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Project aim
To study the crystallization process of metatitanic acid: Convert amorphous metatitanic acid to crystalline state, by using the method of hydrothermal crystallization. And find methods and the Best processing conditions
to ensure that the final metatitanic acid crystal to maintain a high ratio of the Water of crystallization.
To study properties of crystallized metatitanic acid as electrode, I want to use crystalline metatitanic acid as the anode material to achieve the replacement of lithium in lithium ion batteries by the transfer of hydrogen ions between the cathode material and anode material.

Background and rationale
In recent years, the Chinese government has strongly supported the development of new energy vehicles. The output of new energy vehicles has increased rapidly (中国化工经济技术发展中心, 2016). Lithium-ion power batteries have become the most practical batteries of the moment. Lithium reserves are limited and unevenly distributed, which may be a bottleneck for the development of long-life energy storage batteries that require low-cost, high-security smart grids and large-scale energy storage for renewable energy (Pan, 2013).
The commonly used lithium ion electrodes have certain defects. LiFePO4 have a low conductivity. lithium iron phosphate batteries also have problems such as poor low temperature resistance and difficult material consistency control(Prosini, 2011). lithium manganate materials have poor cycle performance (especially under high temperature conditions) and poor conductivity, which restricts the development of it (Ding, 2011). The problems with ternary materials are: the process is complicated, the preparation of the precursor is poorly repeated, and the raw material is expensive (Kitaura, 2010).
Metatitanic acid has become one of the alternative materials for lithium battery anodes, but this material is rarely studied by scientists. It’s cheaper than any kind of lithium battery anodes. And the charge and discharge performance of it are really close to the lithium ion battery anodes (Tan, 2011).
The amount of titanium is much more than lithium. According to USGS, the leading producers of titanium concentrates included South Africa (1.22 million t), Australia (1.39 million t), the US (300 thousand t), China (950 thousand t), Canada (770 thousand t) and India (366 thousand t) (asian metal pedia, 2018).
Objectives
· We may achieve the following objectives in this project:
· Study the method of Synthesize amorphous metatitanic acid by conventional titanium-containing raw materials.
· Study the morphology of amorphous metatitanic acid
· To Study the best temperature of hydrothermal process.
· Study the changes of hydrothermal products with hydrothermal duration.
· Find out the effect of the proportion of each raw material in the hydrothermal process on the final product.
· Observe and record the crystal structure of crystallized metatitanic acid.
· Optimization of treatment conditions for crystalline metatitanic acid after hydrothermal
· Achieve higher crystallization water content (higher than 0.5) (Tan, 2011)after crystallization and treatment after it.
· Study on the formation method of metatitanic acid as electrode
· The final battery achieves a good performance.


Methodology
The method of the project may contain follow steps:
1. Synthesis of amorphous metatitanic acid with materials that are common and easy to find in China(in two ways):
· Sulfuric acid method: Reacting titanium concentrate or acid-soluble titanium slag with sulfuric acid, to obtain a titanyl sulfate solution( this step is called acid hydrolysis reaction). Hydrolysis of titanyl sulfate solution to obtain metatitanic acid precipitation.
· Use sodium hydroxide to react with the Titanium, silicon, and aluminum oxide in the titanium-containing blast furnace slag at a high temperature, form a corresponding sodium oxyacid. The molten salt reaction product sodium metatide was washed with water to remove water-soluble impurities. Treating the washed material with an acidic solution to convert it into qualified metatitanic acid.
2. Use TEM(Transmission electron microscope), to Study on the crystallization of amorphous metatitanic acid synthesized by two methods.
3. Use XRD (X-ray diffraction), to Determination of the atomic and molecular structure of amorphous metatitanic acid synthesized by two methods.
4. Hydrothermal crystallization of amorphous metatitanic acid under different conditions of temperature, time, the ratio between water and metatitanic acid.
5. Filtering and drying Metatitanic acid at low temperature, Treat them as samples for the next step
6. Use TEM and XRD to test the samples, and compare them with amorphous metatitanic acid.
7. Calculate the crystallization water content by using thermogravimetric analysis.
8. Figure out the best condition of synthesizing the Crystallized titanic acid.
9. Assembling crystallized metatitanic acid into a positive electrode.
10. Assembling a complete battery with a metatitanic acid electrode and a graphite electrode
11. Test the battery performance in cyclic voltammetry test and Charge and discharge experiment

Resource requirements
The project will require some resources below:
· Raw materials purchased from the market and processing waste collected from titanium factory.
· instrument for X-ray diffraction, which can be borrowed from other institutions, or use their instrument.
· There will be a need for a TG-DTA tester, for a More accurate measurement of crystal water content
· Transmission electron microscope, which we can use other institution’s .
· There will be a need for a set of hydrothermal reactor, which have stainless steel body and PTFE lining
· An oven that can be adjusted from 180 to 230 degrees Celsius.
· A tableting machine, which helps us forming the electrode.
· A Vacuum box with some gloves, for assembling the whole battery into a Button Battery.
· An Electrochemical Workstation for cyclic voltammetry test
· Instruments for Cyclic charge and discharge test
· There will be a need for a PC to analyse the data.
· There will be a requirement for a work space to finish the experiments.
· There will be a need for a supervisor who can help me in the whole project.


Constraints
The project may meet a number of constrains, including but not limited to:
· The study will be carried out in Wuhan University of Technology, and one of my 3 postgraduate year will be spent on UWTSD, I cannot carry on the experiment here, so the time is limited.
· The budget for the project is high because of the use of TEM and batteries’ assembling. The lab funding is tight.
· The condition of synesis process should be settled before assemble of the battery, This makes the experimental process very long.
· The only person can help me in experiment in China is my tutor, he can only help me in academic ways, I need to carry out this experiment alone.



Potential problems
In the process of the project, the participant may face these problems:
· The laboratory will be shared with many students, material test and battery test will involve the participant in queues. It will waste a huge number of time of experiments.
· The amount of experimental work is large, and there are many experiments repeated many times. But with only one participant, ensuring the quality of the experiment is a big challenge.
· The JCPDS card of our material is blur (no star JCPDS card for it), makes our XRD results more difficult to analyse in the future.
· The raw material that the participant collected from the plants and factories will be different in composition when we sample it in different times and places. It will eventually influence the process of choosing the best synthesis condition of metatitanic acid.
· A delay of raw material may delay the time of experiment.
· Lack of experience in forming the electrode, it may cause some difference of tablet electrode in weight and conductivity.
· Lack of experience in assembling the battery, it may cause some health safety issues.
· Testing the battery performance need a very long period, and there is a long queue in the constitution which provide cyclic voltammetry test and Charge and discharge experiment instruments.
· The result of my experiment may show some differences with former research, it may need to be discussed with my tutor.
· There may be some conflict between my two universities’ project, I will discuss these with both school’s supervisor.

Literature review and references
Cathode materials of lithium ion battery
At present, lithium iron phosphate, ternary materials and lithium manganate are mainly used as positive electrode materials for lithium batteries. Most Chinese companies are mainly lithium iron phosphate, such as BYD; while Western countries mostly use ternary materials and lithium manganate as the positive electrode (Liu, 2015). However, two core technology patents are in the United States and the other in Canada. Therefore, the development of lithium ion batteries in China has intellectual property risks (Yan, 2001). 
Among them, lithium iron phosphate theoretical specific capacity of up to 170mAh /g, can maintain a voltage platform of about 3.6V, excellent charge and discharge cycle performance, low price, excellent high temperature performance, environmentally friendly and pollution-free. But LiFePO4 have a low conductivity. lithium iron phosphate batteries also have problems such as poor low temperature resistance and difficult material consistency control (Prosini, 2011).
[bookmark: _Hlk530509993]Lithium manganate material is a lithium ion battery cathode material with high capacity (148 mAh/g), long life, safe, non-toxic and low cost. However, during the cycle charge and discharge process, the structural distortion caused by the Jahn-Teller effect leads to poor cycle performance (especially under high temperature conditions) and poor conductivity of lithium manganate materials, which restricts the development of it (Ding, 2011).
The ternary material is a positive electrode material composed of three elements such as Ni, Co, and Mn. The material has the advantages of high specific capacity, low cost, stable cycle performance, good safety performance and good electrochemical performance, and achieves complementarity of the three elements. However, the problems with ternary materials are: the process is complicated, the preparation of the precursor is poorly repeated, and the raw material is expensive (Kitaura, 2010).
Anode materials of battery
Natural graphite has a very high carbon content, has a good structure due to its special structure, and is rich in natural graphite resources in nature. Lithium and sodium ion batteries are usually crystalline natural graphite, which has a carbon content of over 98% and a large energy storage space. However, in the use of graphite materials, the following problems are often encountered: destruction of active material particles, adhesion failure between components of the electrode material, and repeated crack repair of the surface SEI film cause further erosion of the electrolyte to electrode.
For lithium titanate, it undergoes a reversible phase transition between the spinel phase and the rock salt phase during deintercalation and lithium intercalation. Since the two have the same lattice symmetry and belong to the Fd3m spatial lattice group, the volume deformation caused by the phase change is very small, thus effectively avoiding the disadvantages of the graphite material. However, in contrast, lithium titanate battery will continue to produce gas during use, resulting in H2, CO, CO2 and other gases, causing the battery to expand, affecting the positive and negative contact, increasing the battery impedance, affecting battery performance, and even It may cause safety problems such as battery short circuit, thermal runaway, and explosion (Wang, 2007).
Possibility of hydrogen ion battery
In the hydrogen ion reduction study of the aqueous lithium secondary air battery charging process, the researchers found that hydrogen ions can pass through the lithium ion solid electrolyte material and the hydrogen ions at the same point have a larger apparent current density than the lithium ions. This may This is because hydrogen ions and lithium ions have the same charge value and the hydrogen ion radius is much smaller than lithium ions (Ding, 2009).
Scholars at Oregon State University have demonstrated that hydronium ions can be reversibly stored in the electrodes of crystalline PTCDA. Ex-situ XRD reveals reversible and significant structural expansion in the reduction of PTCDA in acidic electrolytes, which they attribute to the insertion and deintercalation of hydronium ions (Wang, 2017). They found that the hydronium ion is stable in the electrolyte and its molecular radius is consistent with the radius of the sodium ion battery. That is, the hydrogen ion battery can be formed by replacing the sodium in the sodium ion battery with hydronium ions.
Possibility of using metatitanic acid as a electrode
When the battery composed of the metatitanic acid and the lithium negative electrode is charged and discharged with a large current of 20C, the specific capacity of the battery is still greater than 100 mAh/g; after charging and discharging for more than 200 times at a rate of 1 C, the specific capacity is still close to 160 mAh/g. That is, the metatitanic acid battery has excellent rapid charge and discharge performance and cycle stability energy, and it can be used as an electrode material for a large specific power large capacity battery.
Synthesize metatitanic acid
1. The sulfuric acid method is an acid hydrolysis reaction of titanium concentrate or acid-soluble titanium slag with sulfuric acid to obtain a titanyl sulfate solution, which is hydrolyzed to obtain a metatitanic acid precipitate (hydrated titanium dioxide) (Fang, 2008), and the hydrolysis of the titanium liquid can be expressed by the following reaction formula:
TiOSO4+2H2O=H2SO4+H2TiO3(TiO2·H2O)
2. The titanium, silicon and aluminum oxides in the titanium-containing blast furnace slag react with NaOH at high temperature to form corresponding sodium oxyacid. The molten salt reaction product sodium metatide is washed with water to remove water-soluble impurities, and the water-washed material is treated with an acidic solution to be converted into qualified metatitanic acid. The water washing material is treated with an acidic solution, so that the sodium ions are completely replaced by hydrogen ions, and the agglomerates are dissociated into small particles with smaller particle size and uniformity, that is, converted into the desired metatitanic acid particles (Fang, 2008).
Crystallize metatitanic acid
Because the traditional metatitanic acid production process has defects such as less crystal structure and insufficient batch consistency. The hydrothermal crystallization process can ensure the degree of crystallization of metatitanic acid and significantly reduce the phenomenon of product particle agglomeration.
In the process of hydrothermal crystallization of titanium dioxide, it was found that good crystallinity can shorten the conversion of electron holes and further enhance the photocatalytic activity (Pu, 2014). Similarly, the use of hydrothermal methods to treat metatitanic acid under mild conditions can make the metatitanic acid structure have more holes and accommodate more hydrogen ions.
Relevant analytical techniques
We need to design an orthogonal experiment, taking the hydrothermal temperature, hydrothermal time and the ratio of water to amorphous metatitanic acid as independent variables, taking the water content of the final product as the dependent variable, and using origin to analyze to get the best water. Thermal conditions.
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