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A B S T R A C T  
 

A mechanical technique was applied to the copper current collector of lithium-ion battery anode to improve 
interface adhesion between Cu foil and anode film. The mechanical and electrochemical performances of 
graphite anodes coated on Bare Cu Foil (BCF) and Modified Cu Foil (MCF) were evaluated. The BCF and 
MCF anodes exhibited adhesion strengths of 1.552 and 1.617 MPa, respectively. The electrochemical studies 
of BCF and MCF anodes showed that the initial discharge capacity of graphite anode coated on the MCF 
(323.6 mAh g-1) was about 8 % higher than the BCF anode (299.9 mAh g-1). The BCF anode capacity reached 
227.9 mAh g-1 after 100 charge/discharge cycles at 0.5C rate, while this value was 247.7 mAh g-1 for MCF 
anode. The results of electrochemical impedance spectra demonstrated that the diffusion coefficient of lithium-
ion for MCF anode was about 56 % higher than that for BCF anode. On the other hand, the surface 
modification of the copper current collector reduced the charge transfer resistance of anode from 28.5 Ω to 
23.2 Ω. 
 

https://doi.org/10.30501/jree.2021.290435.1219 

1. INTRODUCTION1 

Given that the essential requirement of an eco-friendly energy 
including regulations on CO2 emission and fossil fuel 
reduction is increasing, many studies are being carried out 
worldwide to develop high-performance energy storage 
systems [1, 2]. Recently, storage of electrical energy remains 
critically dependent on Lithium-Ion Batteries (LIBs). 
Therefore, advanced LIBs are required to address the 
increasing demand for energy sources with high capacities, 
which present high energy density, high power density, and 
better cycle stability than existing LIBs [3-7]. At present, the 
development of new materials for cathode, anode, membrane, 
and electrolyte are the most attractive approaches to 
improving the performance of LIBs [8-10]. Numerous 
researches have attempted to evaluate new electrode materials 
[11-13] and high-performance membranes and electrolytes 
[14, 15]. Some studies have also considered degradation 
mechanisms such as structural volume changes of active 
electrode material during lithiation and delithiation processes 
[16, 17]. 
   However, the factors that affect LIB performance are limited 
to electrode materials, membranes, and electrolytes. As a 
critical component in LIBs, the current collector enhances 
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battery performance significantly [18, 19]. The current 
collector not only acts as a bed for loading active materials, 
but also is responsible for collecting the electrical current 
produced by the electrode active materials and conducting it 
to the output. Unlike other battery components, current 
collectors, especially copper foils, have received insignificant 
attention, while they have a crucial impact on lithium-ion 
battery performance. In a conventional anode electrode of 
LIB, the surface of the copper foil is coated with graphite 
slurry. Bond strength, contact impedance of graphite/copper 
foil interface, and chemical and electrochemical stability are 
the significant factors impacting cycling stability and capacity 
of a lithium-ion battery [20, 21]. 
   Mechanical damage to current collector foils in LIBs can 
lead to external electronic failure followed by battery failure 
[22]. Furthermore, it has been shown that the organic 
electrolyte of LIBs gradually etches the  copper current 
collector [23], leading to the degradation of battery 
performance during long charge/discharge processes. In 
addition, in the case of traditional copper foils, the smooth 
surface of copper foil may cause poor contact with the 
graphite. This can cause high impedance in the contact 
interface as well as high risk of chemical corrosion in case of 
electrolyte exposure [24, 25]. 
   Kang et al. synthesized a thin uniform and Compact Oxide 
Layer (COL) on an Al current collector for LIB cathode 
through the oxidation process using KMnO4 as an oxidant. 
They found that the COL on an Al current collector could 
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effectively protect it from corrosion and exhibit good adhesion 
properties and electrochemical performance for extensive 
cycle life [26]. 
   Jeon et al. used two types of Cu foil, conventional flat Cu 
foil and rough Cu foil, to fabricate silicon (Si) electrodes for 
flexible and high-energy-density LIBs. When Cu foils with a 
roughness of 3 mm were used for the Si electrode, they 
delivered much better cycle performance, especially under 
lower binder content and in the mechanically stressed 
condition [27]. 
   Jiang et al. synthesized a thin graphene film on the surface 
of Cu current collector by a large-scale Low-Pressure 
Chemical Vapor Deposition (LPCVD) process. Their 
modified Cu foil was used as a current collector to support 
spinel Li4Ti5O12 anode directly. They represented that 
graphene coating Cu foil could effectively improve the overall 
Li storage performance of Li4Ti5O12 anode [28]. 

Zhang et al. applied ultrafast laser ablation for the surface 
modification of Cu foil for preparation of artificial graphite 
anode films for LIBs. Improved adhesive force and 
electrochemical performance were confirmed in anode films 
on laser structured Cu foils [29]. 
   In the present study, a mechanical abrasion method has been 
employed for the copper current collector (Figure 1) to 
increase its specific surface area and enhance mechanical 
performance. This surface treatment will increase the contact 
strength between the graphite active material and the current 
collector. Furthermore, the interface impedance is reduced and 
the corrosion resistance against the electrolyte increases using 
this surface modification method. Therefore, the surface 
treatment of copper foil improves the insertion/de-insertion 
process of lithium ions in/from the structure of graphite anode. 
This practical, simple and effective method can be applied to 
lithium-ion batteries with a long cycle life. 

 
Figure 1. Schematic of current collector treatment and anode electrode preparation process 

 
2. EXPERIMENTAL 

2.1. Meterials 

The active material for anode slurries was Mesocarbon 
Microbeads (MCMB, Gelon) with 16.5-19 µm mean diameter 
(d50), 1.28 g cm-3 tap density, and a specific surface area of 
less than 1.5 m2 g-1. The conductivity agent of Carbon black 
(CB, Super P Li, Gelon) with a density of 160 kg m-3 was 
used. A blend of carboxymethyl cellulose (CMC) and styrene-
butadiene rubber (SBR) was utilized as the binder. The current 
collector of the electrode was Copper foil with a thickness of 
9 µm. 

2.2. Mechanical modification of current collector 
surface 

The copper current collector was abraded using sandpaper 
(mesh 1000) to increase the roughness of the surface and the 
contact strength between the active material and the current 
collector. After mechanical treatment, the surface of copper 
foil was cleaned with acetone to prepare the current collector 
for coating of anode slurry. Figure 2 represents microscopic 
images of the surface of the copper foil before and after the 
abrasion process at 60 and 200x magnifications. 

 

 
Figure 2. Microscopic images of the surface of the copper foil before abrasion process at: (a) 60x and (c) 200x magnifications and after abrasion 

process at (b) 60x and (d) 200x magnifications 
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2.3. Electrodes preparation 

The composition of anode slurry coated on different current 
collectors is shown in Table 1. Active material (MCMB) and 
conductive agent (CB) were heated in a vacuum oven for 2 
hours at 120 oC to prepare the anode electrodes. A planetary 
mill was used for 30 minutes at a rate of 200 rpm in order to 
grind and mix the active and conductive materials. According 
to Table 1, the required amounts of CMC and SBR were 
mixed with distilled water and, then, were stirred for 24 h at 
ambient temperature. Afterward, the active material of the 
anode and conductivity agent were added to the binder 
solution. A vacuum-mixer was applied for degasing and 
further mixing of the blend at a rate of 200 rpm for 1.5 h. The 
homogenous prepared slurry was coated on bare Cu foil 

(BCF) and modified Cu foil (MCF) using a doctor-blade 
method. Then, the electrodes were dried overnight at 60 oC 
and pressed using a roll press. This was to warrant good 
contact between the current collector and electrode mass, as 
well as between the electrode components. Figure 3 shows the 
SEM images of the anode electrodes with 1000 and 5000x 
magnifications. 

 
Table 1. Composition of anode electrode components 

Component  Composition (wt %) 
Active material (MCMB) 94.5 
Conductive agent (CB) 1 

CMC 2.25 
SBR 2.25 

 

 
Figure 3. The SEM images of the anode electrodes with (a) 1000x and (b) 5000x magnifications 

 
2.4. Cell assembly 

The electrode sheets were punched to prepare the disks of the 
electrode with a diameter of 14 mm. Prior to assembly of a 
coin cell, the disks of the electrode were dried under vacuum 
at 60 oC for 2 hours. The assembly of CR2032 coin-type half-
cells was conducted in a glove box with oxygen and moisture 
levels lower than 0.5 ppm. The separator was a porous 
polymer film with a thickness of 25 μm. A solution of 1 M 
LiPF6 in a mix of EC/DEC (1:1) (MTI Corporation) was 
utilized as an electrolyte. A foil of Li-metal with 0.6 mm 
thickness and 16 mm diameter (Gelon LIB Group) was 
employed as reference and counter electrodes. Finally, the 
sealing of cells was performed by an electric coin cell 
crimping machine (MTI Corporation). After assembly, the 
cells spent 3 hours in a resting state to ensure perfect 
electrolyte penetration through the pores of electrode and 
membrane. 
 
2.5. Chraracterization 

Quantification of the adhesion strength of anode coatings on 
the copper foil was conducted using a universal testing 
machine (Gotech). As shown in Figure 4, double-sided 
adhesive tape was used to fix an electrode disk between two 
parallel plates. A pre-compression load equal to 20 kg.f was 
applied to achieve a reproducible adhesive bond between 
compression grips and electrode. The disjunction speed of the 
grips was set at 5 mm/min. The value of the measured tensile 
stress was considered as adhesion strength. 
   Coin half-cells were charged and discharged by a battery 
tester (Neware technology ltd.) to evaluate the electrochemical 
performance at 0.5C rate in the range of 0.01-2.0 V. All 

electrochemical experiments were conducted at ambient 
temperature. 
   Electrochemical Impedance Spectroscopy (EIS) tests were 
performed under a frequency window of 10 mHz-100 kHz 
(open-circuit voltage was selected as the applied bias voltage). 
An equivalent electronic circuit was applied to simulate the 
experimental Nyquist plots using the NOVA software. 

 

 
Figure 4. Mechanism of adhesion strength test 

 
3. RESULTS AND DISCUSSION 

Figure 5 shows the adhesion strength of MCMB anodes 
coated on Bare Cu Foil (BCF) and Modified Cu Foil (MCF). 
The BCF and MCF anodes exhibit adhesion strengths of 1.552 
and 1.617 MPa, respectively. Therefore, the anode electrode 
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coated on the modified current collector has better adhesion 
properties, which can improve the mass loading of the 
electrode and increase the energy density of the LIB. 

 

 
Figure 5. Adhesion strength of MCMB anodes coated on BCF and 

modified Cu foil (MCF) 
 
   Figure 6 represents the cycling performance of BCF and 
MCF anodes during 100 charge/discharge cycles at a rate of 
0.5C. The initial discharge capacities of BCF and MCF 
anodes are 299.9 and 323.6 mAh g-1, respectively. The 
modification of the surface of the current collector increases 
the initial discharge capacity of the MCMB anode by 7.9 %. 
In addition, the MCF anode capacity reaches 247.7 mAh g-1 
after 100 cycles, while the BCF anode capacity is equal to 
227.9 mAh g-1 in the 100th cycle. This means that after 100 
cycles, the discharge capacity of the modified anode is 8.7 % 
higher than that of the BCF anode. On the other hand, the 
BCF anode has only passed 46 cycles to reach the capacity of 
247.7 mAh g-1 (equal to the final capacity of the MCF anode 
after 100 cycles). This indicates that the cycle life of the 
modified anode is 2.2 times longer than that of the BCF anode 
to reach the capacity of 247.7 mAh g-1. Figure 7 shows the 
discharge voltage profiles for BCF and MCF anodes at 1st, 
20th, 40th, 60th, 80th, and 100th cycles. The electrochemical 
parameters of the voltage profiles are presented in Table 2. 

 
Figure 6. Cycling performance of BCF and MCF anodes during 100 

charge/discharge cycles at 0.5C 
 
 

 
Figure 7. Discharge voltage profiles for BCF and MCF anodes at 1st, 

20th, 40th, 60th, 80th, and 100th cycles 
 

Table 2. The electrochemical parameters of the voltage profiles 

Anode 
Discharge capacity (mAh g-1) 

1st cycle 20th cycle 40th cycle 60th cycle 80th cycle 100th cycle 

BCF 299.9 284.2 251.2 240.1 234.0 227.9 

MCF 323.6 301.6 279.2 264.2 255.5 247.7 
 
   Figure 8 demonstrates the differential capacity curves for 
anode half-cells of BCF (Figure 8a) and MCF (Figure 8b) in 
the discharge process of 20th, 40th, 60th, 80th, and 100th cycles. 
In these figures, two peaks are observed as the anode 
discharges from low voltage to high voltage, related to the 
delithiation process [30]. As shown in Figure 8a and b, the 
delithiation peaks are shifted to higher voltage during cycling, 
indicating that the resistance of anode half-cells increases as 
cycle number increases [31]. Figure 8c and d compares the 
differential capacity profiles of BCF and MCF anodes in the 
discharge process of 20th and 100th cycles, respectively. 
According to Figure 8c, it can be said that the average 
discharge voltage of the MCF anode is lower than that of BCF 
anode since the peak related to de-insrtion of lithium ions for 
the MCF anode occurs at lower voltages than that for BCF. 
Therefore, if the MCF and BCF anodes are employed in a full 
cell of LIB, the battery prepared by the MCF anode will have 

a higher discharge voltage. On the other hand, the higher peak 
intensity for the MCF anode points to the higher capacity of 
the MCF anode than that of the BCF anode. 
   Figure 9a displays the half-cells Nyquist plots of BCF and 
MCF anodes after 100 charge/discharge cycles. Each 
impedance spectrum shows two semicircles, simulated using 
an equivalent circuit (Figure 9a). The Rs shows the resistance 
of bulk electrolyte and high-frequency semicircle is 
considered the SEI film resistance (RSEI). The observed 
semicircle at a medium frequency indicates the charge-
transfer resistance (Rct) of the lithiation process between the 
electrolyte and the electrode. CPESEI and CPEct elements are 
constant phase elements associated with RSEI and Rct, 
respectively. The low-frequency slope is attributed to 
Warburg impedance that represents the diffusion process of 
Li+ ion in the electrode-electrolyte interface [32]. 
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Figure 8. The differential capacity curves for anode half-cells of: (a) BCF, (b) MCF in the discharge processes of 20th, 40th, 60th, 80th, and 100th 

cycles; comparison of the differential capacity profiles of BCF and MCF anodes in the discharge process of (c) 20th cycle and (d) 100th cycle 
 
 

 
Figure 9. (a) The  half-cells Nyquist plots of BCF and MCF anodes after 100 charge/discharge cycles at 0.5C; (b) diagram of the real part 

resistance with the inverse square root of the angular speed for the anodes of BCF and MCF (in the low-frequency region) 
 
Table 3 presents the simulation results obtained from 
impedance spectrum of BCF and MCF anodes. The values of 
Rs are 20.1 Ω and 12.4 Ω for BCF and MCF electrodes, 
respectively. This indicates that the surface modification 
process of Cu foil has reduced the Rs by about 40 %. In 
addition, the MCF anode has lower charge-transfer resistance 
(23.2 Ω) than the BCF anode (28.5 Ω) after 100 cycles at a 
rate of 0.5C. 
   Figure 9b shows a diagram of the real part resistance with 
the inverse square root of the angular speed for the anodes of 
BCF and MCF (in the low-frequency region). In order to 
determine the Warburg factor (σ) and lithium diffusion 
coefficient (DLi+), Equations (1) and (2) were applied, 
respectively [33]. 

Z′ = Rs + RSEI + Rct + σω−0.5                                                       (1) 

DLi+ = R2T2

2A2n2F4C2σ2
                                                                        (2) 

where the parameters are defined as follows: 

Z′: real part resistance 
ω: angular frequency 
R: gas constant 
T: absolute temperature 
A: electrode surface area 
F: Faraday constant 
C: Li–ion molar concentration in an active material 

   According to Equation (1), the slope of the line obtained in 
Figure 9b represents the Warburg factor (σ), which is equal to 
3.347 and 2.679 for the BCF and MCF anodes, respectively. 
Since all parameters of Equation (2) are the same for BCF and 
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MCF anodes except σ, the ratio of lithium diffusion 
coefficients is calculated using Equation (3). 

DLi+,MCF
DLi+,BCF

= (σBCF
σMCF

)2                                                                         (3) 

   The surface modification of the current collector has 
increased the lithium-ion diffusion coefficient by about 56 % 

according to Equation (3). The higher lithium diffusion 
coefficient for the MCF anode can be attributed to this 
electrode tortuosity. The tortuosity can augment the 
conductivity of the electrolyte and the effective diffusion 
coefficient. The short distances of diffusion can be made 
across the electrode as the tortuosity decreases. It can yield an 
increase in the lithium diffusion coefficient. 

 
Table 3. Simulation results obtained from impedance spectrum of BCF and MCF anodes 

Sample Rs (Ω) RSEI (Ω) 
CPESEI 

Rct (Ω) 
CPEct 

W (mMho) 
Yo (μMho) N Yo (μMho) N 

BCF 20.1 11.5 139 0.579 28.5 984 0.614 219 
MCF 12.4 13.7 20.8 0.693 23.2 742 0.656 267 

 
4. CONCLUSIONS 

In the present study, a mechanical method was applied to 
surface modification of copper current collector to be used in 
the preparation of lithium-ion battery anodes. The general 
conclusions are as follows: 

(1) Improvement of the mechanical properties of the 
modified anode was confirmed using the adhesion 
strength test. 

(2) The electrochemical studies of BCF and MCF anodes 
showed that the initial discharge capacity of graphite 
anode coated on the MCF (323.6 mAh g-1) was about     
8 % higher than the BCF anode (299.9 mAh g-1). 

(3) The BCF anode capacity reached 227.9 mAh g-1 after 
100 charge/discharge cycles at 0.5C rate, while this 
value was 247.7 mAh g-1 for MCF anode. 

   The results of electrochemical impedance spectra 
demonstrated that the diffusion coefficient of lithium ion for 
MCF anode was about 56 % higher than that for BCF anode. 
On the other hand, the surface modification of the copper 
current collector reduced the charge transfer resistance of 
anode from 28.5 Ω to 23.2 Ω. 
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