 
0022 FIG. 4b is a graph showing an enlarged XRD peak 
of a plane (111). 
0023 FIG. 4c is a graph showing the variation in the 
XRD peak as a function of a heat treatment temperature. 
0024 FIG. 4d is a graph showing an Si mole fraction. 
0025 FIG. 5a is a graph showing the variation of a 
lithium diffusion coefficient according to heat treatment. 
0026 FIG. 5b is a graph showing the variation of over 
potential according to heat treatment. 
0027 FIG. 5c is a graph showing the variation of the 
lifespan characteristic according to the heat treatment. 
0028 FIG. 6a is a TEM showing a SiGe nanowire 
(subject to the heat treatment temperature at 850° C.) after 
the first cycle. 
0029 FIG. 6b is an enlarged TEM showing the surface of 
the SiGe nanowire. 
0030 FIG. 6c is an enlarged TEM showing a core portion 
of the SiGe nanowire. 
0031 FIG. 6d is a TEM showing a SiGe nanowire, which 
is not subject to the heat treatment, after the first cycle. 
0032 FIG. 6e is an enlarged TEM showing the surface of 
the SiGe nanowire. 
0033 FIG. 6f is an enlarged TEMP showing the core 
portion of the SiGe nanowire. 
0034 FIG. 7a is a graph showing the charging/discharg 
ing capacity of the SiGe nanowire (Subject to heat treatment 
temperature at 850° C.) at 0.2 C. 
0035 FIG. 7b is a graph showing the lifespan character 

istic of the SiGe nanowire (subject to the heat treatment 
temperature at 850° C.) at 0.2 C. 
0036 FIG. 7c is a graph showing the variation of the 
discharging capacity of the SiGe nanowire (Subject to the 
heat treatment temperature at 850° C.) according to a C-rate. 
0037 FIG. 8 is a graph showing the characteristic of the 
rate capability according to the discharging rate of the 
nanowire for the anode material of the lithium ion cell 
according to the present invention. 
0038 FIG. 9a is a graph showing the charging/discharg 
ing capacity of the lithium ion cell including the nanowire 
for the anode material of the lithium ion cell according to the 
present invention at 0.5 C. 
0039 FIG.9b is a graph showing the lifespan character 

istic at 0.5 C. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0040. Hereinafter, preferred embodiments of the present 
invention will be described with reference to accompanying 
drawings. 
0041. The advantages, the features, and schemes of 
achieving the advantages and features of the present inven 
tion will be apparently comprehended by those skilled in the 
art based on the embodiments, which are detailed later in 
detail, together with accompanying drawings. 
0042. However, the present invention is not limited to the 
following embodiments but includes various applications 
and modifications. The embodiments will make the disclo 
Sure of the present invention complete, and allow those 
skilled in the art to completely comprehend the scope of the 
present invention. The present invention is only defined 
within the scope of accompanying claims. 
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0043. In addition, the details of the generally-known 
technology that makes the Subject matter of the present 
invention unclear will be omitted in the following descrip 
tion. 
0044) The present invention provides a nanowire for an 
anode material of a lithium ion cell. The nanowire includes 
silicon (Si) and germanium (Ge). The nanowire has the 
content of Si higher than that of Ge at the surface thereof, 
and has the content of Ge higher than that of Si at the inner 
part thereof. 
0045. According to the present invention, the nanowire 
for the anode material of the lithium ion cell can be prepared 
through a simple scheme, thereby increasing the yield rate, 
and can represent excellent structural stability even in the 
lithiation/delithiation. In addition, atoms are re-arranged 
through heat treatment, so that excellent capacity retention 
and excellent rate capability can be represented. Si is dis 
tributed to the surface of the nanowire so that the overpo 
tential may be finely adjusted. Accordingly, the lifespan 
characteristic may be improved. 
0046 FIG. 1 is a schematic view showing the shape of a 
nanowire for an anode material of a lithium ion cell after and 
before heat treatment is performed according to the present 
invention. As shown in FIG. 1, Si and Ge are selectively 
provided to the surface of the nanowire and the inner part of 
the nanowire, respectively, through heat treatment according 
to the present invention. 
0047. In addition, the nanowire for the anode material of 
the lithium ion cell according to the present invention 
includes Sihaving the content of 1 wt % to 10 wt % and Ge 
having the content 90 wt % to 99 wt %, and may be 
represented by a chemical composition by GeSi, 
(0.01 sxs0.1). 
0048. In addition, the present invention provides a 
nanowire for an anode material of a lithium ion cell, in 
which the nanowire including Si and Ge is subject to heat 
treatment under a hydrogen atmosphere to distribute Si and 
Ge included in the nanowire to the surface of the nanowire 
and the inner part of the nanowire, respectively. 
0049. In a method of preparing the nanowire for the 
anode material of the lithium ion cell according to the 
present invention, the nanowire may be prepared in a 
vapor-liquid-solid growth (VLS) scheme. In detail, the 
nanowire may be prepared by using gold nanoparticles as a 
catalyst after Supplying a Ge precursor and a Si precursor 
into a CVD chamber. 
0050. When heat treatment is performed at the tempera 
ture of less than 700° C., Si is not moved to the surface of 
the nanowire, so that the cell performance and the lifespan 
characteristic may be degraded. When the heat treatment is 
performed at the temperature of more than 900° C., the 
nanowire may be damaged. 
0051. In this case, preferably, Si has the content of 1 wt 
% to 10 wt % and Ge has the content of 90 wt % to 99 wit 
%. When Ge has the content of less than 90 wt %, the cell 
capacity of the lithium ion cell may be lowered. When Ge 
has the content of more than 99 wt %, the content of the Si 
is lowered, so that the nanowire may be damaged in charg 
ing/discharging. 
0052. In addition, preferably, the hydrogen atmosphere is 
formed with 1 atm. 
0053. The heat treatment is preferably performed for 50 
min. to 70 min. When the heat treatment is performed for 
less than 50 min. Si may not be sufficiently moved to the 
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surface of the nanowire. When the heat treatment is per 
formed for more than 70 min., Si included in the nanowire 
is entirely moved to the surface of the nanowire. The heat 
treatment is preferably performed for less than 70 min. 
0054. In addition, the present invention provides a 
lithium ion cell including an anode including the nanowire 
for the anode material of the lithium ion cell, in which the 
nanowire includes Si and Ge, and the nanowire has the 
content of Si higher than that of Ge at the surface thereof, 
and has the content of Ge higher than that of Si at the inner 
part thereof. 

Embodiment 1 

Preparation of Nanowire for Anode Material of 
Lithium Ion Cell 

0055. After forming a 1 nm gold film on a Si substrate by 
a metallic evaporator, the resultant structure is heated to 
form gold nanoparticles on the Si substrate. Thereafter, the 
Si Substrate having the formed gold nanoparticles is pro 
vided in the CVD chamber, GeO1 and SiCl, are fed to the 
Si Substrate, and the resultant structure is heated at 760° C. 
In this case, amounts of Si and Ge exceed the limits of Si and 
Ge that can be contained in the gold nanoparticles, so that Si 
and Ge are precipitated from the nanoparticles to form the 
nanowire. 

0056. The SiGe nanowire is subject to heat treatment at 
850° C. for one hour under the hydrogen atmosphere of 1 
atm, thereby preparing the nanowire for the anode material 
of the lithium ion cell. 

0057. Following table 1 shows the contents of Si and Ge 
of the nanowire for the anode material of the lithium ion cell. 

TABLE 1. 

Atom wt % atom 90 

Si 5.81 13.75 
Ge. 94.19 86.25 

Experimental Example 1 

Analysis of Shape of Nanowire for Anode Material 
of Lithium Ion Cell and Elements 

0058. In order to recognize the shape and the elements of 
the nanowire for the anode material of the lithium ion cell 
according to the present invention, the nanowire is analyzed 
by a transmission electron microscopy (TEM) and an auger 
electron spectroscopy (AES), and the analysis result is 
shown in FIG. 3. 

0059 FIG. 3a is a high-resolution transmission electron 
microscopy (HRTEM) of the nanowire for the anode mate 
rial of the lithium ion cell according to the present invention 
before the heat treatment is performed, and FIG. 3b is an 
HRTEM of the nanowire for the anode material of the 
lithium ion cell after the heat treatment has been performed. 
0060. As shown in FIGS. 3a and 3b, the nanowire for the 
anode material of the lithium ion cell according to the 
present invention has a diameter of 70 nm on average. The 
nanowire prepared with a clear lattice pattern has high 
crystallinity without the structural defect. Meanwhile, in the 
additional Raman spectrum, the Si Ge vibration mode 
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appearing at 385 cm shows that Si is chemically bonded to 
Ge. Accordingly, it can be recognized that Si is bonded to 
Ge. 
0061 FIG. 3c is a graph showing the atom distribution of 
the nanowire before the heat treatment is performed, and 
FIG. 3d is a graph showing the atom distribution of the 
nanowire after the heat treatment has been performed. While 
the nanowire is consecutively etched in bulk from the 
surface thereof by using Ar", the spatial distribution of Si 
and Ge are analyzed through an auger electron spectroscopy 
(AES). 
0062. As shown in FIG. 3c, the nanowire alloy of Si and 
Ge does not show the great variation as the Sputtering time 
is increased, which represents that two elements of Si and 
Ge uniformly exist through the entire portion of the 
nanowire before the heat treatment is performed (see FIG. 
3c). 
0063. In addition, as shown in FIG. 3d. the nanowire still 
has high crystallinity after the heat treatment has been 
performed, and the concentration of Si is significantly 
increased on the surface of the nanowire to the extent of 
exceeding the concentration of Ge, and gradually reduced 
toward a core area. As Si is increased on the surface of the 
nanowire after heat treatment has been performed, Si is 
exposed to the air to naturally form an oxide layer. Accord 
ingly, it may be recognized that the elements of the Surface 
of the nanowire, which includes GeO, before the heat 
treatment is performed, are changed through the heat treat 
ment. 

0064. The motivity of the variation in Si distribution 
resulting from the heat treatment according to the present 
invention is generally explained as the minimizing of the 
whole Gibbs free energy. In this regard, Ge exists on the 
Surface of the nanowire because it is advantageous in terms 
of energy that Si exists at the inner part of the nanowire 
rather than the Surface of the nanowire as the Surficial energy 
of Ge is lowered than that of Si. This distribution represents 
an opposite result as recognized from the nanowire accord 
ing to the present invention. According to the present 
invention, because heat treatment is performed under the 
existence of hydrogen, a larger amount of Si may be 
re-arranged in the vicinity of the Surface of the nanonwire. 

Experimental Example 2 

Arrangement of Atoms of Nanowire for Anode 
Material of Lithium Ion Cell and Analysis of 
Content of Si as Function of Heat Treatment 

Temperature 

0065. In order to recognize the arrangement of atoms of 
the nanowire for the anode material of the lithium ion cell 
according to the present invention and the content of Si as 
a function of a temperature, analyzed by using XRD and the 
XRD analysis result is shown in FIG. 4a. 
0.066 FIG. 4a is a graph showing XRD analysis results of 
a nanowire and Ge powders before and after the heat 
treatment is performed, FIG. 4b is a graph showing an 
enlarged XRD peak of a plane (111), FIG. 4c is a graph 
showing the variation in the XRD peak as a function of a 
heat treatment temperature, and FIG. 4d is a graph showing 
an Si mole fraction. 
0067. As shown in FIG. 4a, the nanowire according to the 
present invention has the diffraction patterns before and after 
the heat treatment which are substantially identical to the 
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diffraction pattern of Ge powders since Ge has the high 
content in the nanowire. In this case, the XRD peak shown 
only in Ge powders results from the presence of GeO. 
0068 Regarding the detailed diffraction pattern, as 
shown in FIG. 4b, the diffraction patterns before and after 
the heat treatment are shown at a 20 value higher than that 
of Ge powders. Such a difference means that the lattice 
constant of Ge powders is Smaller than the lattice constant 
of the nanowire. This is because Si, which has the lattice 
constant lower than that of Ge, is bonded in the Ge crystal 
lattice. Representatively, the XRD peak of the (111) crystal 
plane is represented as 27.47° in the case of SiGe nanowire 
before the heat treatment is performed, and the lattice 
constant corresponding to 27.47° is 5.6120 A. Accordingly, 
the chemical composition calculated based on the lattice 
constant is Geos. Sios, which is identical to the EDX result 
of 14 atom 9% of Si. In addition, the diffraction peak of the 
(111) crystal plane after the heat treatment has been per 
formed is moved from 27.47° to 27.35°, which means that 
lattice constant of the SiGe nanowire is increased to 5.6425 
A, and the chemical composition is changed to Geoloa Siolog. 
0069. Since Sihas the vapor pressure of about Zero under 
the heat treatment condition according to the present inven 
tion, the evaporability of Si may be negligible. Accordingly, 
the movement of the diffraction peak is caused by the 
exchange reaction between Si and Ge. According to the 
exchange reaction between Si and Ge, a portion of Si atoms 
moves closely to the surface of a crystal lattice from the 
inner part of the crystal lattice, and another portion of the Si 
atoms is further moved onto the surface of the crystal lattice, 
thereby forming amorphous Si or SiO, due to the exposure 
to the air. 
0070. In addition, as shown in FIG. 4c, as the temperature 

is increased from 600° C. to 900° C. through the heat 
treatment for one hour, the diffraction peak of the (111) 
crystal plane is gradually moved to a lower 2-0 value. 
(0071. As shown in FIG. 4d, the relative ratio of Si to Ge 
for the crystallinity of the nanowire is not changed at the 
heat treatment temperature of 600° C. or less, which means 
that thermal energy is too insufficient to induce the re 
arrangement of atoms. Meanwhile, the ratio of Si is started 
to be reduced at the heat treatment temperature of is 650° C. 
and reaches to the minimum value of 6 atoms '% of Si at the 
temperature of 850° C. When the heat treatment temperature 
exceeds 850° C., the shape of an SiGe nanowire may be 
seriously damaged. 

Experimental Example 3 

Analysis of Variation in Lithium Diffusion 
Coefficient and Overpotential According to Heat 
Treatment Temperature and Variation in Lifespan 
Characteristic in Nanowire for Anode Material of 

Lithium Ion Cell 

0072. In order to analyze the lithium diffusion coefficient, 
overpotential, and the lifespan characteristic according to 
heat treatment temperature in the nanowire for the anode 
material of the lithium ion cell according to the present 
invention, a SiGe nanowire (subject to heat treatment at 700° 
C.), a SiGe nanowire (subject to heat treatment at 850° C.), 
and a SiGe nano-wire, which is not subject to the heat 
treatment, having mutually different Si Segregation degrees 
are used as an anode for a half-lithium ion cell and analyzed, 
and the analysis result is shown in from FIG. 5a to FIG. 5c. 
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In this case, the charging/discharging of 0.1 C (120 mA/g at 
24°C.) is performed in a voltage window from 0.005 V to 
15 V. 
0073 FIG. 5a is a graph showing the variation of a 
lithium diffusion coefficient according to heat treatment, 
FIG. 5b is a graph showing the variation of overpotential 
according to heat treatment, and FIG. 5c is a graph showing 
the variation of the lifespan characteristic according to the 
heat treatment. 
0074 As shown in FIG. 5a, as the ratio of Si having a 
lower lithium diffusion coefficient is increased on the Sur 
face (Type-USiGe NW-Type-G. SiGe NW, 700° C.<Type-G 
SiGe NW, 850° C., the measured lithium diffusion coeffi 
cient is reduced. 
(0075. In addition, as shown in FIG. 5b, the overpotential 
corresponding to each sample is gradually increased due to 
the mass transfer resistivity increased due to the slow 
lithium diffusion of Si. The variation in the overpotential 
according to the Si Segregation degree is considered to exert 
an influence on the electrical-chemical property during the 
charging/discharging, and the structural Stability of the 
anode can be significantly improved during the charging/ 
discharging cycle. 
0076. In addition, as shown in FIG. 5c, the lifespan 
characteristic is estimated under the condition of the charg 
ing/discharging rate of 1 C. According to the estimation 
result, in order to form a solid electrolyte interface (SEI), 
half-cells are significantly slowly charged/discharged at 0.05 
C in the voltage window of 0.005 V to 1.5 V during the first 
cycle. During the initial cycle, the capacity is gradually 
decreased as the overpotential is increased since greater 
energy is required to induce the lithiation reaction as the 
overpotential is increased. When taking into consideration 
the trade-off between the improved lifespan characteristic 
and the reduced capacity, the SiGe nanowire (subject to heat 
treatment at 850° C.) representing the capacity retention of 
90.0% and 103.1 mAh/g or more is most excellent in the 
overall performance after 300 cycles, the SiGe nanowire 
(subject to heat treatment at 700° C.), which represents a 
high initial capacity of 60 mAh/g in the half-cell, represents 
the lowest lifespan characteristic after 300 cycles, and the 
capacity of the SiGe nanowire before the heat treatment is 
rapidly lowered after 115 cycles, and lowered to 10 mAh/g 
after 175 cycles. 
0077. In addition, the SiGe nanowire (subject to heat 
treatment at 850° C.) is maintained in the inherent one 
dimensional structure even after 200 cycles while the SiGe 
nanowire (subject to heat treatment at 700° C.) is not 
maintained in the inherent one-dimensional structure after 
200 cycles. 

Experimental Example 4 

Analysis of Shape of Nanowire for Anode Material 
of Lithium Ion Cell after Charging/Discharging 

0078. The shape of the nanowire for the anode material of 
the lithium ion cell according to the present invention after 
charging/discharging is analyzed by a high-resolution trans 
mission electron microscopy (HRTEM), and the analysis 
result is shown in from FIG. 6a to FIG. 6f. 
(0079 FIG. 6a is a TEM showing the SiGe nanowire 
(subject to the heat treatment at 850° C.) after the first cycle, 
FIG. 6b is an enlarged TEM showing the surface of the SiGe 
nanowire, FIG. 6c is an enlarged TEM showing a core 
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portion of the SiGe nanowire, FIG. 6d is a TEM showing a 
SiGe nanowire, which is not subject to the heat treatment, 
after the first cycle, FIG. 6e is an enlarged TEM showing the 
surface of the SiGe nanowire, and FIG. 6f is an enlarged 
TEMP showing the core portion of the SiGe nanowire. 
0080. As shown in FIG. 6a, the existence of the unlithi 
ated part is recognized through the HRTEM after the first 
cycle. 
0081. In addition, as shown in FIGS. 6b and 6c, the 
surface part of the SiGe nanowire (subject to heat treatment 
at 850° C.) is changed to an amorphous state as the nanowire 
is lithiated to be subject to a solid-phase amorphization 
electro-chemically induced while the core part of the SiGe 
nanowire is maintained in a crystal structure. In other words, 
if the nanowire is subject to the lithiation, a crystal material 
is changed to an amorphous material. However, if the 
nanowire exists as a crystal material even after the first 
cycle, the nanowire may not be lithiated. 
0082. By contrast, referring to FIGS. 6d. 6e, and 6f both 
of the Surface part and the core part are changed to the 
amorphous state after the first cycle. It should not be noted 
that the lithiated crystal part of the SiGe nanowire (subject 
to the heat treatment at 850° C.) after 200 cycles is not 
observed by the HRTEM. However, the unlithiated part still 
remains to play an important role as a buffer layer when the 
stable lifespan characteristic during 300 cycles and a non 
reaction capacity in comparison with the SiGe nanowire, 
which is not subject to the heat treatment, are taken into 
consideration. 

Experimental Example 5 

Analysis of Lifespan Characteristic and Rate 
Capability Characteristic of Nanowire for Anode 

Material of Lithium Ion Cell 

0083. The lifespan characteristic and the rate capability 
characteristic of the nanowire for the anode material of the 
lithium ion cell according to the present invention are 
analyzed, and the analysis result is shown in FIGS. 7 and 8. 
0084 FIG. 7a is a graph showing the charging/discharg 
ing capacity of the SiGe nanowire (Subject to heat treatment 
temperature at 850° C.) at 0.2 C. FIG.7b is a graph showing 
the lifespan characteristic of the SiGe nanowire (subject to 
the heat treatment temperature at 850° C.) at 0.2 C. FIG. 7c 
is a graph showing the variation of the discharging capacity 
of the SiGe nanowire (subject to the heat treatment tem 
perature at 850° C.) according to a C-rate. 
0085. It is necessary to observe whether or not the 
structural stability of an electrode is maintained at various 
C-rates for a long cycle when taking into consideration that 
rapid lithiation/delithiation induces the significant mechani 
cal stress to the electrode as the C-rate (charging/discharging 
rate) is increased. Accordingly, the lifespan characteristics of 
the SiGe nanowire (subject to the heat treatment at 850° C.) 
at C-rates ranging from 0.2 C to 10 C are observed. 
I0086. As shown in FIG. 7a, the initial charging capacity 
and the initial discharging capacity are 2,140 mAh/g and 
1,506 mAh/g, respectively at the first cycle in the case of 0.2 
C, and the coulomb efficiency (charging capacity/discharg 
ing capacity) is measured to 70.5%. The irreversible capac 
ity loss during the first cycle is considered caused due to the 
formation of the SEI or the decomposition of the oxide layer 
resulting from the side reaction between the electrolyte and 
the electrode active material. 
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0087 Furthermore, as shown in FIG. 7b, in the SiGe 
nanowire (subject to heat treatment at 850° C.) according to 
the present invention, coulomb efficiency is increased to 
98.8% on average within 400 cycles. After 400 cycles, the 
high capacity retention of 89.0% is shown and the excellent 
lifespan characteristic is represented at 0.2 C. 
0088. In addition, as shown in FIG. 7c, even when the 
C-rate ranges from 0.2 C to 10 C, the structural stability of 
the electrode is maintained, and the stable capacity retention 
is shown even after the long charging/discharging cycle. In 
the case of 0.2 C, 1 C, 4 C, or 10 C, the reversible capacity 
of 1266 mAh/g, 1145 mAh/g, 1000 mAh/g, or 515 mAh/g is 
shown. In the case of 0.2 C, 1 C, or 4 C, the capacity 
retention of 91.9%, 90.0%, or 84.6% is shown after 300 
cycles. In the case of 10 C, the capacity retention of 82.4% 
is shown after 200 cycles. 
I0089. In addition, although the SiGe nanowire (subject to 
the heat treatment at 850° C.) may represent slight capacity 
loss due to the increased overpotential, the SiGe nanowire 
(subject to the heat treatment at 850° C.) represents the high 
rate capability characteristic still higher than that of the SiGe 
nanowire. The SiGe nanowire (subject to the heat treatment 
at 850°C.) according to the present invention represents 579 
mAh/g higher than the theoretical capacity (372 mAh/g) of 
a graphite anode commercialized at 10 C(12 A/g) due to the 
higher mole fraction of Ge corresponding to 95 wt %. The 
mole fraction of Ge having the higher lithium diffusion 
coefficient and the higher electrical conductivity accelerates 
the swift movement of Li to ensure the higher rate capability 
characteristic. In order to evaluate the discharging charac 
teristic at the higher charging/discharging rate, an experi 
ment is made by fixing the charging rate of the half-cell 
including the SiGe nanowire (subject to the heat treatment at 
850°C.) to 0.2 C, and varying the discharging rate from 0.2 
C to 100 C. 
0090 FIG. 8 is a graph showing the rate capability 
resulting from the discharging rate of the nanowire for the 
anode material of the lithium ion cell according to the 
present invention. 
(0091. As shown in FIG. 8, the SiGe nanowire (subject to 
the heat treatment at 850° C.) represents the high capacity of 
304.5 mAh/g at 60 C and the excellent rate capability 
characteristic. 

Experimental Example 6 

Analysis of Lifespan Characteristic of Lithium Ion 
Cell Including Nanowire for Anode Material of 

Lithium Ion Cell 

0092. The lifespan characteristic of the lithium ion cell 
including the nanowire for the anode material of the lithium 
ion cell according to the present invention is analyzed and 
the analysis result is shown in from FIG. 9a. to FIG.9b. 
0093. In order to analyze the lifespan characteristic of the 
nanowire for the anode material of the lithium ion cell 
according to the present invention, a LiMnO cathode and 
a full-cell are prepared and tested, and the analysis is made 
in the voltage window of 4.3 V to 2.3 V at the temperature 
of 24° C. 
0094 FIG. 9a is a graph showing the charging/discharg 
ing capacity of the lithium ion cell including the nanowire 
for the anode material of the lithium ion cell according to the 
present invention at 0.5 C, and FIG.9b is a graph showing 
the lifespan characteristic at 0.5 C. 
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0095. As shown in FIGS. 9a and 9b, the full-cell repre 
sents the maximum capacity of 87.3 mAh/g based on a 
LiMnO reference capacity, the capacity retention of 84.2% 
at the charging rate of 0.5 C, the discharging rate of 1 C after 
800 cycles, and the stable lifespan characteristic. 
What is claimed is: 
1. A nanowire for an anode material of a lithium ion cell, 

the nanowire comprising silicon (Si) and germanium (Ge), 
wherein the nanowire has a content of the silicon (Si) higher 
than a content of the germanium (Ge) at a Surface thereof, 
and has the content of germanium (Ge) higher than the 
content of the silicon (Si) at an inner part thereof. 

2. The nanowire of claim 1, wherein the silicon (Si) has 
the content in a range of 1 wt % to 10 wt %, and the 
germanium (Ge) has the content in a range of 90 wt % to 99 
wt %. 

3. The nanowire of claim 1, wherein a chemical compo 
sition of the nanowire is GetSi (0.01 sxs0.1). 
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4. A method of fabricating a nanowire for an anode 
material of a lithium ion cell, the method comprising: 

performing heat treatment with respect to the nanowire 
including silicon (Si) and germanium (Ge) under a 
hydrogen atmosphere; and 

distributing the silicon (Si) and the germanium (Ge) 
included in the nanowire to a surface of the nanowire 
and an inner part of the nanowire, respectively. 

5. The method of claim 4, wherein the silicon (Si) has the 
content in a range of 1 wt % to 10 wt %, and the germanium 
(Ge) has the content in a range of 90 wt % to 99 wt %. 

6. The method of claim 4, wherein the heat treatment is 
performed at a temperature in a range of 700° C. to 900° C. 

7. A lithium ion cell including an anode including the 
nanowire for the anode material of the lithium ion cell 
according to claim 1. 
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