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Abstract- A patent analysis method has been applied to study patenting activities on 

development of liquid electrolytes for lithium-ion batteries. The method is done via two steps: 

First, planning a searching strategy and second, an analysis of the information obtained from 

selected patents. The results showed that the patents on liquid electrolytes for Li-ion cells were 

published in a time interval of 1964 to 2017 with a significant growing publishing number 

between 2010 and 2013. The obtained patenting time trend illustrated that the technical 

knowledge of this technology has been became probably mature and it is predicted that 

patenting trend in this area will be continued with a slow rate in upcoming years. It was found 

that Japan, China, South Korea and USA are the most targeted countries for patent publication 

in this field which is an indicator of their potential market for this technology. Investigation of 

the competitors patent assignees showed that LG CHEM, Mitsubishi Chemicals, UBE 

Industries, Sony and Sanyo Electric are the pioneer players having more patented publications 

among others, respectively.  
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1. INTRODUCTION  

The massive growth in application of electric devices has turned batteries to a strategic field 

of technology. Considering their exclusive specifications such as high operating voltage, proper 

energy density and good cycle life, Li-ion batteries are currently very popular as an electrical 

energy storage system [1,2]. However the usage of these batteries has been spread in electronic 

apparatuses like laptops and mobile phones, there still are some weak points which limit their 

application in higher levels of power demand like electric vehicles [3–6]. To achieve more 

power output, the working potential of the battery should rise, which requires usage of high-

voltage electrode materials. In high-voltage conditions, the electrolyte should pass higher levels 

of safety and some other characteristics like more electrochemical stability would be necessary 

[7–9]. Electrolytes of Li-ion batteries could be applied in liquid form or solid form and different 

components have been introduced for each form to enhance their features and the performance 

of the cell [10,11]. Liquid electrolytes used in Li-ion cells generally consist of three main 

components which are: 1) Lithium salt 2) Solvent and 3) Additives. The role of the lithium salt 

is to provide Li ions in the electrolyte. The role of the solvent is dissolving Li ions and 

facilitates their mobility between electrodes to establish charge transfer in the cell. Having high 

polarity, wide potential window and large range of thermal applicability are the most important 

properties for solvent molecules and therefore typically a mixture of compounds would be 

considered to obtain all required features for the solvent. Moreover, some additives could be 

occasionally used to modify some imperfections of the electrolytes [12–15]. In comparison 

with liquid electrolytes, solid electrolytes have some heavy polymers used to fix the whole 

electrolyte complex for more safety. However solid electrolytes have improved some safety 

features of Li-ion cells, but their limitation in charge transfer is still a problem which have kept 

liquid electrolytes in this competition [11, 16,17]. Therefore, the preparation of efficient liquid 

electrolytes is still an important part of the developing plans for Li-ion battery producers. Since 

patents are an important source of technological intelligence, companies can use patents data 

to gain strategic advantages [18–20]. Patents are technical documents which would indicate 

different aspects of a technology and could help researchers to arrange their information and 

proceed their projects up to date and more effective. Patents can show the orientation of the 

research path which companies are following to present better productions and for there are 

economic concerns included, the data are mostly valid and reliable [21,22]. Since patent 

analysis can illustrate the trend of development for all fields of technology, this article has 

focused on analyzing published patents on liquid electrolytes for Li-ion batteries to reach 

guiding data about these electrolytes and their components. Accordingly, a patent analysis 

method has been applied to monitor and study the patenting activities on liquid electrolytes for 

lithium-ion batteries. The objectives were: (1) investigation of patenting time trend in liquid 

electrolytes for lithium-ion batteries, (2) worldwide patent publication distribution in this area 

of technology, (3) determining the main technical concept of the related patents, and (4) finding 
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major competitors, players and technology developers. The method is based on two steps: first, 

a searching strategy is designed and applied in a reliable and powerful patent database to find 

all patents published on the intended topic, and second, preparing essential data and curves for 

concerned analyses. 

 

2. METHODOLOGY 

2.1. Searching strategy 

The first step of the present method is to find patents relating to the “liquid electrolytes for 

lithium-ion batteries”, which will later be analyzed and refined. Since the choice of keywords 

is important and determinative, it was the first step of the work to determine appropriate 

keywords. All related and possible keywords should be considered, such as those are given in 

Table 1. It should be noted that all possible arrangements and configurations of these keywords 

were considered in the designed searching strategy. 

 

Table 1. Exemplary keywords used for designing the strategy of patent searching 

 

Concept Keywords 

 

Lithium hexafluorophosphat 

LiPF6, LiP, Li-P-F6, Li-P, Lithium hexafluorophosphate(s), 

Lithium-hexafluorophosphate(s), 

Lithium_hexafluorophosphate(s), 

Lithium/hexafluorophosphate(s), Lithium. 

Hexafluorophosphate(s), Lithium-hexafluorophosphate(s) or 

Lithium/hexafluorophosphate(s)… 

 

Battery 
Lithium(li) battery(ies) (all alternatives were considered) 

 

Electrolyte, solvent, and 

additive 

 

Liquid Electrolyte(s), additive(s), Carbonate solvent(s), 

nonaqueous solvent(s) 

 

 

In order to cover all patents publications over the world, all patent offices around the world 

were considered, such as those in: USA, EP (Europe patent office), Korea, Japan, Taiwan, 

China, Canada, India, Germany, Australia, United Kingdom, Russia, France, Singapore, 

Mexico, Thailand, Israel, Spain, Brazil, Italy, Austria, Norway, Vietnam, Colombia, Poland, 
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Finland, Netherlands, Chile, Denmark, Arkansas, Malaysia, Portugal. Also, all patent 

publications filed as PCT (WO) were obtained. 

The main strategy used in this project is a two-parameter strategy, where the two main 

parameters are keyword and technology domain of the patents. In order to obtain the most 

related patents, patents those are categorized in "Electrical machinery, apparatus, energy", or 

"Organic fine chemistry", or both of them were considered. 

It should be noted that selected keywords and combination of searching parameters are 

considered according to the logical searching instructions of the used patent database. The 

searching database tool used in this study is QPAT (Orbit) patent database. Because the patents 

screening would be executed humanly in the next step, keywords and technical fields were 

considered in the broadest way which could comprise all patents of the target field. After all, 

526 patents were obtained by applying this strategy, screening resulted patents and selecting 

the related patents by study-based screening them from search results. The search results have 

then gotten unduplicated to exclude patent family members filed in different geographical 

regions. A scheme of the applied searching strategy is depicted by Fig. 1. 

 

 

  

 

Fig. 1. The applied searching strategy to find patents in the field of liquid electrolytes for  

Li-ion batteries 

 

After screening the obtained list of patents from executing the designed search strategy, 

some technical and statistical information should be extracted from each patent. This 

information include (1) Patent No.: the number of the older version of patent is considered, (2) 

Earliest priority date: the earliest date is considered as the date of filing of the first application, 

(3) Number of familiar patents, (4) Number of patent citations: Number of citations refer to the 

patent, (5) Patent assignee(s): the current patent assignee, (6) The country of patent office, 
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where the patent is published, (7) Patents IPC(s) or technology domain(s), (8) Inventor(s), (9) 

Title, abstract, and claims of the patent. Furthermore, patent contents are studied precisely to 

find and sort technical aspects. According to the liquid electrolyte performance in 

Li-ion batteries, the patents could be categorized based on their main technical aspect to three 

technical categories: (1) Lithium salt (2) Solvent and (3) Additives. It should be mentioned that 

some patents focused on more than one technical context, so this is included in this study. 

 

3. RESULTS AND DISCUSSION 

3.1. Strategic and competitive aspects 

3.1.1. Time trend of patenting activities 

The timeline and time-distribution pattern of patents about electrolytes of Li-ion batteries 

from 1964 to 2016 and the accumulative historical data are depicted in Fig. 2. 

 

  

Fig. 2. Number of patents filed each year from 1964 to 2016 about electrolytes of Li-ion 

batteries 

 

The first patent about electrolyte of Li-ion batteries was patent US3953234 filed in 1964, 

which was a product of a joint venture between two American companies: American Cyanamid 

and Duracell. This patent was about salts in liquid electrolytes of Li-ion cells. This patent had 

been filed in United States, China, Germany, Japan, France, England, Belgium and Netherlands 

and its patent family had 8 members which shows its high validity and reliability. This 

important patent is dead from 1986 as its legal protection time was finished. 

The clear uptrend of patents in this field was started from 1993 with 12 documents and in 

1998 the number of patents reached 28. Also, the number of patents in 2001 and 2004 are 
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considerable and high. After remaining in a steady but not significant state between years of 

2005 and 2009, an upward tilt in patenting activities had started in 2010 with 40 documents. 

This increasing and remarkable trend was continued till 2013 with 56 patents. The increase of 

patents number till 2013 and then the gradual decrement to 2015 depicts that this technology 

has passed its growing steps during about 50 years and long lasting of this technology through 

these years indicates its significance and its step wised development. However, it should be 

mentioned that the data which refers to period of middle 2014 to 2016 are uncertain because 

there is a time required for patents to pass the legal process of filing to publishing and there 

may also be some limitations by inventors and/or assignees in data publication. Hence, the 

decreasing patenting activity in years after 2014 is not as noticeable as others years trend. It 

maybe is not a signal of cutting or reducing patenting activities in this technology area, but also 

it is not expected to be as high as years 2010-2013. So, the technology may reached a 

remarkable development and maturity in years 2010-2013.  

Fig. 3 shows the accumulative time trend of patent filing by the number of published 

documents for each year in field of electrolytes for Li-ion batteries. The growing period of this 

technology could be clearly seen by this graph, including three distinct growing areas that starts 

with the first area between years 1964 and 1997 with a growing manner having a low slope. 

The moderate upward tilt from 1998 to 2009 shows the continuous increase of patent filing rate 

in the second area. The highest rate of growing for this technology could be seen between the 

years of 2010 and 2015 as the third distinguishable area, so that a significant number of patents 

were published during four years 2010-2013.  

 

  

Fig. 3. Historical accumulative patenting activities about electrolytes of Li-ion batteries 
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Due to the three separable steps of growing for this technical knowledge, the period of 

years between 1997 and 2015 could be considered as the fastest section of growth which 

contains about %85 of all filed patents in this field of technology. 

 

3.1.2. Legal status analysis 

The legal status of 526 filed relevant patents is shown in Fig. 4. According to Fig. 4A, it can 

be observed that about 65% of the patents are alive that are legally protected by at least one 

patent office which depicts the importance and being attractive of this technical knowledge. 

Moreover, about 35% are dead which are not protected anymore. Regarding to Fig. 4B, alive 

patents include granted patents and pending applications. About %52 of all filed patents in this 

field have been granted by at least one patent office which it shows the credit and reliability of 

these patents.  

 

  

 

 

Fig. 4. The legal protection status of registered patents on electrolytes of Li-ion batteries: (A) 

overall status, and (B) detailed status 

 

3.1.3. Patent owners and protected markets by region 

An investigation into the ownership of the 526 patents on electrolytes of Li-ion batteries 

shows that these patents have been filed by 192 companies and 13 persons from 11 different 

country. Fig. 5 depicts the classification of these technology owners by their region. 

As it is shown in Fig. 5, the Japanese, Chinese, Korean, and American owners with 210, 

150, 59, and 54 patents, respectively are leading geographical owners in this field of 

technology. Each of the other 8 knowledge owner countries had 15 or less patents on 

electrolytes of Li-ion batteries.  
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Fig. 5. Classification of patent owners by their region 

 

Fig. 6 introduces leading owners/patent assignees who have filed 5 or more patents. As it 

could be seen from Fig. 6, 27 companies have filed more than 6 patents. 

 

 

Fig. 6. Top assignees with more than 6 filed patents filed patents or more 

 

Fig. 7 shows the protected markets classified by their region. The number of patents filed 

in each patent office is presented in this figure. According to Fig. 7, most of the patents have 

been filed in China (310 patents) and Japan (295 patents), United States (248 patents), South 

Korea (165 patents) and European Union (EP) (163 patents) have been after that respectively. 

It should be mentioned that where the patents have been filed may be an indicator of the content 

of technology need and consumption in that country. Therefore, China, Japan, United States 

and South Korea could be considered as the most attractive and active countries in development 

of electrolytes for Li-ion batteries. In addition, some patent offices are more valid and reliable, 
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particularly, USPTO. So the number of patents filed in those countries are also more than 

others. A comparison between the countries which significant number of these 526 patents 

have been filed in and also leading countries own more patents filed in field of electrolytes for 

Li-ion batteries has been depicted in Fig. 8. 

 

Fig. 7. Geographic distribution of published patents in different patent offices 

 

It shows that China is in the first stage for the number of filed patents and Japan has the 

largest number of technology owners and. It can be also observed that China and Japan have 

the top ranks in both technology owning and publishing place, so there is a close competition 

between them through this field of technology. It could be said that these two countries are the 

most important producers and also have big potentials for the future of this market.  

  

 

Fig. 8. Comparison between countries of filing and technology leading countries 
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3.1.4. Top assignees analysis 

The graph of Fig. 9 shows the ranking of leading companies in field of electrolytes for Li-

ion cells with 19 filed patents or more. 

Due to the statistics and results, 6 leading companies have been determined, including: LG 

Chem. (38 patents), Mitsubishi Chemicals (33 patents), UBE Industries (27 patents), Sony (23 

patents), Sanyo Electric (21 patents) and BYD (19 patents) that have had the largest number of 

patents on electrolytes of Li-ion batteries. Other well-known companies like Hitachi, NEC and 

Panasonic have been placed after these 6 leading companies.  

 

 

Fig. 9. The ranking of leading companies in field of electrolytes for Li-ion cells 

 

Therefore, LG Chem. could be known as the foremost company in research and 

development of electrolytes for Li-ion batteries. Vicinity in achievements of some companies 

demonstrates the close competition between them. As the number of patents increase and get 

more focused for a company, it would have a higher position in the next generation of 

technology among other companies. The patent registration trend of leading companies in 

different periods of time for a particular technology, shows the condition and matter of that 

technology through the years. Fig. 10 demonstrates a timeline for patent filing on liquid 

electrolytes for Li-ion batteries by these 6 leading companies. By a performance appraisal for 

these companies according to Fig. 10, it is clear that the period between 1997 and 2013 has 

been a highlight through these years as the matter of patent registration number. “LG Chem.” 

has the largest number of synthetic patents among this period and so has been the leading 

company in comparison with its rivals. LG’s first patent in this field has been registered in 

1977 and as it is visible by the graph, this company has not had a single patent on these 

electrolytes for 26 years. From 2003 LG has started again and proceeded continuously which 

put it in the first place in 2013. 
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Fig. 10. Patenting timeline for the 6 leading companies on liquid electrolytes for Li-ion 

batteries 

 

Patent registration trend of the Japanese company “Mitsubishi Chemical” on electrolytes 

for Li-ion cells was started in 1991 with just one patent and it did not continue for five years. 

Their research path restarted in 1997 with filing 3 patents. There was not a regular trend of 

patent registration for Mitsubishi Chemical in this field of technology and there are many rises 

and falls which shows a disordered orientation of research for this company. 

“UBE Industries” had registered its first patent in 1995 and had increased the number of 

patents per year to 4 in 2000, but after that UBE Industries had a descending trend for three 

years and the number of its patents reduced to one in 2003. However the company continued 

its patenting activities in this field, but the path ceased in 2008 and there has been no patents 

by UBE Industries after 2008. Just like Mitsubishi Chemical, the timeline shows a disordered 

trend of research and technology development on electrolytes of Li-ion batteries for UBE 

Industries. 

“Sony” registered its first patent on electrolytes for Li-ion batteries in 1992 and it had no 

more patents in this field till 1996. This Japanese company has been more active on developing 

these electrolytes than its rivals in 1999 which concluded to 4 patents, but after that year it did 

not have a regular trend and has had a descending orientation after 2006. Having no patents 

after 2010 shows that Sony’s activities on these electrolytes had been probably stopped in 2010. 

The research period of “Sanyo Electric” on electrolytes for Li-ion batteries was started in 1990 

and continued until 2011. Sanyo’s number of patents in this field is very close to its rivals Sony 

and BYD which shows the vicinity of their competition. According to the graph of Fig. 10, the 

peak of researches on electrolytes of Li-ion batteries for Sanyo Electric was in 1993 with filing 
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7 patents and there was not a significant activity in this field after that as there was no patent 

between 2005 and 2009 and only one patent filing in 2010. 

“BYD” has gotten involved in this field of technology from 2002 and has had many 

achievements through 11 years till 2013. It should be mentioned though that this company had 

no patents on these electrolytes in 2008 and 2012. According to the graph of Fig. 10 the peak 

of researches on electrolytes of Li-ion cells for BYD has been occurred in 2010 which has put 

this company beside well-known companies like LG and Mitsubishi. 

 

3.1.5. Leading inventors and their cooperation 

Fig. 11 demonstrates the leading inventors who had registered more than 6 patents in this 

field. 

 

 

Fig. 11. Ranking of leading inventors with more than 6 registered patents 

 

As it could be seen in Fig. 11, the largest number of patents (24 patents) on liquid 

electrolytes for Li-ion batteries have been registered by Koji Abe, a Japanese inventor from 

UBE industries. Next two inventors (Zhou Mingjie and Yaobing Wang) with 18 registered 

patents are jointly from china and Ocean’s King Lighting Science & Technology. These 

statistics show that the best inventors with the most patent writings are from Japan (64.9%), 

and in the second rank from the countries of China (20%) and South Korea (20%). These 

statistics indicate the importance of this technology in these countries compared to other 

countries. 
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Table 2. Registered patents on electrolytes of Li-ion batteries in 15 countries or more 

 

 

3.1.6. Powerful Patents 

Times a patent has been referred (i.e. forward citations to a patent) and the extent of 

geographical protecting distribution (i.e. number of filings in different patent offices, FamPats) 

illustrate technical power and commercial significance of the patent. To investigate patents by 

this point of view, Fig. 12 is adapted to show how many times the 11 most citied patents in this 

field have been referred. In addition, Table. 2 shows 10 patents that are field in 15 countries or 

more among these 526 patents. 

Fig. 12 shows that 11 patents have been referred more than 80 times out of all 526 registered 

patents in field of liquid electrolytes for Li-ion batteries. It could be seen that highly referred 

patents number US6391493, US5626981 and US5879834 have been a reference for 376, 150 

and 128 times respectively which this fact illustrates the validity of their technical knowledge.  

 

 

No. of 

FamPats 

 

Company Title Patent No. No. 

48 
HYDRO 

QUEBEC 

Cathode materials for secondary 

(rechargeable) lithium batteries 
US6391493 1 

22 CARBON 

Flexible ignition resistant biregional 

fiber, articles made from biregional 

fibers, and method of manufacture 

US5776607 2 

20 
UBE 

INDUSTRIES 

Non-aqueous electrolytic solution for 

lithium secondary battery and lithium 

secondary battery using the same 

US8163427 3 

17 DURACELL 
Method of preparation of lithium 

manganese oxide spinel 
US6159636 4 

17 
MITSUBISHI 

CHEMICAL 

Nonaqueous-electrolyte secondary 

battery 
US2007048607 5 

16 NEXEON 
An additive for lithium ion rechargeable 

battery cells 
US2013069601 6 

16 LG CHEM 
Cable-type secondary battery and 

method for manufacturing same 
US2014377618 7 

15 
UBE 

INDUSTRIES 

Non-aqueous electrolyte and lithium 

secondary battery 
US2001044051 8 

15 

AIR 

PRODUCTS & 

CHEMICALS 

Electrolytes, cells and methods of 

forming passivation layers 
US2008131772 9 

15 

 

UBE 

INDUSTRIES 

 

Lithium secondary cell and nonaqueous 

electrolyte 
US2004028996 10 
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Fig. 12. Times that 11 most powerful patents have been referred 

 

Exploring on patents which were registered in more than 15 countries and those which have 

been referred more than 80 times reveals that there is just one patent which places in both 

categories. Therefore, this particular patent is found as a very powerful patent in this field 

which its information is shown by Table 3. 

 

Table 3. Information about most powerful patent number US6391493 

 

Citation Fams Company Title Patent No. 

376 48 
HYDRO QUEBEC 

UNIVERSITY OF TEXAS 

Cathode materials for 

secondary (rechargeable) 

lithium batteries 

US6391493 

 

1996 

Type of additive Type of salt/additive Type of solvent 

- LiClO4 

 

PC, EC, DMC 

 

 

3.2. Technical Aspects 

3.2.1. Categorization by area of technology 

Fig. 13 exhibits the technical categorization of registered patents on liquid electrolytes for 

Li-ion batteries by their area of technology. 
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As it is clarified by Fig. 13, filed patents on liquid electrolytes could be divided into many 

areas of technology which it shows the extension of these electrolytes applications in a wide 

range of technological and energy-related fields. Area of ENERGY, APPARATS and 

ELECTRICAL MACHINERY with 522 patents are in the first place and the area of ORGANIC 

FINE CHEMISTRY with a big difference (49 patents) is in the second place of technical areas. 

This shows the focus of liquid electrolyte technology field on electrical energy storage systems. 

 

 

 

Fig. 13. Technical categorization of patents by their area of technology 

 

3.2.2. Categorization in order of IPC code  

Fig. 14 depicts the technical categorization of patents in order of their IPC (International 

patent classification) code. It should be noted that each patent may be categorized in one or 

more IPCs. As it could be seen, the code H01M-010/0567 (Secondary cells; Manufacture 

thereof characterized by the additives) has been referred 254 times. Moreover the codes of 

H01M-010/0525, H01M-010/052, H01M-010/0569, H01M-010/0568 and H01M-010/05 

which are about Rocking-chair batteries, i.e. batteries with lithium insertion or intercalation in 

both electrodes; Lithium-ion batteries ،Secondary cells; Manufacture thereof Li-accumulators, 

Secondary cells; Manufacture thereof characterized by the solvents ،Secondary cells; 

Manufacture thereof characterized by the solutes ،Secondary cells; Manufacture thereof 

Accumulators with non-aqueous electrolyte are in the next places, respectively. 

The set of obtained IPC codes illustrate that the searched and selected patents are perfectly 

matched with this field of technology. 
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Fig. 14. Technical categorization in order of IPC code 

 

3.2.3. Patent categorization by their innovative aspects 

According to the detailed technical information in patents, it primarily turned out that all 

technical fields in these patents could be sorted in three main categories: 1) Salts, 2) Solvents 

and 3) Additives used in liquid electrolytes. It should be mentioned though that some adopted 

patents might contain more than one field and even include all three categories of salts, solvents 

and additives.  

Different materials used by six leading companies in preparation of electrolytes for Li-ion 

batteries salts, solvents and additives are sorted and investigated separately in Tables 4, 5, and 

6 which are presented as following. Table 4 shows different materials used by leading 

companies as solvents in electrolytes for Li-ion batteries. 

Here are some results of investigating solvents used in electrolyte of Li-ion batteries 

patented by leading companies: 

1. All presented solvents in liquid electrolytes by leading companies could be divided into two 

main categories according to the applied cathode in the cell, including: 1) High voltage 

electrolyte solvents, and 2) Non-high voltage electrolyte solvents that each of them would be 

divided to cyclic structure and linear structure compounds. 
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Table 4. Solvents used by leading companies to prepare electrolyte for Li-ion batteries 

 
Company Solvent 

LG CHEM Non-high voltage solvents High voltage solvents 

Cyclic Acyclic  

ethylene carbonate (EC) 

propylene carbonate (PC) 

butylene carbonate (BC) 

tetrahydrofuran (THF) 

1,3-dioxane  

(1,3-DOX) 

γ-butyrolactone 

(GBL) 

2-methyltetra hydrofuran  

(2-MeTHF) 

 

ethyl methyl carbonate (EMC) 

dimethyl carbonate (DMC) 

diethyl carbonate (DEC) 

methyl propyl carbonate (MPC) 

dipropyl carbonate (DPC) 

methyl propionate (MP) 

ethyl propionate (EP) 

propyl propionate (PP) 

dimethoxyethane (DME) 

diethoxyethane (DEE) 

methyl acetate (MA) 

methyl formate (MF) 

ethylene sulfite (ES),  

propylene sulfite (PS), 

dimethyl sulfone (DMS), 

diethyl sulfone (DES), 

ethyl methyl sulfone 

(EMS), 

acetonitrile (AN) 

sulfolane (SL), 

dimethyl sulfoxide 

(DMSO) 

MITSUBISHI 

CHEMICAL 

ethylene carbonate (EC) 

propylene carbonate (PC) 

γ-butyrolactone 

(GBL) 

 

 

ethyl methyl carbonate (EMC) 

dimethyl carbonate (DMC) 

diethyl carbonate (DEC) 

 

ethylene sulfite (ES), 

fluoroethylene carbonate 

(FEC), trans-4,5 

difluoroethylene 

carbonate, 

 bis(2,2,2-

trifluoroethyl)carbonate, 

α- fluoro -γ- 

butyrolactone, 

 β- fluoro -γ- 

butyrolactone 

UBE 

INDUSTRIES 

ethylene carbonate (EC) 

propylene carbonate (PC) 

butylene carbonate (BC) 

γ-butyrolactone 

(GBL) 

tetrahydrofuran (THF) 

 

1,4-dioxane 

(1,4-DOX) 

2-methyltetrahydrofuran  

(2-Me-THF) 

 

GAMMA –valerolactone 

(GVL) 

 

ethyl methyl carbonate (EMC) 

dimethyl carbonate (DMC) 

diethyl carbonate (DEC) 

methyl propyl carbonate (MPC) 

butyl methyl carbonate (BMC) 

methyl isopropyl carbonate (MIPC) 

isobutyl methyl carbonate (IBMC) 

dimethoxyethane (DME) 

diethoxyethane (DEE) 

1,2-dibutoxyethane (DBE) 

methyl propionate (MP) 

dimethylformamide (DMF) 

sec-butylmethyl carbonate (SBMC) 

tert-butylmethyl carbonate (TBMC) 

methyl pivalate 

octyl pivalate 

fluoroethylene carbonate 

(FEC) 

 

acetonitrile (AN) 

 

 

BYD 

ethylene carbonate (EC) 

propylene carbonate (PC) 

butylene carbonate 

(BC) 

γ-butyrolactone 

(GBL) 

 

ethyl methyl carbonate (EMC) 

dimethyl carbonate (DMC) 

diethyl carbonate (DEC) 

ethyl propyl carbonate (EPC) 

methyl propyl carbonate (MPC) 

dipropyl carbonate (DPC) 

methyl propionate (MP) 

ethyl propionate (EP) 

dimethoxyethane (DME) 

diethoxyethane (DEE) 

ethylene sulfite (ES), 

propylene sulfite (PS), 

diethyl sulfite (DES), 

ethylene sulfate (ESa), 

adiponitrile (ADN), 

sulfuric acid 
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ethyl acetate (EA) 

methyl acetate (MA) 

methyl formate (MF) 

dimethyl formamide  (DMF) 

isopropyl formate 

butyl formate 

dipropyl formamide 

SANYO 

ELECTRIC 

ethylene carbonate (EC) 

propylene carbonate (PC) 

butylene carbonate (BC) 

γ-butyrolactone 

(GBL) 

tetrahydrofuran (THF) 

1,3-dioxane 

(1,3-DOX) 

ethyl methyl carbonate (EMC) 

dimethyl carbonate (DMC) 

diethyl carbonate (DEC) 

dimethoxyethane (DME) 

diethoxyethane (DEE) 

 

Sulfolane (SL) 

SONY 

ethylene carbonate (EC) 

propylene carbonate (PC) 

2-methyltetra hydrofuran 

(2-MeTHF) 

γ-butyrolactone 

(GBL) 

 

ethyl methyl carbonate (EMC) 

dimethyl carbonate (DMC) 

diethyl carbonate (DEC) 

dimethoxyethane (DME) 

methyl N,N-dimethyl carbamate 

Sulfolane (SL) 

 

2. Cyclic solvents usually have high dielectric constant that helps them to dissolve lithium salts 

but on the other hand they have high viscosity (except ethers which have low dielectric constant 

and viscosity) which limits their mobility and would be balanced by addition of linear solvents 

with low viscosity. 

3. Generally, linear and cyclic compounds used as non-high voltage electrolyte solvents could 

be divided into carbonates, ethers, and esters. 

4. Propylene carbonate (PC) and ethylene carbonate (EC) are two cyclic carbonates which have 

been used by all leading companies to present electrolyte for Li-ion batteries. PC due to its 

wide temperature range of application (its melting point is -48.8 °C and its boiling point is 242 

°C) and EC for its high dielectric constant (ε=89.78) and its ability of making a stable SEI layer 

are the most significant and widely used solvents in preparation of electrolytes for Li-ion 

batteries. Butylene carbonate (BC) is also one of cyclic carbonates which is used by most of 

companies. 

5. Most important cyclic esters are gamma-butyrolactone (γ-BL) and gamma-valerolactone (γ-

VL), where γ-BL has been widely used but γ-VL has not been very attractive for leading 

companies. 

6. Tetrahydrofuran (THF), 2-methyl tetrahydrofuran (2-MeTHF) and 1, 3- dioxane (1, 3-DOX) 

have been most attractive cyclic ethers for these companies. 

7. Most important and widely used linear non-high voltage electrolyte solvents by leading 

companies are dimethyl carbonate (DMC), diethyl carbonate (DEC), and ethyl methyl 
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carbonate (EMC). Methyl propyl carbonate (MPC), ethyl propyl carbonate (EPC) and dipropyl 

carbonate (DPC) could be mentioned as the other linear carbonates used as solvent in liquid 

electrolytes for Li-ion batteries. 

8. Methyl acetate (MA), ethyl acetate (EA), methyl propionate (MP), ethyl propionate (EP), 

and ethyl butyrate (EB) are the most important linear esters used as solvent in electrolytes but 

MP, EP and MA have been more attractive for leading companies to prepare electrolytes for 

Li-ion batteries. 

9. Widely used linear ethers by leading companies as solvent in electrolyte are 

dimethoxyethane (DME) and diethoxyethane (DEE). 

10. In addition to carbonates, esters and ethers, there have been some other solvents used by 

leading companies in preparation of liquid electrolyte for Li-ion batteries such as methyl 

formate (MF) and dimethyl formamide (DMF). 

11. Because non-high voltage electrolyte solvents have low anodic stability, they could not be 

used in high voltage cells. Therefore leading companies use solvents with high oxidation 

potential which would be suitable in cells that contain high voltage electrodes. 

12. High voltage liquid electrolyte solvents used by companies generally could be divided into: 

1) halogenated carbonates, 2) organosulfurs, and 3) nitriles. 

13. Halogenated carbonates are like those carbonates used in non-high voltage solvents but 

their anodic stability is improved by halogenation of their structure. The halogen atom is 

usually fluorine and its widely used example is fluoroethylene carbonate (FEC). 

14. Sulfites, sulfones and sulfates are the most important examples of organosulfurs used as 

solvent in liquid electrolytes for Li-ion batteries. These solvents also have similar structures 

with those carbonates used in non-high voltage electrolytes which their carbonate group is 

replaced with mentioned sulfur containing groups. Ethylene sulfite, propylene sulfite, ethylene 

sulfate, dimethyl sulfone, diethyl sulfone, ethyl methyl sulfone, dimethyl sulfoxide (DMSO) 

and sulfolane (SL) are widely used from this family of compounds. 

15. Nitrile solvents could be categorized into mononitriles and dinitriles that acetonitrile (AN) 

and adiponitrile (ADN) that are widely used examples, respectively. Dinitriles have been used 

more than mononitriles by leading companies. 

16. Linear and cyclic organic solvents used in non-high voltage liquid electrolytes have been 

also used for preparation of gel electrolytes which PC, EC, γ-BL, DMC and DEC are some 

instances. 

17. It can be founded that LG Chem., UBE Industries and BYD In comparison with other 

companies, have used solvents with more variation which matches the large number of filed 

patents by these companies. 

 

Table 5 represents different kinds of salts used by leading companies in preparation of 

electrolytes for Li-ion batteries. 
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Table 5. Salts used by leading companies in preparation of electrolytes for Li-ion batteries 

 

Company Salt for liquid electrolyte Salt for polymer electrolyte Salt/additive 

LG CHEM 

lithium hexafluorophosphate 

(LiPF6), lithium perchlorate 

(LiClO4), lithium tetrafluoroborate 

(LiBF4), lithium 

hexafluoroarsenate (LiAsF6), 

lithium hexafluoroantimonate 

)LiSbF6(, Lithium Trifluoroacetate 

(LiCF3CO2), lithium 

methanesulfonate (LiCH3SO3) , 

Lithium thiocyanate (LiSCN), 

lithium aluminate (LiAlO4), 

lithium tetrachloroaluminate  

(LiAlCl4), lithium chloride (LiCl), 

Lithium bromide (LiBr), Lithium 

iodide (LiI), lithium 

tris(trifuorosulfonyl)methide 

LiC(CF3SO2)3, Lithium 

tetraphenylborate LiB(C6H5)4 

(LiBPh4), lithium 

difluorophosphate (LiDFP), 

LiB10Cl10 

lithium 

bis(trifluoromethanesulfonyl

)imide LiN(CF3SO2)2 

(LTFSI), Lithium 

Bis(perfluoroethylsulfonyl)i

mide 

LiN(C2F5SO2)2 (LiBETI) 

lithium 

difluoro(oxalato)

borate 

LiBF2(C2O4) 

(LiODFB), 

lithium 

tetrafluoro(oxalat

o)phosphate 

LiPF4(C2O4) 

(LiTFOP), 

lithium 

bis(oxalato)borat

e LiB(C2O4)2 

(LiBOB) 

MITSUBISHI 

CHEMICAL 
LiPF6, LiBF4, LiClO4 LiN(CF3SO2)2 - 

UBE 

INDUSTRIES 

LiBF4, LiPF6 , LiClO4, Lithium 

borohydride (LiBH4), 

LiC(CF3SO2)3 , LiPF4(CF3)2 , 

LiPF3(C2F5)3 , LiPF3(CF3)3 , 

LiPF3(iso-C3F7)3, LiPF5(iso-

C3F7),LiPF4(C2F5)2, LiPF4 (iso-

C3F7)2, LiCH3SO3, 

LiB(C6H5)4 (LiBPh4) 

LiN(CF3SO2)2 , 

LiN(C2F5SO2)2 
- 

BYD 

LiPF6, lithium acetate 

(CH3COOLi), lithium sulfate 

(Li2SO4), LiBF4, LiAsF6, , LiSbF6, 

LiCl, LiBr, LiC(CF3SO2)3 

LiN(CF3SO2)2, 

LiN(C2F5SO2)2 
LiB(C2O4)2 

SANYO 

ELECTRIC 
LiPF6, LiBF4, LiClO4, LiAsF6 

Lithium 

Trifluoromethanesulfonate 

(Lithium triflate) 

LiCF3SO3 (LiTf), 

LiN(CF3SO2)2 

- 

SONY 

LiPF6, LiAsF6 

LiClO4, LiBF4, LiC(CF3SO2)3, 

lithium 

tetrakis(trifluoroacetoxy)borate 

(LiTFAB) Li[B(CO2CF3)4] 

LiCF3SO3, 

LiN(CF3SO2)2, 

LiN(C2F5SO2)2 

LiODFB 

 

 

Here are some important results about the salts used by leading companies in preparation 

of electrolytes for Li-ion batteries: 

1. Lithium hexafluorophosphate (LiPF6), lithium tetrafluoroborate (LiBF4), lithium perchlorate 

(LiClO4) and lithium hexafluoroarsenate (LiAsF6) are the widely used salts in liquid 
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electrolytes by leading companies which LiPF6 and LiBF4 have been the most attractive ones. 

Toxicity of LiAsF6, explosiveness of LiClO4 and low conductivity of LiBF4 have limited their 

application and on the other hand have turned LiPF6 to the most common lithium salt in liquid 

electrolytes despite its mediocre stability against heat and moisture. 

2. Salts widely used in solid and gel polymers are lithium trifluoro methane sulfonate 

(LiCF3SO3 or LiTf), lithium bis (trifluoromethanesulfonyl) imide (LiTFSI or LiN (CF3SO2)2) 

and lithium bis (perfluoroethylsulfonyl) imide (LiN (C2F5SO2)2 or LiBETI) which LiTFSI has 

been more attractive between them but causing aluminum corrosion in current collectors, limits 

its application in liquid electrolytes. 

3. Some salts can act as additive beside their main role which lithium bis (oxalato) borate (LiB 

(C2O4)2 or LiBOB), lithium difluoro (oxalato) borate (LiODFB) and lithium tetrafluoro 

(oxalato) phosphate (LiPF4 (C2O4) or LiTFOP) are some important examples and have been 

used by leading companies. 

4. The counter ion of lithium in some salts like LiPF6, LiBF4, LiTFSI and LiTf could be found 

in ionic liquids used as solvents in electrolytes of Li-ion batteries. 

5. The variety of salts used by LG Chem. and UBE Industries in liquid electrolytes for Li-ion 

batteries demonstrates their tendency to reach new salts with better physical, chemical and 

electrochemical properties than primary ones like LiPF6, LiBF4 and LiClO4. 

6. LG Chem. has applied more variation of salts among leading companies that produce liquid 

electrolytes for Li-ion batteries which it matches the large number of registered patent by this 

company. 

 

Table 6 presents different additives used by leading companies in preparation of electrolytes 

for Li-ion batteries. 

      Here are the adopted results about additives used in liquid electrolytes for Li-ion batteries 

by investigating activities of leading companies: 

1. Reduction type SEI improver additives take their part in a polymerization mechanism and 

making a protective but porous layer on anode. These additives have monomers containing 

polymerizable groups like vinyl group which vinylene carbonate (VC) and vinyl ethylene 

carbonate (VEC) are the most common examples. Moreover halogenated ethylene carbonates 

like fluoroethylene carbonate (FEC) that have good anodic stability beside playing the role of 

solvent in high-voltage electrolytes could be counted in this type of additives. 

2. Some SEI improver additives can also act as high-temperature additives in electrolytes. 

These compounds which are mostly sulfur containing organic structures, may increase thermal 

stability of SEI layer and prevent capacity reduction in Li-ion cells. 1,3-propane sultone (1,3-

PS) and ethylene sulfite (ES) could be mentioned as the most common examples of this sort. 
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Table 6. Additives used by leading companies in preparation of electrolytes for Li-ion batteries 

 

Company 
Additives 

Functional  Additives Additives for safety improvement 

LG CHEM 

negative film - forming 

additives 

Positive film- 

forming additives 

Overcharge 

protection additives 

Flame retardant 

additives 

vinylene carbonate 

(VC) 

vinyl ethylene carbonate 

(VEC) 

1,3-propane sultone 

(1,3-PS) 

1,4-butane sultone 

(1,4-BS) 

ethylene sulfate 

(ESa) 

p-toluenesulfonyl 

isocyanate (PTSI) 

allyl triethoxysilane 

2,5-dimethylpyrrole 

 

 

succinonitrile (SN) 

 

adiponitrile 

(ADN) 

- 

tris(trimethylsilyl)phosp

hate 

(TMSP) 

tris(2,2,2-

trifluoroethyl)phosphate 

(TFEP) 

MITSUBISHI 

CHEMICA 

vinylene carbonate 

(VC) 

 

- 

1-cyclohexyl-2-

fluorobenzene, 

hydrogenated 

terphenyl, 

biphenyl ether, 

m- cyclohexyl 

biphenyl, 

1,3-diphenyl-

cyclohexane, 

1,3-dicyclohexyl 

benzene 

 

 

tributylphosphine (TBP) 

UBE 

INDUSTRIES 

vinylene carbonate 

(VC) 

ethylene sulfite 

(ES) 

1,3-propane sultone 

(1,3-PS) 

Divinyl sulfone 

(DVS) 

catechol carbonate 

(CC) 

 

 

adiponitrile 

(ADN) 

- - 

BYD 
vinylene carbonate 

(VC) 
- - 

trimethyl phosphate 

(TMP) 

triethyl phosphate 

(TEP) 

triphenyl phosphate 

(TPP) 

dimethyl methyl 

phosphonat (DMMP) 
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SANYO 

ELECTRIC 

vinylene carbonate 

(VC) 

Dimethyl sulfoxide 

Tetramethylene 

sulfoxide 

Tri-n-butylphosphine 

oxide 

1-n-butylphosphorane-

1-oxide 

N,N-dimethylacetamide 

1-methyl-γ-

butyrolactam 

 

- - - 

SONY 

fluoroethylene 

carbonate (FEC) 

difluoroethylene 

carbonate (DFEC) 

chloroethylene 

carbonate (CIEC) 

bromoethylene 

carbonate (BrEC) 

 

- - 
trimethyl phosphate 

(TMP) 

 

3. Flame retardant additives used in liquid electrolytes are usually phosphorus based 

compounds containing groups like phosphine, phosphonate and widely used phosphate. 

Trimethyl phosphate (TMP), triphenyl phosphate (TPP), triethyl phosphate (TEP), dimethyl 

methyl phosphonate (DMMP), tris (trimethylsilyl) phosphate (TMSP) and tris (2,2,2-

trifluoroethyl) phosphate (TFEP) are the most important examples. 

4. Beside improving safety features, flame retardants can also act as HF scavengers and 

increase the shelf life of electrolyte. Moreover these additives can improve the cycle life of Li-

ion cells based on LMO and LNMO cathodes by preventing manganese solvation. These 

compounds are also called stabilizing additives. 

5. Some phosphorus based additives can form a protective layer on cathode (CEI) which 

improves the cycle life of the cell. 

6. Overcharge protection additives are usually aromatic compounds which take their part by 

forming a polymeric film on surface of the cathode in higher voltages than operating voltage 

of the cell and would improve its safety features. 

7. Beside playing the role of solvent in high-voltage cells, dinitriles like succinonitrile (SN) 

and adiponitrile (ADN) could also be used as CEI improver in high temperature conditions. 

8. LG Chem. as a leading company in field of liquid electrolytes for Li-ion batteries, has used 

more variable additives with different performances and properties which matches the large 

number of registered patents by this Korean company. 
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4. CONCLUSION 

The main conclusions of the present work can be divided into two main categories: (1) 

statistical/competitive analysis results, and (2) technical analysis results. In addition to the 

conclusion that performed in the technical section focusing on three major recognized technical 

concepts of solvent, salt and additive using in lithium ion batteries, following results can be 

extract from patent statistical/competitive analyzed data: 

(1) Coincide with the rapid technology development of Li-ion battery electrolyte, a sharply 

growth is observed in the number of patent families and research people in recent years. 

Research on the electrolyte of Li-ion batteries in countries all over the the world has 

developed gradually deeper, which has a close positive relationship with the recognition 

degree of international community for energy.  

(2) LG CHEM (38 patents), MITSUBISHI CHEMICAL (33 patents), and UBE INDUSTRIES 

(27 patents) are the three pioneer assignees in field of lithium-ion battery electrolyte which 

belong to the first echelon in the current international competitive market of electrolyte.  

(3) Although the top country with the largest number of lithium-ion battery electrolyte patents 

is South Korea, but most of the top assignees are Japanese enterprises and Japan is leading 

country in the development of electrolyte technologies with absolute predominance. 
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