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Abstract
Lithium zirconate,  Li2ZrO3 (LZO), was added to graphite anode at various compositions of 0%, 20%, and 30% of weight, and 
used in a  LiFePO4 (LFP) battery fabrication. The battery cells were designated as LFP//G, LFP//20LZOG, and LFP//30LZOG, 
respectively. Herein, battery performance was tested to understand LZO contribution to the LFP cathode at different current 
rates. The data taken were specific capacity of battery, anodic current density, and a crystallite volume change after 50 cycles 
of charge–discharge. The result found that addition of 20% weight LZO to graphite increases discharge specific capacity 
after 50 cycles from 71.87 to 72.53  mAhg−1 with Coulombic efficiency of 99.73%. The capacity retention is 62.1%, which 
is higher than LFP//G, i.e., 57.7%. The anodic current density of LFP//20LZOG is 9.09 ×  10−6  Acm−2, also higher than the 
current density of LFP//G, i.e., 8.91 × 10−8  Acm−2. It indicates contribution of LZO to increase electrochemical reaction rate 
during battery usage. Structural investigation shows that the LZO addition decreases the volume change of anode material 
after 50 cycles of charge–discharge under 1C current rate. It indicates that  Li2ZrO3 has good structural stability.
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Introduction

Clean energy can be divided into three components i.e., 
harvest, energy storage and conversion of renewable energy 
such as wind and solar energy (Nitta et al. 2015; Roy and 
Srivastava 2015). The lithium ion battery (LIBs) is a promis-
ing rechargeable battery due to a high-performance charge 
and discharge, and has a high power density (Braun et al. 
2012; Quartarone et al. 2016). Moreover, the introduction 
of  LiFePO4 (LFP) as cathode material becomes an impor-
tant advancement, as LIB with LFP cathode is more stable 
and safe (Padhi et al. 1997). The discharge/charge curves of 
LFP exhibit a voltage plateau at 3.5 (V) which is independ-
ent of the electrode State-Of-Charge (SOC). This behavior 

occurs because of the two-phase mechanism inside the LFP 
particles (Padhi et al. 1997; Yamada et al. 2001; Srinivasan 
and Newman 2014).

However, long-term operation can cause degradation 
due to the increasing internal resistance and fading capac-
ity (Bernstein et al. 2012). The growth of solid electrolyte 
interphase (SEI) layer (Vetter et al. 2005) and lithium plating 
(Tippmann et al. 2014; Legrand et al. 2014) at the negative 
electrode or anode are considered as factors to cause loss of 
capacity and increase of internal resistance (Weißhar and 
Bessler 2017). Anode material is widely used in a lithium 
ion battery, i.e., alloying materials (e.g. Sn, Si, Al, Zn), con-
version electrode (e.g., oxides, nitrides) and the insertion/
extraction type like graphite (Eftekhari 2017; Reddy et al. 
2013). The negative electrode that is mostly used in LIB is 
graphite due to its high abundance and also high theoretical 
specific capacity of 372  mAhg−1, and also low cost (Gori-
parti et al. 2014; Wenelska et al. 2016). However, graph-
ite also has weakness as it also occurs in a low-potential 
anode material such as on IVA group elements that have 
poor cycle ability due to large volume expansion after charge 
and discharge processes (Kim et al. 2010). The weaknesses 
are safety issues of dendritic lithium growth produced by its 
low potential (only about 0.2 V vs  Li+/Li), and also kinetics 

 * Fitria Rahmawati 
 fitria@mipa.uns.ac.id

1 Research Group of Solid State Chemistry and Catalysis, 
Chemistry Department, Sebelas Maret University, Jl.Ir. 
Sutami 36 A Kentingan, Surakarta 57126, Indonesia

2 Department of Chemical Engineering, Sebelas Maret 
University, Jl.Ir. Sutami 36 A Kentingan, Surakarta 57126, 
Indonesia

3 National Centre for Sustainable Transportation Technology, 
Institut Teknologi Bandung, Jl. Ganesha 10, Bandung 40132, 
Indonesia

http://orcid.org/0000-0002-3145-9063
http://crossmark.crossref.org/dialog/?doi=10.1007/s11696-018-0626-0&domain=pdf


758 Chemical Papers (2019) 73:757–766

1 3

problems for fast charge–discharge due to solid electrolyte 
interphase (SEI) layer on graphite surface (Dong et al. 2015).

There are some efforts to overcome the problems, such 
as by combining graphite with metals, metal oxide, and 
polymer coating (Wu et al. 2003).  Li2ZrO3 (LZO) may be a 
promising way to overcome the large volume expansion of 
graphite. It is known that LZO has been used as anode mate-
rial (Dong et al. 2015; Li et al. 2009; Zhang et al. 2016) with 
unit volume change at only ~ 0.3% after charge/discharge 
process (Dong et al. 2015). LZO also shows an excellent 
cycle performance and rate capability (Dong et al. 2015), 
and thermodynamically stable against Li (Helstrom and 
Van Gool 1981). Monoclinic  Li2ZrO3 is an isomorphous of 
 Li2TiO3 which is known as a good  Li+ conductor, and ther-
modynamically stable against Li (Ni et al. 2008; Thackeray 
et al. 2012).  Li2ZrO3 that was prepared by solid-state reac-
tion shows an excellent cycle performance and rate capabil-
ity due to its structural stability and high lithium diffusion 
coefficient, i.e., 3.165 ×  10−6  cm2  s−1 during reduction, and 
1.919 ×  10−6  cm2  s−1 (Ni et al. 2008; Thackeray et al. 2012) 
during oxidation process. The value is higher than  Li4Ti5O12. 
The theoretical capacity of LZO is 348  mAhg−1 when  2Li+ 
is inserted during charging and released during discharging 
(Dong et al. 2015). However, substituting graphite anode 
with LZO may increase production cost, especially for mass 
production. Therefore, combining LZO properties that pro-
vide low volume change after charge/discharge, a highly 
reversible Li insertion/extraction process, with graphite that 
has economic advantages may become an interesting solu-
tion. A small amount LZO was added to graphite anode, 
and followed by LFP battery fabrication. The battery per-
formance was tested to understand the LZO contribution 
of discharge specific capacity  (mAhg−1), current density of 
electrochemical reaction, Coulombic efficiency, capacity 
retention (%), and also crystalline volume change after 50 
cycles. The charge-discharge was conducted under 0.1 °C, 
0.3 °C, 0.5 °C, 0.8 °C, and 1 °C to understand its perfor-
mance whether under low or high current drawn. It may 
open the way to investigate fast charging battery.

Experimental

Preparation of  Li2ZrO3

Lithium zirconate was synthesized through solid-state reac-
tion by mixing  ZrO2 powder (65.21%, produced by caus-
tic fusion of  ZrSiO4) with  Li2CO3 powder (Merck) at a 
weight ratio of  ZrO2:Li2CO3 = 1:1.075. This research used 
self-prepared  ZrO2 from Indonesian local zircon sand with 
the specific characteristic published in our previous paper 
(Rahmawati et al. 2014). An analytical balance (Sartorius, 
max 110 g, readability 0.001 g) weighed precisely and the 

mixture was ground in a ball mill (a homemade, density of 
the zircon ball is 4.63 g/mL, 1 g of mixture was ground by 
30 g zirconia balls). The milling was conducted for 2 h at 
300 rpm rate, and then continued for next 2 h with 480 rpm 
rate. The mixture was then heated in a furnace (Kejia Fur-
nace KJ-1700X) at 950 °C for 10 h. The produced lithium 
zirconate was analyzed with X-ray diffraction instrument 
(Rigaku miniFlex 600) equipped with Le Bail refinement 
(RIETICA software) to study its structure and cell param-
eters. Study on LZO crystal structure has been published in 
our previous paper (Natalia et al. 2018).

Electrochemical measurement

The cathode LFP slurry was prepared by mixing LFP pow-
der (90.2 wt%) with PVDF (3.7 wt%), Actylene Black (1.5 
wt%), KS-6 (4.6 wt%) and N-Methyl-2-pyrrolidone was 
used as a solvent. Then, the slurry was coated on aluminum 
foil with a thickness of 250 μm and dried overnight in a 
vacuum oven at 120 °C. Meanwhile, anode materials used 
were graphite powder, and the mixture of MCMB (Meso 
Carbon Micro Beads) and LZO (graphite–LZO) at ratio of 
20:80; and 30:70 in accordance with LZO–graphite ratio. 
The mixture of active material was conducted for 1 h in a 
high-energy ball milling (Ball Mill MSK-SFM-3) with zir-
conia balls as crusher. The anode powder (94.5 wt%) was 
mixed with acetylene black as conductive additive (1.00 
wt%), carboxymethyl cellulose (2.25 wt%) and styrene buta-
diene rubber as a binder (2.25 wt%), and distilled water was 
used as solvent. The homogeneous paste was then coated 
on a copper paper at 100-µm thickness with a doctor blade 
(MSK-AFA-II), and was dried in a vacuum oven at 120 °C 
for 24 h and subsequently pressed. The cathode mass was 
30.71 mg/cm2 and the anode mass was 14.83 mg/cm2. In 
this prepared battery cell, anode was the limiting electrode 
and it was used as the basis weight of calculation (Choi et al. 
2010). The electrolyte was 1 M  LiPF6 in EC/DMC (1:1, v:v) 
and a polypropylene membrane was used as separator. The 
anode and cathode electrode are rolled with a separator using 
winding machine type MSK-112A. Then, electrolyte filling 
is done in an argon-filled glove box. The battery codes refer-
ing to the composition are listed in Table 1.

The batteries were charged-discharged between 2.5 and 
3.65 V at low current rates of 0.1C, 0.3C, 0.5C, 0.8C and 
high current rate at 1C for 50 cycles. A 1C of LIBs with 
graphite anode is 372  mAg−1, and 1C of LIBs with LZO 
anode is 348  mAg−1. The charge and discharge capacities 
were recorded in a unit of mAh. Meanwhile, the specific 
capacity  (mAhg−1) was calculated by dividing the capacity 
(mAh) by the entire mass of anode. The cyclic voltamme-
try (CV) tests were performed on a CorrTest cs150 elec-
trochemical work station. The voltage range was 0.1–2.5 V 
and scanning rate was 1  mVs−1. CV test of batteries was 
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conducted to analyze electrochemical reaction during charg-
ing and discharging processes by applying anode as working 
electrode, cathode as counter electrode and standard calo-
mel electrode as reference. Meanwhile, CV tests of MCMB 
and LZO electrode were conducted in a three-neck flask 
equipped with three electrodes under argon gas. The work-
ing electrode (WE) was MCMB/Cu foil or LZO/Cu foil with 
geometric of 1.5 cm × 1.5 cm. The counter electrode (CE) 
was lithium metal foil, and the reference electrode (RE) was 
also lithium metal. The potential interval was 0.1–2.5 V (vs. 
Li/Li+) with scan rate of 1  mVs−1.

Impedance measurement was conducted by LCR meter 
(EUCOL U2826) on those three batteries by applying 0.2 V 
in the frequency range of 20 Hz–250 kHz. Surface area of 
the active electrode was 4 cm2; meanwhile, the thickness of 
electrolyte membrane was 25 μm. The impedance data were 
fitted with ZView software embedded in the instrument, by 
applying a specific R–C network.

In order to investigate the structural reversibility of LZO 
upon ion  Li+ intercalation/de-intercalation, the battery 
disassemble using pliers in glove box, and take the anode 
to be analyzed its crystal structure with Rigaku MiniFlex 
600 X-ray diffraction instrument equipped with Le Bail 
refinement.

Result and discussion

The crystal structure of  Li2ZrO3

The synthesized  ZrO2 is known to have similar diffraction 
with standard diffraction of ICSD#66787 as it was found 
in the previous result (Rahmawati et al. 2014). The crystal 
structure is tetragonal with a space group of P42/NMCZ. 
The synthesized  ZrO2 was then mixed with  Li2CO3 to 
form a  Li2ZrO3 by releasing  CO2 during heat treatment at 
950 °C for 10 h. A white powder was found with its X-ray 
diffraction pattern as described in Fig. 1a. The diffrac-
tion pattern was then compared with standard diffraction 
of  Li2ZrO3 ICSD#94895, and it proceeds well when the 
crystal structure, space group, and the cell parameters of 
the ICSD#94895 were submitted for Le Bail refinement. 
The Le Bail plot is depicted in Fig. 1b. Le Bail refine-
ment shows that the lithium zirconate was crystallized in 
a monoclinic phase with a space group of C12/c1 and the 
cell parameters, as well as the residual factors, are listed 
in Table 2. This result is in agreement with LZO that was 
produced by another researcher (Dong et al. 2015) and in 
our previous research, with characteristic peaks of  Li2ZrO3 
at 2θ 20.130°, 26.459° and 39.743° (Natalia et al. 2018).

Surface morphology of the prepared  Li2ZrO3 is depicted 
in Fig. 2. The images show a heterogeneous form and size 
which is ranging from 1.10 to 2.10 μm as it is also found 
by our previous research (Natalia et al. 2018). Meanwhile, 
the commercial MCMB was procured from MTI Corp. 
with specification as follows: the surface area is 2.022  m2 
 g−1, particle size is ranging from 1.259 to 52.481 μm, and 
carbon content is 99.96% (MTI Corporation 2015).

Table 1  The battery code in 
accordance with LZO content in 
the anode mixture

Battery code LZO 
content 
(wt%)

LFP//G 0
LFP//10LZOG 10
LFP//20LZOG 20
LFP//30LZOG 30

Fig. 1  a The diffraction pattern of the synthesized  Li2ZrO3 in comparison with standard diffraction of  Li2ZrO3 ICSD#94895, and b the Le Bail 
plot of the prepared  Li2ZrO3
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Electrochemical analyses

The charge–discharge curves of the LFP//G and LFP//LZOG 
battery within the potential window between 2.5 and 3.65 V 
at the different low current rate are depicted in Fig. 3. The 
relevant electrochemical data are listed in Table 3. Figure 3a 

exhibits the initial charge capacity at 0.1 °C for the prepared 
LIBs which is larger than the discharge capacity. The dif-
ference between a charge and discharge capacity may be 
attributed to the side reaction during discharging, such as 
the formation of solid electrolyte interface (SEI) (Dong et al. 
2015). The SEI layers are formed onto the electrode surface 
due to electrolyte decomposition that occurs in between 
electrolyte and electrode during the first charge process. The 
presence of SEI on the electrode surface will prevent direct 
contact between Li and solvent. The SEI film is also cover-
ing the surface electrode that causes capacity lost observed 
in the first discharge (Wang et al. 2001). Figure 3a shows 
that at a low current rate of 0.1 C, the LFP//G has the highest 
charging and discharging capacity. It is in agreement with 
another researcher (Tran et al. 1996) that graphite has very 
high capacity under low current rate.

Figure 3b shows the specific capacity as a cycle perfor-
mance at various current rates of 0.1 °C, 0.3 °C, 0.5 °C, and 
0.8 °C. It is found that the increase of current rate allows 
the decreasing of specific capacity. The same result also 
found when LZO was combined with Li metal cathode at a 

Table 2  The cell parameters as 
resulted by Le Bail refinement 
of the synthesized  Li2ZrO3 with 
monoclinic structure and space 
group of C12/c1 

Li2ZrO3 ICSD#94895

Crystal structure Monoclinic

Space group C12/c1
a (Å) 5.4304 (3)
b (Å) 9.0240 (6)
c (Å) 5.4207 (1)
α = γ (°) 90
β (°) 112.72 (7)
Z 4
V (Å3) 245.01 (4)
Rp (%) 6.78
Rwp (%) 7.17

Fig. 2  Scanning electron 
microscopy of  Li2ZrO3 at a dif-
ferent magnification as shown 
by the scale

Fig. 3  a Initial charge and discharge curves of LFP//G and LFP//LZOG under a current rate of 0.1 C and b cycling performance at the different 
current rate. All test were conducted between 2.5 and 3.65 V at room temperature
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voltage range of 0.1–2.5 V (Dong et al. 2015). A high cur-
rent rate might cause a rapid volume change that breaks the 
SEI layer and induces more electrolyte decomposition; thus, 
more capacity is lost (Wu et al. 2017).

Battery performance test at 1C shows that the LFP/G 
battery has discharge specific capacity of 124.56  mAhg−1, 
and it decreases significantly to 93.6  mAhg−1 after 9 cycles. 
The cycling performance is described in Fig. 4a. It indicates 
the instability of LFP/G under high current rate. It may be 
caused by the formation of mossy or dendrite due to the 
accumulation of Li metal on graphite surface during the 
intercalation or insertion of  Li+ into the anode crystal lattice 
at a high current rate (Rouŝar et al. 1977). This caused the 
low graphite potential (~ 0.1 V vs Li/Li+) (Eftekhari 2017). 
The reaction of lithium (dendrite) and electrolyte causes 
a gas evolution which further increases the cell volume 
expansion of up to 10%. This volume expansion can induce 
mechanical stress on the layers of graphite (Birkenmaier 
et al. 2015). Meanwhile, the LFP//20LZOG battery results 
discharge specific capacity on the initial and 9th cycle are 
116.84  mAhg−1 and 102  mAhg−1, respectively. It indicates 
that the presence of  Li2ZrO3 increases the stability of the 
battery after charge–discharge under high current. Therefore, 
even LFP/20LZOG shows a lower initial charge capacity 
than the LFP//G, i.e., 116.84  mAhg−1 for LFP//20LZOG and 
124.56  mAhg−1 for LFP//G. However, the LFP//20LZOG 

shows a higher capacity retention after 50 cycles than the 
LFP//G as listed in Table 3. Figure 4a shows that after 50 
cycles the charge and discharge capacity of LFP//20LZOG 
are higher than the LFP//G, and the Coulombic efficiency is 
high as 99.73%. It is almost 100% as it can be seen in Fig. 4b 
that the charge and discharge curve is piled up. It indicates 
a highly reversible Li intercalation/de-intercalation process 
(Dong et al. 2015) because of the coulombic efficiency or 
Faraday efficiency.

A significant decrease of the LFP//G specific capacity 
after cycling at 0.1 °C and just before taking the second 
cycling at 0.3 °C, as shown in Fig. 3b, indicates that the 
first 10 cycles are crucial for LFP//G battery especially 
to reconstruct the atom inside the electrode material after 
intercalation/de-intercalation. It also happened when a high 
current rate, 1C, is drawn from the battery as it is described 
in Fig. 4a at the first 10 cycles. The large decrease of the 
specific capacity after the first 10 cycles, as well as a sudden 
increase of the specific capacity after the second 10 cycles 
may be caused by a loss of electrical contact between anode/
cathode and the current collector (Krause et al. 2016); then, 
it was stopped for the first round, and started for the next 
round with a different current rate.

During charging–discharging process, lithium ions were 
inserted and extracted from its crystal host,  Li2ZrO3, as 
it is described in Eq. (1) (Dong et al. 2015). Meanwhile, 

Table 3  Electrochemical data of LFP//G and LFP//LZOG

Sample Activated at 0.1 °C Activated at 1 °C

Initial discharge 
capacity  (mAhg−1)

Initial coulombic 
efficiency (%)

Initial discharge 
capacity  (mAhg−1)

9th discharge 
capacity  (mAhg−1)

50th discharge 
capacity  (mAhg−1)

Capacity retention 
after 50 cycles (%)

LFP//G 249.75 86.00 124.56 93.6 71.87 57.7
LFP//20LZOG 184.50 75.15 116.84 102.00 72.53 62.1
LFP//30LZOG 180.20 78.75 85.52 67.45 57.19 66.9

Fig. 4  a Cycling performance of LFP//G and LFP//LZOG battery and b the coulombic efficiency and capacity retention of the LFP//20LZOG. 
All test were conducted at the high current rate at 1 C between 2.5 and 3.65 V at room temperature
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prediction of the reaction using LFP//LZOG battery is as 
in the Eq. (2).

The potential of lithiated carbon is close to that of Li 
metal, i.e., 0.0–0.5 V (Linden and Reddy 2002). On compar-
ing with other researchers on LZO application for LIBs, it 

(1)xLi
+ + Li2ZrO3 + xe− ↔ Li2+xZrO3(x ≤ 2)

(2)
Li2ZrO3 + C6 + 3LiFePO4 ↔ Li4ZrO3 + LiC6 + 3FePO4

was found that this LFP//20LZOG is in a high initial capac-
ity of 184.5 mAh.g−1, a high potential of 3.2–3.4 V and an 
intermediate specific current rate of 0.037  Ag−1, as listed 
in Table 4.

The plot of log i vs. E of LFP//20LZOG and 
LFP//0LZOG is depicted in Fig. 5. Higher current den-
sity represents higher oxidation–reduction reaction rate, 
as confirmed by the relation between reaction and current 
density (Eq. 3). The high current density also refers to the 
high current produced by the battery (Rouŝar et al. 1977) 

Table 4  The potential for a definite specific capacity. The specific capacities are reported by some references

Material Applications Counter electrode Initial capac-
ity  (mAhg−1)

Potential (V) Current 
rate  (Ag−1)

References

Li2ZrO3 Anode Li metal 160 0.1–1.7 0.029 Dong et al. (2015)
Li2ZrO3 coated  Li4Ti5O12 Anode Li metal 168 1.4–1.8 0.016 Zhang et al. (2016)
Li2ZrO3-encapsulated  LiNi0.5Co0.2MnO2 Cathode Li metal 117 3.5–3.9 1.5 Wu et al. (2015)
Li2ZrO3-encapsulated  LiNi0.5Co0.2MnO2 Cathode Graphite 140 3.5–3.9 0.15 Wu et al. (2015)
Li2ZrO3-coated Si/graphite/C Anode Li metal 215 0.25–0.6 0.168 Li et al. (2009)
Li2ZrO3/graphite Anode LiFePO4 184.5 3.2–3.4 0.037 This research

Fig. 5  Plots of potential (V) to log i  (mAcm−2) of LFP//G, LFP//20LZOG and LFP//0LZOG at sweeping rate of 1  mVs−1
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due to a high reaction rate provided by the battery. The 
relation between current density  (mAcm−2) and the reac-
tion rate is described in Eq. (3).

where r is the total reaction rate, a function of 
anodic reaction and cathodic reaction, i is the current 
density (A  cm−2), and F is the Faradaic number. The 
LFP//20LZOG and LFP//30LZOG show a higher current 
density than LFP//G. The values are 9.09 ×  10−6  Acm−2 
and 8.97 ×  10−6  Acm−2. Meanwhile, the current density 
of LFP//G is 8.91 ×  10−8  Acm−2. All three batteries show 
a similar anodic and cathodic current density as described 

(3)r = i∕nF,

in Fig. 5. It indicates that the batteries were not polarized 
and have a similar oxidation–reduction rate promising a 
high durability.

Cyclic voltammetry, CV, of MCMB and LZO electrode 
with a potential scan between 0.0 and 2.5 V is shown in 

Fig. 6  Cyclic voltammetry curve of MCMB and LZO electrode with 
potential range of 0.0–2.5 V in 1 M  LiPF6/EC:DMC (1:1). Scan rate 
1 mV/s

Fig. 7  Impedance plot of 
10LZOG/LFP, 20LZOG/LFP, 
and 30LZOG/LFP with the R–C 
network model for fitting

Table 5  Resistance of the prepared batteries as resulted from imped-
ance data fitting with the specific R–C network as described in Fig. 7

Anode Rs (Ω) Rp (Ω) Resistance (Ω)

10LZOG − 9600.00 65190 74790.00
20LZOG 98.84 2364 2265.16
30LZOG 519.8 6126 5606.20

Fig. 8  The evolution of the XRD pattern of the anode electrode 
before and after the intercalation/de-intercalation lithium process 
after 50 cycles. (•: monoclinic  Li2ZrO3, •: graphite)
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Fig. 6. The CV curve of MCMB shows the lithiation and 
delithiation into or from MCMB in the potential range of 
0.0–1.5 V (vs. Li/Li+) (Zhao et al. 2000). Meanwhile, CV 
curve of LZO shows reduction peaks at about 0.63 and 2.2 V 
which indicate the lithiation and the Solid Electrolyte Inter-
face, SEI, formation (Dong et al. 2015). The oxidation peaks 

at about 1.08 and 2.02 V can be attributed to the delithiation 
process (Dong et al. 2015). The CV result shows that LZO 
addition may increase the active potential of the anode.

The Nyquist plots of the prepared batteries are shown 
in Fig. 7, along with the R–C network for fitting. A ZView 
fitting found the resistances as listed in Table 5. It is found 

Fig. 9  The zoom on the select regions of the XRD pattern of the anode electrode before and after the intercalation/de-intercalation lithium pro-
cess after 50 cycles
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that the resistance on 10LZOG//LFP is very high, 74.79 kΩ. 
It is 33 times higher than 20LZOG//LFP, and it is 13.3 times 
higher than 30LZOG//LFP. The very high resistance has 
caused the 10LZOG//LFP did not perform during charge-
discharge test. 

To investigate the structural reversibility of LZO upon 
Li intercalation/de-intercalation, the XRD analysis was 
conducted on the anode material after 50 cycles of the 
charge–discharge process. The results are described in Fig. 8 
in comparison with the XRD of the initial anode material. 
Peaks at 2θ of 20.26° and 26.52° are the main characteristics 
of  Li2ZrO3, while graphite shows a specific peak at 2θ 26.3°. 
The magnification of each characteristic peaks as shown in 
Fig. 9 can elaborate a slight change that might occur after 50 
cycles. Figure 9a–c show that the 2θ of characteristic peaks 
did not change. The changes are mostly on the width of 
peaks that may correlate with the change of the cell param-
eters and also indicating that the crystallinity decreases. A 
Le Bail refinement was conducted to understand the changes 
in cell parameters, by submitting standard parameters of a 
hexagonal graphite ICSD#53781 with a space group of p63/
mmc. Meanwhile, the refinement on LZOG was conducted 
by submitting two phases of a standard hexagonal graph-
ite ICSD#53781 with space group p63/mmc and a standard 
monoclinic lithium zirconate ICSD #94895 with a space 
group of C12/c1. The results are listed in Table 6. It confirms 
that the addition of  Li2ZrO3 allows lower volume change 
after 50 cycles than the volume change when only graphite 
was used as the anode.  

Conclusion

Lithium zirconate,  Li2ZrO3, was successfully prepared by 
solid-state reaction with  Li2CO3 and  ZrO2 from zircon sand 
as precursors. The crystal structure of the prepared  Li2ZrO3 
is monoclinic with a space group of C12/c1. The addition of 
20% weight of  Li2ZrO3 to the graphite anode could increase 
the charge–discharge capacity of the LFP battery as well as 
its specific capacity and its coulombic efficiency at a high 
current rate of 1C. The presence of  Li2ZrO3 also decreases 
the anode volume change after 50 cycles of charge–dis-
charge, indicating the stability of the battery even under high 

current rate. It is a promising result for fast charging and a 
durable LIBs battery.
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