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Abstract – Li4Ti5O12/C anode has advantage of stable operating voltage compared to graphite which cannot be used in high rate 

power conditions and the dimensions of graphite change when first charging. Addition of F- to Li4Ti5O12 anode can improve 

electrochemical performance and influence the morphology of the anode Li4Ti5O12. In this study a synthesis process was carried 

out and the addition of variations of F (0.1; 0.15; 0.2 moles) into Li4Ti5O12 anode using the solid state reaction method. Then the 

calcination process was carried out with temperature variations of 700, 750 and 800°C. The reaction product is coated with 

carbon sourced from acetylene and argon gas. The XRD results show the highest peak at 2θ around 17-20°. The addition of F has 

been successfully carried out on LTO material. Ion F has been incorporated into the LTO crystal structure by substituting O ions 

without causing changes in the crystal structure characteristics. The presence of element F causes the XRD peak to change in a 

lower direction so that it becomes more crystalline, with the smaller lattice parameters and unit cells. SEM testing result was 

carried out to determine the morphology of anode Li4Ti5O12/C material. At calcination temperatures of 700 and 750°C the 

Li4Ti5O12/C particles had irregular sphere shaped with nanometer size and homogeneous distribution. However, at a calcination 

temperature of 800°C agglomeration occurred, so that the particles adhere to each other and enlarge. This condition affects the 

electrochemical performance of the sample. 

 

Keywords: anode Li4Ti5O12; ball mill; doping F-; calcinations temperature 

1. Introduction 

Lithium ion batteries are one source of energy that is widely used today. As we know, anode material often plays an 

important role in determining the safety and lifetime of lithium ion batteries (Babu,2018). Commercial batteries use 

graphite or carbonated material as an anode material. But carbonaceous materials have severe safety problems from 

dendritic lithium growth, due to their low operating voltage (Zhang,2013 ; Zhou,2015 ; Goodenough,2010 ; 

Etacheri,2011 ; Rui,2010 ; Winter,1999). Among all anode materials, LTO has been considered as an attractive 

anode substitute for graphite, because LTO has the ability to insert Li + ions rapidly, excellent cycle reversibility, 
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and good stability (Zhou,2015 ; Guo,2012; Zhang,2013 ; Yan,2014). But pure LTO has the disadvantages of 

electronic conductivity and a low diffusion coefficient of lithium, resulting in a decrease in the ability of lithium ion 

batteries (L.Zhao,2011 ; B.Li, 2012 ; G.-N Zhu, 2011 ; G.-N Zhu, 2011). One effective method to overcome this 

problem is to add (doping) with metal ions in the position of Li or Ti, or replace oxygen with nonmetal ions (Chen, 

2018). 

In previous studies successfully synthesized LTO compounds doped with Br using a solid state reaction. Br 

which is doped to LTO compounds shows an excellent discharge capacity of 172 mAhg−1 at 0.5 C, which is very 

close to its theoretical capacity (175 mAhg−1) (Y.Qi, 2009). Other researchers adopted a similar method for 

synthesizing Cl-doped LTO compounds (Y.Huang, 2012). Doping LTO with F− with a solid state reaction was 

successfully synthesized and showed an increase in electrochemical performance. However, the performance of the 

Li4Ti5O12−xFx rate is not satisfactory and its capacity is only 71.6 mAhg−1 at the highest current density of 1.7 Ag−1 

(Z.Zhao, 2013). 

In this research the synthesis of Li4Ti5O12 will be carried out with the addition (doping) of F-, then coated with 

carbon. The synthesis process of LTO doping F- by using the solid state reaction method. The carbon coating 

process is carried out by carbonization techniques using acetylene and argon gas. Variations used in this study are 

the addition (doping) of F- and calcination temperature. The variations used are expected to improve the 

performance of lithium ion batteries 

2. Experimental 

2.1. Materials Preparation 

Li4Ti5O12-x, Fx/C is made by mixing Li2CO3 and TiO2 precursors that have been calculated stoichiometry, then added 

with LiF. The first thing to do for synthesis is to clean all equipment that will be used for research so that it is not 

contaminated. The mass of each powder was weighed based on the variation used, namely 1 mole of LTO and mole 

variation of F doping (x = 0, 0.1, 0.15, 0.2). The weighed powder is then put into a ball mill and added alcohol 

(99%) as a solvent. 

Samples were synthesized using the solid state reaction method using low temperature ball milling equipped 

with zirconia balls at a speed of 600 rpm for 6 hours. After the ball grinding process is carried out, the material is 

placed in an alumina glass and then calcined at 700°C, 750°C and 800°C for each doping variation. After the 

calcination process, the precursor material is coated with carbon. Material is placed in the furnace, then the furnace 

is flowed with acetylene and argon gas simultaneously under vacuum. Furnace settings for each calcination 

temperature variation, with a holding time of 1 hour so that the material is fully coated. Active ingredients are ready 

to use. 

2.2. Materials characterization 

X-ray diffraction (XRD) measurements were carried out using PANalytical with Cu Kα radiation (λ=15.4178 nm) 

with a range of 2θ around 10° to 90° at room temperature. XRD testing was performed to determine the 

characteristics of the LTO crystal structure. Then a Scanning Electron Microscopy (SEM) test was performed using 

FEI INSPECT S50 to observe the morphology of the sample powder in the presence of variations in calcination 

temperature and doping Fluorine. 

3. Result and Discussion 

Figure 1a and Figure 2a show the XRD pattern of Li4Ti5O12 with doping F variations of 0.1, 0.15 and 0.2 moles 

calcined at temperatures of 700°C and 750°C. The XRD pattern obtained shows that the diffraction peaks have 

formed at an angle position of 2θ around 18°, 35°, 43°, 47°, 57°, 63°, 66°, 74°, 75°, 79° and 82°. The fields formed 

at the 2θ corner position are (111), (311), (222), (400), (331), (333), (440), (531), (533), (622), (444) and (551). The 

XRD chart peaks are then matched with the JCPDS Card to determine Li4Ti5O12 compatibility. The graph on each 

variation shows the main peak of the cubic spinel LTO according to JCPDS card No.49-0207. Figure 1a and Figure 

2a also show that no other impurities have formed in the LTO sample. 
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Fig. 1. (a) XRD LTO pattern with doping variation F and (b) Peak shift with variation in addition of 

doping F at 700°C. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. (a) XRD LTO pattern with doping variation F and (b) Peak shift with variations in addition 

of doping F at temperatures of 750°C. 

 

Figure 1b and Figure 2b are observations on plane (111) which is one of the highest peaks of LTO with an angle 

position of 2θ spanning 17-20°. The addition of F has been successfully done substitutionally on LTO material. 

Fluorine has been inserted into the LTO crystal structure without causing changes in the characteristics of the crystal 

structure. The substitutional doping is the process of entering foreign elements into a host material, and then the 

dopant element replaces some parts/sites of the previous host material. In substitutional doping can maintain the 

shape of the crystal structure. So that the compounds are doped by substitution, the exact position of the atom is in 

the crystal lattice. Fluorine successfully diffuses well replacing the existing O position on the LTO. The addition of 

(b) (a) 
 

(b) (a) 
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F does not affect the LTO spinel structure that has been synthesized it's just that the addition of the element F is 

doped through LiF to make the XRD peak change sample shifts towards a lower degree so that it becomes more 

crystalline (Kamarlzaman, 2012). 

Figure 3 LTO with variations of 0.1F, 0.15F and 0.2F calcined at 800°C, there is a new phase in the form of TiO2 

phase where at an angle of 2θ around 28° there is a new peak formed even though the intensity value is small. This 

peak results from the small amount of rutile TiO2 present in the lattice that is converted from an unreacted anatase 

due to lithium evaporation during the calcination process. The rutile phase is a stable TiO2 phase while the anatase 

TiO2 phase is metastable. This phase is an impurity that can arise due to the influence of too high calcination 

temperature. Temperature can also cause phases that are initially balanced to become unbalanced (Yuan, 2010). 

Temperature can also cause a decrease in the XRD peak, where at 800°C the peak XRD decreases causing the 

material not to be too crystalline. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. (a) XRD LTO pattern with doping variation F and (b) Peak shift with variation in addition of 

doping F at 800°C. 

 

Figure 4 shows the SEM results of the Li4Ti5O12 spinel calcined at 700°C, 750°C and 800°C, doping F variations 

and carbon coated using acetylene, with a magnification of 25.000x. It can be clearly seen that the sample shows 

block-shaped particles with uniform particle size distribution. Many nanometer-sized grains and in general look 

homogeneous. This is shown in Figure 4.a through Figure 4f. Particle size also tends to increase little by little with 

increasing calcination temperature used. This is seen in Figure 4.g, Figure 4.h and Figure 4.i. With the temperature 

increased from 700 to 800°C, the particles change to become larger (Zhang, 2013). High temperatures above 800°C 

cause agglomerated grains to become solid. The solid granules can make the insertion/extraction of Li+ ions in LTO 

grains homogeneous. This solid particle is inactive especially during cycles of high current density due to an 

increase in the diffusion distance of Li+ ions. Conversely the small and uniform LTO grain size can contribute to 

improving the electrochemical performance of lithium ion batteries (in cyclic voltammetry, electrochemical 

impedance spectroscopy and charge-discharge) (Babu,2018). 
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To find out the particle size values from the SEM results above are shown in the following Table 1. Table 1 

show the particle size of each variation of LTO/C. Determination of particle size is done at five points from SEM 

results of magnification of 25,000x, then averaged to get a particle size value with a standard deviation value. This is 

done in order to know the size and distribution of the particles in one interpretation, homogeneous or not. At a 

temperature of 700°C with a doping of 0.1 F obtained an average particle size value of 369.68 nm. Then the F level 

added 0.15 moles, obtained a particle size of 327.82 nm. Element F is added to 0.2 moles obtained with a particle 

size of 313.02 nm. At this temperature with the addition moles of F, the greater the doped F element, the smaller the 

particle size. The same thing happened at temperatures of 750°C. At a temperature of 750°C with the addition of 0.1 

F obtained an average particle size of 517.72 nm. 0.15 F doping obtained a particle size of 469.36 nm, and doping 

0.2F with a particle size of 451.4 nm. There is no significant difference in particle size from temperatures of 700 and 

750°C. However, at a temperature of 800°C, the particle size is getting bigger along with the increase in the amount 

of doping F used, starting from 0.1F doping with an average particle size value of 514.22 nm, doping 0.15F with a 

particle size of 586.12 nm and doping 0.2F with a particle size of 595.74 nm. With the tolerance values listed in the 

(a) (b) (c) 

(d) (e) (f) 

(g) (h) (i) 

Fig. 4. Results of SEM LTO 25,000x magnification for each variation (a) LTO + 0.1F at a 

temperature of 700°C, (b) LTO + 0.15F at 700°C, (c) LTO + 0.2F at 700°C, (d ) LTO + 0.1F at 

750°C, (e) LTO + 0.15F at 750°C, (f) LTO + 0.2F at 750°C, (g) LTO + 0.1F at 800°C, (h) LTO 

+ 0.15F at 800°C and (i) LTO + 0.2F at 800°C. 
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table shows that the smaller the tolerance value, the more accurate. At this temperature variation agglomeration 

occurs so as to make the particle size not homogeneous. 

 

Table 1. Particle size of each LTO/C variation 

Li4Ti5O12/C Average Particle Size (nm) Standard Deviation (nm) 

Doping 0.1F; 700°C 369.68 56.84 

Doping 0.15F; 700°C 327.82 89.34 

Doping 0.2F; 700°C 313.02 25 

Doping 0.1F; 750°C 517.72 52.39 

Doping 0.15F; 750°C 469.36 92.39 

Doping 0.2F; 750°C 451.4 12.89 

Doping 0.1F; 800°C 514.22 112.13 

Doping 0.15F; 800°C 586.12 113.41 

Doping 0.2F; 800°C 595.74 28.45 

 

Factors that cause agglomeration during solid state reaction and calcination temperature difference are due to the 

very small and irregular particle size (aggregate) so that it has high surface tension and roughness. To reduce these 

surface stresses, the particles are physically fused together (agglomeration) and interlocking. Due to the heat 

generated by the calcination temperature, a diffusion surface occurs between the particles causing a sintering effect. 

Sintering causes an increase in particle size. According to Wang (2009) a higher synthesis temperature of 750°C will 

produce undesirable (large) particle growth, which is not favorable for electrochemical performance. 

4. Conclusions 

LTO has been successfully created. LTO with the addition of mole F variations and carbon coating has been 

successfully synthesized using the solid state method. The results and XRD analysis showed that the addition of F 

was successfully inserted and did not change the LTO crystal structure. Ion F replaces Ion O by substitution because 

the size of F ion is slightly smaller than Ion O, resulting in a shift in the XRD peak. The peak of the LTO sample has 

shifted towards a lower degree, making it more crystalline. SEM test results show that with variations in calcination 

temperature, LTO which were initially in the form of blocks were homogeneously distributed at temperatures of 700 

and 750°C, changing in size to be slightly larger and not homogeneous at 800°C. This happens because LTO has 

agglomerated so that the particle size is getting bigger.  
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