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1. Introduction 

The Lithium-ion battery (LIB) is currently the most commercially successful power 

storage and generation device due to its comprehensive superiority in power density, 

energy density, cost and safety [1]. LIBs store electricity in chemicals and convert 

chemical energy into electricity via electrochemical reactions, which have been 

regarded as a clean source of energy [2]. Their high energy and power densities 

enable LIBs to power not only portable devices, e.g. phones, tablets and laptops, but 

also electric vehicles, effectively reducing the consumption of fossil fuels and 

greenhouse gas emission [3-5]. Furthermore, the high energy conversion rate of LIBs 

enables them to be employed in electrical grid applications, allowing efficient storage 

of energy harvested from renewable sources, e.g. wind, solar and geothermal [6]. It is 

predicted that LIBs will continue to play an omnipresent role in our daily life.  

A typical LIB is composed of a cathode, an anode, a separator, electrolyte and two 

current collectors, as shown in Fig. 1a. Commonly used cathodes include LiCoO2, 

(LCO) LiMn2O4 (LMO), LiFePO4 (LFP), and LiNiMnCoO2 (NMC)  and the anode mainly 

used is graphite [7, 8], which more recently contains additional active components 

such as SiOx to improve the capacity [9]. During discharging, Li-ions stored at the 

anode move to the cathode, generating electrons and forming current flow. The 

process is reversed when the battery is being charged. Electrolytes consist of lithium 

salts, e.g. LiPF6, LiBF4, LiClO4, in some organic solvents, e.g. propylene carbonate 

(PC), ethylene carbonate (EC), ethyl methyl carbonate (EMC), dimethyl carbonate 

(DMC), diethyl carbonate (DEC), that act as the conductive pathway for Li-ions 

movement [10]. Separators, normally microporous layers consisting of either 

polymeric membranes or non-woven fabric mats, are placed between the cathode and 

anode to prevent physical contact [11]. Current collectors are bridging components 

that collect electrical current generated at the electrodes and connect with external 

circuits. Commercial current collectors are Al and Cu foils for cathodes and anodes, 

respectively [12].  

In 1998, Johnson and White systematically characterised some commercial LIBs 

produced by five dominant manufacturers [13], including Sony, Moli Energy, A & T 

Battery, Sanyo Electric and Matsushita Electric Industrial. Taking the average value 

from the five manufacturers, the weight percentages of cathode, anode, Al foil, Cu foil, 
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separator and other components are 29%, 13%, 5%, 13%, 5% and 35%, respectively. 

Fig. 1b shows the weight percentages of the main components in more recent LIBs 

[14]. The cathode and anode together make up the highest proportion, 40% of the total 

weight of LIBs. The two current collectors occupy the second-highest proportion with 

a percentage of 15%, the electrolyte accounts for 11% and separator has the lowest 

weight percentage of 4%. Other components, including case and tab, make up 30% 

of the total weight. One observation is that  the weight percentages of the current 

collectors in LIBs has reduced slightly from 18% to 15% over the past two decades. 

Current collectors can greatly influence the performance of LIBs. For example, 

improving the electrical conductivity, reducing contact resistance and increasing the 

corrosion resistance of current collectors are beneficial to increase the capacity, rate 

capability, efficiency and cycle stability of LIBs [15]. Considering current collectors are 

essentially non-active materials in LIBs, reducing the thickness of current collectors 

can reduce the weight percentage and thus increase the energy density of LIBs. 

Recent research pointed out that the thicknesses of Al and Cu current collectors are 

reduced down to 10 µm for the pursuit of high energy density [16]. Nevertheless, thin 

current collectors will sacrifice the electrical conductivity and heat transfer property of 

current collectors and in turn power density. Therefore, there is a trade-off between 

power and energy of LIBs in the design of these current collectors. Furthermore, as 

electrodes are adhered to current collectors, mechanical integrity is also required in 

current collectors in order to maintain a suitable bond to the electrodes during battery 

cycling, this adhesive strength also contributes to the internal contact resistance of the 

cell, and requires minimisation. More importantly, current collectors are indispensable 

components for the present LIBs, any improvements in current collectors are expected 

to benefit all LIBs. Fig. 1c displays a brief timeline of the development of current 

collectors for LIBs in both industry and academia over the past three decades. 

Many efforts have been made in reviewing cathodes, anodes, electrolytes and 

separators of LIBs. However, to our knowledge, few reviews on current collectors have 

so far been published and these only review limited materials or structures [17, 18]. 

This brings us to the need for a more comprehensive review of current collectors. This 

paper attempts to review the development of various current collectors for LIBs in the 

literature, including Al, Cu, Ni, Ti, stainless steel and carbonaceous materials. For Al 

and Cu current collectors, we have further classified them into different categories 
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according to structures and treatments, namely foil, mesh, foam, etched and coated 

current collectors. Research challenges and future directions for current collectors are 

discussed at the end of this review.  

 

 

Fig. 1 a) Schematic diagram of a typical Li-ion battery, b) the weight percentage of 

main components in LIBs [14], c) historical timeline of the development of current 

collectors for LIBs in both industry (yellow) and academia (red) [13, 16, 19, 20]. 

2. Main requirements for current collectors in lithium-ion batteries 

a) Electrochemical stability. Current collectors must be electrochemically stable 

against oxidation and reduction environments during battery charging and 

discharging. In practice, a high voltage is favourable for increasing battery energy 

density, which requires that cathodes and anodes have high and low 

electrochemical potentials, respectively, e.g. LiCoO2 cathode(~4 V vs Li/Li+) [21], 
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Fig. 2 a) Cyclic voltammetry of Al in 1 M LiPF6 in EC:DMC (1:1 vol.%) electrolyte 

(Reproduced with permission [30]. Copyright 2009 Elsevier), b) schematic drawing of 

passivation film formed on Al surface, c) and d) tunnel-like Al foam current collector 

(enlarged view: 1 ion transport in the electrolyte, 2 ion transport in the electrode, 3 

electrochemical reactions in the electrode, 4 electron transport in the electrode and 5 

electron conduction in the current collector) [63]. 

Table. 1 Al current collectors  

Type Electrode Current 
rate/C 

Capacity/ 
mAh g-1 

Capacity 
retention 
(cycles) 

Reference 

Foil LNMO 0.1 130 97% (50) [55] 

Foil NMC111 0.1 178 91% (30) [64] 

10 20 - 
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Foil LCO ~0.1 188 93% (50) [65] 

~2.7 25 - 

Foil LCO 0.2 142 - [66] 

1 138 - 

5 96 - 

Foil LFP 0.2 128 - [66] 

1 105 92% (240) 

5 0 - 

Foil LCO 1 120 71% (100) [67] 

10 0 - 

Foil LFP 0.2 140 - [68] 

5 20 - 

Foil NMC111 1 110 97% (50) [70] 

10 35 - 

Foil LMO 3 100 80% (100) [71] 

Foil LFP 0.1 158 - [72] 

1 145 84% (2000) 

5 116 - 

Foil LMO - 130 0% (50) [73] 

Foil LCO 0.1 150 - [74] 

1 130 4% (50) 

5 45 - 

Mesh LNMO 0.1 130 87% (50) [55] 

Mesh LNMO 0.1 174 ~100% (10) [57] 

0.5 145 90% (40) 

2 110 - 

Foam NMC111 0.2 166 90% (140) [60] 

2 55 - 

Foam TiO2 0.3 330 - [63] 

100 100 ~100% 
(8000) 

Etched NMC111 0.1 178 94% (30) [64] 

10 25 - 

Etched LCO ~0.1 190 96% (50) [65] 

~2.7 125 - 
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Fig. 3 Cyclic voltammetry of Cu in 1 M LiPF6 in EC:DMC (1:1 vol.%) electrolyte 

(Reproduced with permission [30]. Copyright 2009 Elsevier), b) pitting corrosion on Cu 

surface (Reproduced with permission [77]. Copyright 2001 Elsevier), c) fabrication 

process for continuous, wholly covered and selectively covered Si film anodes, d) 

etched Cu current collector, e) wholly covered Si film anode, f) selectively covered Si 

film anode, c-f from (Reproduced with permission [106]. Copyright 2017 Elsevier). 

Table. 2 Cu current collectors 

Type Electrode(s) Current 
rate/C 

Capacity/ 
mAh g-1 

Capacity 
retention 
(cycles) 

Reference 
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Foil LTO 1 155 - [69] 

20 65 - 

Foil Li/LFP 0.5 150 58% (300) [89] 

Foil Li/NMC11 50 a 150 60% (300) [90] 

Foil Li/LFP 2 110 33% (200) [91] 

Foil  Li/LFP 0.5 150 ~100% (50) [92] 

Foil Li/LFP 0.5 149 80% (100) [94] 

5 15 - 

Foil Si - 800 85% (40) [99] 

Foil Sn 100 a 300 75% (20) [100] 

Foil Si 0.035 a 2428 53% (200) [103] 

Foil Si 600 a 3250 50% (25) [104] 

Foil  Si 0.5 2021 10% (35) [106] 

Foil C/LFP 1 955 96% (400) [107] 

4 888 - 

Foil LTO 0.1 151 - [108] 

2 126 85% (200) 

10 84 - 

Foil Li/LFP 0.1 160 - [109] 

0.5 150 57% (300) 

5 120 - 

Foil Li/LFP 0.2 115 - [111] 

1 55 92% (200) 

2 30 - 

Mesh Li/ LTO 0.2 145 - [85] 

4 85 80% (500) 

10 60 - 

Foam Li/LFP 0.5 150 90% (300) [89] 

Foam Li/NMC111 50 a 150 90% (300) [90] 

Foam Li/LFP 2 120 75% (200) [91] 

Foam Li/LFP 0.5 151 ~100% (50) [92] 

Foam Li/LFP 0.5 149 90% (100) [94] 

5 45 - 

Foam Li/LFP 1 158 90% (200) [96] 

10 124 - 
































































