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Abstract: Durability, rate capability, capacity and tap density are paramount performance metrics 

for promising anode materials, especially for sodium ion batteries. Herein, a carbon free 

mesoporous CoTiO3 micro-prism with a high tap density (1.8 gcm-3) is newly developed by using

a novel Bi-Ti-bimetal organic framework (BMOF) as precursor. It is also interesting to find that 

the Bi-Ti-BMOF derived carbon-free mesoporous CoTiO3 micro-prisms deliver a superior stable 

and more powerful Na+ storage properties than other similar reported titanias, titanates and their 

carbon composites. Its achieved capacity retention ratio for 1000 cycles is up to 90.3% at 5 Ag-1. 
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1. Introduction 

With the rapid expanding demand on the high rate, high energy density, long life and low cost 

energy storage systems for portable electronic device, electric power tools and vehicles, and 

storage and distribution of electric energy generated from wind, sunlight and water, massive 

attention have been paid to sodium ion batteries (SIBs). Compared with conventional lithium ion 

batteries (LIBs), SIBs are much cheaper because its earth abundance (2.74wt%) is much larger 

than that of Li (0.0065wt%). [1-3] However, it will be a big challenge to use metallic sodium as 

anode, as many serious issues, including the dendrite growth, the low Coulombic efficiency and 

the unstable solid electrolyte interphase caused by the intensive corrosion and active reaction of 

Na with electrolyte, have to been solved. [4] Before this, one of the urgent research interests for 

materials scientists delved into next generation SIBs is developing novel low cost anode materials 

with higher capacity and better cycle stability at higher power state, since the migration resistance 

to Na+ is much larger than that to Li+. 

Nowadays, various advanced carbon materials have been applied as high power anode materials 

for SIBs, but their relatively low capacity limit the future application. [5-7] Nanostructured 

transition metal (Sn, Sb, etc) and their oxides or sulfides, as well as phosphours (P) and its 

compounds, have also attracted intensive interests because of their much higher theoretical sodium 

ion storage capacity. [1-3, 8] However, the poor cyclic stability due to the larger volume change is 

the intrinsic drawbacks as anode materials for SIBs. Lately, titanium oxides based nanostructured 

materials, [9-21] have been extensively studied as promising candidate anode materials due to their 

relatively smaller volume change than other transition metal compounds and better cyclic stability. 

However, their capacities and rate capability are similar or even lower than carbon anodes, which 
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are the main challenge for their application in both high energy and high power density type 

batteries. Hereby, great efforts have been made to further enhance the power and cyclic stability of 

titanium-based compounds by the following methods, including minimizing the particle size to 

increase the electrochemical reactivity of TiO2, 
[9] introducing conductive carbon coating/hybrid to

improve the poor electric conductivity of TiO2,
 [9-12] constructing porous and hierarchical

nanostructure to increase the interaction surface area between active TiO2 and electrolyte for 

further enhance the rate capability of TiO2. 
[13-21]

Besides the aforementioned structural and additive modification, recently, doping or incorporating 

with other transition metal components (N, Mo, Sn and Sb) [17-21] or directly constructing 

transition metal titanates (viz., MTiO3; where M = Ni, Co, Mn) have been proposed to further 

promote the sodium and lithium ion storage performance of TiO2 anodes, according to the 

combined intercalation and conversion reaction mechanisms. [22-26] Since the synergistic effect of 

TiO2 and transition metal oxides, MTiO3 exhibits a much higher theoretical capacity (500 ~ 1000 

mAhg-1
 for SIBs depending on the sodium ion storage mechanism) than titanium oxides. [22-24] 

Some recent reports also indicate MTiO3 presents much better cyclic stability than that of their 

transition metal based anodes. [24-26] However, there are only few works reported the sodium ion 

storage behaviors of MTiO3 at a high charge/discharge current density at a relatively high tap 

density. [23, 24] Particularly, our previous results indicates the feasibility to achieve high power Na+ 

storage performance by introducing plenty of grain boundary and mesopores into the dense 

NiTiO3 mircoparticles for the fast ion transportation. [23] Brown et al. also demonstrated that the

large sized CoTiO3 prepared by high temperature solid state method could deliver capacity of 139 

and 128 mAhg-1 during the first and second charge at 15 mAg-1 in a sodium ion cell, which are 
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much higher than that of 19 mAhg-1  on MnTiO3 prepred by similar solid state method. [24]

Moreover, CoTiO3 shows much lower band gap energy (2.34 eV), larger unit cell (a=5.49 Å) and 

relatively lower formation temperature (~500 oC) than that of NiTiO3 (3.02 eV, 5.44 Å, and ~550 

oC, respectively). [23, 27] Therefore, CoTiO3 should be more conductive and can provide larger

space to accommendate the volume change during the sodiation process. Thus, it will be also very 

interesting and important to further understand and continuously promote the sodium ion storage 

performance. Hence, a carbon free mesoporous CoTiO3 hexagonal micro-prism with a high tap 

density  (1.8 gcm-3) is developed in this work for achieving superior stable and powerful sodium 

ion storage capability. 

2. Experimental

2.1. Raw materials 

In this work, Urea (Purity≥99％, Xilong Chemical Co., Ltd.), Co(C2H3O2)2·4H2O (Purity≥99％, 

Aladdin), titanium butoxide (TBO) (Purity≥98％, Aladdin), ethylene glycol (AR grade, Shanghai 

No.4 Reagent & H.V. Chemical Limited Company) and ethanol (Purity≥99.5%, Aladdin)were 

used as raw materials to prepare the Co-Ti-EG metal organic crystal precursor and the final 

product cobalt titanate. 

2.2. Synthesis of CoTiO3 mesoporous microprism 

The preparation process and the colour evolution during the preparation process of CoTiO3 

micro-prism are shown in Fig. 1. In a typical synthesis process, the bimetal organic framework 

(BMOF) Co-Ti-EG was firstly prepared as a precursor using the rationally designed solvothermal 

reaction. First, stoichiometric amounts of urea, cobalt acetate tetrahydrate and titanium butoxide 

(TBO) were successively dissolved in a molar ratio of 3:1:1 into 60 ml ethylene glycol (EG) to 
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form a clear red solution under magnetic stirring at room temperature. Here, EG acts as both 

solvent and complexing agent. As shown in Fig. 1, during the magnetic stirring process, the clear 

red solution gradually turns to a light pink suspension. This observation indicates that EG has 

reacted with Ti4+ and Co2+ to form Co-Ti-EG polymer chain precursor. To further enhance the 

crystallinity of Co-Ti-EG BMOF, the obtained light pink suspension of Co-Ti-EG was sealed into 

a 100ml teflon-lined stainless steel autoclave. Subsequently, the autoclave was put into an 

electro-thermally blowing dry box preheated to 120 oC. After a six-hour solvothermal reaction, 

Co-Ti-EG BMOF was obtained by collecting and washing the solvothermal product with ethanol 

for 3 times. The obtained BMOF was put in a muffle furnace and calcined at a temperature 

ranging from 600 oC for 5 h at a heating rate of 10 oCmin-1 under air to fully remove the organic 

component in BMOF. Finally, a highly crystalline CoTiO3 green powder was obtained. 

2.3. Characterization 

The morphology of as-prepared precursor and the final products were characterized by using field 

emission scanning electron microscopy (FE-SEM, Hitachi S-4800) at an acceleration voltage of 3 

kV. The optical photos were taken by digital camera. Nitrogen adsorption/desorption isotherms 

were obtained at 77 K using an automated adsorption apparatus (Micromerit-ics ASAP 2020). The 

surface area was calculated based on the Brunauer–Emmett–Teller (BET) equation. X-ray 

diffraction patterns of the as-prepared precursor and final products were measured on an X-ray 

diffractometer (RIGAKU, RINT-ULTIMA III) using Cu Kα radiation (λ= 1.54051Å). The 

diffraction patterns were recorded in a 2θ range of 10-70 o with a step size of 0.01 o. 

To investigate the electrochemical performance of as-prepared CoTiO3 micro-prisms, the 

composite electrodes of the final product CoTiO3 were prepared by coating their uniform slurry 
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mixed with acetylene black (AB) and polyvinylidenefluoride (PVDF) (active 

materials:AB:PVDF=75:15:10). The electrode was then pressed and punched out into 10 mm (in 

diameter) disks. Two-electrode sodium ion batteries were assembled in an ultrapure Ar-gas filled 

glove box to investigate the sodium ion storage performance of the final product CoTiO3. The 

electrolyte used was a 1 mol L-1 NaPF6 in ethylene carbonate (EC) + dimethyl carbonate (DMC) in

a volume ratio of 1:1 with the addition of trace FEC. Sodium discs were used as counter electrodes. 

Cyclic voltammetry (CV) and galvanostatic charge and discharge measurements were carried out 

in a voltage range of 0.01 to 3 V vs Na/Na+ at a current density ranged from 0.25 to 5 Ag-1, 

respectively. The electrochemical impedance spectroscopy was carried out in a frequency range of 

0.01Hz to 100 kHz, and the perturbation amplitude was controlled at 5 mV. The galvanostatic 

charge/discharge test were performed on a battery testing system (CT2001A, Wuhan Land). The 

aged cells were discharged/charged within the voltage window of 0.01 to 3.0 V at current densities 

corresponding to 0.5C, 1C, 2C, 5C and 10C rate (1C = 500mAhg-1) under constant current mode. 

Fig. 1. The preparation and color evolution process for the preparation of mesoporous CoTiO3 

hexagonal micro-prisms. 
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3. Results and discussions

The typical preparation process and the colour evolution phenomenon of the scalable 

metal-organic framework (MOF) derived strategy for the desired mesoporous CoTiO3 

micro-prisms are clearly shown Fig. 1. At the beginning, one-dimensional (1D) Co-Ti 

bimetal organic frameworks (BMOF) were self-assembled by a rational modified 

solvothermal method. In a typical synthesis process, stoichiometric amounts of urea, cobalt 

acetate tetrahydrate and titanium butoxide (TBO) were firstly dissolved in a molar ratio of 

3:1:1 into 60 ml ethylene glycol (EG) to form a clear red solution under magnetic stirring 

at room temperature. During the continuously magnetic stirring, EG gradually reacted with 

Ti4+ and Co2+ to form Co-Ti-EG polymer chain precursor, meanwhile the clear red solution 

gradually turns to a light pink suspension. After a further crystallizing treatment under 

solvo-thermal condition at 120 oC for 6 h in a sealed teflon-lined stainless steel, highly 

crystalized and well-cut hexagonal dense micro-prisms of pink Co-Ti-EG BMOF were 

finally obtained. As shown in Figs. 2a and 2b, the length and diameter of single Co-Ti-EG 

hexagonal micro-prisms are 2～4 µm and 0.5～1 µm, respectively. The well-defined X-ray 

diffraction (XRD) pattern, given in Fig. 3a, is similar with the reported pattern of Ni-Ti-EG 

BMOF, which indicates the self-assembling mechanism of the highly crystalline pink 

Co-Ti-EG BMOF are similar, [23] due to the close nature of Co2+ with Ni2+. 

The fourier transform infrared (FTIR) spectroscopy provided in Fig. 3b further confirm the 

metal-organic complex nature of Co-Ti-EG BMOF.Peaks centered at 2831 and 2931 cm-1 

is indexed to the symmetry and anti-symmetry stretching vibration (νs and νas), 

respectively, of C–H bonding in the group of –CH2–, instead of –CH3. Peaks centered in 

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



3403, 1458, 1070 and 887 cm-1 can be assigned to the νOH, δOH, νCO and γOH of C–O and 

O–H bonding in the group of –CH2–OH, respectively. Moreover, the peaks centered in 

2484, 1866, 1323 and 1212 cm-1 can be indexed to the νOH, νC=O δOH, and νCO of C=O, C–O

and O–H bonding in the group of –COOH, respectively. 

After being annealed at 600 oC for 5h in air, the obtained green CoTiO3 powder featured obviously

mesoporous structure that constructed with closely packed primary CoTiO3 nanoparticles into a 

hexagonal mirco-prism, as shown in Figs. 2c, 2d and 4a. The primary particle size is around 50 ~ 

150 nm. 

Fig. 2. (a) and (b) the SEM images of Co-Ti-EG DMOC, (c) and (d) the SEM images of CoTiO3 

mesoporous micro prisms. 
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Fig. 3. (a) The XRD patterns of Co-Ti-EG and CoTiO3 prisms, (b) the FTIR spectrum, (c) N2 

adsorption–desorption isotherm profile and (d) the pore size distribution curve of the as-prepared 

porous CoTiO3 prism. 

Fig. 4. (a) low and (b) high resolution TEM images of as-prepared CoTiO3 mesoporous 

micro-prism. 
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The sharp XRD pattern present in Fig. 3a indicates the pure ilmenite structure. The HRTEM image 

in Fig. 4b corresponding to the selected area also clearly confirms the lattice fringes of the (012) 

(d012 = 0.37 nm) crystallographic planes of ilmenite CoTiO3. Furthermore, the pore size is mainly 

20 ~ 150 nm, average 50 nm, as clarified by the TEM images shown in Fig. 4a and the pore size 

distribution curve given in Fig. 3d. The BET specific surface area calculated based on the N2 

adsorption–desorption isotherm profile in Fig. 3c is about 15.6 m2g-1. The mesoporous structure 

can provide effective channel for the adequately infiltration of electrolyte inside the CoTiO3 

micro-prism to increase the efficiency and achieve high rate sodium ion transportations. Moreover, 

the interconnected nanoscale primary particle in turn can promote the rate performance of CoTiO3 

secondary micro-prisms by decreasing the solid state diffusion of sodium within the nano-size 

CoTiO3 particles and creating large amount of disorder state interface for shortcut diffusion of Na+

during the charge/discharge process. Considering the intrinsic low volume change during Na+ 

insertion/extraction, the as-prepared mesoporous CoTiO3 hexagonal micro-prisms would show 

desirable rate and cyclic performance, in terms of the abovementioned unique metrics. 

To understand the Na+ storage properties of CoTiO3, the electrodes made of desired CoTiO3

mesoporous micro-prisms were used as working electrode, metallic sodium and glass fiber 

membrane were used as counter/reference electrode and separator, respectively. The 

electrochemical performance were tested in a two-electrode setup in an electrolyte of 1 M NaPF6 

in ethylene carbonate (EC) + propylene carbonate (PC) in a volume ratio of 1:1 with the addition 

of trace amounts of fluoroethylene carbonate (FEC). The obtained sodium ion storage properties 

are given in Fig. 5. During initial cycling at 0.5C in sodium ion batteries, the discharge/charge 

capacity of CoTiO3 are 551.3/161.3 mAhg-1 at room temperature, as can be seen in the
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charge/discharge voltage profiles shown in Fig. 5a. The initial coulombic efficiency is ~ 29.3%, 

which is comparable to mesoporous NiTiO3 micro-prisms. [23] The observed initial discharge

capacities, namely 551.3 mAhg-1, are comparable to the theoretical capacity of CoTiO3 (519.5 

mAhg-1) based on the following initial sodiation mechanism: 

CoTiO3 +3Na+ →NaTiO2 + Co + Na2O [1] 

The slightly higher discharge capacity than theoretical value should be accounted for the 

formation of solid electrolyte interphase on the surface of CoTiO3 nanoparticles. The low 

discharge capacity than reported NiTiO3 should be caused by the much large particle size and 

much lower specific surface area, see Table 1. The probable reversible de-sodiation mechanism 

responsible for the charge capacity of 161.3 mAhg-1 could be as follows: 

NaTiO2 + xCo + xNa2O → TiO2 + xCoO + (1+2x)Na+ [2] 

Most of the irreversible capacity should be caused by the irreversible reaction. Only partially 

newly formed Co and Na2O react to CoO and Na+. In this case, x is around 0.17. This should be 

one of the main reasons resulted in the low initial coulombic efficiency. The relatively large 

particle size and low specific surface area could be another reason responsible for the relatively 

lower electrochemical activity, since the sodium ion storage performance is highly affected by the 

increase of particle size. [10] Therefore, the obtained CoTiO3 mesoporous micro-prism deliver a

much higher capacity and rate performance than that of reported CoTiO3 (139 mAhg-1) 

synthesized by solid state method, as given in Table 1. [24] Additionally, the large irreversible 

conversion reaction also could be confirmed by the CV analysis results, shown in Fig. 5f. During 

the subsequent cycles, the electrochemical performance is gradually get stabilization, as observed 

from the evolution of the charge/discharge profiles and the CV curves, see Figs. 5b and 5f. 
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Fig.5. The electrochemical performance of the desired CoTiO3 mesoporous micro-prisms anode 

materials: (a) the first cycle at 0.5C and (b) the 20th cycle charge/discharge voltage profiles and (c) 

cyclic and rate capability for the as-prepared CoTiO3 at a current density of 0.5C, 1C, 2C, 5C and 

10C, respectively; (d) the cyclic performance and coulombic efficiency at 10C for 1000 cycles, (e) 

the capacity retention ratio of the as-prepared CoTiO3 micro-prisms from 20th to 200th cycles to the

reported NiTiO3 micro-prisms [23]. (1C = 500 mAg-1) (f) cyclic voltammetry curves at 0.1 mVs-1

during the initial five cycles. 
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As shown in Fig. 5f, three oxidation peaks (located at 0.86, 1.21 and 2.00 V, respectively) and one 

broad (0.90 V), should be responsible for the re-oxidation of Co and Ti3+ to Co2+ and Ti4+ due to 

the extraction of Na+ from the host structure. The reduction peaks located at 0.90 and 0.36 V are 

apparent from the second cycle. The results observed from CV test is consistent with the 

galvanostatic charge/discharge profiles shown in Figs. 5a and 5b, which also indicate a similar 

sodium storage behaviour of as-developed CoTiO3 mesoporous prisms with that of NiTiO3 

reported in [22-24]. 

Interestingly, it is also glad to find from Fig. 5c that the charge capacity retention ratio of the 

obtained CoTiO3 significantly increased from 72.2% at 0.5C to 81.6% at 1C, to 86.5% at 2C, and 

further increased to 91.7% at 5C, and finally increase to 94.5% at 10C, from the 20th to 200th 

cycle. Even after cycling at 10C for 1000 cycles, the capacity retention ratio is maintained at 

90.3%, as can be seen in Fig. 5d. At the same time, the chare/discharge coulombic efficiency are 

around 100%. As shown in Fig. 5e, the observed capacity retention ratio of CoTiO3 mesoporous 

micro-prisms are much higher than that of the just reported NiTiO3 with similar morphology. 

Based on above observation, present CoTiO3 micro-prisms can provide much superior rate and 

excellent cyclic performance at high current density at such high tap density (1.8 gcm-3). As 

present in Table 1, the as-prepared pure CoTiO3 micro-prisms also deliver significantly higher 

capacity and better rate capability than typical carbon materials, [5-7] and pure TiO2 anode materials, 

meanwhile, show similar or even better electrochemical performance with N, Mo, Sn doped TiO2 

and ultra-small sized TiO2.
 [9-21] The better electrical conductivity of CoTiO3 than NiTiO3, TiO2,

because of the narrower band gap of CoTiO3 (2.34 eV) than NiTiO3 (3.02 eV) and TiO2 (3.3 eV), 

should be one of the reason responsible for the much enhanced sodium ion storage performance. 
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[27, 28] Comparing to the reported counterparts, NiTiO3 nanoparticle and micro-prisms, the initial 

capacity of CoTiO3 are lower than reported NiTiO3,
 [22, 23] however, the preserved charge capacity

of CoTiO3 at 10C after 1000 cycles still kept 65.3 mAhg-1, which is much higher than 51.1 mAhg-1 

of reported NiTiO3. 
[23] Especially at high rate, the capacity retention ratio of the reported NiTiO3

at 10C is only 44.3% from the 20th to 1000th cycle, 46% lower than 90.3% achieved by 

as-prepared CoTiO3. The larger pore size of the obtained CoTiO3 mesoporous micro-prism than 

NiTiO3 is helpful to accommodate the volume change during the (de-)sodiation process, which 

will be good for the improvement of cyclic stability. Therefore, all the above results indicate that 

the as-prepared CoTiO3 mesoporous micro-prisms can be potential anode materials for superior 

power stable sodium ion storage, once the surface condition of CoTiO3 with conductive carbon 

and the primary particle size, the quality of the electrolyte and battery assembly process are 

properly optimized. 

Table 1. A comprehensive comparison of the sodium ion storage properties of present 

CoTiO3 mesoporous micro-prism, reported NiTiO3 and TiO2-based nanostructured 

anode materials. 

No Materials and 

Morphology 

PP / SP* size Low rate 

capacity 

(mAhg-1) 

High rate 

capacity 

(mAhg-1) 

High rate 

stability (%) 

Refs. 

No 

1 

CoTiO3 

Mesoporous 

hexagonal 

micro-prism 

50 ~ 150 nm / 

L: 2～4 µm, 

D: 0.5～1 µm, 

15.6 m2g-1 

161 

(250 mAg-1) 

72.3 

(5 Ag-1) 

90.3 

(1000 cycle, 

5 Ag-1) 

Present 

work 

2 

CoTiO3 

Prepared by 

solid state 

method 

/ 139 

(250 mAg-1) 

/ / [24] 
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3 

NiTiO3 

nanoparticles 

3 ~ 5 nm / ~400 

(250 mAg-1) 

192 

(4 Ag-1) 

88.4 

(200 cycle, 

0.5 Ag-1) 

[22] 

4 

NiTiO3 

Mesoporous 

hexagonal 

micro-prism 

30 ~ 100 nm / 

L: 2～4 µm, 

D: 0.5～1 µm, 

30 m2g-1 

278 

(250 mAg-1) 

118 

(5 Ag-1) 

44.3 

(1000 cycle, 

5 Ag-1) 

[23] 

5 

Anatase 

C-coated TiO2 

nanoparticles 

40 nm / 

11 nm / 

~135 

(335mAg-1) 

195 

50 

(3.35 Ag-1) 

135 

/ 

/ 

[10] 

6 

Graphene-Rich 

Wrapped 

Petal-Like 

Rutile TiO2 

tuned by 

Carbon Dots 

~10 nm / 

D: ~300 nm 

~185 

(167 mAg-1) 

59.8 

(4.2 Ag-1) 

100 

(1000 cycles 

3.35 Ag-1) 

[11] 

7 

Anatase TiO2 

nanopores 

~20 nm/ 

55.573 m2g-1 

~164.3 

(167 mAg-1) 

46.4 

(3.35 Ag-1) 

102.6 

(200 cycles 

0.84 Ag-1) 

[14] 

8 

Mo-doped 

anatase TiO2 / 

~162.4 

(167 mAg-1) 

~109.5 

(1.67 Ag-1) 

109.2 

(100 cycles 

0.03 Ag-1) 

[20] 

9 anatase TiO2 / 

~89.6 

(167 mAg-1) 

~43.9 

(1.67 Ag-1) 

108.8 

(100 cycles 

0.03 Ag-1) 

[20] 

10 

Olive-like 

TiO2 coated 

with carbon 

/80 nm 

/150 nm 

~225 

(167 mAg-1) 

~202 

~105 

(6.7 Ag-1) 

~75 

94.6 

(1000 cycles 

3.36 Ag-1) 

96.1 

[9] 

11 

N2-doped 

mesoporous 

TiO2 nanofiber 

25 nm / 

D: 500 nm 

220 

(336 mAg-1) 

~108 

(3.36 Ag-1) 

94.0 

(500 cycles 

3.36 Ag-1) 

[17] 

12 

mesoporous 

TiO2 nanofiber 

25 nm / 

D: 500 nm 

173 

(336 mAg-1) 

~87 

(3.36 Ag-1) 

94.3 

(500 cycles [17] 
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3.36 Ag-1) 

13 

Carbon-coated 

rutile titanium 

dioxide 

10 ~ 50 nm/ ~130.6 

(336 mAg-1) 

~70.6 

(3.36 Ag-1) 

99 

(500 cycles 

3.36 Ag-1) 

[12] 

14 Rutile titanium 

dioxide 

10 ~ 50 nm/ ~55 

(336 mAg-1) 

~22.6 

(3.36 Ag-1) 

/ [12] 

*PP : primary particle / SP: secondary particle*

4. Conclusions

In this paper, a bimetal organic framework (BMOF)-derived mesoporous CoTiO3 

micro-prisms was prepared as potential anode materials for superior power and cyclic 

stable sodium ion storage. The as-prepared CoTiO3 shows unique characteristics, including 

the mesoporous structure formed by the interconnection of nano-size primary CoTiO3 

particle, the relatively high tap density (1.8 gcm-3) hexagonal 1D micro-prism formed by 

close-packing nano-size primary CoTiO3 particle, relatively higher conductivity and the 

small volume change during the discharge/charge process. All characteristics endow the 

obtained nanostructured CoTiO3 micro-prism with following superior rate and cyclic 

performance. From the 20th to the 200th cycle, the corresponding charge capacity retention 

ratio are 72.2%, 81.6% , 86.5% , 91.7%, and finally increase to 94.5% at 0.5C, 1C, 2C, 5C 

and 10C ,respectively. Even after cycling at 10C for 1000 cycles, the capacity retention 

ratio is maintained at 90.3%. Coupled with the scalable preparation method, the superior 

sodium ion storage performance brings to the fore mesoporous CoTiO3 hexagonal 

micro-prism as a contender anode for long durability and high power sodium ion batteries. 
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