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Many people have devices with lithium-ion batteries, and most of them suffer from reduced lithium-ion battery quality over time. After researching several secondary and primary articles that talk about lithium ion battery, I found that overheating, lithium drop, and the increasing in resistance can cause this problem. All of these three causes an effect on the battery age and specifically overheating cause the battery explosion. Also, I found that we can reduce these problems by changing the anode or the cathode materials, using materials with low resistance, and lowing the heat on the battery. The scientists have been working on new batteries that can be better than a lithium-ion battery, and they found Li-O2 battery, Li-S battery, and natural battery which will be in the future. While many people have been injured because of the explosion of the lithium-ion battery, scientists must intensify research on this type of batteries to develop it and reduce their risks.
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Lithium-Ion Battery Capacity
 The phone that you carry is flammable due to the lithium-ion battery inside it. A lot of people have injured themselves because of the lithium-ion battery. For instance, there have been many accidents in which Samsung Galaxy Note 7 exploded, and there was a period of time known for the explosions of Samsung Galaxy Note 7. According to Hollister (2016), “after 35 reported incidents of overheating smartphones worldwide, Samsung made the unprecedented decision to recall every single one of the Galaxy Note 7 smartphones sold” (para. 2). After these incidents, the company discovered the cause behind these explosions and it was the lithium-ion battery in their phones. A lithium-ion battery is one of the most common batteries and it is important for us because most of our devices work on lithium-ion batteries. However, the lithium-ion battery has drawbacks such as being flammable and getting old quickly. These drawbacks are caused by overheating, lithium drop, and the increasing in resistance. You have to know that this problem cannot be eliminated, but you can reduce these problems by changing the anode (negative side of the battery) and the cathode (positive side of the battery) in the battery. In addition, some batteries will be in the future be better than lithium-ion battery such as the lithium-air battery, lithium-sulfur battery, natural battery. 
Background
There are two main types of batteries. On one hand, the first type of batteries is the primary battery which cannot be recharged, and it has the lowest cost, such as zinc-carbon, alkaline, lithium iron disulfide (Li-FeS2), and aluminum-air. These type of batteries can be used in toys, remote controls, clocks, MP3 players, etc. On the other hand, the second type of batteries is the secondary battery which can be recharged, and it cost more than the primary battery, but in general secondary battery will cost less than primary battery because it is rechargeable. A secondary battery can be found in cameras, phones, laptops, and some cars.
The lithium-ion battery was invented almost 30 years ago that why it is almost new. According to LeVine (2015), lithium-ion batteries were invented in 1980 by physicist John Bannister Goodenough (para. 5), but “the first commercialized by Sony in 1991, owes its name to the exchange of the Li+ ion between the graphite (LixC6) anode and a layered-oxide (Li1−xTMO2) cathode, with TM being a transition metal” (Armand & Tarascon, 2008, pg. 653).  The reason they did not use these battery as soon as they made them is because it was under development, and it was dangerous.
In addition, a lithium-ion battery is expensive compared to other batteries, but the price of lithium-ion battery has fallen as shown in graph 1, and it is expected to continue to decrease. Zart (2017) stated that "The average price of a lithium-ion battery pack is down to $209/kilowatt-hour and the prices are set to fall below $100/kWh by 2025” (para. 3).
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Graph 1. Lithium-ion battery's cost had reduced from 2010 to 2016 and it may complete reducing in the future. Reprinted from “Batteries Keep on Getting Cheaper” by N. Zart, 2017. Retrieved from https://cleantechnica.com/2017/12/11/batteries-keep-getting-cheaper/
	One of the brands of cars which use lithium-ion battery is Tesla, and these types of cars depend heavily on the battery and not on the fuel. In fact, it is environmentally friendly, and it saves your money because you do not have to fill the car fuel, but it can explode for no reason just because of the lithium-ion battery. According to Lambert (2018), “The battery pack of a Tesla Model S caught on fire yesterday in Los Angeles. The owner says that the fire started “out of the blue” without any impact while the vehicle was being driven in traffic. Tesla says that it is investigating the situation” (para. 1). This accident shows that there is a risk of using a lithium-ion battery.
Definition & How Does It Work?
A lithium-ion battery is a type of secondary battery made up of a positive electrode (cathode) that is made of a solid material called lithium cobalt oxide (LiCoO2), and a negative electrode (anode) that is made of a solid material called graphite (LixC6). Also, liquid between them, called the electrolyte (LiPF6), acts as a conductor in the battery, and the separator which is made of thin polymer and it separates the anode and the cathode and it allows the passage of ions through the cells. 
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Figure 1. Inside lithium-ion battery in which lithium ions move from the anode (negative electrode LixC6) to the cathode (positive electrode LiCoO2) while charging and from the cathode to the anode while discharging. Reprinted from “How Lithium-ion Batteries Work” by M. Brain, 2006. Retrieved from https://electronics.howstuffworks.com/everyday-tech/lithium-ion-battery.htm

While discharging, lithium ions lose their electrons, and their electrons move during the silk from the negative side to the positive side. In the same time lithium ions move inside the battery during the electrolyte from the anode to the cathode as shown in figure 1. This equation shows how lithium loses electrons and goes to the cathode:
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On the other hand, while charging is exact opposite all the lithium ions acquire electrons and move back to the anode, and this equation shows how lithium acquires electrons and back to the cathode:
[image: ]
This is the whole chemical equation:
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CAUSES

Overheating
	The first cause of losing the quality of lithium-ion battery is overheating. This can be caused by overcharging, and when you overheat the lithium-ion battery it may burn or reduce its storage and capacity. According to Bonheur (2016), “Li-ion battery is susceptible to the downside of too much heat caused by overheating of the device or overcharging. Heat causes the cells or packs of this battery to degrade faster than they normally would” (para. 14). The quoted explanation shows that overheating may affect the storage of the lithium-ion battery. Many people over the world put their phones on a charger and forget it and their charge approaches 100% and they don’t mind. This overcharge can cause overheating which reduce the quality of the battery. Also, when you put your phone under the hot sun rays that increase your battery temperature, and when the battery's temperature increases dramatically that will affect the interactions inside the battery and may reduce the battery quality or it may explode. This is the main reason behind the iPhone warning "iPhone needs to cool down before you can use it", and Apple recommends turning off your phone when you see this warning. 
Lithium Drop
	The second cause that can reduce the quality of the lithium-ion battery is lithium drop or lithium deficiency. Lithium can be lost in chemical reactions by dissolution or deposition. Birkl, Roberts, Mcturk, Bruce, and Howey (2017) stated, “lithium ions are consumed by parasitic reactions, such as surface film formation decomposition reactions, lithium plating, etc. and are no longer available for cycling between the positive and negative electrode, leading to capacity fade” (pg. 375). The quoted explanation shows that lithium-ion battery quality is reduced when the lithium inventory reduces. The meaning of lithium drop is the shortage of the number of lithium ions inside the battery. Lithium drop can be caused by the deposition reactions inside the battery, when the lithium ions turn from ions into the solid form, they stick to the bottom of the battery and cannot react again. So, when they are no enough lithium ions inside the battery, the reactions will be reduced and therefore the battery will not give the required energy hence not storing the required energy. That’s why Lithium drop can reduce the quality and the capacity of the lithium-ion battery.
Increase in resistance 
	The third cause that can reduce the quality of a lithium-ion battery is the increase in resistance. Also, it is one of the causes of battery aging. Han, Ouyang, Lu, Li, Zheng, and Li (2014) stated, “battery aging can arise from many factors such as loss of lithium inventory (LLI), loss of active material (LAM), and increase in resistance” (pg. 39). This information shows that the loss of lithium inventory can increase the battery aging as the previous paragraph said, and the loss of active materials inside the battery can also cause the battery aging and this can be caused by the reactions inside the battery. This shows that not only lithium ions can be lost inside the battery, but also there are many active materials can be lost as well inside the battery. In addition, the increase in resistance is the third cause of battery aging. The resistance depends on the materials inside the battery. When we use materials with high resistance that will reduce the age of the battery and the battery will not give us high energy, but unfortunately, not any material can work inside the battery. The scientists should find materials that can work inside the battery, at the same time it should has a low resistance.
 
Effects (Problems)
Explosions (Fires)
	Studies have shown that lithium-ion battery is flammable. The reason that makes lithium-ion battery burns is overheating. Chen, Liu, He, Yuen and Wang (2017) stated, “lithium-ion batteries contain highly energetic materials in contact with the flammable chemical electrolyte pertaining to organic solvents. Any abuse, including disposing of in fire, overcharging, external short-circuiting or crushing, can trigger spontaneous self-heating reactions, and lead to fire and explosion” (pg. 1061). The quoted explanation shows that the lithium-ion battery is flammable, and we have to be careful while using it. As I said, there are many situations that devices or cars with lithium-ion battery burned the same as Samsung Galaxy Note 7 phone or Tesla Model S. These situations continue to be experienced. There is flammable liquid between the cathode and the anode, it is called electrolyte. When you overheat the battery this electrolyte will burn, therefore the main reason behind these explosions is the electrolyte. If it is possible to find an electrolyte that can do the same work as of today's electrolyte, but it is non-flammable that will reduce accidents and will save people's lives.
Aging
	Battery aging means the battery capacity or quality become lower than the first time it is made, and it is almost dead. Many things that cause this problem same as, overheating, the increasing in resistance, and lithium drop. When this problem happens, the battery will discharge itself, will not store much energy, and will not give us high energy. According to Bonheur (2016), “Li-ion battery will naturally degrade as soon as they leave the factory. This means that it is not completely durable lifecycle because of this normal degradation that transpires whether consumers use them or not" (para. 15). This information shows that lithium-ion battery starts degradation as soon as it leaves the factory, and this problem increases with using the device. Almost all people who have phones suffer from this problem. They buy the phone with a battery that has high capacity and after years the capacity starts decreasing.

Solutions
	These problem cannot be eliminated definitively, but we can reduce them by not overheating the battery, using elements that have low resistance, and changing the cathode and anode materials. Scientists try to invent new battery that is better than a lithium-ion battery or develop this battery, but these batteries are under the development and they are not sold yet because of defects and risks.
Li-O2 and Li-S batteries
	The first two batteries that are under the development and they will be in the future are lithium-air (Li-O2) and lithium-sulfur (Li-S) batteries. Scientists said that lithium air battery will be five times better than the lithium-ion battery in capacity and it gives more power. Also, it will be cheaper than a lithium-ion battery. The University of Illinois at Chicago (2018) stated:
“Lithium-air batteries -- believed to be able to hold up to five times more energy than the lithium-ion batteries that power our phones, laptops and electric vehicles -- have been tantalizing to battery researchers for years. But several obstacles have plagued their development. The batteries would work by combining lithium present in the anode with oxygen from the air to produce lithium peroxide on the cathode during the discharge phase. The lithium peroxide would be broken back down into its lithium and oxygen components during the charge phase.” (par. 2-3)
The explanation shows how lithium-air battery works and it will be better than the lithium-ion battery. Also, Bruce, Freunberger, Hardwick and Tarascon (2011) stated, “Li–S and Li–O2 cells both offer substantial increases in specific energy compared with Li-ion” (pg. 27). The expalanation shows that lithium-air batter and lithium-sulfur battery will give more energy than the lithium-ion battery.
Nature Materials
	The second solution for this problem is to use natural materials inside the battery. The first benefit of using natural materials is that they give more energy as the studies say, and the second benefit of using natural materials is that they are available freely in our life more than other elements. According to Armand and Tarascon (2008), “substituting the cathode for an organic material might boost the capacity. The feasibility of using active LixC6O6 organic molecules that can be prepared from natural sugars common in living systems is currently under investigation” (pg. 655). Specifically, dilithium oxocarbon salt (Li2C6O6) which is prepared of inositol (C6H12O6) that is extracted from corn. Scientists prepared dilithium oxocarbon salt by putting the inositol with other materials in chemical reactions, and the result of these chemical reactions will be put inside the battery to boost the capacity. (Armand & Tarascon, 2008, pg. 655). This information shows that if we use the natural materials inside the battery, the capacity will increase and the battery will give more energy.
Changing Anode or Cathode Materials
If we use some elements that are deferent from what we use in the regular lithium-ion battery, this will help us to store more energy in the battery. Horiba (2014) stated:
Many papers on the new anode and cathode materials have been presented and published during the last decade. Silicon and tin are most popularly used for anodes. However, these materials cannot be employed as substitutes for carbon materials in energy storage applications yet, because their total performance including cost is still lower than that of carbon materials. LiNi0.5Mn1.5O4 and LiMO2–Li2MnO3 are expected to be the most promising cathode material in the near future. However, they are still in the developmental phase. Energy storage applications are large systems that consist of many cells, and thus much material, so that such applications are very sensitive to the material cost. Consequently, the introduction of these new materials will take some years for development, maturation, and supply at an appropriate cost. (pg. 10-11)
This quoted expanation shows that if we change the positive and the negative sides of the battery, we may have a better battery and it will store more energy, but it may cost a lot of money.
Conclusion
In conclusion, there are two problems with the lithium-ion battery. One of the problems is explosions and the cause of this problem is overheating which can be caused by overcharging or from surrounded heat on the battery, and the solution for this problem is to keep the battery away from the heat or discover a new electrolyte for the battery. The second problem of lithium-ion battery is aging, and the causes of this problem are overheating, lithium drop which can be caused by chemical reactions inside the battery, and the increasing in resistance which is caused by the elements inside the battery. We can reduce these problems by not overheating the battery, using elements that have low resistance, and changing the cathode and anode materials maybe they are not ideal solutions, but some batteries will be in the future such as, lithium-air battery, lithium-sulfur battery, natural battery. In my opinion, the best solution will be the lithium-air battery because it will be five times better than a lithium-ion battery, and it uses a renewable source which is the oxygen, but there are difficulties that face the scientists that why it is not sold yet. There are "hurdles to their widespread use abound with issues at the cathode (relating to electrocatalysis and cathode decomposition), lithium metal anode (high reactivity towards moisture) and due to electrolyte decomposition” (Bhatt, Geaney, Nolan, & Odwyer, 2014, pg. 12093). The quote shows why the lithium-air battery does not exist in the markets and the difficulties that face the scientists. Finally, people should know more about the lithium-ion battery to avoid its dangers.
	In my opinion, scientists will not discover a battery without any drawbacks, I think all rechargeable batteries that work with chemical reactions, should loss of its capacity.
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