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HIGHLIGHTS

® A fast synthesis of NaV,05 mesocrystal
is realized by a one-step hydro-
thermal.

® Na,C,0, is tactfully designed as si-
multaneously reducing reagent and Na
resource.

® The synthesis time is greatly shortened
more than 5 times.

® The crystal growth mechanism of
NaV,0s mesocrystal is also revealed.

® As-obtained NaV,Os mesocrystal ex-
hibits the improved electrochemical
performance.
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ABSTRACT

NaV,0s, possessing robust, open and large-space layered crystal structure, was recently found as one novel
promising intercalation-type high-capacity anode material for Na-ion batteries. To address its difficult issue of
morphology control for conventional solid-state method, our group proposed previously a two-step hydro-
thermal method to controllably synthesize a well-crystallized NaV,0s mesocrystal. However, this two-step
method was still time-costing and a bit complex. In order to further promote its further research development
and industrial application, it remains a huge and attractive challenge to explore a simple and time-saving
method to synthesize promising NaV,0s. Herein, we propose a facile one-step hydrothermal strategy to realize
the short-time synthesis of 3D bundle-like NaV,05 mesocrystal. In this simple one-step method, sodium oxalate
(NayC,04) is tactfully designed as simultaneously reducing reagent and Na resource, so that its synthesis time is
greatly shortened more than 5 times. Furthermore, the crystal growth mechanism of NaV,0s mesocrystal is also
revealed. Amazingly, the ex-situ XRD measurement reveals that the electrochemical intercalation/deintercala-
tions are reversible and the crystal structure of NaV,Os is stable. So, NaV,0s mesocrystal prepared by one-step
method exhibit the promising electrochemical performance, and its reversible capacity is up to 360 mAh/g.

1. Introduction

and utilize the green and clean energy, such as solar and wind power
[1,2]. To better realize the availability of these intermittent and un-

It has become a continuous hot issue in 21th contrary to develop stable clean energies, large-scale energy storage system (ESS) has
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Fig. 1. One-step hydrothermal method for NaV,Os. (A) Idea
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origin process of one-step hydrothermal method; (B) flow
chart of one-step hydrothermal method; (C) XRD pattern of
products synthesized by one-step hydrothermal method for
different time: (a) 12h, (b) 18h, (¢) 36h, (d) 48h; (D)
Raman spectrum of product synthesized by one-step hy-
drothermal method for 18 h.
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attracted huge attention and interests [3-5]. Owing to the abundance
and low cost of Na resource, Na-ion batteries (NIBs) are considered as
one of the most promising candidates for the application of large-scale
ESS [6,7]. However, unfortunately, graphite, the most successful anode
material of Li-ion batteries, cannot be used as anode material of NIBs
due to the exhibited low capability caused by the larger radius of Na ion
than that of Li ion [6,8]. So, it is quite urgent to develop the novel and
promising anode materials for NIBs.

Some potential anode materials for NIBs have been proposed to
address the above issues, including the alloy-type (such as SnO,, Si, and
so on) [9,10] and intercalation-type (such as Nag.gg [Lig-22Tio.78]102,
Li4TisO15, and so on) [11-13] anode materials. The alloy-type anode
materials can usually deliver large specific capacity, but they simulta-
neously suffer from huge volume change during charging-discharging,
which results in a poor cycling life [9]. On the contrary, the inter-
calation-type anode materials, such as “zero-strain” Nag.gg [Lig-22Tio 78]
O,, can often exhibit better cycling performance due to their strong
structural stability, but their theoretical specific capacities (such as 116
mAh/g for Nag.ee [Lig22Tio.78102) are still insufficient [11]. Therefore,
it becomes a very attractive and interesting issue if the new intercala-
tion-type anode materials with larger specific capacity and similar
structural stability can be found.

Recently, we found that NaV,0s, possessing robust, open and large-
space layered crystal structure, was a novel intercalation-type anode
material for NIBs with a high reversible capacity (362 mAh/g) through
Density Functional Theory (DFT) calculation and electrochemical
testing [7,14]. Moreover, we proposed for the first time a hydrothermal
strategy to address the difficult issue of morphology control of NaV,05
for conventional solid-state method [15-17], and controllably synthe-
sized a well-crystallized NaV,0s mesocrystal. However, this hydro-
thermal strategy is a two-step method, and thereby it is still time-
costing and a bit complex, which is disadvantageous to the further re-
search and development of NaV,0s in the aspects of electrochemistry
mechanism, performance improvement, practical commercialized ap-
plications and so on. So, it remains a huge and attractive challenge to
explore a simple and time-saving method to synthesize promising
NaV205.

Herein, we propose a facile one-step hydrothermal strategy to rea-
lize the short-time synthesis of 3D bundle-like NaV,05 mesocrystal. In
this simple one-step method, sodium oxalate (Na,C,0,) is tactfully
designed as simultaneously reducing reagent and Na resource, so that
its synthesis time is greatly shortened more than 5 times. Furthermore,
the crystal growth mechanism of NaV,0s mesocrystal is also revealed.
Excitingly, NaV,0s mesocrystal prepared by one-step method exhibits
the better electrochemical performance compared with the one pre-
pared by two-step method.

2. Results and discussion

To synthesize NaV,0s, the raw materials should include V resource,
Na resource and reducing reagent. Previously, we proposed a two-step
hydrothermal method to successfully synthesize the NaV,Os meso-
crystal for a reaction time of 96 h by taking V,0s, Na,CO3 and oxalic
acid (H,C;04) as V resource, Na resource and reducing reagent re-
spectively, as shown in Fig. S1 [14]. In the first step, V5,05 and Na;CO3
were hydrolyzed as V and Na ions, and a homogeneous sol formed.
When H,C,0,4 was added in the second step, hydrolyzed Na ions were
intercalated into V-O layers, and nucleation and crystal growth also
occurred. Although the crystal growth behavior of NaV,0s5 can be well
revealed through the slow two-step reaction process, the two-step
method is still time-costing and a little complex. The reason is that the
hydrolysis process of V,0s and Na,COs in the first step as well as the
intercalation process of Na ions in the second step are both quite slow,
which is disadvantageous to the industrial application and further de-
velopment of novel and promising NaV,0s anode materials for NIBs.
So, it remains an urgent and hot issue to explore a simple and time-
saving method to synthesize NaV,Os.

Based on the detailed analysis of reaction and crystal growth me-
chanism for the previous two-step method, we find that the Na ion in
Na,CO; is the actual Na resource, and the C,042~ in H,C,0, is the
actual reducing reagent, as shown in the left part of Fig. 1A. So, an
attractive and interesting method come into our mind whether a com-
pound containing simultaneously Na* and C;0,>~ can be found. Fi-
nally, we find the promising Na,C,O,. Importantly, Na,C,O, can
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