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Abstract 
Synthesis of SnO2 powders with different shapes can be achieved by different approaches including wet and dry methods. One constrain of wet production is the complexity of process control that is not always possible when scale-up of active materials for electrodes is considered. On the other hand, simple solid state methods carried out at low temperatures with active carbon to prevent coarsening of particles are more feasible for industrial production. In this work, graphitic carbon nitride (g-C3N4) is prepared by thermal condensation of urea and directly used to synthesize SnO2@C3N4 for LIB anodes through a scalable solid state reaction. Such fast approach allows to obtain the active material with regular and homogeneous distribution of SnO2 over g-C3N4 phase. SnO2@C3N4 enables the cell to achieve very good rate capability and excellent stability upon prolonged cycling at high rates, suggesting the prospects for next-generation high-power and low cost lithium-based batteries.
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1. Introduction
As one of the most popular power sources for portable electronics, the lithium ion battery (LIB) has been extensively investigated owing to its superior energy density (120-180 W h / kg), long cycle life, low environmental impact [1]. Rechargeable batteries with internal safety mechanisms that prevent explosions in case of short circuit, overcharge and heating up are currently available on the market [2]. It follows that one important application is transportation, where lithium-ion is the battery of choice for future and current electric / hybrid vehicles. Under this viewpoint, the vehicle battery must guarantee sufficient power, good cycle and calendar life at moderate-to-low costs [3]. Current Li-ion battery use graphite anodes that concur to moderate rate capability and practical specific capacity of  350 mA h / g, not large enough to satisfy the requirements of transport applications. Fast charging of battery-car needs good charge transfer and high electrical conductivity at the electrode / electrolyte and electrode / current collector interfaces, respectively [4]. Slow kinetics and solid-state diffusion limitations are generally addressed to explain the poor graphite anodes’ performance at high currents [5]. From 2000 when conversion reaction materials, proposed by the group of Tarascon [6], conceived different Li storage mechanisms from the traditional insertion / de-insertion ones, new frontiers have been foreseen for anodes [7]. Active materials with multiple electrons reaction and low molecular weight have been pursued to achieve higher specific capacities. To date, abundant and environmental friendly SnO2, Sn3O4, GeO2 and ZnO stand out as attractive candidates because of the electrochemical reactions proceed in two steps, involving conversion and alloying processes with lithium. In particular, tin oxide (SnO2) has been considered for its high theoretical Li+ storage capacity of 782 mA h / g, due to transfer of 4.4 moles of Li ions per mole of Sn. However, SnO2 also suffers deficiencies related to poor electronic conductivity and large volume changes during operation. These issues bring back capacity fading, poor rate capability and unsatisfying cycling performances. From 1997, when a Sn composite oxide was developed as graphite alternative by Idota et al. [8], efforts have been directed to improve anode performance by modifying SnO2 with carbon and/or reducing SnO2 particles’ size to nanoscale.
To date, downsizing SnO2 particles is the key factor to reduce volume changes and increase active material utilization [9-11]. SnO2 in the form of hollow microspheres allows to exploit extra capacity up to 1600 mA h / g, due to reversible reduction of SnO2 to Sn in Li2O [12]. Hollow structures can also ensure a better management of volume changes during charge / discharge and sustain excellent rate capability [13]. For instance, the growing of SnO2 nanosheets within a polystyrene gel matrix can improve lithium storage properties and enhance capacity retention [14, 15]. SnO2 nanowires and nanotubes can ease insertion of Li+ more than SnO2 nanopowders for their favorable electronic conductivity and 1-D structure [16]. Long-lasting SnO2 nano-membrane electrodes assure high rate capability up to 40 A / g due to their particular amorphous structure, which is able to buffer the strains and shorten Li+ diffusion paths [17]. 
If nano-engineering enhances physicochemical properties of materials, on the other hand, long lasting and expensive procedures are often required for synthesis. It must be recalled that SnO2 is a low-cost raw material (roughly 20 dollars per kilograms) [18], and such benefit is lost if costly and complicated synthesis are adopted. Nano-structuring SnO2 [19, 20] is often inappropriate for mass production as particles dimensions and structure is difficult to be controlled on large scale [21]. Handling and inhalation of nanoparticles increase safety risks and electrode manufacture costs. In many cases, high tap density of electrodes is not guaranteed by using nanostructured active materials. 
For this reason, more than downsizing particles, wrapping or covering SnO2 by conductive light matrices such as carbon, result in increasing conductivity and in further releasing strain energy [22]. Graphene frameworks [23] are among the most outstanding materials for SnO2 confinement due to the intimate interaction between the graphene sheets and tin oxide, being the latter in the form of nano-flowers [24], nano-rods [25] and nano-particles [26]. Crystalline and amorphous SnO2 phases deposited onto graphene nano-sheets (GNS) [27] enhance specific capacity over cycling. 
In view of material upscaling, a cheaper alternative to graphene is the graphitic carbon nitride (g-C3N4), which has recently become attractive in energy-related fields although, owing to the poorer electrical conductivity, g-C3N4 shows higher contact resistance between the nanosheets than the graphene counterpart [28]. g-C3N4 is easily obtained by thermal condensation of nitrogen-rich precursors, such as cyanamide, dicyandiamide or from less toxic urea and melamine. DFT calculations suggest that a single-layer Li2C3N4 directly used as anode [29] can deliver specific capacity of 534 mA h / g almost twice than that of LiC6 (372 mA h / g) although experimental studies demonstrate that g-C3N4 alone is an unsuitable alternative to graphite anode having a reversible capacity of about 38 mA h g−1 on the basis of C3N4 weight [30]. The particular structure of both polymeric [31] and graphitic carbon nitrides efficiently confine polysulphides (LiPS) in separators [32] and cathodes [33] of Li-S batteries. g-C3N4 has been used to design new SnO2 composite materials for photo catalysis [34,35] and gas sensing [36]. 
As discussed SnO2 / g-C3N4 materials cover a wide range of applications, but only few studies report their use as anodes [37-39] in Li-ion batteries. Here, we show that SnO2@C3N4 can be easily obtained by fast solid state reaction, which is feasible for upscaling active material for low cost anode manufacture. Such simple way to produce SnO2@C3N4 is inspired by the approach of Cao et al. [36] for gas sensing and here proposed for the ﬁrst time for LIB applications. Synergies between the components allow to achieve better electrochemical performances at high rates, which render such material particularly appealing for industrial anode development.
2. Experimental
2.1. Instruments
X-ray diffraction analysis was carried out using a high resolution Philips X’pert MPD powder diffractometer, equipped with Cu Kα radiation (V = 40 kV, I = 30 mA) and a curved graphite secondary monochromator. The diffraction profiles were collected in the 2θ range between 15° and 90°, with an acquisition step of 0.018° and a time per step of 10 s using a solid state PIXcel-1D detector with 255 active channels. Samples morphologies were examined using a field emission scanning electron microscope (FESEM, JEOL-JSM-6700F). Nitrogen adsorption isotherms at 77 K were carried out by ASAP 2020 Instrument (Micromeritrics). The specific surface area (SSA) of the samples was calculated by Brunauer–Emmett–Teller (BET) method. The pore size distribution (PSD) was determined, after sample degas at 120 °C, via a Non-Local Density Functional Theory (NLDFT) method using nitrogen adsorption data, assuming a slit pore model. The TGA was performed in air, between 25° and 800 °C at 10°C / min. FTIR-ATR measurements were performed by Thermo Scientific Nicolet iS50 FT-IR.
2.2. Material preparation
Urea (CH4N2O), Tin (IV) chloride pentahydrate (SnCl4·5H2O, 99.0%), sodium hydroxide (NaOH), and polyethylene glycol 400 (PEG-400) are purchased from Sigma-Aldrich. Graphitic carbon nitride (g-C3N4) is synthesized by thermal polymerization of urea. In a covered alumina crucible 18 g of urea are heated in a tubular furnace at 550°C for 4 hours at 3°C/min in Argon. Graphitic carbon nitride powder (0.33 g) is mixed with SnCl4 · xH2O (6.97 g) and PEG-400 (5.97 g) in mortar. NaOH is added (3.18 g) to the mixture and grounded for 30 minutes. Releases of water vapor and heat is observed. The resulting product is washed several times with deionized water and ethanol and dried at 60 °C overnight. The resulting product is separated by centrifuge and washed several times with distilled water and absolute ethanol. The obtained product is dried at 60 °C overnight. As comparison, pure SnO2 is synthesized by the same reaction without g-C3N4. 

2.3. Cell assembly and testing
The working electrodes are prepared by solvent tape casting. An N-methyl-2-pyrrolidone (NMP, Aldrich) slurry of active material mixed with acetylene black (Shawiningan Black AB50, Chevron Corp., USA) and polyvinyledenfluoride as binder (Arkema Kynar 761) in the weight ratio of 70:20:10 is prepared. The active material loading is 1.3 mg / cm2. Slurries are deposited on a copper foil current collector (Goodfellow, 0.0125 mm thickness) by doctor blade technique, adjusted for 200 µm deposition, with an automatic film applicator (Sheen 1133N), 50 nm / s speed. After evaporating the solvent in air, discs of 0.8 cm2 and 1.8 cm2 are punched, vacuum dried at 150°C (Büchi glass oven B585) for 4h, then transferred into an Ar filled glove box (MBraun Labstar, with H2O and O2 contents < 1ppm) for cell assembling. The electrodes are assembled either in T-cells (for CV) or in 2032 coin cells (for GC); two lithium foils (Chemetall Foote Corporation) are used as counter and reference electrodes. The separators are 0.63 mm thick glass-wool (Whatmann GF/A). The electrolyte is a solution of 1.0M LiPF6 1:1 mix of Ethylene Carbonate (EC) and Diethyl Carbonate (DEC) + 1.0 % Vinyl Carbonate (VC) (battery grade, Solvionic). The cycling performance is investigated by means of galvanostatic discharge-charge cycling (GC) using an Arbin BT-2000 battery tester at room temperature. GCs are carried out in the potential range of 0.01-2.0 V vs. Li / Li+ at different C-rates (782 mA h /g is the theoretical capacity of SnO2).  For cyclic voltammetry (CV), the electrode potential is reversibly scanned between 0.01 and 3.0 V vs. Li / Li+ at 0.50 mV / s. The measurement starts from open circuit potential (OCV) towards the cathodic branch of the potential scan. 

3. Results and Discussion
3.1. Structure and morphology of SnO2@C3N4
XRD patterns of SnO2, g-C3N4 and SnO2@C3N4 are shown in Fig. 1 a. For g-C3N4, the diffraction peak at around 2=27.0° is assigned to the (002) reflection of graphitic like aromatic structure and the weaker peak at 2=13.9° corresponds to the in-plane structural packing of tristriazine units, (JCPDS 87-1526) [40-42]. The diffraction peaks of SnO2 (blue line) can be indexed to tetragonal rutile (JCPDS card No. 41-1445); peaks at 26.3°, 33.9°, 51.7° and 65.9° correspond to (110), (101), (211) and (301) planes, respectively. The XRD pattern of SnO2@C3N4 (black line) mainly exhibits the diffraction peaks of tetragonal SnO2. Due to the higher amount of SnO2 in the sample, it is impossible to discern the peak of g-C3N4 at 27.6° from the peak of SnO2 at 26.6°. The absence of additional peaks in SnO2@C3N4 confirms that the material is entirely of g-C3N4 and SnO2 [35], the latter has an average crystallite size of 7.0 ± 0.5 nm determined according to Scherrer equation.
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Figure 1. (a) XRD patterns of g-C3N4, SnO2, SnO2@C3N4; (b) TGA curve of g-C3N4, SnO2, SnO2@C3N4; (c) pore size distribution of g-C3N4 and SnO2@C3N4; (c) FTIR spectra of g-C3N4, SnO2@C3N4.
The amount of g-C3N4 in SnO2@C3N4 was defined by thermogravimetric analysis (TGA) and is depicted in Fig. 1 b.  For all samples, the initial weight loss under 100 °C is due to the loss of absorbed water. The weight of pure g-C3N4 is almost constant at temperature below 450 °C indicating its good thermal stability. The weight fraction of g-C3N4 in SnO2@C3N4 is 8.04 wt. %, which is determined between 500 °C and 550 °C, at which decomposition of g-C3N4 occurs. In SnO2@C3N4 sample, the g-C3N4 shows lower thermal stability due to its catalytic oxidation driven by SnO2 [43, 44]. The content of SnO2 in SnO2@C3N4 is 77.3 wt. %, which is obtained from the weight of the residuals after heating the sample over 700 °C. It is worth to note that nanosized SnO2 to reduce the volume changes of the reactive phases and simultaneous nanocompositing with carbon materials is the promising way to attain large specific capacities and prolonged cycling over 1000 cycles. In many cases, such specific capacities are achieved with an optimized SnO2 dosage that is lower than 50 wt %. This means a large amount of “inert material” (mainly carbon) in the electrode will result in low tap density during electrode manufacture. Moreover, g-C3N4 is both inert and semiconductor, so the optimum amount of 8 wt. % is defined to immobilize SnO2 particles and prevent excessive particle growth during the solid state synthesis. 
Nitrogen adsorption-desorption isotherms of g-C3N4, SnO2 and SnO2@C3N4 were measured at 77 K and specific surface areas (BET) were determined. The specific surface area of g-C3N4 mainly depends on the precursors and synthesis conditions. Urea is considered a favorable precursor to obtain high surface area g-C3N4 with sheets of small thickness. Thermal condensation likely happens at temperatures of 450-600 °C, which is good to improve the interconnectivity and electron delocalization of the aromatic sheets [45]. From Fig. 1c (inset), the BET of SnO2 and SnO2@C3N4 are 211.1 m2 / g and 262.5 m2 / g respectively, suggesting a synergic effect rather than a bare mixing of the two components. Although BET increases slightly from SnO2 to SnO2@C3N4, larger specific surface areas mean larger contact areas between the electrode and electrolyte that improve the electrochemical reaction kinetics. It can be seen that the average pore size is about 2 nm for SnO2@C3N4 according to the DFT method (Fig. 1c). As expected, g-C3N4 is mesoporous (Fig. S1) and displays hysteresis loops of isotherms that indicate the presence of aggregates of plate-like particles giving rise to slit-shaped pores [46]. The FTIR analysis (Fig. 1d) confirmed the XRD results as two sets of vibration peaks are found in the FTIR spectrum of SnO2@C3N4. The vibration peaks at 485 cm-1 and 653 cm-1 are assigned to symmetric and anti-symmetric stretching of SnO2 [43]. The peak at 810 cm-1 corresponds to bending vibration of triazine units in g-C3N4 [47] and from 1240 to 1638 cm-1 the stretching vibration of C–N heterocycles are observed (C-N at 1240 cm-1, 1314 cm-1, 1418 cm-1), (C=N at 1638 cm-1) [30]. The broad peaks in the range of 3000-3700 cm-1 are mainly stretching modes of O-H from adsorbed H2O. For SnO2@C3N4 sample, a contribution to this broad peaks results from N-H stretching of residual amino groups [48].
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Figure 2. (a) XPS survey spectra of SnO2 and SnO2@C3N4; Sn3d high resolution XPS spectra
of SnO2 and SnO2@C3N4 (b); O1s high resolution XPS spectra of SnO2 (c) and SnO2@C3N4
(d); C1s high resolution XPS spectra of SnO2@C3N4(e); N1s high resolution XPS spectra of
SnO2@C3N4

From the survey XPS spectra in Fig. 2a, the atomic % of C, N, Sn, O, Cl elements in SnO2@C3N4 are 14.3 %, 11.2 %, 31.1 %, 41.2 % and 2.2 %, respectively. Cl is an impurity due to the use of SnCl4·5H2O in the synthesis. Fig. 2 b compares the high resolution XPS spectra for Sn3d. The splitting between Sn3d5/2 and Sn3d3/2 is 8.41 eV, which is consistent to Sn4+ [49]. As previously mentioned, the two components of SnO2@C3N4 are not barely mixed, as indicated by the clear changes in electronic states. For SnO2 and SnO2@C3N4, the slight shift of the Sn3d spectra is indicative of interactions between g-C3N4 and SnO2 [50]. The high resolution O1s spectra has no significant shift in the characteristic binding energy. However, (Fig. 2c, d), the O1s spectra of SnO2 is resolved into three signals: the first at 531.10 eV is typical for oxygen bonded to tin atoms, the second at around 532 eV is due to C=O, the third at 532.8 eV is due to O-H. The first two peaks show shifts when SnO2 grows over g-C3N4, which indicate an interaction between the components, as previously discussed for Sn3d.  In Fig. 2e, the status of carbon C1s in SnO2@C3N4 include the main peak at 284.71 eV, which is assigned to C-C and C=C (graphitic carbon), along with combination of C-N groups centered at 285.75 eV [51] and the sp2-hybridized carbon N–C=N (288.06 eV). The peak at 289.43 eV is mainly assigned to CO groups originating from surface carbon that interacts with O2 and/or CO2 from the air [52]. N1s spectrum of SnO2@C3N4 (Fig. 2f) confirmed the presence of sp2-hybridized aromatic N bonded to C atom (398.23 eV) and ternary N bonded to C atom in the form of N–(C)3 (399.33 eV). The peak at 400.9 eV is ascribed to the N–H structure, while at 404 eV the -* excitation is observed. Such intimate interaction that is noted by XPS analysis would benefit the charge transfer between SnO2 and g-C3N4, additionally the nitrogen atom of the pyridine moiety (29.3 %) improves the electrical conductivity of the material [28]. 
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Figure 3. FESEM images of (a) g-C3N4; (b) SnO2; (c) SnO2@C3N4

FESEM analysis of g-C3N4, SnO2, and SnO2@C3N4 are depicted in Fig. 3a-c. The micrograph of g-C3N4 (Fig. 3a) shows thin wrapped sheets, forming hollow structures. Fig. 3b shows that pure SnO2 is composed of clusters of large dimensions, due to the strong tendency of SnO2 particles to agglomerate during the solid state synthesis. In SnO2@C3N4 sample (Fig. 3c), the wrapped and hollow structure of carbon nitride is covered by SnO2 particles, resulting in a porous and wrinkled material. The surface of SnO2@C3N4 material is smooth and SnO2 particles are homogenously distributed on g-C3N4. This demonstrates that g-C3N4 [38] prevents aggregation of SnO2 particles during the solid state synthesis. Fig. S2 depicts the EDS analysis of SnO2@C3N4. Three different areas have been analyzed that are representative of the sample. The weight % of Sn, O, C and N is almost the same in all the selected areas, which proves the homogeneous distribution of SnO2@C3N4 sample.

3.2. Electrochemical characterization of SnO2 and SnO2@C3N4 electrodes.
The electrochemical behavior of SnO2@C3N4 is tested via cyclic voltammetry (CV) (Fig. 4a-b) and by galvanostatic discharge/charge cycles against Li+/Li (Fig. 4d). Pure SnO2 is also reported for comparison (Fig. S3 and Fig. 4c). 
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Figure 4. Electrochemical performance of SnO2@C3N4. (a) First three CV cycles in the potential range of 3.0-0.01 V vs Li+/Li at a scan rate of 0.5 mV/s; (b) Three CV cycles after 10 galvanostatic discharge/charge cycles at 0.78 A/g, in the potential range of 3.0-0.01 V vs Li+/Li at a scan rate of 0.5 mV/s. (c) Galvanostatic cycles at 0.078 A/g in the potential range of 2.0-0.01 V vs Li+/Li for SnO2 electrode (d) Galvanostatic cycles at 0.078 A/g over the potential range of 2.0-0.01 V vs Li+/Li for SnO2@C3N4 electrode.

 The lithiation reaction of tin oxide is a two-step process. In the first step, a conversion reaction occurs in which inactive Li2O is uniformly formed around the active Sn. Such reaction usually results in large irreversible specific capacity loss at the first cycle. In the second step, which is reversible, metallic Sn alloys with Li+. At the first cycle the solid electrolyte interphase (SEI) formation contributes to additional irreversible capacity [42]. Upon cycling, the active Sn tends to aggregate, and cracking/pulverizing of active material usually occurs as a consequence of the volume changes of the alloying/dealloying process. Fig. 4a shows the CV of SnO2@C3N4. In the 1st cycle, the cathodic peak at 0.95 V vs. Li+/Li is attributed to the irreversible reduction of SnO2 to metallic Sn and Li2O. Formation of solid electrolyte interphase (SEI) and electrolyte decomposition also occur in the first cycle. The peaks in the region between 0.01-0.7 V vs. Li+/Li are due to the phase transitions from Li4.4Sn alloy [36], the corresponding oxidation peak at 0.55 V (anodic scan) is found in the cyclic voltammogram profile. The other oxidation peak around 1.25 V - 1.75 V is attributed to the oxidation of Sn to SnO2 [53]. Such peak weakens after 10 consecutive galvanostatic discharge/charge cycles at 0.78 A / g, (Fig. 4b) suggesting that the reaction is mainly irreversible, which is expected for micrometric sized SnO2 [54]. The CV curve (Fig. 4b) also shows a new peak at 0.86 V vs. Li+ /Li in the anodic region, which corresponds to delithiation processes of different lithiated Sn compounds [55,56]. The subsequent cycles remain almost unchanged and representative of the electrode processes. Fig. 4 c-d compares the galvanostatic cycles of SnO2 and SnO2@C3N4 electrodes at low current regime (0.1C). Both the electrodes are affected by the same initial capacity loss of 52 % and the Coulombic efficiency is almost 50 % in both cases, which is in line with several SnO2/graphene materials [57]. No relevant differences are observed in the behavior of SnO2 and SnO2@C3N4 electrodes at low current rates (0.1C). After the initial lithiation process, both samples show good reversibility of the electrode reactions in the following two cycles. However, the discharge capacity of SnO2@C3N4 is higher (1200 mA h / g) than that of the corresponding pure SnO2 (982 mA h / g).  Integration of mesoporous g-C3N4 results in a porous composite that allows easier access of the electrolyte. This increased contacting area between the electrolyte and the active material in SnO2@C3N4 results in higher active material utilization and thus increased specific capacity [58]. It must be noticed that the amount of g-C3N4 in SnO2@C3N4 is only 8.04 wt. % and the contribution of g-C3N4 to the specific capacity is not relevant. The g-C3N4 can show an initial high lithium uptake capacity [59] but soon the material becomes unstable with lithiation, even at low current of 30 mA / g. Thus, g-C3N4 can only contribute with large irreversible capacity at the first cycle with practical achievable capacity no more than 38 mA h /g [30]. Such inactivity is mainly due to the irreversible Li interaction with C3N species of heptazine, which content (51.0 %) here is higher than the pyridine moiety (29.3 %), as shown by XPS analysis of SnO2@C3N4 (Fig. 2f). The limited Li uptake has been addressed by Miller et al. [60] to the low electrical conductivity of the individual g-C3N4 particles; although it was found that low concentration (~10 wt. %) of g-C3N4 slightly improved the capacity of graphite anodes. 
The layered structure of g-C3N4 increases cathode wettability [28] and prevent agglomeration of SnO2 particles that results in larger density of active sites. SnO2@C3N4 benefits large advantages over pure SnO2 when the cell operates at high current regimes, as discussed below. 
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Figure 5. Electrochemical performance of SnO2@C3N4 and SnO2 electrodes. (a)Galvanostatic cycles at 0.78 A/g over the potential range of 2.0-0.01 V vs Li+/Li of SnO2@C3N4 and SnO2; (b) rate capability of SnO2@C3N4 electrode (specific capacity vs. number of cycle) (c) differential capacity profiles (dQ/dV vs. voltage) of SnO2@C3N4 (d) differential capacity profiles (dQ/dV vs. voltage) of SnO2 (e) voltage vs. specific capacity of SnO2@C3N4 at various C rates.

The cycling performance of SnO2 and SnO2@C3N4 are compared in Fig. 5a. The cells were cycled in the voltage range from 0.01 to 2.0 V at 0.078 A / g for the first ten cycles and then at 0.78 A / g until the 100th cycle. After 30 cycles, the specific capacity of SnO2 is 365 mA h / g while SnO2@C3N4 still delivers 600 mA h / g. The SnO2 electrode shows severe capacity degradation up to 130 mA h / g after 100 cycles, with capacity retention of about 13 %. This behavior is typically related to the alloying reaction that results in large volume expansion inducing surface cracking of the electrode that causes losses in the electrical contact between the particles of the active material and those of the carbon black additive.  On contrary, after 100 cycles the specific capacity of SnO2@C3N4 is 490 mA h / g and the capacity retention is 57 %. In this case the mesoporous g-C3N4 acts as a buffer for the volume changes during the alloying reaction that helps to retain the capacity upon cycling. The differential capacity profiles (dQ/dV vs. voltage) of SnO2@C3N4 and SnO2 are shown in Fig. 5c and d. The range of potential between 0.0 and 0.7 V vs. Li+ / Li refers to the lithiation steps related to the formation of LixSn alloys [39]. For the SnO2@C3N4 the intensities corresponding to the LixSn peak at 0.19 V (cathodic region) slowly decreased, while in the anodic region, the peaks appearing at around the 40th cycle (at 0.49 V, 0.60V, 0.78V and 0.85V) are attributed to subsequent regeneration of Li3.5Sn, Li2.33Sn, LiSn, and Sn, from delithiation of Li4.4Sn [39].  For SnO2, all the peak intensities of both alloying reaction and conversion reactions rapidly decrease, which suggests that the process is dramatically hampered [61]. The more stable Li ion storage of SnO2@C3N4 is explained by the ability of the material to preserve its original architecture during cycling. After cells disassembling, the electrodes were examined by FESEM as shown in Fig. 6a-c. 
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Figure 6. FESEM images of SnO2@C3N4 (a, b) and SnO2 (c) electrodes disassembled after galvanostatic tests at 0.78 A/g in the potential range of 2.0-0.01 V vs Li+/Li.

The SnO2@C3N4 electrode retained its original structure and after 100 cycles the active material structure was similar to that before cycling (Fig. 3b). Thus, g-C3N4 inhibits the coarsening of SnO2 particles during synthesis and helps to maintain the integrity of anode material after repeated cycling. Evident cracks and fractures are visible on the surface of SnO2 electrode after cycling (Fig. 6c). Fig. 5b shows the cycling performance of SnO2@C3N4 at different current regimes. When cycled at 156 mA / g the 1st discharge capacity of 995 mA h / g is decreased to 934 mA h / g after 3 cycles. At a significant high rate of 3946 mA / g, the SnO2@C3N4 delivered a high capacity of 431 mA h / g, which slowly decreased to 329 mA h / g after 10 cycles. When the C-rate was reduced back to 156 mA / g after 44 cycles, the electrode recovered a considerable amount of capacity (798 mA h / g), with capacity retention of 85.4 %, implying that the structure of the electrode remains stable even under cycling at high rates of 15 A / g. 
Table 1. Comparison of the electrochemical performance of anodes containing g-C3N4 synthesized by different methods reported in literature
	Sample
	Synthesis
	Initial capacity
 (mA h /g) / 
(current rate (mA / g))
	Capacity retention 
(mA h / g) / (number of cycles)
	C3N4 wt%
	
Ref

	SnO2@C3N4
	Solid state
	854 / (780)
	490 / (100)
	8.0 %
	This work

	C3N4/rGO
	Hydrothermal
	1632 / (50)
	970 / (300)
	>80%
	[28]

	C3N4
	Thermal condensation
	250 / (30)
	50 / (50)
	100 %
	[59]

	C3N4
	Thermal condensation
	2.0 / (20)
	1.0 / (10)
	100 %
	[60]

	C3N4/N-doped graphene/MoS2
	Hydrothermal
	938 / (50)
	855 / (100)
	< 50 %
	[58]

	SnO2/graphite oxide/g-C3N4
	Hydrothermal
	600 / (600)
	391 / (100)
	-
	[39]

	Fe2O3/C3N4-G
	Hydrothermal
	1282 / (50)
	980 / (50)
	-
	[63]

	SnO2 (HSs)
	Hydrothermal
	645 / (400)
	516 / (50)
	-
	[64]

	SnO2 (NPs)
	Hydrothermal
	740 / (300)
	740 / (60)
	-
	[65]

	SnO2 (HSs)
	Hydrothermal
	1200 / (400)
	563 / (100)
	-
	[66]



Table 1 shows a comparison of the electrochemical performance of anodes containing g-C3N4 synthesized by different methods reported in literature. It is worth noting that SnO2@C3N4 material is a not a novelty but good electrochemical performance is achieved considering the applied C-rate. Compared to the hydrothermal synthesis, our approach is simpler, cheaper and convenient; involves less solvent and reduces contamination; gives high yields of products and does not require expensive rGO or other additives. From the viewpoint of sustainable development, the cheaper g-C3N4, which is made up of abundant elements e. g. C and N has good prospects for large scale applications [62] towards low cost electrodes with better high rates performance than current graphite anodes. 

4. Conclusions
In view of future applications, it is technologically important to explore the properties of materials obtained by scalable, fast and economic methods. The proposed approach affords an easy strategy for the scale-up of active materials for Li-ion batteries. It gives as uniform product, which remains almost unchanged after cycling at high rates. Small amounts of g-C3N4 prevent coarsening of SnO2 particles during the solid state reaction, remarkably improve the electrolyte transport during cell cycling. Benefitting from mutual interaction between the g-C3N4 and SnO2 for charge transfer, such anodes display high specific capacities of 1075 mA h / g at 156 mA/g and retain almost 50 % of the initial specific capacity at the very high rates of 3.9 A/g. Nonetheless, high specific capacities ( 550 mA h / g) at 0.78 A/g for 100 cycles are delivered. This work demonstrates that easy and fast solid state reaction can be opted and this can be a versatile platform to produce and scale-up composite oxides alternative to graphite anodes with high active material loadings. 
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