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1. Introduction 
Lithium-Ion rechargeable batteries (LIBs) have good reversibility and high power density [1]. Electrode 
materials for rechargeable lithium-ion batteries is an important part for development of energy storage system 
[2]. Among some materials, Lithium zirconate, Li2ZrO3 is of a particular interest for anode materials due to the 
good structural stability and high lithium diffusion coefficients. The change of the unit cell volume is only 
~0.3% during discharge or charge procces [3]. The Li2ZrO3 itself is a stable chemical compound and inert in 
some common non-aqueous electrolytes. It also suitable for coating shell to protect the electrode material [4]. 
The Li2ZrO3 also can coat Li4Ti5O12 (LTO) without disturbing the intrinsic structure of LTO [5]. In other 
research, the Li2ZrO3 layer was coated on the surface of silicon/graphite/carbon materials and it was proven to 
stabilize the electrode through the formation of a stable and a compact solid electrolyte interface (SEI) layer on 
the electrode surface [6]. 

The crystalline Li2ZrO3 consist of two phases namely tetragonal t-Li2ZrO3 and monoclinic m-Li2ZrO3. 
The t-Li2ZrO3 can undergo phase changing at 1173 K to stable m- Li2ZrO3 [7]. Li2ZrO3 has been synthesized by 
different methods such as combustion method [8], citrate sol-gel [9], solid state reaction [3,5], etc. Solid state 
reaction is a chemical reaction synthesize without solvent requirement. This method has some advantages, such 
as simple to handle, reduce pollution, and low cost [10].The synthesis of Li2ZrO3 was also 
successfullyconducted by a conventional solid state reaction with a commercial ZrO2 and Li2CO3 as starting 
materials. X-ray diffraction analysis equipped with a crystal structure refinement show that the produced 
Li2ZrO3 is a single phase with a monoclinic structure  andC12/c1 of space group [3].The monoclinic Li2ZrO3 
can also be synthesized from a lithium carbonate, zirconia, and potassium carbonate mixture with the 
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temperature range of 850 – 1200 oC [11]. The result shows that below those temperature range, the reaction to 
form the lithium zirconate did not proceed, meanwhile above those temperature range, the volatilization of Li2O 
occured. 

ZrO2, as a raw material, is the main component to prepare the lithium zirconate as electrode for Lithium 
ion battery. Our previous study found that the ZrO2 succesfully can be synthesized from a concentrate zircon 
sand through a caustic fusion method.The produced ZrO2 powder crystallized in a tetragonal structure and space 
group of P42/NMC [12]. On the other research, the ZrO2 is also developed as a material for fuel cell [13] and 
semiconductor photocatalyst [14].Zircon sand is a side product of tin mining plant with low economic value. 
Due to a high abundance of this zircon sand in Indonesia, therefore an effort to prepare an electrode material, 
Li2ZrO3, from the zircon sand become an interesting subject.In this research, the Li2ZrO3 was prepared by solid 
state reaction with ZrO2 from zircon sand as the raw material. The Li2ZrO3 was prepared at a various ratio of 
ZrO2 and Li2CO3. The produced materials were then analyzed to understand the effect of ratio of Li source, the 
Li2CO3, to the raw ZrO2 material on its crystal structure andits cell parameters. 

2. Material and Methods 
2.1. Synthesis of material 
Li2ZrO3 materials were synthesized by solid state reaction using Li2CO3 and ZrO2 as starting materials. ZrO2 has 
prepared by caustic fusion from zircon sand through decomposition, leaching, and co-precipitation process [12]. 
The prepared ZrO2 and Li2CO3 were mixed at a various mol ratio of 1:1, 1:1.05, and 1:1.075. The mixing 
process was done in a ball mill at 300 rpm for 2 hours, with zirconia balls as crusher. Ball mill process was then 
continued to 480 rpm for 2 hours. The mixture then was calcined at 950 °C for 10 hours to produce Li2ZrO3 and 
cooled at room temperature [3]. 
 
2.2. The analysis of material 
XRD pattern at room temperature for the sample was recorded by RigakuMiniFlex 600 X-ray diffraction 
instrument with CuKα radiation (λ=1.5406 Å).The intensities were recorded in the 2Ө ranges between 10-
80°.The diffraction data were refined withLe Bail method by a RIETICA software (a free edition) to study its 
crystalinity, cell parameters and electron density mapping. The peak profiles were modeled using pseudo-Voigt 
peak shape. Other experimental parameters refined were the instrument zero, scale factor, the lattice parameters, 
and the peak shape parameters u,υ, w, γ0, and γ1 [15]. The parameters which were inputted to the software for 
conducting refinement are listed in Table 1. 
 

Table 1: The Crystal parameters that was used for data input in refinement. The parameters is from ICSD#94895 as the 
result Le Bail refinement with the crystal name of monoclinic. 

Cell parameters Li2ZrO3 
Space group C12/c1 

a (Å) 5.4240 (1)  
b (Å) 9.0263 (2) 
c (Å) 5.4197 (1) 
α=γ 90 
β 112.701 (1) 
Z 4 

 
FTIR analysis was measured by Shimadzu Infrared Prestige 21 with a KBr pellets as substrate and provided 45 
scans and 2 resolutions. It was conducted to investigate the functional groups existed and specifically identify 
structure in the prepared materials [16]. Meanwhile, SEM analysis (FEI Inspect s50) was used to investigate the 
surface morphology, the form and to estimate the particle size of the Li2ZrO3. 
 
3. Results and discussion 
The reaction of ZrO2 formation from zircon sand using caustic fusion [12] are listed in equation (1), (2), (3), (4), 
and (5) as it was proposed by El Barawy et al. [17]. 
 

ZrSiO4(s) + 4NaOH(s)→ Na2ZrO3(s) + Na2SiO3(s) + 2H2O(g)  (1) 

During acid leaching with HCl solution, sodium zirconate dissolve into this strong HCl acid solvent to form 
zirconium perchlorate. 
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Na2ZrO3(g) + 4HCl(aq)→ ZrOCl2(aq) + 2NaCl(aq) + 2H2O(l)   (2) 

The next process was to precipitate zirconium hydroxide by add an ammonium hydroxide solution into 
zirconium perchlorate solution.  
 

ZrOCl2(aq) + 2NH4OH(aq) + H2O(l) →Zr(OH)4(s) + 2NH4Cl(aq)                                                                                  (3) 

Zirconium hydroxide then was heated at 800 °C for 5 hours to form zirconium dioxide, ZrO2. 

Zr(OH)4(s)→ ZrO2(s)(4)  

XRD pattern of the prepared ZrO2 (Figure 1) shows that the peaks at 2Ө of 30.074°, 60.028°, and 62.58° are in 
agreement with the standard diffraction of ZrO2 ICSD#66787. However, the peaks are broader than the peaks in 
standard ICSD#66787. It indicates that the prepared zirconia from zircon sand has lower crystalinity than the 
commercial ZrO2 also occurred previously [12]. 
 

 
Figure 1: The diffraction pattern of the prepared ZrO2 in comparison with the standart diffraction of tetragonal ZrO2 ICSD 

#66787 and monoclinic ZrO2 ICSD#157403. 
 

The XRD patterns of the prepared Lithium zirconate at a various composition in comparison with Li2ZrO3 
diffraction standard ICSD#94895(Figure 2).From Figure 2(a) and (b), we observed that the Lithium 
zirconatewas synthesized at ratio of ZrO2:Li2CO3= 1:1 and 1: 1.05 still contain of the ZrO2 phase that appear at 
2θ of 23.93° and 28.08°. 

 
Figure 2: Diffraction patterns of the Li2ZrO3 samples synthesized using different amount of ZrO2: Li2CO3,  
(a)1:1; (b) 1:1.05; (c) 1:1.075 with its comparison to standard diffraction of  (d) Li2ZrO3 monoclinic ICSD 

#94895 and (e) the monoclinic ZrO2 ICSD#157403. The sign • refers to the monoclinic ZrO2 peak.  
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Meanwhile, when the Li2CO3 content increased up to 7.5%, the diffraction pattern become single phase of 
Li2ZrO3 without the presence of other phases in Figure 2(c). The diffraction patterns of the prepared Li2ZrO3 
show sharp peaks indicating high crystallinity product of the solid state reaction that follow a reaction as stated 
by Pfeiffer and Knowles [18].   
 

Li2CO3(s) + ZrO2(s)→ Li2ZrO3(s) + CO2(g)                (5) 

XRD data of the prepared Li2ZrO3 were refined with Le Bail method, and the refinementresult found that the 
crystal structure of the prepared lithium zirconate is monoclinic. Different composition resulted the same crystal 
structure and space group i.e., C21/c1. The cell parameters are listed in Table 2. Meanwhile, the Le Bail plots 
are described in Figure 3. The Le Bail plots of the prepared Li2ZrO3 that was produced at ratio of ZrO2 and 
Li2CO3 1:1 and 1:1.05in Figure 3(a) shows high green peaks at 2θ of 23.93o and 28.08o

. Green curve is 
confirming the difference between experiment data and the calculation data. The peaks at 23.93o and 
28.08oareidentified as monoclinic ZrO2. When the content of Li2CO3 increased up to 7.5% or the ratio of 
ZrO2:Li2CO3 is 1: 1.075, the green peaks at 2θ of 23.93o and 28.08o disappear and the material became a single 
phase of Li2ZrO3in Figure 3(b).The refinement compatibility with single Li2ZrO3 phase is shown by low 
residual value, i.e., Rwp 7.17%. 
 

 
Figure 3: The Le Bail plots of Li2ZrO3 sample synthesized using amount of ZrO2 : Li2ZrO3 = (a) 1:1 and (b) 1:1.075 with 
monoclinic Li2ZrO3 ICSD#94895. ( + : experiment data, ̶ : calculation result,   ̶ : differences between experiment data and 

calculation data, ̶  : bragg position). 
 

Table 2: Cell parameters and crystal structure of the synthesized ZrO2 and Li2ZrO3. 

Cell 
parameters 

Crystal structure  
ZrO2 Li2ZrO3 

(1:1) 
Li2ZrO3 
(1:1.05) 

Li2ZrO3 
(1:1.075) 

Tetragonal Monoclinic Monoclinic Monoclinic 
P42/NMC C 2 1/c1 C 2 1/c1 C 2 1/c1 

a (Å) 3.5978(7) 5.4367(9) 5.4280(6) 5.4304(3) 
b (Å) 3.5978(7) 9.0378(4) 9.0324(3) 9.0240(6) 
c (Å) 5.1901(7) 5.4208(4) 5.4249(8) 5.4207(1) 

V (Å3) 67.18(5) 245.69(3) 245.30(2) 245.01(4) 
α 90 90 90 90 
β 90(1) 112.72(1) 112.74(1) 112.72(7) 
γ 90 90 90 90 

Rp (%) 6.84 13.89 8.43 6.78 
Rwp (%) 8.76 17.91 11.22 7.17 
χ2 1.1 2.06 2.27 0.55 

 
The Fourier plots of the electron density of ZrO2and Li2ZrO3 at x, y and z axis are described in (Figure4, 5 dan 
6), respectively. The plots in particular of ZrO2 at the x, y and z axes show few a different pattern indicating the 
presence of impurities. The presence of impurities were also found on our previous study, such as Na2O 
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14.71%, SiO2 3.03%, MgO 2.56%, etc [12], and those impurities may affect the electron distribution. While, the 
plots show a significant change on electron map when the material converted from ZrO2 to Li2ZrO3. The 
distance between ions and cell parameters were also changed, confirmed by result refinement(Table 2).  
 

  
(a) (b) 

Figure 4: The Fourier plot of electron density at X axes (slice 1) in (a) ZrO2and (b) Li2ZrO3. 

  
(a) (b) 

Figure 5: The Fourier plot of electron density at Y axis (slice 1) in (a) ZrO2 and (b) Li2ZrO3 

  
(a) (b) 

 
Figure 6:The Fourier plot of electron density at Z axes (slice 1) in (a) ZrO2 and (b) Li2ZrO3 

The formation of ZrO2 and Li2ZrO3 was analyzed by FT-IR and produced spectrum as depicted in Figure 7. The 
FT-IR in Figure 7(a) shows a characteristic broad peak at wavenumber of 3426.62 and 2904.92 cm-1. It indicates 
the presence OH stretching due to the absorption and co-ordination of water, Zr-OH [19,20,21]. The peak 
around 1600 cm-1 is assigned to the water bending mode [19]. The absorption at 744.55, 501.51, and 420.5 cm-1 
correspond to the Zr-O stretching band [21,22]. Meanwhile, in Figure 7(b) there are peaks at 1529.62 and 
1448.6 cm-1 which indicates the presence ofcarbonate remaining from preparation[23]. The two following peaks 
at 753.23 and 576.74 cm-1 correspond to ZrO3

2- ion [24]. The Li-O vibration appears at 443.66 cm-1 agreement 
with experimental below ca.500 cm-1 where the Li-O vibration are active [25]. 
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Figure 7: FT-IR spectrum of ZrO2 (a) and Li2ZrO3 (b). 

Morphological aspect of the synthesized Li2ZrO3 sample were investigated by SEM analysis. Figure 8(a), (b) 
and (c)shows SEM images of Li2ZrO3 sample at different magnifications. The particles are on a heterogeneous 
size ranging from 1.1 – 2.1 µm, with the most probable size at 1.5 µm (Figure 8(d)). Sintering at high 
temperature may cause particle agglomeration to form a size larger than 1 µm [10]. 

  

  
Figure 8:Scanning electron micrographs of Lithium zirconate, Li2ZrO3 prepared ZrO2 : Li2CO3 = 1 : 1.075 at 
900 oC (a) magnification 1000 x, (b) 5000 x, (c) 10000 x, and (d) histogram of distribution of average particle 

size of the Li2ZrO3 particles. 

(a)! (b)!

(c)! (d)!
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Conclusion 
Lithium zirconate, Li2ZrO3 powder was successfully synthesized from ZrO2, which prepared from local zircon 
sand by solid state reaction. Li2ZrO3 pattern is in a single phase without any impurities presence. The crystal 
structure is monoclinic with space group ofC21/c1. The cell parameters are a= 5.4304Å, b= 9.0240Å, and c= 
5.4207Å. The Fourier plot of electron mapping shows a significant change on electron map when the material 
converted from ZrO2 to Li2ZrO3. The FTIR spectra shows differences in the adsorption peaks of ZrO2 and 
Li2ZrO3. The synthetic method to produced a Li2ZrO3 forming particles with a diameter about 1.1 – 2.1 µm.  
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