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Conductive polymers are favourable materials in lithium-ion batteries because of their high electrical conductivity 

and coulombic efficiency and their ability to be cycled hundreds or thousands of times with only slight degradation. This 

review paper presents an overview of the lithium ion batteries (LIB) fabricated by using various types of conductive 

polymers (CP) based on aluminum as a current collector (CC). More attention is paid to aluminum which can be used as 

a cathode current collector. The conductive polymer can minimize the interface resistance between the current collector 

and the active material to increase the performance of lithium batteries. Furthermore, it can help to lower the battery's 

internal resistance during usage. The most used conductive polymers are polyaniline (PANI), poly(ethylene glycol) 

(PEG), poly-dopamine (PDA), polyacetylene (PA), polypyrrole (PPy), polythiophene (PTH), PEDOT: PSS (poly(3,4-

ethylenedioxythiophene)) and poly (styrene sulfonate), because of their ability to store and conduct lithium ions. The 

reason to use the conductive polymer binders is their high energy density, porous nature, high electrical conductivity and 

many other. This review article discusses the basic structure of the Li ion battery followed by analysis of various types of 

conductive polymers which can be used in lithium ion battery, and highlight the influence of aluminum as a cathode 

current collector. 

Keywords: Conductive, Lithium; Aluminum; Resistance; Electrical; Sulfonate 

INTRODUCTION 

Lithium ion battery has high density, voltage 

stability, longevity, environmental security and low 

self-discharge rate [1, 2], which makes this battery 

more efficient and useful for electrical items such as 

phones, vehicles, portable devices, power tools, 

hybrid electric vehicles, etc. [3] The lithium ion 

batteries changed the area of energy storage and its 

production because of their dynamic properties. 

Flexible lithium ion battery is in progress which 

demands the high energy capacity in the 

development of the applications of soft mobiles [4]. 

Furthermore, in the periodic table, lithium is ranked 

on third number, implying that it contains the 

shortest radius of any single-charged ion, permitting 

lithium-based batteries to have an excellent power 

density and gravimetric capacity [5]. Li-ion batteries 

are known to be the common energy storage cells for  

powering handy electronic devices, and their use in 

automotive, defence, and aerospace applications is 

increasing. Despite their widespread use and 

commercial domination, LIBs have undergone 

extensive research and development in order to 

improve their features [6]. Electrochemical cell is 

defined as a device which converts chemical energy 

(C.E.) into electrical energy (E.E.). It is a redox 

process like in Daniel cell. In  electrochemistry,  the 

substance which conducts electricity, causes the 

dissociation of ions, which generates the positive 

and negative terminals, i.e. cathode and anode of an 

electric circuit. In electrochemistry the anode 

behaves as a negative terminal while the cathode 

behaves as a positive terminal. Further, they are 

distributed into acids, bases and salts as they give 

ions while dissolving into aqueous or non-aqueous 

solvents. These solutions are known to conduct the 

electricity. When electrolytes are put between two 

electrodes and voltage is provided, the electrolytes 

conduct electricity through charge carriers or ions 

transfer. The selection of electrodes depends on the 

basis of process not on the charge and polarity. As a 

consequence, chemical reactions occur at the 

cathode, which contain e- from the anode, and 

produce electrons for the cathode to take. Hence, in 

an electrolyte, negative charge occurs at cathode and 

positive charge occurs at anode [7]. The ions in an 

electrolyte cell are non-spontaneous which transfer 

electrical energy into chemical energy.  

To replace graphite anode with Li metal produces 

higher energy density of Li-ion batteries and these 

batteries are called lithium metal batteries. Lithium 

metal batteries consist of four parts: anode material, 

cathode material, electrolyte, and separator [8]. 

* To whom all correspondence should be sent:  

E-mail: niturbhatnagar@gmail.com  2022 Bulgarian Academy of Sciences,  Union of Chemists in Bulgaria 

 

 

 

 

 

 

 



M. Goyal et al.: A review: conductive polymer-based aluminium current collector for Li-ion batteries 

6 

 

Figure 1. Various properties of current collector used in lithium ion battery 

The cathode current collector (CC) is largely 

utilized in battery creation, and it is mainly cycled 

into aluminium foil paper with a thickness of 10-20 

µm [9, 10], whereas copper is employed as an anode 

current collector with a thickness of 5-8 µm [11].  

Aluminum can be used as the best current 

collector (CC) due to its cheap cost, conductivity and 

availability [12, 13] In Figure 1, the properties of the 

current collector are explained. For the better 

performance and stability of the Li-ion battery, 

aluminum can be used as a carbon coating [14]. 

Conductive polymer is used in cathode material 

especially. Conductive polymers have also been 

explored for a variety of uses, including active 

electrode materials in LIB [15]. The reason to use 

conductive polymer is its electrochemically active 

stable nature, high electronic conductivity and the 

great porosity for electrolyte. For the battery 

performance, internal resistance is proportional to 

the depth of charge and discharge. It means that in 

battery discharge there is increment in internal 

resistance which further reduces the electrolyte 

concentration.  

The review aims at examining and summarizing 

some of the research work on conductive polymer-

based aluminum current collectors for lithium ion 

battery.  

Basic structure of Li ion battery 

Lithium ion battery is a secondary rechargeable 

battery. The cathode and anode of lithium ion 

batteries are separated by a polymer membrane and 

are all wetted by the electrolyte [16]. In a lithium ion 

battery, two electrodes with two distinct electron 

affinities can be used, with electrons flowing from 

one electrode to another outside the battery and the 

electrolyte ions closing the circuit within the battery 

[7].  In this case, the electrode reaction converts the 

chemical energy into electrical energy. During the 

charging phase, lithium ions are put into the anode 

after being extracted from the cathode, and the 

opposite reaction happens during the discharging 

process. Hence, lithium ions move from cathode to 

anode as shown in Figure 2 [16]. The redox reactions 

occurred simultaneously with the advancement or 

retreating of the electrode surfaces in a 

conventional galvanic battery system. 

 

Figure 2. Mechanism of Li ion battery [17] 

The first lithium ion battery was discovered by 

Yoshino using LiCoO2 cathode and the discharged 

carbon anode as shown in equation below [18]: 

C + xe- + xLi+ =LixC (anode)                                   (1) 

LiCoO2 - xe- - xLi+ =Li -xCoO2 (cathode)                  (2) 

Heterogeneous redox reactions in lithium ion 

batteries are invariably followed by volume 

expansion and solid-state mass diffusion [19]. One 

of the challenges that new materials try to overcome 

is voluminal variation. The most important materials 

that define the electrochemical parameters of a 

lithium ion battery are the anode, cathode, and 

electrolyte. Despite this, graphite has a specific 

capacity about is 372 mAhg-1 due to which every 6-

C atoms combine with one lithium ion to form LiC6 

[20]. Figure 3 represents the properties of the Li ion 

battery [33]. The following factors influence Li 

storage capacity [21]: 
 the sufficient space for admitting lithium 

HIGH 
CONDUCTIVITY

• To collect and transfer 
electrons, electrical 
conductivity is required, 
which can increase the 
rate performance of 
lithium ion batteries.

HIGH THERMAL 
AND CHEMICAL 

STABILITY

• Current collector is 
stable and unaffected 
by active materials and 
electrolytes. 

LIGHTWEIGHT 
AND FLEXIBLE

• Current collector 
should be strong and 
flexible enough to suit 
the demands of 
production. Since 
lightweight current 
collectors enhance the 
mass and volumetric 
specific capacity of 
lithium metal batteries 

has increased.

INEXPENSIVE AND 
FEASIBLE

• Current collector 
should be inexpensive 
and simple to obtain so 
that it may be utilized 

in other applications.
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ions; 

 the electrode material's ability to shift 

valence states. 

Those key elements outlined above serve as 

motivation and guidance for learning about new and 

improved composite materials in order to address the 

growing need for energy storage. 

The current collectors in lithium metal batteries 

should have high conductivity, high chemical and 

thermal stability, lightweight, flexibility, cheap cost 

and easy access. Figure 3 describes the advantages, 

limitations and applications in lithium metal 

batteries [22-24]. 

Li-ion batteries contain electrolyte salts such as 

lithium perchlorate (LiClO4), lithium hexafluoro 

arsenate (LiAsF6), lithium tetrafluoroborate (LiBF4), 

lithium hexafluorophosphate (LiPF6), lithium 

trifluoromethanesulfonate (Li(CF3SO3)), lithium 

oxalyldifluoroborate (Li[BF2(CO2)2], etc. Brief 

discussion on some salts is given in Table 1. These 

salts should meet some criteria, as follows [7]: 

1. Ionic conductivity is high in a variety of 

non-aqueous solvent systems. 

2. Electrolyte solutions should be inert to 

anions. 

3. Anion should be safe to use. 

4. It should be able to prevent anodic 

breakdown of an aluminum current collector. 

 
Figure 3. Advantages, limitations and applications of Li ion battery [33] 

Table 1. Summary of some lithium salts 

S. 

No.  
Salt  Characteristics  Equations  

1.  Lithium perchlorate 

[25,26] 

(LiClO4) 

 Strong acid 

 High solubility 

 High anodic stability 

 Good ionic conductivity in non-

aqueous solvents 

1. LiClO4 + ne- + 2nLi+ ⇆ Li2O + LiClO3, LiClO2 

+  LiCl 

2.  Lithium 

tetrafluoroborate [27] 

(LiBF4) 

 Smaller anionic size 

 High ionic conductivity 

 Moisture problem 

1. Li+ + BF4
- ↔ LiF↓ + BF3↑ 

2. BF3 + H2O → BOF↑ +2 HF 

3.  Lithium 

hexafluoroarsenate 

[25,28]  

(LiAsF6) 

 Higher ionic conductivity 

 Passivates the aluminum current 

collector on both sides of the 

electrode surface, which creates the 

solid electrolyte interface. 

1. LiAsF6 + H2O → HF + AsF5 + LiOH  

2. LiAsF6 + 2e- + 2Li+ → AsF3 + 3LiF 

3. AsF3 + 2ne- + 2nLi+ → LinAsF3-n + nLi+ 

4.  Lithium 

trifluoromethane 

sulfonate 

(Li(CF3SO3)) [29] 

 High dissociation constant 

 Low dielectric media 

 In non-aqueous solvents, ionic 

conductivity is poor 

1. 2 Li(CF3SO3) + 2e- + 2 Li+ → 2Li2SO3↓ + 

C2F6↑ 

2. C2F6 + 2e- + 2Li+ → CF3CF2Li + LiF↓ 

3. Li2SO3 + 6e- + 6Li+ →  Li2S↓ + 3 Li2O↓ 

5.   Lithium 

bis(trifluoromethane 

sulfonyl)imide [30,31] 

(Li[N(CF3SO2)2]  

 Thermally stable 

 High conducting  

 Low dielectric constant 

 Higher dissociation 

1. Li[N(CF3SO2)2] + 4e- + 4Li+ → Li3N↓ +2 

Li(CF3SO2)↓ 

2. 2 Li(CF3SO2) + ne- +n Li+ → Li2S2O4↓ + 

C2FxLiy + LiF↓ 

3. Li2S2O4 + 6e- + 6 Li+ → 2 Li2S↓ + 4Li2O↓ 

6.  Lithium 

tris(perfluoroethyl) 

trifluorophosphate 

[32] 

(Li[PF3(CF3CF2)3) 

 Lower reactivity 

 Lower viscosity 

1. (CF3CF2)3PF2 + LiF + 5 H2O →  

Li[(CF3CF2)3PF3].5 H2O 

  

high capacity

high specific energy

low internal resistance

good coulombic 

efficiency

ADVANTAGES no rapid charge possible 

at freezing temperature

degrades at high 

temperature

sensitive to high 

temperature

requires protection 

circuit to prevent thermal 

runaway

LIMITATIONS UPS or emergency 

power backup

dependable electric and 

power RV

storage of solar power

used in portable power 

packs

APPLICATIONS
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Table 2. Cathode materials and conducting polymer binders: capacity adjusted by electrode weight [40] 

Electrode  Speed of 

charging 

conventional 

Li-ion battery 

Normalized 

discharge capacity 

(mAhg-1) 

Cycles  Parameter variation of Li-

ion battery after addition of 

conductive polymer 

LFP/PEDOT:PSS/SBR-

CTS/C [41]  

(90:3:4:3 wt%) 

0.2 140 100 Increased electron density 

and best cyclicity 

LFP/PEDOT:PSS [15] 

(92:8 wt%) 

0.2 

1 

110 

97 

100 No redox activity and better 

cyclic stability 

LCO/PVDF/C (95:3:2 wt%) 

(in situ polymerized 

PANI/LiV308 )/PVDF/C 

(85:10:5 wt%) [42] 

0.2 

0.1 

 

1 

133 

204 

195 

157 

160 

 

30 

 

55 

Cyclicity increase and better 

rate capability 

LFP/SA-PProDOT [43] 

(80:20 wt%) 

0.1 

1 

136 

96 

400 Better binding capability and 

electronic conductivity 

Hydrogel-derived Cu-

PPy/C-LFP [44]  

(~15:85 wt%) 

1 128 1000 Better cyclic performance 

Table 3. Anode materials and conducting polymer binders: capacity adjusted by electrode weight [40] 
 

Electrode  Speed of 

charging 

conventional Li-

ion battery 

Normalized 

discharge 

capacity 

(mAhg-1) 

Cycles  Parameter variation of Li-

ion battery after addition of 

conductive polymer 

Si/PEDOT:PSS/CMC/C [45] 

(70:10:10:10 wt%) 

~0.06 (0.2 Ag-1) 

~2.8 (10 Ag-1) 

2700 

609 

100 Better cyclicity and rate 

performance 

LTO/PEDOT:PSS/CMC/C 

[46] (90:2:2:6 wt%) 

0.2 

1 

141 

138 

1000 Better cyclic stability 

Hydrogel-derived Si/P-

PPy/CNT [47] 

(~70 wt% Si:~0.2 wt% 

CNT) 

0.78 1120 1000 Enhancement in 

performance 

Si/FA/PEDOT:PSS [48] 

(80-20 wt%) 

0.28 1542 100 Better electrochemical 

stability 

Si/PF-COONa [49] 

 (66.6:33.4 wt%) 

0.1 2180 

1852 

100 Better electronic 

conductivity 

Table 4. Some used current collectors 

Material  Current collector Properties  

 Cathode  Anode   

Aluminum (Al) Used in a variety of 

cathode materials 

At low potential it reacts 

with Li 
 High electrical conductivity 

 Low cost 

Copper ( Cu) Oxidized at high potential Used in a variety of 

anode materials. 
 Lightweight 

 High electrical conductivity 

 Low cost 

Nickel ( Ni) Cathode material made of 

LiFePO4 

Used for NiO and Si/ C 

anode material 
 In acidic and alkaline 

solutions, it is stable. 

Stainless steel Cathode material made of 

LiMnO4 

Used for MnO2 and 

Fe3O4 anode material 
 The corrosion resistance of 

the surface oxide layer is 

excellent. 
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Conductive polymers for lithium ion batteries 

Many groups have observed in recent years that 

thin coatings of conducting polymers such as 

polyaniline (PANI), polypyrrole (PPy), and 

polythiophene (PT) on the surface of active particles 

can significantly boost the capacity and rate 

capability of cathodes. PEDOT (poly(3,4-

ethylenedioxy thiophene)) has been utilized to coat 

LiFePO4 and LiCoO2 particles and increase their 

performance [34-39]. PEDOT:PSS is a binder and 

conductive additive for Li ion battery and by adding 

the conductive polymer it behaves as current 

collector which decreases contact resistance. The 

following tables (Tables 2 and 3) summarize the 

normalized capacities of electrodes having poly(3,4-

ethylenedioxythiophene) polystyrene sulfonate 

(PEDOT: PSS) binders and other conductive 

polymers also.  

Aluminum-based current collector for Li-ion 

battery 

The basic step to use the current collector is 

performance, safety or stability in lithium ion 

battery, so aluminium foil is an important cathode 

current collector. Al foil has high conductivity, light 

weight, low price, and easy processing. However, it 

is easy to reacts with Li at low voltage, so it is often 

used in various cathode materials [50-52]. Current 

collector thickness of Al foil has decreases from 16 

µm to 10 or 12 µm, but some manufactures even 

utilize 8 µm Al foil. Also, to increase the 

conductivity, cathode CC employs carbon coated Al 

foil [53, 54]. In Li-free cathode current collector, 

aluminium foil and carbon coated aluminium foil are 

the most used cathode materials. As a result, the 

most often utilized cathode current collectors are 

titanium, nickel, stainless steel, and carbon [55-58]. 

Nickel is quickly dissolved when exposed to high 

voltage, which limits its use. Like aluminum, 

titanium can form oxide coating on the surface. 

Stainless steel is a metal alloy composed mostly of 

iron, chromium, nickel, and manganese. Because of 

the passivation coating like chromium oxide (Cr2O3) 

on the surface, it has a strong corrosion resistance. 

Carbon materials have low density which can lower 

down the specific gravity of CC. Flexible battery 

systems with good flexibility are a suitable choice 

[8]. 

The restricted contact surface with active 

materials, along with interface resistance, are some 

drawbacks of using aluminum foil as a current 

collector. Surface treatment is the method which is 

commonly used for improving and enhancing the 

aluminum foil current collector (CC) [59-62]. In 

Table 4, a brief description of some used current 

collectors with their properties is given [8]. 

CONCLUSION 

In this paper we have highlighted the recent 

developments in the design and manufacturing of 

conductive polymer-based aluminum current 

collectors (CC) for Li-ion batteries. As a result, 

current collectors with high strength, lightweight, 

high flexibility, and ultrathin profiles will continue 

to be developed in the future [63]. Major focus on 

the increment of energy density should be increased, 

C-rate should be increased. If C-rate increases, then 

the chances of battery charging and discharging 

should be increased. Cycling rate also increases 

which leads to an increase of discharge rate. Further, 

research should be taken on various properties that 

should be optimized.  
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