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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.  

Keywords- Electrolyte additive, Lithium hexafluorophosphate, Lithium-ion batteries, Patent 

analysis, Patent landscape  

 

 

Analytical & 

Bioanalytical 
Electrochemistry 

 

2018 by CEE 

www.abechem.com  



Anal. Bioanal. Electrochem., Vol. 10, No. 12, 2018, 1629-1653                                         1630 

 

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 [3ï6]. 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 

[7ï9]. 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 [12ï15]. 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 [18ï20]. 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 ñliquid electrolytes for 

lithium-ion batteriesò, 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)é 

 

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. ñLG Chem.ò 

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

company in comparison with its rivals. LGôs 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 ñMitsubishi Chemicalò 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. 

ñUBE Industriesò 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. 

ñSonyò 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 Sonyôs activities on these electrolytes had been probably stopped in 2010. 

The research period of ñSanyo Electricò on electrolytes for Li-ion batteries was started in 1990 

and continued until 2011. Sanyoôs 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. 

ñBYDò 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 Oceanôs 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. 


