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LiTFSI PROCESS OPTIMISATION AND RECYCLING 
Reducing the cost of a promising Li salt … 

 

Introduction 

 
Considering electrochemical storage systems, Li-ion batteries are certainly the most successful 

of the last decades and are now a commercial reality. Present challenges are to extend their use 

to high power / energy systems and to widen their electrochemical and temperature window. A 

key component to widen the limits of batteries is the electrolyte. 

Generally, for 4V systems, a solution of LiPF6 in carbonate mixtures is used. This salt is, to some 

extent, a compromise. It exhibits good conductivity, good electrochemical stability and nearly 

no corrosion of aluminium. Its main drawback is its thermal decomposition to LiF and PF5, the 

latter easily hydrolyzing to form HF and PF3O. These two hydrolysis products are highly reactive 

on both the negative and positive sides, and their unavoidable presence in LiPF6 solutions has a 

detrimental impact on the electrodes’ performance. Moreover, water traces in the electrolyte 

also yield HF, which is involved in many degradation scenarios. 

Great hopes accompanied the introduction of LiN(SO2CF3)2 a.k.a. LiTFSI as an alternative salt. As 

shown in tables 1 & 2, this molecule displays very interesting 

chemical and thermal stabilities compared to the other salts. Moreover, its velocity is relatively 

close to the LiPF6 one and it is highly soluble in usual solvents. It is therefore the perfect 

candidate if we can avoid the strong aluminium corrosion attributed to the solubility of Al(TFSI)3 

in carbonates and taking place around 3,6V that prohibits its used in many systems (see Figure 

1.). 
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Tables 1. & 2.: Comparison of various salt properties. 

Y. Marcus, Ion Solvation,Wiley, New York, 1985, p. 135

 

 

 

 
Nakajima, T., & Groult, H. (2005). Fluorinated materials for energy conversion. 
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Figure 1: Voltammetric evidence of Al corrosion with LiTFSI 

 

Krause, L. J., Lamanna, W., Summerfield, J., Engle, M., Korba, G.,Loch, R., et al. (1997) Journal of Power Sources, 68(2), 320–325 

 

 

ELIBAMA breakthrough 

 
The aim of Rhodia-Solvay is to promote the use of LiTFSI (as a salt or co-salt) vs LiPF6 in Li-ion 

batteries, and especially in EV large format batteries. 

To fulfill this objective, 3 directions were proposed and studied : 

• Comparative cycling performances of LiPF6 and LiTFSI, 

• improvement of LiTFSI process and reduction of manufacturing costs,  

• design of a recycling process for the LiTFSI lithium salt in used battery cells. 
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1/ Comparative cycling performances of LiPF6 and LiTFSI 

This topic was run in close collaboration with CEA (Commisariat à l’Energie Atomique) within 

the SALT project, which aim was to propose experiments and prototypes able to incite 

electrolyte buyers / battery manufacturers to consider LiTFSI as an added value to their 

products. This includes its use as a salt or co-salt (with LiPF6) or additive (in a LiPF6 electrolyte) 

for two of the most important material couples of the last years: LiFePO4 vs. graphite (LFP/G) 

and LiNi1/3Mn1/3Co1/3O2 vs. graphite (NMC/G). It was therefore chosen to test LiTFSI 

electrolyte mix (100% LiPF6 (ref electrolyte), 95% LiPF6/5% LiTFSI, 66% LiPF6/33% LiTFSI) in 

different conditions allowing us to have a clear view of LiTFSI behaviour in Li-Ion cells conditions 

compared to LiPF6. 

Tests performed are described below: 

� Architecture tests including soft (pouch cell 53437 design, see Figure 2) and hard casing 

(16850 design, see Figure 3). 

� Electrochemical cell design: Energy cells and Power cells. 

� Calendar storage tests (6 months) 

� Initial Performance and Aging tests. 

Those tests were done in different temperature conditions (room temperature and 55°C), each 

electrolyte being binary : EC/DMC 1/1. 

 

         
Fig 2 : Li-Ion Cell in 53437 design Fig 3 :18650 Li-Ion Cell 

 

The main benefits observed with LiTFSI-based electrolytes are : 

• An increased lifetime, 

• High capacity gains for long battery life  

• An improvement of cell capacity after storage (see pictures4-6) 
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Fig. 4 – Increased lifetime with LiTFSI-based electrolytes 

 

Fig. 5 – High capacity gains for long battery life with LiTFSI-based electrolytes 

 

Fig. 6 – Improvement of cell capacity after storage with LiTFSI as additive 
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However, lackluster results were also observed : 

• LiTFSI content does not help high temperature resistance without VC additive, 

• Aging tests in power cells show comparable results over 1000 cycles, 

• Calendar tests are comparable for different electrolyte families. 

Nevertheless, the advantages of LiTFSI are significant and have been illustrated in commercial 

flyers integrated in Rhodia’s sell-kits. 

 

2/ Improvement of LiTFSI process and reduction of manufacturing costs 

 

Solvay is widely known as a global key player for LiTFSI technology and decided recently to 

improve his production efficiency by significantly upgrading the TFAK sulphination into TFSK, a 

key step within the overall manufacturing process. 

 

Fig. 7 : Solvay overall LiTFSI manufacturing process 

This innovation project co-sponsored by ELIBAMA consortium started beginning of January 

2012 and aimed to improve the selectivity of the sulphination reaction by changing the reactor 

technology : target + 10% TFSK selectivity when remaining at iso-conversion rate of TFAK. 

Indeed enhanced selectivity was observed in the years 2000 when operating at atmospheric 

pressure, suggesting that pseudo-homogeneous hypothesis for liquid phase in previous kinetics 

modeling should be reconsidered. Furthermore, the reaction scheme corresponding to our 

updated knowledge shows that consecutive/competitive reactions should be disadvantaged 

when running this complex chemistry (see figure 8) in a plug flow reactor for example. 
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Fig. 8 : Sulphination of Potassium Trifluoroacetate (TFAK) into Potassium Triflinate (TFSK) 

To get more accurate data for kinetics modeling, it was decided right from the start to 

implement on-line analytical tools for a better follow-up of both gaseous and liquid phases. 

According also to solubility measurements, thermodynamic approach of gas/liquid equilibria 

was strengthened.  

Raman spectrometry was the preferred technics for liquid phase analysis and micro gas 

chromatography (µ-GC) was set up for exhaust gas flow. After calibration, it was possible to get 

a direct conversion profile of main species and to fine tune SO2 content in liquid phase. 

 

Fig. 9 : Raman follow-up of main reactants and products 
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A DOE (design of experiments) was set up around main parameters: temperature, TFAK 

content, SO2 content and a steered tank reactor equipped with a condenser and a SO2 feeding 

pipe was used to run the planned trials. 

 

 

 

Fig. 10 : experimental equipment for TFAK sulphination DOE 
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Thanks to the data gathered during this lab work, it has been possible to run a detailed kinetics 

modeling using Aspen Custom Modeler software. As a consequence, it is observed that 

predicted data fit very closely to experimental one, which gave us the opportunity to optimize 

the new reactor design. 

 

 

 

 

Fig 11 : comparison of predicted (continuous line) and experimental (points) data 

 

 

It was then decided to move to a semi-batch process to operate the suphination reaction at 

atmospheric pressure. Lab scale validation tests showed that it is possible to upgrade selectivity 

of TFAK conversion by more than 10% compared to industrial current process. The flexibility of 

the new process was also improved, offering the opportunity to maximize the productivity 

without losses of selectivity.  
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Fig. 12: New versatile process for TFAK sulphination 

The new operating conditions have been tested with industrial raw materials and also it was 

shown, after several corrosion trials, that stainless steel is compatible with the new set points. 

No yield loss was noticed and quality of final product was compliant with internal specifications. 

According to kinetics model and to lab scale trials, process was scaled up within a 250 liters 

stainless steel reactor equipped with heating jacket, a condenser, a cold trap and deep pipe for 

SO2 inlet. CO2 exhaust was connected to a potassium hydroxide scrubber.  

Results obtained were close to expected performances which allowed us to validate industrial 

feasibility of the new process and to go further for the Basic Engineering studies. 

 

Fig. 13 : Partial view of pilot reactor for sulphination 
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Industrial implementation studies were done according to pilot testing recommendations and a 

new process flow was drawn-up with respect to existing equipment in order to minimize capital 

expenditure (CAPEX). It was then possible to fit the new reactor inside the existing structure 

with limited modifications of irons and main floors. 

 

Fig. 14 : Process Flow Diagram for new sulphination process 

 

Conception reviews have been done (yellow review, safety reviews) to fine tune detailed 

engineering studies and a final PID (process & instrumentation diagram) has been issued to 

establish the cost estimate. 

 

According to business plan and CAPEX level decision was made to fulfill this new investment 

during first semester 2015. 

 

In conclusion, thanks to ELIBAMA collaboration, a new process has been developed permitting 

to deeply enhance TFSK manufacturing, which is a key intermediate for LiTFSI production. This 

new process allows decreasing production costs by upgrading chemistry selectivity and also 

leads to a better eco-efficiency by decreasing energy consumption. LiTFSI production is then 

greener and more competitive and gets now a better sustainable index. 

Through this collaborative program, Solvay took also the opportunity to reinforce knowledge 

and control of a core technology. 
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3/ Design of a recycling process for the LiTFSI lithium salt in used battery cells. 

 

Following the LiTFSI FMC reduction, Rhodia-Solvay has also turned its attention to LiTFSI 

recovery from used Li-ion batteries electrolytes containing it. 

At first, a tentative procedure, based on Liquid-Liquid Extraction (LLE) has been set up with 

synthetic LiTSFI based electrolyte: 96% recycling rate with a single extraction stage was 

observed (figure 15) : 

 
 

Fig. 15 : LiTFSI recycling from synthetic electrolyte 

 

These promising preliminary results have then been extended to “real” electrolytes, taking 

advantage of our previous collaboration with CEA and the availability of used pouch cells 

(53437 design). 

 

A series of these batteries was discharged and dismantled in a dedicated gloves box at CEA ; the 

different components (separator, anode, cathode) were recovered and packed separately 

before treatment (figure 16). 

 

It is important to underline that no liquid electrolyte could be recovered during dismantling, 

thus illustrating the essential necessity to extract LiTFSI from the battery. 
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Cathode LiFePO

4 
(LFP) Anode Graphite (G)   Separator PE/PP 

38 x 3,3 cm 46,5 x 3,2 cm 110 x 3,5 cm 

m = ~ 5,8 g m = ~ 4,5 g  m = ~1,1g 

 

Fig. 16 : different components of a 53437 design CEA pouch cell 

 

 

In a first phase, each component was coarsely cut and extracted with water : the LiTFSI 

extracted quantities and percentages in each component are summarized in figure 17 :  

 

 
Fig. 17 : LiTFSI repartition in different components of a 53437 design CEA pouch cell 

 

These preliminary results show that : 

• LiTFSI represents ~5,3 % weight of the separator-anode-cathode system, 

• The weight of LiTFSI recovered in the separator-anode-cathode system by a single water 

extraction represents ~ 0,6 g, corresponding to a 90% recovery rate. 
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In order to establish a documented and scalable recovery process, the above procedure was 

applied to 3 separator/anode/cathode systems which were coarsely shredded together and 

extracted with water ; the corresponding blocks diagram (figure 18) telescopes the following 

unit operations : 

• Water extraction 

• Filtration 

• Extraction with an organic solvent (DiChloroMethane) 

• Water evaporation, 

• Filtration, 

• LiTFSI recovery 

The main lessons of this experiments are following : 

 

• LiTFSI is extracted in water up to 90% with a single stage, although a large amount of 

water is required ; in parallel, filtration of the coarsely cut separator/electrodes system 

proved to be long and tedious ; however, these drawbacks should be easily solved by 

finely shredding the initial battery, 

• EC and DMC can be easily extracted from the aqueous layer with an organic solvent like 

DCM, 

• Evaporation of the remaining aqueous phase leaves a residue which contains only 36% 

w/w of LiTFSI, the rest being essentially composed of metallic derivatives reasonably 

coming from the electrodes, 

• As a consequence, it seems clear that a further LiTFSI purification step will be necessary 

(possibly by acidification, distillation of the HTFSI formed and neutralization with LiOH 

or Li2CO3 and finally drying). 
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Fig 18 : blocks diagram for LiTFSI recovery 
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Conclusions 

 

• Compared to LiPF6, LiTFSI displays interesting  physical, chemical and cycling properties ( 

2 commercial flyers have been issued) 

• The performances of its chemical process key step has been significantly improvement 

(10% selectivity gain → 7% FMC reducQon) 

• A scalable LiTFSI recovery process has been developped, 

• 2 patents have been issued (TFAK sulfination, LiTFSI recycling)  

 

Contacts and references 

 
SOLVAY: François METZ  
 francois.metz@solvay.com 

 

The ELIBAMA  project is granted by the European Commission under the “Nanosciences, 

nanotechnologies, materials & new production technologies” (NMP) Themeof the 7th 

Framework Programme for Research and Technological Development. 
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Annex: Rechargeable battery systems - Li-ion battery operation 

mechanism  

 

In the state-of-the-art Li-ion rechargeable battery, lithium ions are cycled 

between a graphite anode, LixC6, and a lithium cobalt oxide cathode, Li1-xCoO2. 

The electrolyte is a liquid or gel composed of a mixture of organic carbonates with 

LiPF6 as the Li+ source. During charge and discharge, the lithium ions migrate 

reversibly between the anode and cathode, in a process highlighted by trivial 

names such as the rocking-chair and shuttlecock battery (Figure 1). 

 

Figure 1. Components and discharge reactions of the state-of-the-art Li-ion cell. 

Lithium salts  

A lithium salt, or several, has to be added to a solvent, or more often several, to 

provide a Li+ conducting electrolyte with a high enough concentration of charge 

carriers. However, no two-component Li+ ILs are available, implying that a 

minimum of three components are required for an Li+ conducting electrolyte. An 
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exception is the use of anion functionalized polymers, or polymer/salt hybrids, 

where one or both of the polymers chain ends are modified by attaching a 

negatively charged group that coordinates Li+. Thus, the salt and solvent are the 

same.  

To find an optimal counter-ion to Li+ is far from trivial. The interactions of the 

anion with Li+, solvent molecules, electrodes, and even the current collectors, 

pose the same difficulties choosing a suitable counter-ion, as a solvent or solvent 

mixture. A substantial number of requirements have to be fulfilled simultaneously 

for an electrolyte, and it can be very challenging to substitute any single 

component. This is perhaps the main reason why so little progress has been made 

in the area of new lithium salts, despite the well-known drawbacks of the state-

of-the-art lithium salt: lithium hexafluorophosphate (LiPF6). Chosen for the 

pioneering Sony Li-ion cell, it is still, almost exclusively, implemented in modern 

Li-ion batteries, as part of LEs or GPEs.  

In the following sub-sections several properties of LiPF6 are reviewed together 

with early competitor salts. The main disadvantage of LiPF6, its thermal 

instability, is discussed separately, followed by a section devoted to the 

introduction of alternative salts. These salts represent a subjective choice of 

research directions currently explored, to identify new alternatives for the future.  

Classic lithium salts  

When LiPF6 was chosen by Sony in the early 90´s, it was somewhat of a surprise, 

since the purity of LiPF6 had not been adequate for stable, long term battery 

operation, in contrast to the use of LiAsF6. From the initial patent, the competitor 

lithium salts at the time were: LiClO4, LiAsF6, LiBF4, LiB(C6H5)4, LiCl, LiBr, Li(CH3SO3), 

and Li(CF3SO3) (LiTf). In 1991, Dudley et al. (Moli Energy) used the fluorinated salts 

above and LiN(SO2CF3)2 (LiTFSI) – a total of five lithium salts and 27 organic 

solvents – in the preparation and characterization of the conductivity of 150 

electrolytes. Three of these can be visualized in Figure 2. Most attention was 

clearly devoted to LiAsF6, as part of 130 electrolytes. All electrolytes were 

composed of a single salt, but in solutions containing up to four different solvents.  
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Figure 2. Anions of classic lithium salts. 

 

Although the highest conductivities overall were found among the optimized 

LiAsF6 electrolytes, conductivity results of electrolytes on the same footing, 1M 

LiX/EC:PC (1:1), demonstrated the excellent conductivity of LiPF6 in carbonate 

electrolytes.  

LiPF6 > LiAsF6 > LiTFSI > LiBF4 >> LiTf 

 

The success of LiPF6 can be attributed to a favourable balance of properties. In 

Table 2, the electrochemical stabilities and conductivities are collected for the 

classic lithium salts,55 together with thermal stabilities and aluminium current 

collector compatibilities. While LiPF6 based electrolytes have favourable high 

conductivity and electrochemical stability, they suffer from a lower than average 

thermal stability. LiTFSI, and a few analogues, labelled as indefinitely stable at 

elevated temperatures (100°C),94 were shown to have an Achilles heel of their 

own – corrosion of the aluminium current collector. 17  

TABLE 2. Properties of liquid 

electrolytes as a function of 

lithium salt. 1M EC:DMC (1:1)55  

Non-specific48  

Salt  EOX / V vs. 

Li+/Li  

σ20°C / mS 

cm-1  

Tdecomp / 

°C  

Alcorr  

LiAsF6  4.7  11.2  >100  -  

LiPF6  >5.1  11.0  ~80  -  

LiBF4  >5.1  5.5  >100  -  

LiTf  3.2  3.0  >100  x  

LiTFSI  4.4  8.0  >100  x  

LiClO4  >5.1  8.5  >100  x95  
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Thermal stability of LiPF6 -electrolytes  

The thermal disadvantage of LiPF6 is related to the poor chemical stability of the 

anion, which is slowly degraded even at ambient temperatures. The degradation 

rate increase with temperature, especially when catalyzed by impurities or 

electrode materials, and already at temperatures >60°C the negative effects on 

the performance of LiPF6 based cells are severe.96 After a few days of heating at 

slightly higher temperatures (≥85°C), the decomposition can be severe.97 Two 

main safety risks identified with these reactions are; the possibility of explosions, 

due to the formation of gaseous products and increased cell pressure, and health 

concerns associated with the high toxicity of several proposed fluorinated 

decomposition products.98  

In solid LiPF6, there is an unavoidable equilibrium between the salt and the Lewis 

acid, PF5 (g) (eq. 2.4); a reaction that is modified to produce OPF3 (eq. 2.5) in the 

presence of protic impurities, such as water or alcohols.99  

LiPF6 (s) ⇆ LiF (s)+ PF5(g) (2.4)  

LiPF6 (s)+ H2O (g)→ LiF (s)+OPF3(g)+ 2HF (g) (2.5)  

Among several decomposition products,99-100 PF5 and OPF3 were identified, 

after several days of electrolyte storage at elevated temperatures (70-85°C). Via 

deliberate addition of small amounts of PF5, OPF3, or ethanol to LiPF6 

electrolytes, Campion et al. suggested several decomposition mechanisms in 

carbonate based LiPF6 electrolytes and proposed that PF5 is the source of 

OPF3.100 OPF3 is believed to induce continued electrolyte breakdown, triggering 

the formation of alkyl fluorides (R-F) and organophosphorous (OPF2OR) 

compounds.100 As suggested by Sloop et al.,97 the consumption of PF5 in the 

electrolyte solutions implies that the anion-Lewis acid equilibrium is pushed to 

the right (Le Chatelier’s principle), promoting continued anion breakdown. 

However, according to these authors, PF5 was consumed through a 18 different 

route, by catalyzing EC ring opening and the formation of PEO-like polymers and 

CO2 release.  

Overall, the decomposition events in LiPF6 electrolytes in the absence of 

electrodes are controversial, since the results of different studies can be 

influenced by different levels of impurities (HF, H2O, and possibly alcohols) that 

are unavoidably present. Only recently has a “global scheme” of thermal and 

electrochemical decomposition of LiPF6, DMC, and EC been presented,101 where 
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the initial steps of salt decomposition agree with those predicted by Campion et 

al.  

The present commercial recipe for preventing thermal battery failures is to add a 

large number of role-assigned additives51 to the electrolyte, and by 

implementing external safety devices. However, the alternative route of new 

solvents and/or salts is important, in order to create intrinsically safer electrolytes 

and batteries. Ideally, this will decrease the number of components in the 

electrolytes and the need for external safety engineering, and hopefully give Li-

ion technology a push forward. 
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PRODUCTION OF LITHIUM TITANATE 

(LTO) 

State Of the Art 

 

Prayon has started the development of the fabrication of nanometric lithium titanate Li4 Ti5 
O12 (LTO) on the basis of CEA-Liten process which was settled at laboratory scale. LTO 
prepared by CEA is an ideal anode material for a Li-ion battery as described in patent FR 2 
874 603 obtained by CEA in 2004. 
But CEA process is made of 6 successive operations with long milling and calcination times 
with relatively high temperatures. 
The objectives for Prayon, in collaboration with CEA-Liten, were: 

−  to simplify the process  
− to verify the synthesis of spinel LTO at a pilot scale according to manufacturing 

conditions at an industrial scale  
− to increase the performance level in order to meet the high standards requirements of 

the Li-ion battery manufacturers, in particular in the frame of the ELIBAMA project. 

 

Breakthroughts 

 
Prayon has managed to develop a significantly simplified process which improves 
productivity and increases LTO performances. Indeed, Prayon has produced, in industrial 
production conditions at pilot scale, LTO meeting the requirements of ELIBAMA partners in 
the required quantities. 
The process developed by Prayon is reduced to 3 steps: 

− Milling of raw materials (anatase TiO2 and Li2CO3) during a significantly shorter 
time. The CEA process required 2 milling operations: one prior and one after 
calcination. Prayon process now only requires one milling operation prior to 
calcination. 

− Heating of the resulting material during a significantly shorter time at a 
significantly lower temperature compared to CEA process. The main advantage of 
Prayon process is to obtain just after the heating operation a large majority of the 
LTO synthesized particles already showing the required physical characteristics, 
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specifically high bulk density, nanostructure size, particle size distribution and 
required specific surface area value (BET) 

− Separation and recycling of the oversized particles to obtain 100% of product 
meeting the desired physical properties 

It is to be noted that shorter milling and heating time and the lower calcination temperature 
enable to achieve additional energy savings. In addition, the deionised water used for cooling 
the mill has been replaced by usual water from the river. 

 
 

Perspectives for the future 

 
At this stage, Prayon is looking forward to understand what will be the development of the 
use of LTO for battery further to ELIBAMA project. Prayon is now ready to participate to 
any industrial project for LTO production. 
 
 

Contacts and references 

 
Contact: 
 

PRAYON: Tomizio GUIDI  
 TGuidi@prayon.be 

  
References: 
 
− CEA-LITEN patent FR 2 874 603 

− CEA-LITEN patent WO2006/027449A2 
− CEA-LITEN activity report STN/LT2N/04/242/SJ 

− CEA-LITEN technical report DEHT/DR/2010-35 
− CEA-LITEN operating procedure AQ/PRT/LBA 02. 

 

The ELIBAMA  project is granted by the European Commission under the “Nanosciences, 

nanotechnologies, materials & new production technologies” (NMP) Themeof the 7th 

Framework Programme for Research and Technological Development. 

 



 

 

 


