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State of the art 

Coating processes for Battery Electrodes 

 

1. General  
 

Often it’s difficult to make a clear distinction between coating and printing processes as different designs 

can be realized with various technologies. A clear definition of the product design determines the choice of 

the right application technology. Each technology, which is used for the fabrication of battery electrodes 

like slot die, direct- and flexo-printing and screen, has advantages and disadvantages in use.  

General the coating technologies are divided into self-metered and pre-metered coating techniques:  

1. Self-metered-coating: the applied coating weight depends on the process. With dip-coating 
processes the speed of substrate defines the coating thickness. In case of roller-coating, the speed 
of the roller and the gap between the rollers defines the coating thickness. For comma bar coating, 
the gap between the comma bar and the substrate determines the coating thickness.  

 

2. Pre-Metered-Coating: the applied coating weight does not depend on the process, e.g. slot-die-
coating and spray-coating. In such case the pumping speed of the dosing system is the main 
determining factor for coating thickness. In case of engraved roller technology the engraved 
design defines the coating weight and not the gap between two rollers. 

 

2. Description of the different main coating technologies  

 

2.1  Slot-die 

 

The slot-die is one of the main technologies for the application of coating layers for battery electrodes.  
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Picture 1: Definition of slot-die technique depending on distance (d) between slot-die and substrate 

The calculation of coating windows helps to control the process. The following parameters are important: 

 

- Fluid parameters (viscosity, surface tension) 
- Process parameters (distance between slot die and substrate, wet film thickness, 

substrate velocity) 
- Lip length of the slot-die 

 

Picture 2: Definition of slot-die coating process 

It is possible to define the flowing behaviour through the slot-die by adding the coating liquid density, the 

working width, the gap between the slot-die and substrate speed with the equation .  

In this equation m describes the mass flow, Uw the substrate velocity, B the coating width, h the wet film 

thickness and p the density. 

The following parameters can be used with the state of the art of slot-die units  

• Coating weight variation    +/- 1 % 
• Coating thickness adjustment    +/- 0,1 µm steps 
• Coating accuracy from one to the other side  +/- 0,1 mm 
• Coating accuracy start and stop with intermitted coating +/- 0,6 mm 
• Tolerance of the coating length    +/- 0,5 mm  
• Coating width      +/- 0,1 mm 

 

2.2  Commabar 

No defects 
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The commabar technology is a self-metering technology. Which means the coating thickness will be 

defined from the coating system itself with the gap adjustment between the commabar and the substrate. 

 

   

Picture 3: Commabar in use 

3. Intermittent coating operation processes 
 

For instance, intermittent coating applications are used for battery electrodes for lithium ion batteries. 

The intermitted design of the coating layer is because of the design of the batteries as well as to improve 

the calendar process. Intermittent coating applications are possible with slot-dies, rollers and comma bar 

coating technologies.  

   

Picture 4: Switching between continuous and intermittent application with slot–die technology 

 

KROENERT offers two different intermittent slot-die coating processes for battery electrodes. The chosen 

technology depends on the rheological and visco-elastic behaviour of the battery slurries. One technology 

is realized with a slotted oscillating bar in the centre between the two slot die plates. By oscillating this rod 

the flow of the coating slurry through the die will be started and stopped like shown with the two pictures 

in picture 4.  

Either with a rotating bar in the slot-die or with a valve in front of the die it is possible to start and stop 

the slurry supply through the die on to the substrate.  
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Picture 5: Intermittent coating with rotating bar in slot-die versus valve technology in front of slot-die 

 

Alternatively commabar systems are used for intermitted coating processes. This is realised by moving the 

substrate guiding roller intermitted to the application roller. As soon as the substrate is in contact with the 

application roller the transfer of the slurry starts. 

But nevertheless are slot-dies more precise and in our experience the favourite system for all intermitted 

coating processes.  

 

4. Roller technology for coating as well as printing processes 
 

Roller technologies can be used for printing as well as coating processes. In case of printing procedures, 

the application roller is in contact with the substrate. During coating procedures the process can be 

contact- less or with contact.  

The advantage of roller technology is its flexibility. Depending on the running direction of the application 

roller and the design of the roller it is possible to achieve the coating and printing operation with one 

application equipment. 

 

Picture 6: Printing versus coating with roller application technologies 

For printing applications, a gravure design with highest resolution is required. Hexagonal cell and 

engraving structures are used for printing processes.  

In case of coating applications, all kinds of line-engraving as well as defined gravure designs can be used.  
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5.  Flexo-printing technology 
 

Alternatively, the indirect or flexo printing technology is used for printing applications. An engraved roller 

is supplied with the coating media from a chamber system or pan and transfers the media to the flexo 

roller in a relief printing process. 

   

Picture 7: Printing processes with flexo-printing cylinders 

By use of the flexo-printing technology is it possible to apply length stripes as well as cross stripes of wet 

coating layers. The limitation of the technology is given with the film thickness which will be not higher 

than 20 µm.  
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ELIBAMA´s Breakthroughs  

Dry Blend Coating Process 

 

For the coating of a current collector foil without the use of any liquid, a method had to be developed for 

application of the battery active material with the same quality in terms of homogeneity, thickness, edge 

quality, and adhesion properties, compared to the liquid based process. Electrostatic application 

techniques are long-time established in the field of powder coating since they deliver a very homogeneous 

surface layer even on work pieces with a geometrical structure. Therefore, the electrostatic application of 

the electrode material on a current collector foil was chosen for the development of the dry blend coating 

process. Compared to the powder application in the field of lacquers, one has the advantage that the 

substrate (the current collector foil) is flat. Challenges are expected because the electrode is not composed 

of a single component but is a mixture of active material, polymeric binder and conductive additives. 

These materials have different electrical conductivities which might influence the coating process. 

Furthermore, the amount of binder has to be kept low as it decreases the energy density of the cell; 

additionally the binder has to be electrochemically stable and should not dissolve in the battery 

electrolyte. These requirements restrict the choice of suitable binder materials drastically. The low 

amount and the small binder choice are expected to raise challenges in terms of fixation of the layer by 

pressure and/or heat on the collector foil. 

For the development of the dry blend coating process, a lithium iron phosphate (LFP) cathode was chosen 

as reference system. Polydivinylidene difluoride (PVDF) served as binder and carbon black (CB) was use 

as conductive additive. The current collector was a 30 µm thick aluminum foil. 

In the first steps, small pieces of current collector foils were electrostatically powder coated in order to 

evaluate the conditions and challenges for the transfer to a roll-to-roll process.  

The experimental arrangement consisted of two capacitor plates. On the bottom plate the dry blend 

mixture, thoroughly premixed in an electric blender, was manually spread with a sieve to a thin layer. On 

the top plate, the current collector foil was fixed that it was electrically contacted to the plate and 

oppositely faced to the powder (Fig. IIIB2-1).   
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Figure IIIB2-1: Principle of the electrostatic powder application, performed by a contact charge 

mechanism. FE, FF and FG correspond to electrical field force, frictional force and gravity force, 

respectively. 

After application of a high voltage between the capacitor plates, the powder particles get charged through 

the contact with the bottom plate with the same polarity. Induced by repulsive (bottom plate) and 

attractive (top plate) electrical forces (Coulombic forces), the particles move to the opposite plate and 

form a layer on the current collector foil. Counterforces are related to gravity and friction. Of course, the 

particles can be charged on the top plate with the respective polarity and move back to the bottom plate, 

and so on. Therefore, as long as the high voltage is applied, an equilibrium state is established. After 

switching off the voltage, the applied layer still adheres on the foil and can be fixed. 

Different dry blend mixtures and voltages were tested with this arrangement in order to find the best 

conditions for the electrostatic application in terms of layer quality. The fixation conditions of the powder 

on the current collector foil were also part of the investigation. 

The variation of the ratios LFP/PVDF/CB showed that it was not possible to obtain a homogeneous layer 

for each mixture; even in some cases no application at all could be detected. Good results were achieved 

when the same amount of binder and carbon black was used. A too high quantity of the passive materials 

is also detrimental for the quality, independent of the fact that this is not desirable for the energy density 

of a cell. Fig. IIIB2-2 shows scanning electron microscopy (SEM) pictures of an electrode with good and 

with bad homogeneity, the latter according to a too high amount of PVDF/CB. 
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a) 

b) 

c) 

 

 

 

      Figure IIIB2-2: SEM pictures of a,b) cross section of a 80% LFP, 10% PVDF, 10% CB electrode in two 

different magnifications. The white area belongs to the Al current collector. c)  Surface of a 80% LFP, 10% 

PVDF, 10% CB electrode. d) Surface of a 60% LFP, 20% PVDF, 20% CB electrode. 

It is very important that the ratio of the different components stays the same in the original dry blend 

mixture and in the applied layer, otherwise uncontrollable compositions would prevail in the electrode. 

An analysis of the original mixture and the applied powder showed that the ratio between all three 

components does not change; therefore this imperative prerequisite is fulfilled.  

The fixation of the applied layer was performed by mounting the sheets on a polyimide band of a 

circulating conveyor belt device, equipped with heatable rolls and an infrared heating zone (Fig. IIIB2-3 

a,b). After adjusting the pressure and heating parameters as well as improvements of the roll surface, dry 

blend coated electrode sheets with sufficient adhesion could be obtained (Fig. IIIB2-3 c). 
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Figure IIIB-2-3: a) Picture of the electrode sheets with dry applied powder, mounted on the circulating 

conveyor belt. b) Scheme of the pressing/heating sequence in the device. c) Electrode sheets with fixed 

powder after pressing/heating. 

Afterwards small disks were punched out from the electrode and compacted with a laboratory press in 

order to adjust the porosity and improve the electronic conductivity. The disks were assembled to half 

cells with lithium as counter electrode, a glass fiber separator and electrolyte. Electrochemical tests were 

performed at different charge/discharge rates.  It could be seen, that the electrochemical performance is 

sensitive to the composition of the dry blend coated electrode (Fig. IIIB2-4). 

 

Figure IIIB2-4: 

Discharge  

capacity of 

LFP/PVDF/CB 

dry blend coated 

electrodes in 

half cells, 

measured at 

different C-

rates. 

 

 

The best electrodes show quite good specific capacities even at higher C-rates. The balancing of the right 

ratio and total amount of carbon black and binder in the electrode is crucial since the cross-linking 

mechanism of the particles is totally different compared to the liquid coating process and obviously more 

sensitive. 
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Prolonged cycling at 1 C over more than 100 cycles showed a capacity loss of only about 1.6 % for the best 

electrodes and about 6 % for the worst ones. This underlines that the electrostatic dry blend application 

process works very well in the lab scale. 

A challenge which showed up already in the first trials was the adhesion of the layer on the Al collector 

foil. While the intrinsic stability (bonding between the particles) was fair, the layer often detached from 

the metallic sheet. At the beginning of the experiments untreated standard Al foil was used. After 

establishing the electrostatic application process in the lab scale, it was focused on the improvement of the 

adhesion by different pretreatment methods of the collector foil. Plasma surface treatments, pre-coating 

and even the use of expanded metal for a better mechanical fixing of the layer were examined. The best 

results out of these tests showed an Al current collector which was coated with a thin carbon layer; in this 

case, the electrostatically applied powder exhibited good adhesion behavior after fixation.   

 

 

Demonstrator 
 

To show the reliability of dry blend coatings under production-like conditions, a Roll-To-Roll 

demonstrator has been developed and tested. The demonstrator frame was developed in a close 

collaboration between Fraunhofer and Ingecal.  After start-up trials with the demonstrator frame and the 

monitoring system (In-Core) in Lyon, the frame was delivered to Fraunhofer IPA, Stuttgart. In Stuttgart, 

the electrostatic application with dosing, filtering and film-thickness control was adapted. The 

production-like unit is able to coat up to a current collector width of 0.25 m with a line-speed up to 20 

m/min.  

 

Figure IIIB2-5: Start-up trials with aluminium current collector foil (left), application area and 

precompacting unit (middle), trials with carrier foil made from polyimide (right), monitoring system (In-

Core technology) installed at demonstrator  

For additional trials, another larger production-like unit has been modified in parallel by Kroenert in 

Hamburg. An IR-unit as well as a heatable and coolable compacting roll has been adapted for powder 

curing (Figure IIIB2-6). 

Heat-/coolable 
compacting unit 
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Figure IIIB2-6: Modifications to realise and improve powder curing at Kroenert, Hamburg  

Production-like dry-blend coating trials carried out with large surfaces show good results regarding the 

electrochemical activity.  

To improve the adhesion of the functional layer on the current collector foil better results are achieved by 

the use of a water-based thin-film primer applied onto the current collector foil before dry-blend coating. 

For industrial use, the synchronization control systems will be a bit more sophisticated and combined 

with that the force deviation on current collector will be more homogeneous. 

 

The implemented online film thickness laser triangulation measurement system, possibly moving across 

the conveying direction will be enhanced by camera monitoring for multivariate data analysis (Figure 

IIIB2-7). 
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Figure IIIB2-7: layer thickness online control 

Trials carried out to receive large surfaces for test cells (Figure IIIB2-8) with around 10 Ah: > 70 running 

meters with estimated 12* 10 Ah have been coated with the Ingecal-Demonstrator. The width of 

aluminium foil was 0.25 m, thickness of aluminium foil 30 µm, the conductive primer film thickness 5 µm 

over a width of 0.2 m. The functional layer has to be cut with a width of 0.15 m, the functional powder 

layer weight was between 80 and 120 g/m² corresponding with 100-150 µm compacted state.   

Compacting occurs by the use of an unheated calendar with a line force of 5-15 N/mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure IIIB2-8: Trials carried out with the Ingecal-Demonstrator 

 
Stress tests at Fraunhofer IPA show good results regarding the adhesion of functional layer 
(Figure IIIB2-9). There is no chipping after the simulation of lamination forces using an offline-

Precompacting 
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calender (see figure left), the punching doesn’t cause chipping due to the use of a high quality 
punch and moderate punching speed. 
 

 

 

 

 

 

 

 

 

 

 

Figure IIIB2-9: Stress tests at Fraunhofer IPA 

The quality of Dry-Blend coated current collectors is suitable for industrial processes (exemplarily shown 

in Figure IIIB2-10. To simplify the process, the Roll-To-Roll process might be added to the assembly line. 

 

Residue sticked at paper 
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Figure IIIB2-10: Future industrial process, exemplarily 

  



 

 

15   

   

 

NMP-free Positive Electrode Coating Process 

 

1. General objective and context of the study 
 

Switching to water-based formulations can have an impact at several steps of positive electrode 

manufacturing, as illustrated in Figure 1 below: 

- Mixing: reactivity of active material with water and formulation (binder type and amount) to 
be optimized 

- Coating: Al foil corrosion due to ink basicity depending on active material 
- Drying: Complete removal of moisture 

 

Figure 1: Electrode manufacturing steps impacted by switching to water-based process 

 

The pH of the cathode mix reaches very high values, particularly in the case of NCA material (see 

Figure 2), when active material is dispersed in water. This can be due to three different reasons: 

- Active materials can have strong basicity (e.g. NCA – pH=12.1). 
- Active materials can contain excess of reagents such as LiOH or Li2CO3 
- Materials can decompose in water creating basic species (e.g. NCA+H2O gives NiOOH + 

LiOH) 
 

 

Mixing DryingCoating

Requirement of  total 
water removing

Formulation:
binder/thickener 
(nature, amount, …)

Reactivity of /+/ material 
towards water: 
Possible degradation of 
the positive material

Aluminum foil corrosion
Ink basicity for particular /+/ 
material (Ni rich)
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Figure 2: Evolution of pH with time after NCA addition in water  

 

Due to this strong ink basicity, Al corrosion can occur. Pourbaix diagram (Figure 3), which is the 

Potential-pH equilibrium diagram for the aluminum-water system at 25°C, indicates that Al corrosion will 

occur at pH=12.  

 

Figure 3: Pourbaix diagram Al-water 

 

The corresponding chemical reaction happening between Aluminum and H2O molecules 

contained in the slurry is displayed on Figure 4. This reaction corresponds to the Aluminum corrosion. 
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Figure 4: Reaction of Aluminum corrosion 

 

As this reaction shows, some H2 gas is generated, which is translated by visible bubbles on the 

electrode surface (Figure 5).  

 

Figure 5: Electrode aspect after coating on Aluminum 

To avoid this corrosion, it is necessary to add a protecting additive (corrosion inhibitor) in slurries 

or to make a treatment of the collector (coating for instance) before coating the electrodes.  

In the frame of ELIBAMA, SAFT decided to begin the investigation on both options at lab-scale 

first, and then use the recommended formulation on pilot-scale, in order to build demonstrator cells. 

Finally, electrical performances of water-based cells were compared to standard electrodes using NMP. 

Results are shown in the following. 

 

2. Lab-scale investigation 
 

In order to assess and quantify foil corrosion, specific equipment has been set up and used. 

Figure 6 is describing this equipment, using welded Al foil on Ni tab as working electrode.  

At the beginning, Al is introduced in pure water (no LiOH, neutral pH value, stable potential). Al 

voltage is measured compared to a reference electrode. Then, a E of +100mV is applied to the system 

and a small quantity of LiOH is added. Therefore, the measurements consist of I and pH follow-ups.   
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Figure 6: Experimental protocol 

 

The first comparative study was carried out using different C-coated Al foils from different 

suppliers. It can be observed from Figure 7, that Al corrosion (standard Al foil) starts from pH=9, which 

is in agreement with Pourbaix diagram. [LiOH]corr corresponds to the critical minimum [LiOH] value 

when corrosion is observed. For all C-coated foils, as expected, Al corrosion starts with a higher pH 

compared to bare foil (shift towards higher LiOH concentration due to a ‘barrier’ effect of the coating). It 

can be seen from this graph that C-coated foil 4 is more protective than other tested foils, but does not 

totally prevent from Al corrosion for NCA (pH = 12.1).  
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Figure 7: I=f(pH) for different C-coated foils 

 

Another comparative study was carried out in order to study the efficiency of corrosion inhibitors 

on Al corrosion. Figure 8 displays the graph of I=f(-log[LiOH]) for different Additive A amounts (wt% in 

dry formulation electrode) together with standard Al foil, compared to 2 C-coated Al foils and standard Al 

foil without any additive. It can be observed that Additive A is more efficient against Al corrosion than C-

coated Al foils. Moreover, the higher the Additive A content, the higher the LiOH concentration when the 

Al corrosion is starting (the higher [LiOH]corr). Electrode aspects at the end of the experiment are shown 

in Figure 8 for standard Al foil (0% additive) vs. (6% Additive A): the former looks much more ‘pearly’ 

than the latter, indicating a more severe Al corrosion.  
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Figure 8: I=f(-log([LiOH])) for different amounts of Additive A 
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Figure 9: Electrode aspects 

3. Demonstrator cells and electrical results 
 

Based on the lab-scale investigation study, Additive A has been chosen, with a specific amount. 

Electrodes were then performed on the production line at SAFT Bordeaux, and 40Ah cylindrical cells have 

been successfully performed.  

Throughout the project, three trials have been made, with three generations of water-based cells, 

with the objective on constant improvement in terms of process (dispersion of raw materials in water, 
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residual water in electrode after drying, etc…) and electrochemical design (initial performances of cells, 

covering effect of the binders, etc..).  

 

As shown in Figure 10, several Carbon Blacks were evaluated until the grade more adapted to 

water process was selected (named C.B.a, C.B.b and C.B.c). In the same way, several binders were tested 

and a combination on 2 binders was selected in Trial 3 (named binder 1, binder 2 and binder 3). 

The Additive A was retained for all formulations; the quantity was optimized as a function of the 

Active Material and Carbon blacks quantities. A specific additive was used in Trials 2 and 3 to improve the 

process. 

Concerning the process, the coating and drying parameters were studied to reduce the residual 

water trapped in the electrode. 

 

 

Figure 10: Formulations of the three trials on production line 
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All these improvements in term of formulations (selection of Carbon Black, binder, additive) and 

in term of process (coating and drying) led to decrease consequently the residual water. The evolution is 

shown in Figure 11. 

 

 

Figure 11: Evolution of the residual water 

 

For the three successive trials on production line, the foils were observed by SEM showing foils 

without corrosion, indicating that previously selected Additive A is indeed efficient against Al foil 

corrosion (Figure 12). 
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Figure 12: SEM picture of Al foil after removing materials 

 

The electrical conductivity of the dried electrodes can be evaluated by measuring the electrical 

response under mechanical pressure (Figure 13).  

The results show a large improvement between Trials 2 and 3. The last water-based electrode has 

a similar behavior than the equivalent formulation in NMP-based slurry. 
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Figure 13: Electrical resistivity of the electrode  

The initial capacities are reported in Figure 14: the data are reported as a percentage of the 

theoretical capacity. One can see a continuous improvement over the successive trials. The capacity of the 

last batch is similar to the design cell one, showing the water-based process is under control. 

 

 

Figure 14: Evolution of initial Capacities for the 3 trials 

 

 

The evolution of the internal resistance of the batches is shown in Figure 15. It is reported as a 

percentage of the standard value expected on these cells. 

The large decrease of the resistance can be directly linked to the residual water reduction. 
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Figure 15: Evolution of initial Internal Resistance for the 3 trials 

 

Two kinds of cycling were tested: Automotive-type Cycling test and Accelerated ageing test with 

the following target: 20% loss at 300 cycles. It was decided to not characterize the cells from Trial 1: the 

low capacity and important internal resistance discredit this batch. 

Figure 16 and Figure 17 respectively show the automotive-type cycling and the accelerated 

ageing for the Trial 2. The NMP-free cells are plotted in blue, and the purple curves represent the result 

obtained on a NMP-based series. 

The gap on initial capacity is explained by the difference on Active Material quantity due to the 

addition of corrosion inhibitor and additive on the water-based formulation. 
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Figure 16: Capacity evolution under Automotive-type Cycling test 

 

 

Figure 17: Capacity evolution in Accelerated ageing test  

 

For the two types of cycling, the behavior is close to the NMP-based electrode (slope evolution). 

The results of NMP-free series are still slightly less stable than NMP-based positive cells. Cycling results 

remain to be obtained on the 3rd trial, with better results expected. 

 

4. Conclusions and perspectives 
 

NMP-free positive electrode process has been successfully demonstrated in 40Ah cylindrical 

cells, with initial performances now as good as reference NMP-based electrodes. By a thorough 

investigation at lab-scale, Al foil corrosion issue has been solved by using a specific additive with a specific 

content. 

The most recent trial showed a control of the water-process: drastic reduction of residual water in 

the dried electrode, electrical resistivity of the electrode as low as the NMP-based reference and an 

increasing of the accessibility of the material by the electrolyte. 

Cycling and calendar life show also promising results, when compared to NMP electrodes. SAFT 

plans to continue this study in the coming year at the development level, with an industrialization 

envisaged starting from 2016.  
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Aqueous based LTO anode coating 

How to make titanates water based electrode with the same performances as the standard electrode one 

(organic solvent based)? 

  

I. State of the art  
 

Lithium ion batteries have increasingly become the workhorse power source for many applications: 

consumer electronics, electric vehicles (EV), energy storage, and other new applications. Compared to 

other energy storage technologies, lithium ion batteries will play an increasingly important role because of 

their high specific energy and energy density. However, there remain serious problems, such as safety, 

durability, and cost, to be solved before the commercialization. Most of these critical factors will 

ultimately be determined by the active and inactive materials used in these batteries; especially the 

electrode materials. 

Desirable electrode materials are electronically conductive for Li-insertion. In actual batteries, Graphite 

(or related carbons materials) is used as anode material. The limits/challenges of this technology are 

especially its low power. This limitation is due to lithium metal plating on the surface of the carbon anode 

at high charging rates. This dendrite formation leads to capacity degradation and causes a safety issues. 

The origin of lithium metal deposition is due to the proximity of the anode potential to that of lithium 

metal (0V).  

To avoid lithium plating, the anode charging potential must be largely superior to 0V. Some titanium 

based materials shown significant promise as an alternative negative-electrode material to graphitic 

carbon for lithium-ion batteries application. Titanate Li4Ti5O12 (LTO) belongs to the emerging electrode 

materials for high rate charge capability. 

The most manufacturing process used to make both anode and cathode electrode is basically organic 

solvent based one. In Elibama Project, we are interested on the water based process to make LTO 

electrode. The goal of this new technology is to challenge the stat of the art (NMP based electrode) and 

manufacture a cleaner and cheaper LTO electrode. 

 

II. ELIBAMA breakthrough 
 

This task of ELIBAMA project aims to reduce the global cell production costs and make the electrode 

coating process more environment friendly. To achieve these objectives, LTO electrode will be 

manufactured by using water based process. The obtained electrode must be comparable at least, to NMP-

based one in terms of electrochemical performances. 
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- Slurry preparation - mixing  

 

In the beginning of this work, we were faced to many issues related to the water based slurry making. A lot 

of efforts have been devoted to optimize our process. These efforts were rewarded and we succeed to 

develop an adequate process for this new technology. 

Water based slurry of LTO material was prepared using Dispermat equipment as showed in figure 1. A 

solution of Carboxymethyl Cellulose (CMC) supplied by Ashland (7HXF grade) is first prepared. Then, 

carbon black (conductor) and water are added in the solution of CMC. The slurry is dispersed using a 

dispersion disk and LTO powder is progressively and gently added during dispersion process which takes 

around 25 minutes. Few droplets of Phosphoric acid are then added to adapt the pH of the mixture (pH 

should be around 10 to avoid the aluminum corrosion).In the next step, the dispersion disk is replaced by 

a mixing propeller. Under stirring, the binder solution is added to the slurry. The pH adjustment is made 

again to avoid the current collector oxidation of and destabilization of the binder suspension. The addition 

of binder under stirring (not under dispersion) aims to avoid a possible destruction of the polymer chains 

or aggregates within the slurry. The dry content of the slurry has not been fixed but is adjusted for each 

binder so as to have the same visual behavior during dispersion and stirring directly linked to the 

viscosity. It is adjusted with the amount of water and the viscosity is then checked. In the end, the pH (for 

Water based slurry), the finesse gauge and the viscosity of the slurry are measured. 

 

Figure 1 : Scheme of the steps for preparing LTO water-based slurry 

 

Binder X 

Dispersion 

Dispersion 

pH 
adjustment 

Na-CMC + Deionized water 

Carbon 

LTO 

pH 
adjustment 

Mixing 

pH = 1.6 

pH = 10 

NH
4
OH 

pH ~ 10 

pH ~ 10 H
3
PO

4
 

pH ~ 11.8 

Final slurry 



 

 

30   

   

 

Table 1 compares Water based electrode and NMP based electrode processes. In terms of mixing, any 

difference between both processes was showed except pH adjustment step.  

 Aqueous based NMP based 

Formulation: 
 

89% LTO 
5% SuperP 
1% CMC 
5% Latex - PVdF 

90% LTO 
5% SuperP 
5% PVdF 
 

Adding of component Cf. figure 1 PVdF>SuperP>LTO>PVdF  

dispersion  time (min) 30  35  

Mixing time (min) 10  5  

Total mixing time  ~ 50  ~ 40 

pH adjustment yes - 

Finesse < 30 µm < 30 µm 

Solid content 52% 44% 

Ink density 1.55 1.47 

viscosity 1 Pa.s-1   - 

 

Figure 2 shows the pH effect on the water based electrode. The pH adjustment has a big impact on the 

electrode’s quality and appearance.  

(a)  

 

(b)  

Figure 2: Electrode images and their SEM characterization showing pH adjusting effect on the electrodes 
quality: a) with pH adjusting, b) without pH adjusting 
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- Electrode coating  

 

The slurries were coated on the aluminum current collector using different coating machines: Pre-pilot 

END01 (figure 3). and COATEMA (figure 4). Firstly, small sheets were coated to reach the targeted 

loading considering a reversible capacity of 160 mAh.g-1 of LTO material. Coated electrodes are then 

dried during at least 12 hours at 105°C (under vacuum). The loading, as well as the electrode aspect 

(presence of cracks or heterogeneities) are checked. 

  

Figure 3: End01 coating machine used for pre-
pilot coating 

Figure 4: End01 coating machine used for pre-pilot 
coating 

 

The table 2 shows the mean difference between NMP and water based electrode during coating process 

using Coatema machine. Water based electrode needs less energy to dry it, in good agreement with its 

environment respect.  
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Coating step Water based NMP based 

SPEED 0,5 m/min 0,5 m/min 

Furnace temperatures Zone 1 /Zone 2 
/Zone 3 /Zone 

45/53/55 °C 80/85/90 °C 

Speed machine 1.5 m/min 1.5 m/min 

Drying temperature in COATEMA 
furnace(°C) 

entrance : 60°C 

exit : 88°C 

entrance : 110°C 

exit : 135°C 

Drying temperature in oven 105°C/12 h/vacuum 105°C/12 h/vacuum 

Current collector treatment Corona treatment - 

Table 2: coating parameters of water and NMP based electrodes using COATEMA coating machine 

 

- Cell manufacturing 

 

After coating step, produced electrodes were dried in oven under vacuum at 105°C for 24h. After drying, 

LTO electrodes were calendared at 80°C to reach the targeted porosity of 40%. Electrode thickness is 

calculated considering the true loading measured after coating and the density of the layer calculated from 

the theoretical density of the electrode’s components. 

All electrodes have been characterized in terms of adhesion, suppleness and electrochemical 

performances. LTO_NMP and LTO_Aq obtained electrodes show good aspect and present a comparable 

adhesion behavior. For 10Ah cell assembly, the LTO anode and NMC cathode foils are cut into two long 

strips which are wound on a flat mandrel, together with the separator which keeps them apart, to form a 

jelly roll. After this step, tabs were welded along the edges of the electrodes strip to carry the higher 

currents (figure 5-6)  
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Figure 5: Winding machine Figure 6: 10Ah cells after winding 

 

The pouch is then sealed using heating process, leaving an opening for injecting the electrolyte. The 

following stage is to fill the cell with the electrolyte and seal it. 

 

- Results: electrochemical performances 

 

The 10Ah cells were formed at 55°C using C/10 charge and C/10 discharge rate. All cells showed the same 

voltage profile with a little difference in terms of capacity. No polarisation was observed when we replace 

LTO-NMP by LTO_Aq one. The initial internal resistances are comparables for both Aqueous and NMP 

bases cells.  

Cycle life test has beed done on all cells at room temperature and at 55°C. The results presented in figures 

7 and 8 show that: 

• More than 400 cycles (1C charge and 1C discharge) are performed for NMC/LTO_Aq cells and 

NMC/LTO_NMP cells.  

• At RT, after 400 cycles, less than 10% loss of capacity is observed for both designs: project 

objectives are largely achieved (>200 cyles).  

• A very good results are obtained for the 55°C cycling: no capacity loss after 400 cycles 

• Gllobally the obtained results are consistent, thus, no difference between new process (water 

based) and traditinal one (NMP based) was showen.  

    



 

 

34   

   

 

 

 
Figure 7: 1C/1D High temerature cycling of 
LTO/NMCNMP and LTO/NMC(aq) cells 

Figure 8: 1C/1D room temperature cycling of 
LTO/NMCNMP and LTO/NMC(aq)  10Ah cells 

 

Conclusion  
 

The mean goal of this study was development and manufacturing of LTO water based electrode 

comparable or better than LTO_NMP based electrode (state of the art) in terms of quality and 

electrochemical performances. 

The beginning of this work, we were faced to many issues related to the water based slurry making and 

low adhesion properties of obtained electrodes. A lot of efforts have been devoted to optimize our process. 

These efforts were rewarded and we succeed to develop an adequate process for this new technology.  

The development of this technology has been carried out in three steps: Laboratory scale, Pre-pilot scale 

and pilot scale. In the Labortory scale, the work was mainly focused on the benchmark study. This step 

allowed us the evaluation of different grades of active materials (LTO) and water based binders. The pre-

pilot scale work confirms the results obtained before using bigger machine (coating machine, mixing 

machine, pouch and jelly roll cells,…). In the last step, we scale up the process used in the pre-pilot scale 

to make LTO water based electrode.  

More than 400 cycles (1C charge and 1C discharge) are performed for NMC/LTO_Aq 10Ah cells 

NMC/LTO_NMP 10Ah cells at room temperature and also at 55°C. At RT, after 400 cycles, less than 10% 

loss of capacity is observed for both designs. A very good results are obtained for the 55°C cycling and no 

capacity loss after 400 cycles was observed. Postmortem analysis shows similar aspect of LTONMP and 

LTOaq electrodes even after 400 cycles at 55°C 
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