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Abstract: This article deals with the issues of using binders for lithium-ion electrodes and optimiz-

ing the technological process for their production. The work focuses on optimizing the amount of 

binder used in order to achieve the most capacity. The methodology consists of creating an appro-

priate experimental electrode and subsequent measuring its associated capacity with BioLogic. This 

approach leads to creating graphs which show the dependencies of capacity on the amount of bind-

er used.  
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1. INTRODUCTION 

Electrode materials are normally supplied in powder form but for the use in the cell they must be 

coated on the electrode current collector foils, usually aluminium and / or copper, in a homogenous 

layer to form a conductive mass with a precisely controlled thickness. This is the job of the binder 

materials. They are non-conductive materials dissolved in a temporary solvent to form a carrier in 

which the electrode powder is mixed to form a slurry, which is spread over the foil current collec-

tors enabling the electrode powder to adhere to the foil. The viscosity of the slurry must be tightly 

controlled to ensure consistent and event coating of the electrode layer. Subsequent passage of the 

coated foils through heating oven drives off the solvents leaving a solid coating of the electrode 

material on the foils with the binder providing a conductive path between the electrode particles. 

Changing the composition of the binders can affect the viscosity of the slurry, the adhesion of the 

electrode to the foil, the conductivity of the cells as well as the self discharge.  [1] 

The solvents used in the binders, non-active solvents may also be necessary to carry the electrolyte. 

In order to get the optimum performance from these solvents it may be necessary to resort to the 

use of toxic materials. N-methyl pyrrolidine (NMP), which has been shown to cause birth defects 

when pregnant women have been exposed to do it, is one such solvent used by the majority battery 

manufactures in applying a coating on the electrodes of lithium batteries. [1] 

Polyvinylidene fluoride, or polyvinylidene difluoride (PVDF) is a high non-reactive and pure ther-

moplastic fluoropolymer produced by the polymerization of vinylidene difluoride. PVDF is the 

standard binder material used in the production of composite electrodes for lithium ion batteries.  

1–2 % weight solution of PVDF dissolved in N-methyl-2-pyrrolidone (NMP) is mixed with an ac-

tive lithium storage material such as graphite, silicon, tin, LiCoO2, LiMn2O4, or LiFePO4 and a 

conductive additive such as carbon black or carbon nanofibers. This slurry is cast onto a metallic 

current collector and the NMP is evaporated to form a composite or paste electrode. PVDF is used 

because it is chemically inert both to electrolyte and lithium metal. [2] 
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2. EXPERIMENTAL 

Carbon CR5995 electrode material thin layers with different weight of PVDF binder on copper foil 

were prepared. These electrodes were measured against the metal lithium and assembled  

in EL-CELL
®
. Was used 1 M electrolyte LiPF6 dissolved in 1:1 EC:DMC solvent was used. 

 

Figure 1: Schema of assembled EL-CELL
®
. The first layer is thin copper foil with carbon and 

binder (electrode material), the second layer is separator and the third layer is Lithium metal form. 

The EL-CELL
® 

is made of steel. 

2.1. TECHNOLOGY PROCESS OF ELECTRODE PREPARATION 

160 mg of graphite carbon CR5995 was put in to the glass vial together with binder polyvinylidene 

fluoride (PVDF). This electrode material was dissolved with organic compound N-Methyl-2-

pyrrolidone (NMP). Glass vial was placed on electromagnetic stirrer and electrode material was 

stirred for 24 hours at room temperature for good homogenization of carbon electrode particles 

with the binder. Subsequently, thin layer (200 μm) of prepared electrode material was deposited on 

thin copper foil and inserted into the dryer overnight at 50 °C (122 °F). We need to evaporate the 

water and the solvent. Electrodes were cut out with a diameter of 18 mm and used as working 

(negative) electrode. The electrode was dried in vacuum overnight at room temperature. 

2.2. MORPHOLOGY OBSERVATION BY SEM 

Were investigated two electrodes of carbon CR5995 + 6 % PVDF. Morphology after the cycling 

(b) has shown slightly larger gaps between the particles of carbon. This may be the reason for the 

loss of capacity during cycling of the electrode material. 

a b 

  

Figure 2: High-resolution SEM analysis of carbon CR5995 + PVDF binder. High-resolution SEM 

images showing layered structure for (a) CR5995 + 6 % PVDF before cycling and  

(b) CR5995 + 6 % PVDF after cycling. 
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2.3. RESULTS 

Electrode material CR5995 + 4 % PVDF surface area was 2,550 cm
2 

and characteristic mass was 

3,1 mg. Specific capacity for the second cycle was 307 mAh.g
-1

 and cycling stability was excellent. 

Electrode material CR5995 + 6 % PVDF surface area was 2,550 cm
2 

and characteristic mass was 

2,1 mg. Specific capacity for the second cycle was 342 mAh.g
-1

 and cycling stability stability was 

worse from the sixth cycle. Electrode material CR5995 + 10 % PVDF surface area was 2,550 cm
2 

and characteristic mass was 2,1 mg. Specific capacity for the second cycle was 251 mAh.g
-1

 and 

cycling stability stability was worse from the beginning of cycling.  

 

  a       b  

  

c d 

 
 

Figure 3: Electrochemical performances. (a) Charge/discharge curves for the second cycles 

of CR5995 + PVDF. (b) Short-term cycling stability test for CR5995 + PVDF. (c) Cyclic vol-

tametry of CR5995 + PVDF at a scan rate 0,1 mV.s
-1

. (d) Galvanostatic cycling with potential limi-

tation for CR5995 + 4 % PVDF, the current was 159 µA. 
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3. CONCLUSION 

The short-term cycling stability of CR5995 was investigated with a 4 % PVDF for the first 10 cy-

cles to achieve a full lithiation capacity 307 mAh.g
-1

. CR5995 + 4 % PVDF demonstrate excellent 

cycling stability for 10 cycles with a very low capacity decay rate of ~ 0.003 % per cycle from the 

1st cycle to 10th cycle. CR5995 + 6 % PVDF provides a capacity ~ 342 mAh.g
-1

 for the second cy-

cle, as shown in Fig. 3a. Even though the capacity of CR5995 + 4 % PVDF is lower then the re-

ported carbon CR5995 + 6 % PVDF, the cycling stability of CR5995 + 4 % PVDF is much better. 
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