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NEGATIVE ELECTRODE AND SECONDARY 
BATTERY INCLUDING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Continuation application of 
co-pending application Ser. No. 16/652,283, filed on Mar. 
30, 2020, which is the National Phase under 35 U.S.C. § 371 
oflntemational Application No. PCT/KR2018/015154, filed 
on Nov. 30, 2018, which claims the benefit under 35 U.S.C. 
§ 119(a) to Patent Application No. 10-2017-0164373, filed 
in Republic of Korea on Dec. 1, 2017, all of which are 
hereby expressly incorporated by reference into the present 
application. 

TECHNICAL FIELD 

[0002] The present disclosure relates to a negative elec­
trode having improved life characteristics and a secondary 
battery including the same. 
[0003] The present application claims priority to Korean 
Patent Application No. 10-2017-0164373 filed on Dec. 1, 
2017 in the Republic of Korea, the disclosures of which are 
incorporated herein by reference. 

BACKGROUND ART 

[0004] As technological development and demand for 
mobile instruments have been increased, rechargeable sec­
ondary batteries which can be downsized and provided with 
high capacity are increasingly in demand. Among such 
secondary batteries, lithium secondary batteries having high 
energy density and voltage have been commercialized and 
used widely. 
[0005] A lithium secondary battery has a structure in 
which a lithium salt-containing electrolyte is injected to an 
electrode assembly including a positive electrode and a 
negative electrode formed by applying each electrode active 
material onto an electrode current collector, and a porous 
separator interposed between both electrodes. Herein, each 
electrode is obtained by applying slurry including an active 
material, a binder and a conductive material to a current 
collector, followed by drying and pressing. 
[0006] The fundamental characteristics, such as capacity, 
output and life, of a lithium secondary battery is significantly 
affected by the material for a negative electrode. To maxi­
mize the performance of a battery, it is required for the 
negative electrode active material to have an electrochemi­
cal reaction potential near the potential of lithium metal and 
high reversibility to the reaction with lithium ions and to 
show a high lithium ion diffusion rate in the active material. 
[0007] A carbonaceous material used frequently as a mate­
rial for forming a negative electrode for a lithium secondary 
battery has a limit theoretical capacity of372 mAh/g which 
functions as an obstacle in a process for increasing energy 
density. To solve the problem, a silicon-based material has 
been considered as a substitute. Silicon has a theoretical 
capacity of 4010 mAh/g, which is at least 10 times higher 
than the theoretical capacity of the conventional carbona­
ceous material. However, a silicon-based material has a low 
charge/discharge efficiency of 80% which is lower than the 
charge/discharge efficiency (92%) of a carbonaceous mate­
rial. In addition, a silicon-based material shows a change in 
volume of300% or more during charge/discharge, and thus 
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is problematic in that it cannot function as an active material 
due to a disconnection in a conductive path during continu­
ous charge/discharge cycles. 

DISCLOSURE 

Technical Problem 

[0008] The present disclosure is designed to solve the 
problems of the related art, and therefore the present dis­
closure is directed to providing a negative electrode for 
improving the life characteristics of a battery. 
[0009] The present disclosure is also directed to providing 
a lithium secondary battery including the negative electrode. 

Technical Solution 

[0010] In one aspect of the present disclosure, there is 
provided a negative electrode including: 

[0011] a current collector; 
[0012] a first negative electrode active material layer 

positioned on at least one surface of the current col­
lector wherein the first negative electrode active mate­
rial layer comprises a first carbonaceous active mate­
rial; and 

[0013] a second negative electrode active material layer 
positioned on a surface of the first negative electrode 
active material layer, wherein the second negative 
electrode active material layer comprises a silicon­
based active material and carbon nanotubes. 

[0014] The second negative electrode active material layer 
may further include a second carbonaceous active material. 
[0015] The carbon nanotubes may be present in an amount 
of 0.1 wt % to 2 wt % based on a total weight of the first and 
second negative electrode active material layers. 
[0016] The carbon nanotubes may be present in an amount 
of 1 part to 20 parts by weight based on 100 parts by weight 
of the silicon-based active material. 
[0017] The carbon nanotubes may have an average diam­
eter of 10 nm to 120 nm and an average length of0.5 µm to 
20 µm. 
[0018] The carbon nanotubes may have a specific surface 
area of 100 m2/g to 3,000 m2/g. 
[0019] The silicon-based active material may be present in 
an amount of 1 wt % to 30 wt % based on a total weight of 
the first and second negative electrode active material layers. 
[0020] The first negative electrode active material layer 
and the second negative electrode active material layer may 
have a thickness ratio of 90:10 to 10:90. 
[0021] In another aspect of the present disclosure, there is 
also provided a lithium secondary battery including the 
negative electrode. 

Advantageous Effects 

[0022] According to the present disclosure, carbon nano­
tubes as a conductive material are positioned on the surface 
of a silicon-based active material, and thus it is possible to 
solve the problem of isolation of a conductive path caused 
by a change in volume of the silicon-based active material. 
Particularly, since carbon nanotubes are used as a conductive 
material while a high-capacity silicon-based active material 
is separately incorporated to one layer of the negative 
electrode having a bilayer structure, it is possible to provide 
a negative electrode including carbon nanotubes distributed 
homogeneously on the surface of the silicon-based material. 
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Thus, it is possible to control the position of the silicon­
based active material and that of carbon nanotubes selec­
tively, and thus to maximize the advantages of carbon 
nanotubes as a conductive material. 
[0023] As a result, it is possible to inhibit generation of an 
electrically isolated silicon-based material in the lithium 
secondary battery according to an embodiment of the pres­
ent disclosure, even after repeating charge/discharge cycles, 
and thus to inhibit degradation of discharge capacity and to 
improve cycle characteristics. 

DESCRIPTION OF DRAWINGS 

[0024] The accompanying drawings illustrate a preferred 
embodiment of the present disclosure and together with the 
foregoing disclosure, serve to provide further understanding 
of the technical features of the present disclosure, and thus, 
the present disclosure is not construed as being limited to the 
drawing. 
[0025] FIG. 1 is a sectional view illustrating a conven­
tional negative electrode. 
[0026] FIG. 2 is a sectional view illustrating the negative 
electrode according to an embodiment of the present dis­
closure. 
[0027] FIG. 3 is a sectional view illustrating the negative 
electrode according to another embodiment of the present 
disclosure. 
[0028] FIG. 4 is a scanning electron microscopic (SEM) 
image illustrating the surface of the negative electrode 
according to Example 1. 
[0029] FIG. 5 is a scanning electron microscopic (SEM) 
image illustrating the surface of the negative electrode 
according to Comparative Example 1. 

BEST MODE 

[0030] Hereinafter, preferred embodiments of the present 
disclosure will be described in detail with reference to the 
accompanying drawings. Prior to the description, it should 
be understood that the terms used in the specification and the 
appended claims should not be construed as limited to 
general and dictionary meanings, but interpreted based on 
the meanings and concepts corresponding to technical 
aspects of the present disclosure on the basis of the principle 
that the inventor is allowed to define terms appropriately for 
the best explanation. 
[0031] Unless otherwise stated, the expression 'one por­
tion of layer, film, region, plate or the like is present "on" or 
"over" another portion' includes not only the expression 
'one portion is present "directly on" another portion' but also 
the expression 'one portion is present on another portion 
with the other portion interposed between them'. 
[0032] In one aspect of the present disclosure, there is 
provided a negative electrode including: a current collector 
for a negative electrode; a first negative electrode active 
material layer positioned on at least one surface of the 
current collector for a negative electrode and containing a 
carbonaceous active material; and a second negative elec­
trode active material layer positioned on the first negative 
electrode active material layer and containing a silicon­
based active material and carbon nanotubes. 
[0033] According to an embodiment of the present disclo­
sure, the negative electrode active material of the second 
negative electrode active material layer may include a 
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silicon-based active material alone and the conductive mate­
rial may include carbon nanotubes alone. 
[0034] According to another embodiment of the present 
disclosure, the negative electrode active material of the 
second negative electrode active material layer may further 
include a carbonaceous active material in addition to the 
silicon-based active material. When the second negative 
electrode active material layer further includes a carbona­
ceous active material, the silicon-based active material and 
the carbonaceous active material may be used at a weight 
ratio of 1:99-99:1 or 10:90-60:40. When the content of the 
carbonaceous active material contained in the second nega­
tive electrode active material layer satisfies the above­
defined range, the carbonaceous active material and pores of 
the electrode may alleviate a collapse of the structure of an 
electrode caused by the silicon-based active material. 
According to still another embodiment of the present dis­
closure, the conductive material may further include one or 
more additional conductive materials, such as carbon black, 
besides carbon nanotubes. 
[0035] It has been required for a lithium ion secondary 
battery to be provided with high capacity more and more in 
order to increase the working time of a portable instrument. 
For example, a method for increasing the discharge capacity 
of a lithium ion secondary battery has been suggested by 
using a silicon (Si)-based active material or tin (Sn)-based 
active material capable of intercalation/deintercalation of a 
larger amount of lithium ions, as a negative electrode active 
material. However, since such a negative electrode active 
material causes a large change in volume caused by lithium 
ion intercalation/deintercalation, repetition of charge/dis­
charge cycles causes a disconnection in the conductive 
network among negative electrode active material particles. 
As a result, a lithium ion secondary battery using a silicon­
based material or tin-based active material shows poor cycle 
characteristics. 
[0036] To solve the above-mentioned problem, the nega­
tive electrode according to the present disclosure has a 
bilayer structure which includes the first negative electrode 
active material layer containing a carbonaceous active mate­
rial showing a small change in volume and having high 
charge/discharge efficiency, and the second negative elec­
trode active material layer containing a silicon-based active 
material showing a large change in volume but realizing 
high capacity. Herein, to solve the problem of isolation of a 
conductive path caused by a change in volume of the 
silicon-based active material, carbon nanotubes (CNT) are 
used as a conductive material for the second negative 
electrode active material layer. 
[0037] Carbon black which has been used widely as a 
conductive material to date has a spherical shape, aggregates 
to fill the pores of active material particles therewith and is 
present in the form of a bridge in a space between active 
material particles in a spot contact mode, thereby forming a 
conductive path. In the case of an active material, such as a 
carbonaceous active material, showing little change in vol­
ume, such a conductive path formed by the bridge in a spot 
contact mode is retained stably. Thus, such an active mate­
rial can realize an excellent effect as a conductive material. 
[0038] On the contrary, in the case of an active material, 
such as a silicon-based active material, showing a large 
change in volume, use of carbon black alone as a conductive 
material causes cracking in the particles due to excessive 
volumetric swelling of the silicon-based active material 
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during repetition of charge/discharge cycles, and continuous 
alloy-forming reaction with lithium causes cracking and 
destruction to form new surfaces randomly. As a result, 
spherical aggregates of carbon black forming a conductive 
path in a simple spot contact mode in the silicon-based 
active material particles are separated and detached from the 
active material due to the cracking of the silicon-based 
active material. Thus, there is a problem in that contacts with 
the other electrode materials, including the current collector 
and silicon-based active material, positioned in the sur­
roundings of the electrode may be disconnected with ease. 
[0039] To solve the above-mentioned problem, there has 
been an attempt to apply fibrous carbon nanotubes having a 
desired length instead of a spherical conductive material, 
such as carbon black. 
[0040] Referring to FIG. 1, the negative electrode accord­
ing to the related art includes a current collector 10 and a 
negative electrode active material layer 20. Herein, the 
negative electrode active material layer 20 includes, as an 
active material, a carbonaceous active material in combina­
tion with a silicon-based active material, and uses carbon 
nanotubes as a conductive material. However, carbon nano­
tubes have higher affinity to the carbon-based active material 
as compared to the silicon-based active material. Thus, 
carbon nanotubes are not in sufficient contact with the 
silicon-based active material. As a result, when the silicon­
based active material undergoes excessive volumetric swell­
ing and causes cracking in the particles during charge/ 
discharge cycles, carbon nanotubes cannot ensure sufficient 
contact sites with the silicon-based active material, and 
cannot form a conductive path sufficiently. 
[0041] Meanwhile, referring to FIG. 2 and FIG. 3, the 
negative electrode according to an embodiment of the pres­
ent disclosure includes a current collector 10, a first negative 
electrode active material layer 30 positioned on the current 
collector 10, and a second negative electrode active material 
layer 40 positioned on the first negative electrode active 
material layer 30. Herein, the position of carbon nanotubes 
used as a conductive material is limited to the second 
negative electrode active material layer containing a silicon­
based active material. Then, this allows carbon nanotubes to 
be in contact with the silicon-based active material to a 
higher degree. 
[0042] In other words, carbon nanotubes contained in the 
second negative electrode active material layer according to 
the present disclosure are positioned sufficiently throughout 
the surface of the silicon-based active material in a line 
contact mode, not a spot contact mode, with the silicon­
based active material, thereby forming a conductive path. As 
a result, even when the silicon-based active material under­
goes volumetric swelling during charge/discharge cycles to 
cause cracking of particles, the fibrous phase of carbon 
nanotubes is positioned on the surface of silicon-based 
particles so that it may still cover the whole of the cracked 
or shrunk silicon-based particles and crosslink the particles. 
Thus, the conductive path formed by carbon nanotubes can 
be retained stably. Therefore, the lithium secondary battery 
according to an embodiment of the present disclosure inhib­
its generation of an electrically isolated silicon-based mate­
rial even when repeating charge/discharge cycles. As a 
result, it is possible to inhibit degradation of discharge 
capacity and to improve cycle characteristics. 
[0043] Particularly, referring to FIG. 3, the second nega­
tive electrode active material layer 40 according to an 
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embodiment of the present disclosure may include a silicon­
based active material alone as an active material, and may 
further include carbon nanotubes as a conductive material. 
In this case, carbon nanotubes may be in contact with the 
silicon-based active material to the highest degree. Thus, it 
is possible to inhibit generation of an electrically isolated 
silicon-based material even when repeating charge/dis­
charge cycles, and thus to further improve cycle character­
istics. 
[0044] The carbon nanotubes may be at least one selected 
from the group consisting of single walled carbon nano­
tubes, multi walled carbon nanotubes and carbon nano fibers, 
but are not limited thereto. 
[0045] The single walled carbon nanotube refers to a 
carbon nanotube having one wall (graphite surface) in one 
tubular carbon nanotube through the interconnection of 
hexagons formed by binding of six carbon atoms. Such a 
single walled carbon nanotube shows excellent electrical 
properties derived from a one-dimensional structure and 
provides various electrical properties depending on the 
chiral structure and diameter of a hexagonal honeycomb­
shaped molecule. A multi walled carbon nanotube refers to 
a carbon nanotube having a plurality of walls. Carbon 
nanofibers refer to a microfiber-shaped carbonaceous mate­
rial having a diameter of several tens to several hundreds of 
nanometers. 
[0046] The carbon nanotubes may have a linear shape and 
an aspect ratio of 40-6,000. When the aspect ratio satisfies 
the above-defined range, it is possible to realize the prop­
erties (e.g. electrical conductivity) unique to carbon nano­
tubes and the carbon nanotubes can be applied more homo­
geneously to the electrode current collector during the 
manufacture of the electrode. 
[0047] The carbon nanotubes may have a length of 0.5-20 
µm, particularly 1-10 µm, and an average diameter of 10-120 
nm, particularly 20-100 nm. 
[0048] When the average diameter of carbon nanotubes 
satisfies the above-defined range, it is possible to retain the 
conductivity between silicon-based materials and to 
improve cycle characteristics of a lithium secondary battery. 
[0049] Particularly, when the average diameter of carbon 
nanotubes satisfies the above-defined range, the number of 
carbon nanotubes contained in the negative electrode active 
material layer is controlled suitably. Thus, it is possible to 
prevent a side reaction with lithium ions, to improve the 
initial efficiency, to prevent degradation of the binding 
ability of the negative electrode active material layer, to 
allow carbon nanotubes to be deformed flexibly during the 
shrinking of the silicon-based material, to retain conductiv­
ity between silicon-based materials, and to improve cycle 
characteristics of a lithium secondary battery. Herein, 'initial 
efficiency' refers to the value obtained by dividing the 
discharge capacity at the first charge/discharge by the charge 
capacity at the first charge/discharge. A higher initial effi­
ciency value is preferred. 
[0050] When the average length of carbon nanotubes 
satisfies the above-defined range, carbon nanotubes effi­
ciently form crosslinking between the silicon-based materi­
als or between the silicon-based material and the current 
collector, during the shrinking of the silicon-based material. 
Thus, it is possible to retain conductivity and to improve 
cycle characteristics of a lithium secondary battery. 
[0051] Herein, 'average diameter of carbon nanotubes' 
means an arithmetic mean of fiber diameters (outer diam-
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eters) of carbon nanotubes, and 'average length of carbon 
nanotubes' means an arithmetic mean of fiber lengths of 
carbon nanotubes. For example, the average diameter and 
average length may be obtained through an image observed 
by a scanning electron microscope (SEM). In other words, 
the average diameter and average length of carbon nano­
tubes may be obtained by extracting several samples from an 
SEM image of carbon nanotubes, measuring the diameter 
and length of each sample, and calculating an arithmetic 
mean. 
[0052] In addition, carbon nanotubes may have a specific 
surface area of 100-3,000 m2/g, 100-1,000 m2/g, or 120-800 
m2/g. When the specific surface area of carbon nanotubes 
satisfies the above-defined range, carbon nanotubes effi­
ciently form crosslinking between the silicon-based materi­
als or between the silicon-based material and the current 
collector, during the shrinking of the silicon-based material. 
Thus, it is possible to retain conductivity and to improve 
cycle characteristics of a lithium secondary battery. 
[0053] Carbon nanotubes may be used in an amount of 
0.1-2 wt %, particularly 0.2-1 wt %, based on the total 
weight of the negative electrode active material layer. 
[0054] In addition, carbon nanotubes may be used in an 
amount of 1-20 parts by weight, or 2-15 parts by weight, 
based on 100 parts by weight of the silicon-based active 
material. 
[0055] When the content of carbon nanotubes satisfies the 
above-defined range, it is possible to retain conductivity 
between the silicon-based active materials during the shrink­
ing of the silicon-based active material and to improve the 
binding ability of the negative electrode active material. 
Thus, it is possible to improve cycle characteristics of a 
lithium secondary battery. 
[0056] Particularly, the silicon-based material may include 
Si, Si alloy, Si oxide ( e.g. Si 0 2 , Si Ox (1 <x<2), or the like), 
or a combination thereof. For example, Si alloy may include 
a Si phase, and a phase of intermetallic compound of Si with 
at least one of the other metal elements. The Si phase allows 
reversible lithium ion intercalation/deintercalation, and is a 
phase capable oflithium ion intercalation/deintercalation. In 
addition, the phase of intermetallic compound of Si with the 
other element (Si-containing intermetallic compound phase) 
is in close contact with the Si phase, and is a phase capable 
of retaining Si against a change in volume of the Si phase. 
[0057] Particular examples of the element forming an 
intermetallic compound with Si may be at least one selected 
from alkaline earth metal elements and transition metal 
elements capable of forming a stable intermetallic com­
pound with Si. The element forming an intermetallic com­
pound with Si may include at least one selected from Mg, Ti, 
V, Cr, Mn, Co, Cu, Fe and Ni. 
[0058] For example, the silicon-based material, such as Si 
alloy, may be obtained by pulverizing an amorphous Si 
compound formed by an atomizing method, roll quenching 
method or rotary electrode method through a jet mill or ball 
mill. In addition, the silicon-based material may be obtained 
by pulverizing powder of Si simple substance and powder of 
the other compound, mixing them, and carrying out 
mechanical alloying treatment. 
[0059] The silicon-based material may have an average 
particle diameter of 0.5-5 µm. When the average particle 
diameter of silicon-based material satisfies the above-de­
fined range, the binding ability of the negative electrode 
active material is improved and carbon nanotubes suffi-
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ciently forms a conductive network between the silicon­
based materials. Thus, it is possible to further improve cycle 
characteristics of a lithium secondary battery. Herein, 'aver­
age particle diameter of silicon-based material' means an 
arithmetic mean of diameters of silicon-based materials, 
when the silicon-based materials are regarded as spheres. 
For example, the average particle diameter of silicon-based 
material may be determined by a particle size distribution 
analyzer using laser diffraction scattering. 
[0060] According to an embodiment of the present disclo­
sure, the carbonaceous active material in the first negative 
electrode active material layer may include a carbonaceous 
material capable oflithium ion intercalation/deintercalation, 
and particular examples thereof include graphite, such as 
natural graphite or artificial graphite; carbon black, such as 
carbon black, acetylene black, ketjen black, channel black, 
furnace black, lamp black or thermal black; or the like. 
[0061] Particularly, the carbonaceous active material may 
be natural graphite, artificial graphite or a combination of 
natural graphite with artificial graphite. 
[0062] In general, artificial graphite is prepared by car­
bonizing a raw material, such as coal tar, coal tar pitch or 
petroleum-based heavy oil, at 2,500° ° C. or higher. After the 
graphitization, artificial graphite is controlled in particle size 
through pulverization, formation of secondary particles, or 
the like, and then is used as a negative electrode active 
material. In the case of artificial graphite, crystals thereof are 
distributed randomly in the particles. In addition, artificial 
graphite has lower spheroidicity as compared to natural 
graphite and shows a slightly sharp shape. 
[0063] Artificial graphite that may be used according to an 
embodiment of the present disclosure includes commer­
cially available mesophase carbon microbeads (MCMB), 
mesophase pitch-based carbon fibers (MPCF), block-like 
graphitized artificial graphite, powder-like graphitized arti­
ficial graphite, or the like. Such artificial graphite has a 
spheroidicity of 0.91 or less, preferably 0.6-0.91, and more 
preferably 0.7-0.9. 
[0064] In addition, artificial graphite may have a particle 
diameter of 5-30 µm, preferably 10-25 µm. 
[0065] Natural graphite is generally present in the form of 
a sheet-like aggregate before it is processed. Sheet-like 
particles are converted into spherical shapes having a 
smooth surface through post-treatment processes, such as 
particle pulverization and reassemblage steps, so that they 
may be used as an active material for manufacturing an 
electrode. 
[0066] Natural graphite used according to an embodiment 
of the present disclosure preferably has a spheroidicity 
larger than 0.91 and equal to or less than 0.97, 0.93-0.97, or 
0.94-0.96. 
[0067] In addition, natural graphite may have a particle 
diameter of 5-30 µm, or 10-25 µm. 
[0068] When the carbonaceous active material is a com­
bination of artificial graphite with natural graphite, the 
weight ratio of artificial graphite and natural graphite may be 
9.99:0.01-0.01:9.99, or 9.7:0.3-7:3. When the weight ratio 
satisfies the above-defined range, it is possible to realize 
high output. 
[0069] According to an embodiment of the present disclo­
sure, the thickness of the negative electrode active material 
layer having a bilayer structure is not particularly limited. 
For example, the negative electrode active material layer 
may have a thickness of 40-300 µm, wherein each of the first 
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active material layer and the second active material layer 
may have a thickness of 8-240 µm. 
[0070] The thickness ratio of the first negative electrode 
active material layer and the second negative electrode 
active material layer may be 90:10-10:90, 90:10-30:70, or 
90:10-50:50. When the thickness ratio satisfies the above­
defined range, the first negative electrode active material 
layer, the second negative electrode active material layer and 
the current collector are bound well to form a conductive 
path, even when the second negative electrode active mate­
rial layer has a different swelling/shrinking ratio, and output 
characteristics, capacity and cycle characteristics may be 
improved. 
[0071] The negative electrode according to an embodi­
ment of the present disclosure may be obtained by a wet 
process including dispersing the active material, binder and 
the conductive material into a dispersion medium and coat­
ing the current collector with the resultant dispersion, or a 
dry process including directly mixing the active material, 
binder and the conductive material in a powder state without 
using any dispersion medium, optionally carrying out pul­
verization, and coating the current collector with the resul­
tant mixture. 
[0072] For example, in the case of a wet process, the first 
negative electrode active material, binder and optionally a 
thickening agent are dispersed into a dispersion medium to 
prepare the first negative electrode slurry, and the slurry is 
applied onto at least one surface of a negative electrode 
current collector, followed by drying and pressing. Then, the 
second negative electrode active material, binder and 
optionally a thickening agent are dispersed into a dispersion 
medium to prepare the second negative electrode slurry, and 
the slurry is applied onto the first negative electrode slurry, 
followed by drying and pressing. 
[0073] In the method according to an embodiment of the 
present disclosure, the negative electrode current collector 
used as a substrate for forming an active material layer is not 
particularly limited, as long as it has conductivity while not 
causing any chemical change in the corresponding battery. 
Particular examples of the negative electrode current col­
lector include copper, stainless steel, aluminum, nickel, 
titanium, baked carbon, copper or stainless steel surface­
treated with carbon, nickel, titanium, silver, or the like, 
aluminum-cadmium alloy, or the like. 
[0074] Although there is no particular limitation in the 
thickness of the current collector, the current collector may 
have a thickness of 3-500 µm. 
[0075] According to an embodiment of the present disclo­
sure, the step of forming the first negative electrode active 
material layer and the step of forming the second negative 
electrode active material layer may be carried out sequen­
tially or at the same time. 
[0076] In other words, the step of forming the first nega­
tive electrode active material layer and the second negative 
electrode active material layer may include a step of apply­
ing the first negative electrode slurry onto at least one 
surface of the negative electrode current collector, applying 
the second negative electrode slurry onto the applied first 
negative electrode slurry, and carrying out drying. In a 
variant, the step of forming the first negative electrode active 
material layer and the second negative electrode active 
material layer may include applying the first negative elec­
trode slurry onto at least one surface of the negative elec­
trode current collector, while applying the second negative 

5 
Aug. 15, 2024 

electrode slurry onto the applied first negative electrode 
slurry at the same time, and carrying out drying. 
[0077] Particularly, the first negative electrode slurry may 
be coated on the current collector first and then dried. After 
that, the second negative electrode slurry may be coated and 
dried thereon to form the first negative electrode active 
material layer and the second negative electrode active 
material layer sequentially. Otherwise, the two types of 
slurry may be coated and dried at the same time by using a 
double slot die, or the like, thereby forming the first/second 
negative electrode active materials at once. 
[0078] There is no particular limitation in the coating 
process, as long as it is a method used currently in the art. 
For example, a coating process using a slot die may be used, 
or a Mayer bar coating process, gravure coating process, dip 
coating process, spray coating process, etc. may be used. 
[0079] As the binder, various types of binder polymers 
may be used and particular examples thereof include poly­
vinylidene-co-hexafluoropropylene (PVDF-co-HFP), poly­
vinylidene fluoride, polyacrylonitrile, polymethyl methacry­
late, polyvinyl alcohol, carboxymethyl cellulose (CMC), 
starch, hydroxypropyl cellulose, regenerated cellulose, poly­
vinyl pyrrolidone, polytetrafluoroethylene, polyethylene, 
polypropylene, polyacrylate, styrene butadiene rubber 
(SBR), fluoro-rubber, various copolymers, or the like. 
[0080] The solvent that may be used includes N-methyl 
pyrrolidone, acetone, water, or the like. 
[0081] In addition, the thickening agent used optionally 
according to the present disclosure may include carboxym­
ethyl cellulose (CMC), carboxyethyl cellulose, polyvinyl 
pyrrolidone, or the like. 
[0082] The first negative electrode active material and the 
second negative electrode active material obtained by coat­
ing and drying each slurry may be pressed, wherein the 
pressing may be carried out by a process, such as roll 
pressing, used currently in the art. For example, the pressing 
may be carried out at a pressure of 1-20 MPa and a 
temperature of 15-30° C. 
[0083] According to an embodiment of the present disclo­
sure, the first negative electrode active material layer and the 
second negative electrode active material layer may be 
pressed at the same time, i.e., at once. Otherwise, after the 
first negative electrode active material layer is formed and 
pressed first, the second negative electrode slurry may be 
applied thereon, dried and pressed. 
[0084] Particularly, when forming a multi-layer type 
active material layer, the first negative electrode slurry may 
be coated, dried and pressed first to form the first negative 
electrode active material layer, and then the second negative 
electrode slurry may be coated thereon, dried and pressed to 
form an active material layer having a bilayer structure so 
that each layer may be subjected to a separate pressing step. 
Otherwise, after the first negative electrode slurry and the 
second negative electrode slurry may be coated and dried at 
the same time or sequentially, and then pressing may be 
carried out only once. 
[0085] In another aspect of the present disclosure, there is 
provided a lithium secondary battery including the negative 
electrode obtained as described above. Particularly, the 
lithium secondary battery may be obtained by injecting a 
lithium salt-containing electrolyte to an electrode assembly 
including a positive electrode, the above-described negative 
electrode and a separator interposed between both elec­
trodes. 
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[0086] The positive electrode may be obtained by mixing 
a positive electrode active material, a conductive material, a 
binder and a solvent to prepare slurry, and directly coating 
the slurry onto a metal current collector, or casting the slurry 
onto a separate support and laminating a positive electrode 
active material film peeled from the support on a metal 
current collector. 
[0087] The active material used for the positive electrode 
may be any one type of active material particles selected 
from the group consisting of LiCoO2, LiNiO2, LiMn2O4, 
LiCoPO4, LiFePO4 and LiNil-x-y-zCoxM1YM2zO2 (wherein 
each of Ml and M2 independently represents any one 
selected from the group consisting of Al, Ni, Co, Fe, Mn, V, 
Cr, Ti, W, Ta, Mg and Mo, and each of x, y and z 
independently represents the atomic proportion of an ele­
ment forming oxide, wherein Os x<0.5, 0sy<0.5, 0sz<0.5 
and 0<x+y+zsl), and combinations thereof. 
[0088] Meanwhile, the same conductive material, binder 
and solvent as those used for manufacturing the negative 
electrode may be used. 
[0089] The separator may be a conventional porous poly­
mer film used currently as a separator, and particular 
examples thereof include a porous polymer film made of a 
polyolefininc polymer, such as ethylene homopolymer, pro­
pylene homopolymer, ethylene-butene copolymer, ethylene/ 
hexene copolymer or ethylene/methacrylate copolymer. 
Such porous polymer films may be used alone or in the form 
of a laminate. In addition, an insulating thin film having high 
ion permeability and mechanical strength may be used. The 
separator may include a safety reinforced separator (SRS) 
including a ceramic material coated on the surface of the 
separator to a small thickness. In addition, a conventional 
porous non-woven web, such as non-woven web made of 
high-melting point glass fibers or polyethylene terephthalate 
fibers, may be used, but the scope of the present disclosure 
is not limited thereto. 
[0090] The electrolyte includes a lithium salt as an elec­
trolyte and an organic solvent for dissolving the electrolyte. 
[0091] There is no particular limitation in the lithium salt, 
as long as it is used currently for an electrolyte for a 
secondary battery. For example, the anion of lithium salt 
may be any one selected from the group consisting of F-, 
c1-, 1-, No3-, N(CN)2-, BF4, c1O4-, PF6-, (CF3)2PF4-, 
(CF3)3PF3 -, (CF3)4PF2-, (CF3)5PF-, (CF3)6P-, CF3SO3 -, 
CF3CF2SO3-, (CF3SO2)2N-, (FSO2)2N-, CF3CFiCF3) 
2co-, (CF3SO2)2CW, (SF5)3C-, (CF3SO2)3C-, CF3(CF2) 
7 SO3-, CF3CO2-, CH3CO2-, SCN- and (CF3CF2SO2)2N-. 
[0092] Any conventional organic solvent may be used as 
the organic solvent contained in the electrolyte with no 
particular limitation. Typical examples of the organic sol­
vent include at least one selected from the group consisting 
of propylene carbonate, ethylene carbonate, diethyl carbon­
ate, dimethyl carbonate, ethyl methyl carbonate, methyl 
propyl carbonate, dipropyl carbonate, dimethyl sulfoxide, 
acetonitrile, dimethoxy ethane, diethoxy ethane, vinylene 
carbonate, sulforane, y-butyrolactone, propylene sulfite and 
tetrahydrofuran. 
[0093] Particularly, ethylene carbonate and propylene car­
bonate, which are cyclic carbonates among the carbonate 
organic solvents, have a high dielectric constant and disso­
ciate the lithium salt in an electrolyte well. In addition, it is 
possible to prepare an electrolyte having high electrical 
conductivity more preferably, when using such cyclic car­
bonates in combination with low-viscosity low-dielectric 
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constant linear carbonates, such as dimethyl carbonate and 
diethyl carbonate, at an adequate ratio. 
[0094] Optionally, the electrolyte used according to the 
present disclosure may further include an additive, such as 
an overcharge-preventing agent, contained in the conven­
tional electrolyte. 
[0095] The lithium secondary battery according to an 
embodiment of the present disclosure may be obtained by 
interposing the separator between the positive electrode and 
the negative electrode to form an electrode assembly, intro­
ducing the electrode assembly to a pouch, cylindrical battery 
casing or a prismatic battery casing, and then injecting the 
electrolyte thereto to finish a secondary battery. Otherwise, 
the lithium secondary battery may be obtained by stacking 
the electrode assemblies, impregnating the stack with the 
electrolyte, and introducing the resultant product to a battery 
casing, followed by sealing. 
[0096] According to an embodiment of the present disclo­
sure, the lithium secondary battery may be a stacked, wound, 
stacked and folded or a cable type battery. 
[0097] The lithium secondary battery according to the 
present disclosure may be used for a battery cell used as a 
power source for a compact device, and may be used 
preferably as a unit battery for a medium- or large-size 
battery module including a plurality of battery cells. Par­
ticular examples of such medium- or large-size devices 
include electric vehicles, hybrid electric vehicles, plug-in 
hybrid electric vehicles, power storage systems, or the like. 
Particularly, the lithium secondary battery may be useful for 
batteries for hybrid electric vehicles and new & renewable 
energy storage batteries, requiring high output. 
[0098] Examples will be described more fully hereinafter 
so that the present disclosure can be understood with ease. 
The following examples may, however, be embodied in 
many different forms and should not be construed as limited 
to the exemplary embodiments set forth therein. Rather, 
these exemplary embodiments are provided so that the 
present disclosure will be thorough and complete, and will 
fully convey the scope of the present disclosure to those 
skilled in the art. 

Example 1 

<Manufacture of Negative Electrode> 

[0099] Artificial graphite as a carbonaceous active mate­
rial, a binder polymer (styrene-butadiene rubber (SBR) and 
carboxymethyl cellulose (CMC)), and carbon black as a 
conductive material were mixed at a weight ratio of 95:3. 
5:1.5. The resultant mixture was mixed with water as a 
dispersion medium at a weight ratio of 1:2 to prepare slurry 
for the first active material layer. The carbon nanotubes 
(CNT) had a specific surface area of 500 m2/g. The carbon 
nanotubes (CNT) were multi walled carbon nanotubes. 
Herein, the binder polymer includes styrene-butadiene rub­
ber (SBR) and carboxymethyl cellulose (CMC) at a weight 
ratio of 2.3: 1.2. 
[0100] As a silicon-based active material, silicon oxide 
(SiO) having a Coulombic efficiency of 80% or more under 
the condition of charge/discharge at 0.lC was prepared. 
Slurry for the second active material layer was prepared in 
the same manner as slurry for the first active material layer, 
except that the carbonaceous active material was mixed with 
the silicon-based active material at a weight ratio of 9: 1 and 
a mixture containing carbon black and carbon nanotubes at 
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a ratio of 1 :0.5 was used as a conductive material. In other 
words, the active material, binder polymer, carbon black and 
carbon nanotubes (CNT) were used at a weight ratio of 
95:3.5:1.0:0.5, wherein the carbonaceous active material 
and the silicon-based active material were used at a weight 
ratio of 9: 1 in the active material. 

[0101] A double slot die was used to coat one surface of 
copper (Cu) film as a negative electrode current collector 
having a thickness of 10 µm with the slurry for the first 
active material layer. Then, the slurry for the second active 
material layer was applied onto the slurry for the first active 
material layer and dried under vacuum at 130° C. for 1 hour 
to form the first active material layer and the second active 
material layer. 

[0102] The formed first active material layer and second 
active material layer were pressed through roll pressing at 
the same time to obtain a negative electrode including an 
active material layer having a bilayer structure and a thick­
ness of 80 µm. Herein, the thickness ratio of the first active 
material layer and the second active material layer was 1: 1. 
The negative electrode active material layer had a loading 
amount of 17 mg/cm2 on the dry weight basis. 

<Manufacture of Positive Electrode> 

[0103] Li(Ni08Mn01Co01)OiNCM-811) as a positive 
electrode active material, carbon black as a conductive 
material and polyvinylidene fluoride (PVdF) as a binder 
were added to N-methyl pyrrolidone (NMP) as a solvent at 
a weight ratio of 96:2:2 to prepare slurry for a positive 
electrode active material. The slurry was coated onto one 
surface of an aluminum current collector having a thickness 
of 15 µm and drying and pressing were carried out under the 
same conditions as the negative electrode to obtain a posi­
tive electrode. Herein, the positive electrode active material 
layer had a loading amount of 20 mg/cm2 on the dry weight 
basis. 

<Manufacture of Lithium Secondary Battery> 

[0104] LiPF 6 was dissolved in a mixed organic solvent 
containing ethylene carbonate (EC), propylene carbonate 
(PC) and ethylmethyl carbonate (EMC) at a ratio of 3:1:6 
(volume ratio) to a concentration of I .OM to prepare a 
non-aqueous electrolyte. 

[0105] A polyolefin separator was interposed between the 
positive electrode and the negative electrode, and then the 
electrolyte was injected thereto to obtain a lithium secondary 
battery. 

Example 2 

<Manufacture of Negative Electrode> 

[0106] A negative electrode having a thickness of 80 µm 
was obtained in the same manner as described in Example 
1, except that the slurry for the second active material layer 
was prepared by using 1 part by weight of carbon black and 
0.3 parts by weight of carbon nanotubes (CNT) as a con­
ductive material. In other words, the active material, binder 
polymer, carbon black and carbon nanotubes (CNT) were 
used at a weight ratio of95:3.5:1.2:0.3, wherein the weight 
ratio of the carbonaceous active material and the silicon­
based active material was 9:1 in the active material. 
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<Manufacture of Lithium Secondary Battery> 

[0107] A lithium secondary battery was obtained in the 
same manner as described in Example 1, except that the 
negative electrode obtained as described above was used. 

Comparative Example 1 

<Manufacture of Negative Electrode> 

[0108] A negative electrode active material (mixed active 
material including artificial graphite as a carbonaceous 
active material and silicon oxide (SiO) as a silicon-based 
active material), a binder polymer (styrene-butadiene rubber 
(SBR)), and carbon black and carbon nanotubes (CNT) as a 
conductive material were mixed at a weight ratio of 95:3. 
5:1:0.5 to provide a mixture. The resultant mixture was 
mixed with water as a dispersion medium at a weight ratio 
of 1 :2 to prepare slurry for the active material layer. Herein, 
the weight ratio of the artificial graphite as a carbonaceous 
active material and the silicon oxide (SiO) as a silicon-based 
active material was 95:5. 
[0109] A slot die was used to coat one surface of copper 
(Cu) film as a negative electrode current collector having a 
thickness of 10 µm with the slurry for the active material 
layer. Then, the slurry was dried at 100° ° C. for 3 minutes 
to form the active material layer. 
[0110] The formed active material layer was pressed 
through roll pressing to obtain a negative electrode including 
an active material layer having a thickness of 80 µm. 

<Manufacture of Lithium Secondary Battery> 

[0111] A lithium secondary battery was obtained in the 
same manner as described in Example 1, except that the 
negative electrode obtained as described above was used. 

Comparative Example 2 

<Manufacture of Negative Electrode> 

[0112] A negative electrode was obtained in the same 
manner as described in Comparative Example 1, except that 
1.5 parts by weight of carbon black was used alone as a 
conductive material. 

<Manufacture of Lithium Secondary Battery> 

[0113] A lithium secondary battery was obtained in the 
same manner as described in Example 1, except that the 
negative electrode obtained as described above was used. 

Observation of Surface of Silicon-Based Active Material 

[0114] In each of the negative electrodes according to 
Example 1 and Comparative Example 1, the surface of the 
silicon-based active material was observed with a scanning 
electron microscope (SEM). The results are shown in FIG. 
4 and FIG. 5. 
[0115] Referring to FIG. 4, carbon nanotubes as a con­
ductive material is observed with ease on the surface of the 
silicon-based active material. However, in FIG. 5, it is 
difficult to observe the shape of carbon nanotubes as a 
conductive material on the surface of the silicon-based 
active material. Thus, according to Example 1, it is possible 
to provide a negative electrode including carbon nanotubes 
distributed homogeneously on the surface of the silicon­
based active material by using carbon nanotubes as a con-
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ductive material, while incorporating a high-capacity sili­
con-based active material separately to an individual layer of 
the negative electrode having a bilayer structure. 

Evaluation of Capacity Maintenance 

[0116] Each of the secondary batteries according to 
Examples 1 and 2 and Comparative Examples 1 and 2 was 
charged to 4.0 Vat 25° C. and 1/3 C and discharged to 3.0 V 
under a constant current condition of 1/3 C. Such charge/ 
discharge cycles were repeated 10 times and 100 times, and 
the discharge capacity was determined after 1 cycle, after 10 
cycles and after 100 cycles. Then, capacity maintenance was 
determined according to the following Formula 1 and For­
mula 2. The results are shown in the following Table 1. 

Capacity maintenance (%) after 10 cycles= 

{Discharge capacity after 10 

Formula 1 

cycles/Discharge capacity after 1 cycle) x 100 

Capacity maintenance (%) after 100 cycles= Formula 2 

{Discharge capacity after 100 

cycles/Discharge capacity after 1 cycle) x 100 

Comp. Ex. 1 
Comp. Ex. 2 
Ex. 1 
Ex. 2 

TABLE 1 

Change in capacity 
after 10 cycles 

Capacity 
maintenance (%) 

98.95 
95.91 
99.12 
99.06 

Change in capacity 
after 100 cycles 

Capacity 
maintenance (%) 

93.94 
91.35 
94.10 
93.53 

[0117] Referring to Table 1, Examples 1 and 2 show a 
smaller decrease in capacity maintenance at the initial 10th 
cycle as compared to Comparative Examples 1 and 2. It is 
thought that the conventional silicon-based active material 
tends to show significant degradation of capacity during the 
initial stage of cycles, but the negative electrode active 
material according to the present disclosure includes the 
silicon-based active material merely in a specific layer of 
multiple negative electrode active material layers while 
using carbon nanotubes as a conductive material, and thus 
can improve the problem of degradation of capacity during 
the initial stage of cycles. In addition, even after 100 cycles, 
Examples 1 and 2 shows a higher capacity maintenance as 
compared to Comparative Examples 1 and 2. 

What is claimed is: 
1. A negative electrode comprising: 
a current collector; 
a first negative electrode active material layer positioned 

on at least one surface of the current collector, wherein 
the first negative electrode active material layer com­
prises a first carbonaceous active material; and 

a second negative electrode active material layer posi­
tioned on a surface of the first negative electrode active 
material layer, wherein the second negative electrode 
active material layer comprises a silicon-based active 
material and carbon nanotubes, 
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wherein the carbon nanotubes are positioned in a line 
contact mode and distributed homogeneously on a 
surface of the silicon-based active material. 

2. The negative electrode according to claim 1, wherein 
the second negative electrode active material layer further 
comprises a second carbonaceous active material. 

3. The negative electrode according to claim 2, wherein 
the carbon nanotubes are positioned in the line contact mode 
and distributed homogeneously on at least one of a surface 
of the second carbonaceous active material and the surface 
of the silicon-based active. 

4. The negative electrode according to claim 2, wherein 
the carbon nanotubes are distributed homogeneously 
throughout the second negative electrode active material 
layer and are positioned in the line contact mode to form a 
conductive path directly between respective ends of the 
carbon nanotubes and at least one of a surface of the second 
carbonaceous active material and the surface of the silicon­
based active material. 

5. The negative electrode according to claim 4, wherein 
the conductive path is linear. 

6. The negative electrode according to claim 2, wherein 
the carbon nanotubes are positioned in the line contact mode 
and distributed homogeneously on the surface of the silicon­
based active material by applying a slurry comprising a 
uniform mixture of the second carbonaceous active material, 
the silicon-based active material, and the carbon nanotubes 
as the second carbonaceous active material layer. 

7. The negative electrode according to claim 1, wherein 
the carbon nanotubes are present in an amount of 0.1 wt % 
to 2 wt % based on a total weight of the first and second 
negative electrode active material layers. 

8. The negative electrode according to claim 1, wherein 
the carbon nanotubes are present in an amount of 1 part to 
20 parts by weight based on 100 parts by weight of the 
silicon-based active material. 

9. The negative electrode according to claim 1, wherein 
the carbon nanotubes have an average diameter of 10 nm to 
120 nm and an average length of 0.5 µm to 20 µm. 

10. The negative electrode according to claim 1, wherein 
the carbon nanotubes have a specific surface area of 100 
m2/g to 3,000 m2/g. 

11. The negative electrode according to claim 1, wherein 
the silicon-based active material is present in an amount of 
1 wt % to 30 wt % based on a total weight of the first and 
second negative electrode active material layers. 

12. The negative electrode according to claim 1, wherein 
the first negative electrode active material layer and the 
second negative electrode active material layer have a 
thickness ratio of 90:10 to 10:90. 

13. A lithium secondary battery comprising the negative 
electrode as defined in claim 1. 

14. The negative electrode according to claim 1, wherein 
the silicon-based active material consists of SiO particles. 

15. The negative electrode according to claim 1, wherein 
the second negative electrode active material layer consists 
of a silicon-based active material, a second carbonaceous 
active material, a binder polymer, and a conductive material 
comprising carbon nanotubes. 

16. The negative electrode according to claim 1, wherein 
the carbon nanotubes have a linear shape. 

17. The negative electrode according to claim 1, wherein 
the carbon nanotubes have an aspect ratio of 40 to 6,000. 
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18. The negative electrode according to claim 1, wherein 
the carbon nanotubes have an average diameter of 20 to 100 
nm and an average length in a range of 1 to 10 µm. 

19. The negative electrode according to claim 1, wherein 
the linear contact mode excludes spot contact between the 
carbon nanotubes and the surface of the silicon-based active 
material. 

20. The negative electrode according to claim 1, wherein 
the silicon-based material has an average particle diameter 
of greater than 1 µm to 5 µm. 

* * * * * 
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