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Abstract

With the rapid development of new energy vehicles, the requirements of high elongation
and high conductivity are put forward for lithium battery copper foil. In this paper, the typical
6 wm lithium battery copper foil of four enterprises is taken as the research object, and the
morphology, structure, and performance of lithium battery copper foil are studied. The results
show that the surface condition of the cathode roll affects not only the brightness of the copper
foil but also the mechanical properties of the copper foil. The copper foil with low residual
stress can be obtained by controlling the grain size at a low level so that the proportion of the
(220) crystal plane is much smaller than that of the (200) crystal plane. As the grain size of
copper foil decreases, the tensile strength and elongation of copper foil gradually increase. The
increase in the proportion of the (111) crystal plane increases the elongation, and the increase
in the proportion of the (220) crystal plane increases the tensile strength. Thus, the basis for
adjusting the performance of copper foil is determined, which lays a theoretical foundation
for the subsequent study of the electrodeposition copper foil process.
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1. Introduction

In the rapid development of today’s electronic in-
formation industry, electrolytic copper foil is known
as the ‘neural network’ of electronic product signal
and power transmission and communication, which
is widely used in the electronic industry [1, 2]. With
the blowout growth of the new energy vehicle market,
the power battery industry has ushered in rapid de-
velopment while driving the shared prosperity of the
upstream sector [3]. As the negative current collector
of power batteries, electrolytic copper foil also has a
sharp increase in demand with the vigorous develop-
ment of the power battery industry [4]. Driven by the
demand for power batteries to increase energy den-
sity and reduce the cost of kilowatt-hour, the itera-
tion of copper foil thickness is accelerated [5], and the
development of ‘extremely thin’ further enhances the
technical and technological barriers of the electrolytic
copper foil industry [7]. For example, 8 um copper
foil is widely used in LG, Samsung, and other enter-
prises [6], and some enterprises urgently need 6 pm or
even 4.5 um lithium battery copper foil. Therefore, the
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‘ultra-thinning’ and the accompanying ‘high strength
and toughness’ have driven the rapid development of
lithium copper foil technology [8, 9].

The rapid development of the new energy automo-
bile industry has put forward new requirements for
lithium battery copper foil [10]. As the main devel-
opment direction of domestic copper foil enterprises
in the past two years, 6 um lithium battery copper
foil has problems of great technical difficulty, and only
a few enterprises can meet the requirements of high-
quality lithium battery copper foil [11, 12]. We ur-
gently need to improve the production process of cop-
per foil, determine the problems existing in the perfor-
mance of copper foil, and establish a connection with
the production process. This paper points out the di-
rection for further optimizing the production process
and improving the yield and quality of copper foil [13—
15].

2. Experimental materials and methods

The experimental materials were 6 pum lithium
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Fig. la—f. Microstructure of 6 pum copper foil from different enterprises: (a) CF-1 x 5000, (b) CF-1 x 50000,
(¢) CF-2 x 5000, (d) CF-2 x 50000, (¢) CF-3 x 5000, () CF-3 x 50000.

battery copper foil produced by four manufacturers
named CF-1, CF-2, CF-3, and CF-4. The rough sur-
face, smooth surface, cross-section, and morphology
of copper foil samples were characterized by a JSM-
-7900F field emission scanning electron microscope.
Preparation steps of cross-section samples: The cop-
per foil prepared by electrodeposition was sampled
according to the size of 1cm x 1cm. After sam-
pling, the inlaid sample was prepared into a cross-

section sample, and then the inlaid cross-section sam-
ple was coarsely ground by a metallographic polish-
ing machine. The sandpapers used in polishing were
280+#, 5004, 800+#, 10004, 15004, and 20004, re-
spectively. The surface of the sandpaper was kept wet
during grinding, and the speed of the polishing ma-
chine was adjusted to about 600r min~!. After the
rough grinding, the cross-section samples were pol-
ished with metallographic grinding paste; the parti-
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Fig. 1g,h. Microstructure of 6 pm copper foil from different enterprises: (g) CF-4 x 5000, and (h) CF-4 x 50000.

cle sizes were selected as W2.5, W1.5, and WO0.5, re-
spectively; during the polishing process, it is also nec-
essary to maintain the wetting state of the surface
of the polishing cloth and adjust the rotation speed
of the polishing machine to about 600rmin~!. Af-
ter the sample is polished, it is corrupted. The hy-
drochloric acid solution with a volume fraction of
25% FeCl3 was selected as the corrosion solution,
and the corrosion time was 6-7s. After the corro-
sion, the surface was washed with deionized water im-
mediately, and the washing time was about 10 sec-
onds until the corrosion solution on the surface was
completely removed. After the washing, the sample’s
surface was dried immediately to prevent surface ox-
idation. The crystal orientation of copper foil sam-
ples was analyzed by SHIMAZDU XRD-7000 X-ray
diffractometer. The copper foil samples prepared by
electrodeposition were sampled according to the size
of 1cm X 1cm, and the XRD phase analysis samples
were prepared after the oxide layer on the surface of
the copper foil was removed. The scanning range of
the specimen was determined to be 30°-80° , and the
scanning speed was 4°min~!. After completing the
test, MDI Jade 6.5 software analyzed and processed
the experimental data. The grain size, crystal orien-
tation, texture coefficient (TC), and residual stress of
copper foil were analyzed. An SJ-301 roughness tester
tested the surface roughness of copper foil. The sam-
ple was tiled to the horizontal plane, and the upper,
middle, and lower positions were selected according
to the length direction for testing. Each position was
measured thrice, nine times, and the final result was
the average value. To obtain different microstructures,
copper foils from different manufacturers were placed
in a high-temperature closed environment at 180°C for
1 min. The same copper foil was cut into three samples
of 12.7mm x 152mm X 6 um by a special copper foil
cutting machine. The tensile strength and elongation
of copper foil were tested by the INSTRON3343-6997

copper foil tensile testing machine at room tempera-
ture.

3. Results and discussion
3.1. Micro-morphology of typical copper foil
3.1.1. Wool surface morphology

The microstructures of typical 6 pm electrolytic
copper foils from different companies were obtained
by scanning electron microscopy. The grain morphol-
ogy, size, and distribution of the four copper foil sam-
ples differed significantly. The copper grains deposited
on the rough surface of the CF-1 copper foil sam-
ple are relatively coarse, and the grain morphology
is uniformly distributed on the surface in an irregu-
lar prismatic shape. The large grains are interlaced
with fine grains. The grain size is between 1-2 pum
(Fig. 1a). Due to the different grain sizes, there are ap-
parent pores between the tightly arranged grains, and
the densification of the copper foil is poor (Fig. 1b).
The grain refinement of the copper foils deposited
with CF-2 was found to be exceptionally high, which
is much smaller than that of the grain sizes of the
CF-1 deposited copper foils (Fig. 1c). The uniformity
of the distribution of the copper grains is very high.
The grain sizes are less than 100 nm. The refined cop-
per grains indicate that during the electrodeposition
process, the nucleation rate of copper grains is much
higher than the growth rate. They can be uniformly
deposited on the surface of the cathode rolls, which
dramatically improves the densification of the copper
foils and free the macroscopic and microscopic mor-
phology of the foils from defects (Fig. 1d). From the
macroscopic morphology of the sample of the CF-3
copper foils, it can be seen that there is an obvious un-
dulation on the surface of the foils (Fig. 1e). The bond-
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Fig. 2. Glossy micromorphology (x 1000) of 6 pm copper foil from different companies: (a) CF-1, (b) CF-2, (c) CF-3, and
(d) CF-4.

ing between the clusters of copper grains is weaker,
there are apparent pores, and the grain morphology is
not good. There is a weak bonding between the cop-
per grain clusters, apparent porosity, irregular grain
morphology, and many refined grains with 100-300 nm
scales in the depression, indicating that the grains of
CF-3 copper foil are not uniformly distributed during
the deposition process. There may be the phenomenon
that the tips of the deposited grains preferentially nu-
cleate by discharge while the undeposited areas nucle-
ate slowly. In other words, the uneven current density
distribution may lead to different grain growth rates,
forming a fluctuating growth pattern (Fig. 1f). The
morphology of the CF-4 Cu foil is similar to that of
the CF-3 Cu foil (Figs. 1f,g). The surface is also un-
dulating, but from the high-power morphology, it can
be found that the undulation on the surface of the
CF-4 Cu foil consists of refined grains with a grain
size of about 100 nm. There are dark spots in individ-
ual positions in the figure, indicating that there are
also high and low undulations between grains in the
high-magnification mode. This reflects that although
the CF-4 manufacturer can control the nucleation rate
of copper grains during the deposition of copper foils,

the current density cannot be uniformly distributed
on the surface of the cathode roll.

3.1.2. Optical surface morphology

The smooth surface morphology of four typical
six um copper foils is shown in Fig. 2. The smooth
surface of copper foils refers to the stripping surface of
the titanium cathode roll, better reflecting the nucle-
ation characteristics of copper foils. Since the smooth
surface morphology of the copper foil is a replica of
the cathode roll morphology, the surface quality of
the cathode roll determines the smooth surface mor-
phology of the copper foil.

The smooth surface of CF-1 copper foil is relatively
rough, with many large pits along the polishing direc-
tion of the cathode roll, and minor copper grains are
also distributed in the pits (Fig. 2a). The surface of
CF-2 copper foil is a regular groove structure closely
related to the polishing pattern of the titanium cath-
ode roll (Fig. 2b). The surface of the CF-3 sample is
not smooth, and the tearing of the copper foil leaves
many craters and clusters of small copper grains. This
indicates that the cathode rolls of CF-3 and CF-1 Cu
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Fig. 3a—f. Microstructure of 6 pm copper foil sections of different enterprises: (a) CF-1 x 8000, (b) CF-1-S x 30000, (c)
CF-1-M x 3000, (d) CF-2 x 8000, (¢) CF-2-S x 30000, (f) CF-2-M x 30000.

foils were not well polished (Fig. 2¢). The surface of
the CF-4 sample was also uniformly distributed with
traces of polished cathode rolls, which is similar to
the characteristics of the CF-2 sample. However, the
surface of CF-4 Cu foil still had small areas of craters
after tearing, and some of the craters had more burrs
(Fig. 2d). In general, the cratering characteristics of
the surface of copper foil were closely related to the
reason for the polishing treatment of the cathode rolls.

For example, the presence of micro protrusions on the
surface of the titanium cathode causes the deposited
copper foil to be lifted by the small burrs of the roll
and torn out of the craters of different sizes. It is im-
perative to reinforce the polishing control of the cath-
ode roll to prevent alterations in the structure and
properties of the copper foil, which may result from
changes in the surface state of the cathode roll during
the production process.
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Fig. 3g-1. Microstructure of 6 pm copper foil sections of different enterprises: (g)CF-3 x 8000, (h) CF-3-S x 30000, (i)
CF-3-M x 30000, (j) CF-4 x 8000, (k) CF-4-S x 30000, and (1) CF-4-M x 30000.

3.1.3. Cross-section morphology

The cross-section of a copper foil can reflect
changes in the form of grain growth during electrode-
position. During electrodeposition, copper ions are re-
duced on the surface of the cathode roll, and cop-
per grains accumulate layer by layer, forming copper
foil. Thus, the growth process of copper foils goes
through an initial epitaxial growth period, a tran-

sitional growth period, and finally, a growth period
controlled by electrodeposition conditions. From the
cross-section morphology, it can be seen that the cor-
rosion resistance of the CF-1 samples is poor (Fig. 3a).
The upper and lower parts of the cross-section are cor-
roded by pits and fine particles of different depths, the
bonding force between grains is weakened, and the me-
chanical strength is significantly reduced, which indi-
cates that the grain boundaries between the grains of
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copper foils have high energies, and are in an unstable
state, which leads to the corrosion of the boundaries
in the corrosive process is faster than that inside the
grains.

The upper and lower parts of the CF-2 copper foil
were not corroded with large corrosion pits and fine
particles, and only the grains in the shallow area were
corroded with individual small holes (Fig. 3b). This
indicates that the bonding force between the grains of
the copper foil is powerful, the grain boundaries have
low energy, and the grain boundaries are stable, mak-
ing it not easy to be corrupted by the grain boundaries
of the copper grains in the corrosion process. Since the
top and bottom parts of the corroded CF-2 copper foil
maintain a uniform corrosion pattern, this indicates
that the orientation of the copper grains in the CF-2
copper foil always maintains the initial growth state
during the electrodeposition process.

The cross-section morphology of CF-3 copper foil
after corrosion shows that the surface of the corroded
copper foil is smooth and flat. In contrast, the rough
surface is corroded with fine particles corroded in the
cross-section and relatively loose grains (Fig. 3c). The
morphology of the corroded smooth surface and the
bumpy surface is very different. This indicates that
the growth direction of the grains changed during the
deposition of CF-3 copper foil. The grain surface en-
ergy of the grains near the surface is higher, and the
atoms are unstable. While the grain surface energy of
the grains near the smooth surface is lower, which can
remain stable and is not easy to corrode.

The cross-section morphology of CF-4 copper foil
after corrosion shows that the morphology of the
rough surface is similar to that of the smooth sur-
face after corrosion. Only part of the grains have been
corrupted. The overall morphology of the soft and flat
area on the cross-section is close to that of the smooth
area of the CF-3 samples, which suggests that the di-
rection of the growth of the grains on the cross-section
of the copper foil samples also maintains the direction
of the early stage of the deposition of the copper grains
(Figs. 3c,d).

The corrosion resistance of copper foils is closely
related to the morphology and size of the deposited
grains. Combined with the rough surface morphology
of the copper foils, the grains of CF-2 and CF-4 cop-
per foils are refined and compact, and the corrosion
resistance of copper foils is relatively high; the grains
of CF-1 copper foils are coarse, with irregular pris-
matic grain morphology, and the inter-granular poros-
ity is apparent (Fig. 3), which is not conducive to the
enhancement of corrosion resistance of copper foils;
the grains of CF-3 copper foils are coarse, with loose
inter-grain bonding, and the rough surface in the mi-
crostructure is not smooth, which is not conducive
to the enhancement of corrosion resistance of copper
foils. CF-3 copper foil has coarse grains, loose bonding
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Fig. 4. S/M roughness of 6 pm copper foil from different
companies.

between grains, large fluctuations in the roughness of
the microstructure, and roughness that is not smooth,
which is not conducive to the improvement of the cor-
rosion resistance of the copper foil.

3.2. Roughness

The side of the copper foil close to the cath-
ode rollers in the production process is called the
S-surface, and the other is called the M-surface.
The roughness of the smooth (S-surface) and rough
(M-surface) surfaces of the copper foils of the compa-
nies were tested. The roughness of CF-1 copper foil
is close to that of the smooth surface, which is about
1.50 um; CF-2 copper foil has the lowest roughness
among the four plants, with a smooth surface rough-
ness of 0.65 wm, which is much lower than that of its
rough surface, which is 1.13 pum. The surface rough-
ness of the copper foils designated CF-3 and CF-4,
was observed to be higher. Furthermore, the rough-
ness of the rough surface was found to exceed that of
the smooth surface for both foils (Fig. 4).

In the process of electrodeposition of copper foil,
the surface near the side of the cathode roller is called
the smooth surface. The morphology of the smooth
surface of the copper foil replicates the cathode roller
morphology. Generally speaking, because the cathode
roller is in a high temperature and robust acid envi-
ronment for a long time, its surface is rough, making
it difficult to peel the copper foil. Therefore, after a
while, polishing and polishing are carried out to keep
the surface roughness of the cathode roller at a low
level, and the smooth surface morphology of the cop-
per foil as the morphology of the cathode roller after
replication; the roughness will be very low. Based on
the cathode roller with low roughness, copper foil is
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Table 1. Grain size, residual stress, and texture coefficient of 6 um copper foil from different companies

Texture coefficient T (%)

Sample number Producer Grain size (nm) o (10° Nm?)
(111) (200) (220)
Y1 CF-1 28 -30.04 52.52 20.85 15.02
Y2 CF-2 23 —-18.05 62.46 22.49 8.37
Y3 CF-3 26 —29.69 20.88 19.94 49.60
Y4 CF-4 21 -27.15 41.62 34.08 11.40
electrodeposited on it, which can not only maintain 200
: (111) | 200), (220)
the low roughness of the copper foil smooth surface o

but also reduce the roughness of the rough surface
accordingly. The roughness of copper foil from each
manufacturer also corresponds to its grain size. The
smaller the grain size, the lower the roughness of the
rough and smooth surfaces of the copper foil. The
larger the grain size of the copper foil, the higher the
roughness of its smooth and rough surfaces (see Ta-
ble 1). Therefore, the roughness of the cathode roller is
kept at a low level during production. Combined with
the appropriate production process, copper foil with a
small grain size and low roughness can be obtained.

3.3. Texture

Copper is a typical face-centered cubic metal. As
its close-packed surface, the (111) crystal plane has
the lowest energy, followed by the (200) crystal plane,
and finally, the (220) crystal plane has the highest
power. In the process of the copper foil section being
corrupted, the lower the crystal surface energy is, the
more stable it is, and the less likely it is to be cor-
rupted. That is to say, the higher the proportion of
(111) crystal surface of copper foil, the less likely it is
to be corrupted, followed by (200) crystal surface, and
the higher the proportion of (220) crystal surface, the
worse the corrosion resistance of copper foil. The sur-
face state of the cathode roll undergoes alteration dur-
ing the electrodeposition process, which in turn affects
the current distribution and the strength and unifor-
mity of the electric field. This, in turn, determines the
growth and nucleation processes of copper, as well as
the crystalline orientation of the copper foil.

The grain orientation of the copper foils produced
by different enterprises varies greatly, and in general,
the copper foils produced by each factory have three
textures, namely, (111), (200), and (220). Among
them, CF-1 copper foil is preferentially orientated to
the (111) grain surface, and the diffraction peak inten-
sity of the (220) grain surface is higher than that of
the (200) grain surface; CF-2 copper foil is also pref-
erentially orientated to the (111) grain surface, but
the diffraction peak intensity of the (200) grain sur-
face is higher than that of the (220) grain surface. The
diffraction peak intensity of the grain surface of CF-3
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Fig. 5. XRD of 6 um copper foil matte surface of different
companies.

copper foil differs significantly from that of the first
two enterprises. This copper foil is mainly oriented in
the (220) crystal plane, and the diffraction peak inten-
sities of the (111) and (200) crystal planes are compa-
rable, and both are at a lower level; the last type of
CF-4 copper foil is preferentially oriented in the (111)
crystal plane, with the diffraction peak intensity of the
(200) crystal plane being the second highest, and the
diffraction peak intensity of the (220) crystal plane
being lower (Fig. 5). To analyze the differences in the
preferred paths of the textures of the copper foils of
the different enterprises more precisely, the texture
coefficients of each crystalline plane were calculated
using Scherrer’s formula. CF-1, CF-2, and CF-4 Cu
foils have relatively high proportions of (111) crys-
talline planes, with texture coefficients of 52.5, 62.5,
and 41.6 %, respectively. (200) crystalline planes have
the highest proportion of (200) crystalline planes of
CF-4 Cu foils, with texture coefficients of 34.1 %, and
(220) crystalline planes of CF-3 Cu foils have the high-
est proportion of (220) crystalline planes, with 49.6 %
(Fig. 6).

From the corrosion patterns of the copper foils’
cross sections, the CF-2 and CF-4 copper foils were
in good condition after corrosion. The CF-2 copper
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foils did not have large holes due to the loosening and
detachment of the grains after corrosion. The CF-4
copper foils had corrosion particles in only the shal-
low area of the surface after corrosion, and they did
not rust to the deeper layers (Fig. 3). The diffraction
peaks of the copper foils had the highest intensities
at the grain surface of (111), followed by the (200)
surface. The diffraction peak intensities of the copper
foils were relatively poor at the cross-section of CF-1
and CF-3 copper foils after corrosion. The diffraction
peak intensities at the (200) surface were the highest,
and the diffraction peak intensities were the highest at
the (200) surface of the copper foil. CF-3 Cu foils have
relatively poor cross-sections after corrosion. CF-3 Cu
foil has the highest percentage of (220) crystal planes.
Although CF-1 Cu foil has a relatively high pro-
portion of (111) crystalline facets, the proportion of
(200) crystalline facets is lower than that of CF-2 and
CF-4, and the proportion of (220) crystalline facets is
too high.

3.4. The relationship between grain size,
texture, and residual stress

From the results of the grain size test, it can
be seen that the grain size of the copper foils is
CF-4 < CF-2 < CF-3 < CF-1, while the compara-
tive results of the residual stresses of the copper foils
are CF-2 < CF-4 < CF-3 < CF-1 (see Table 1).
Meanwhile, from the results of the test of the residual
stresses, it can be seen that the residual stresses are
present in all four manufacturers and that the copper
foils show compressive stresses in the planar surfaces.
It can be seen that the CF-2 producer’s copper foil
has the lowest residual stress, and the grain size of this

producer’s copper foil is also tiny, about 23 nm. At the
same time, the copper foil has the highest proportion
of the (111) crystal plane, the lowest proportion of the
(220) crystal plane, and the texture coefficient of the
(200) crystal plane is much more significant than that
of the (220) crystal plane. The value of the residual
stress of the copper foil of CF-4 is lower than that
of CF-2. The value of the residual stress of CF-4 is
lower than that of CF-2. The value of the grain size
of CF-4 is the smallest. The minimum grain size value
of CF-4 is 21 nm, and the grain size of CF-4 is the
smallest. It has the smallest grain size, and the foil
has a firm (111) texture. Similar to CF-2, the texture
coefficient of the (200) grain face of the copper foil
is much larger than that of the (220) grain face, fol-
lowed by CF-3 copper foil. The residual stress of this
sample is higher than that of CF-4 and CF-2, and the
grain size is larger than that of CF-2 and CF-4. The
data show that this Cu foil has the lowest (111) facet
orientation and a firm (220) texture, with the most
significant percentage of facets; lastly, the CF-1 Cu
foil has the highest residual stress, and the grain size
of its Cu foil is also the largest. Although the (111)
texture of the Cu foil is preferentially oriented higher,
the proportion of (200) and (220) crystalline facets is
similar.

From the above data analysis results, we conclude
that the grain size and crystal orientation of copper
foil affect the residual stress of copper foil. If you want
copper foil with less residual stress during electrode-
position, the first is grain size regulation, which should
be controlled at a low level. The second is the regu-
lation of the proportion of crystal planes. The pro-
portion of (111) crystal planes of copper foil should
be the highest, and the proportion of (220) crystal
planes should be the lowest so that the proportion
of (220) crystal planes is much smaller than that of
(200) crystal planes. Satisfying the above conditions
can significantly reduce the residual stress of copper
foil.

3.5. Mechanical properties

Tensile tests were carried out on different manu-
facturers’ copper foils, and the elongation and ten-
sile strength data at room temperature were obtained.
The tensile strengths of CF-3 and CF-1 copper foils
at room temperature are at a high level of 508.73 and
478.47 MPa, respectively. Still, the elongation at room
temperature is low, with CF-1 having the lowest elon-
gation of 2.95%. In comparison, the elongations of
CF-2 and CF-4 are as high as 7.45 and 7.39 %, but
their tensile strengths are deficient. The lowest elon-
gation at room temperature is 2.95 % for CF-1 copper
foil, while CF-2 and CF-4 copper foils have elongation
as high as 7.45 and 7.39 % at room temperature, but
their tensile strengths are very low (Fig. 7).
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of different enterprises.

The mechanical properties of copper foil are af-
fected by its internal structure; first, the microstruc-
ture of CF-2 and CF-4 copper foils is more dense
and uniform, and the bonding force between grains
is more substantial, so they have better mechanical
properties. Compared with CF-1, the grains of copper
foils are coarse, and the edges and corners of grain
morphology are too many, which is not conducive to
the close bonding between grains. The microstructure
of copper foils is loose, so it has poor comprehensive
mechanical properties. The microstructure density of
CF-3 copper foils is between the two, so the mecha-
nical properties are also in the middle level. Secondly,
from the perspective of grain size, the grain size of
CF-1 and CF-3 copper foils is more prominent, and
the grain size of CF-2 and CF-4 copper foils is smaller.
The grain size determines the number of grain bound-
aries inside the copper foil. The smaller the grain size,
the more grains inside the unit volume copper foil. In
the process of tensile deformation, the same amount
of deformation will be dispersed into more copper
grains so that uniform deformation will occur so that
the stress concentration will not be made, thereby
reducing the possibility of local cracking. Therefore,
the smaller the copper grain, the higher the elonga-
tion of the copper foil. Thirdly, from the perspec-
tive of grain boundary strengthening, the grain size
of CF-3 copper foil is smaller than that of CF-1, and
its room temperature elongation and tensile strength
are also higher than those of CF-1 copper foil. The
grain size of copper foil is fine, indicating that the
number of grains in a unit volume of copper foil is
large. Therefore, copper foil has more grain bound-
aries, and the grain boundary strengthening effect is
better. Therefore, copper foil has high strength, and
many grain boundaries can also prevent crack propa-
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Fig. 8. High temperature (180°C) elongation and tensile
strength of different enterprises.

gation in copper foil, increasing the room temperature
elongation of copper foil. Finally, from the perspec-
tive of texture, CF-2 and CF-4 have a (111) preferred
orientation, while the proportion of the (220) crystal
plane is deficient. In contrast, CF-3 copper foil has
a strong (220) preferred orientation, and CF-1 cop-
per foil has a relatively high proportion of (220) crys-
tal plane. Therefore, it is speculated that increasing
the proportion of the (111) crystal plane is benefi-
cial to improving the elongation of copper foil, and
increasing the proportion of the (220) crystal plane is
beneficial to improving the tensile strength of copper
foil.

After testing the mechanical properties of the cop-
per foils at room temperature, high-temperature ten-
sile tests were also carried out. It can be seen that
the mechanical properties of the copper foils from all
manufacturers changed to varying degrees after being
left in a closed environment at a high temperature of
180°C for 1 min. The tensile strength and elongation
of the CF-2 and CF-4 copper foils decreased signifi-
cantly, but the elongation of the CF-1 and CF-3 cop-
per foils increased significantly, with little change in
tensile strength (Fig. 8).

In summary, the copper foils of CF-2 and CF-4 can
maintain high elongation at room temperature and
high temperature. Although the elongation is slightly
reduced after high-temperature treatment, it is still at
a high level. The mechanical properties of CF-3 cop-
per foil at room and high temperatures did not change
much, and the elongation at high temperatures only
increased slightly. CF-3 copper foil was stable in both
environments. Although the elongation of CF-1 cop-
per foil under high-temperature conditions has been
improved, it is still low, but the tensile strength still
maintains this level.
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4. Conclusions

This chapter mainly analyses the 6 pm lithium bat-
tery copper foil from different companies. The mor-
phology of the rough surface, smooth surface, and
cross-section of lithium copper foil is characterized by
SEM. XRD compares and analyzes the texture of the
copper foil. The performance of copper foil is obtained
by roughness tester and tensile tester. The relation-
ship between the copper foil’s structure, morphology,
and performance is obtained. The conclusions are as
follows:

1. The titanium cathode roller affects the smooth
surface morphology of fragile copper foil. In contrast,
the rough surface morphology is closely related to
the rough surface morphology and production pro-
cess. The microstructure of the four typical copper
foils is either refined grains or coarse columnar crys-
tals. Therefore, to obtain fine-grained copper foil, it is
necessary to use the cathode roller with low roughness
as far as possible based on determining the process pa-
rameters.

2. The etching process affects the cross-sectional
morphology of copper foil, and there are apparent dif-
ferences in the corrosion resistance of the four typical
copper foils: CF-2 > CF-4 > CF-1 = CF-3. Combined
with the crystal orientation of copper foil, the cor-
rosion resistance of CF-2 and CF-4 copper foils with
(111) crystal plane is higher. In contrast, the corrosion
resistance of CF-1 and CF-3 copper foils with (220)
and (200) crystal planes is significantly reduced.

3. The residual stress of copper foil is affected by
grain size and crystal orientation. If low residual stress
copper foil is obtained, the grain size should first be
controlled at a low level. Secondly, the (111) crystal
plane of copper foil is the highest, the proportion of
the (220) crystal plane is lower, and the proportion
of the (220) crystal plane is much smaller than that
of the (200) crystal plane, which can also significantly
reduce the residual stress of copper foil.

4. The grain size and texture of copper foil are
closely related to its mechanical properties. Firstly,
with the decrease of grain size in copper foil, the ten-
sile strength and elongation of copper foil gradually
increase. Secondly, the increase in the proportion of
the (111) crystal plane is beneficial to the growth of
elongation, and the rise in the proportion of the (220)
crystal plane is advantageous to the increase of tensile
strength.
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