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In this work, TiN NWs supported silicon nanorods (TiN@Si NRs) are produced via direct radio frequency (RF) magnetron sputtering of 

Si deposition onto the surface of TiN NWs. Due to the superior mechanical stability and electrical conductivity of TiN, it provides more 

stable support and better conductive pathways for Si when compared with TiO2. The unique core-shell TiN@Si NRs structure has 

enough void space to accommodate the large volume changes of Si during charge/discharge cycling. The novel 3D architecture electrode 10 

demonstrates exceptional electrochemical performances with ultrahigh specific capacity. Comparing with TiO2@Si NRs, TiN@Si NRs 

electrode exhibits improved cycling performances, which can still retain a capacity of 3258.8 mAh g-1 after 200 cycles at 1 A g-1. It 

should be noted that the TiN@Si NRs show an excellent rate performance even at a high current density (2256.6 mAh g-1 is realized at 

10A g-1). These results endow the electrodes with high power and long cycling stability. 

Introduction 15 

Rechargeable lithium-ion batteries (LIBs) are considered one of 

the most attractive technologies for a high power/energy density 

in power tools, vehicle electrification and portable devices. 

However, LIBs are still exposed to a large number of challenges 

in meeting the requirements of long cycle life, excellent rate 20 

capability, and high power density.1-5 Currently, the commercial 

graphite anode with the limited theoretical capacity (372 mAh g-

1) need to be further improved.6 For the past few years, many 

researchers have been committed themselves to develop high 

capacity anodes material such as silicon (Si), germanium (Ge) 25 

and tin (Sn) for high capacity LIBs.7-9 Si is a promising alloy-type 

anode material due to its highest theoretical capacity (4200 mAh 

g-1), which is 10 times higher than that of the current commercial 

graphite. However, Si usually suffers from huge volume change 

(300%) during lithium insertion/extraction process, contributing 30 

to a corresponding large capacity fade. This is ascribed to the 

pulverization of Si particles and loss of the electrical contact 

between the current collectors and Si. Besides, the electrical 

conductivity of Si is poor.10-14 In order to improve the cycling 

stability, various Si-based anode nanostructures have been 35 

produced, including nanospheres, nanowires, nanotubes, yolk-

shell structures, and single/multi layers thin films.15-21 

Amorphous Si-based thin films in particular have remarkable 

potential due to its smaller volume change and higher cycling 

stability.22, 23 Up to now, diversified amorphous Si-based thin 40 

films have been prepared by magnetron sputtering, chemical 

vapor deposition (CVD), e-beam evaporation, vacuum 

evaporation, and pulsed laser deposition (PLD).24-27 

Simultaneously, the employed substrate such as three-

dimensional (3D) structures can provide more contact area with 45 

the active materials and enough void space to accommodate the 

large volume changes of Si during cycling.28, 29 

In our previous work, we have been successfully fabricated 3D 

titanium dioxide@germanium (TiO2@Ge) core-shell nanorod 

arrays on carbon textiles.30 The electrode exhibits the high 50 

reversible capacity, and outstanding rate capability, while the 

electrical conductivity of TiO2 is unsatisfactory. In addition, TiO2 

may cause the irreversible capacity in the first lithiation process. 

It should be noted that the intrinsic electric conductivity of TiO2 

is poor, due to its large band gap energy (Eg=3.0 eV for rutile, 55 

Eg=3.2 eV for anatase). However, the band gap energy of TiN 

(Eg=2.0 eV) is smaller because the presence of N results in p-

states above the valence band. So that titanium nitride (TiN) 

holds our promise because of its superior electrical conductivity (

≈105 S m-1, bulk), mechanical stability, chemical durability, and 60 

inactivity for Li-ion insertion/extraction in the range of 0.01-1.5 

V.31-33 For example, Tang et al. have synthesized TiN coated 

silicon nanoparticles with stable performance, excellent 

coulombic efficiency and enhanced rate performance.34 

In this study, we demonstrate that stabilized titanium nitride 65 

nanowires (TiN NWs) on carbon textiles supported Si nanofilm, 

and further investigated as anode without using binder and 

conductive additives. First of all, the free-standing titanium 

dioxide nanowires (TiO2 NWs) were grown on carbon textiles 

according to previous literature, then thermal treated in ammonia 70 

(NH3) to obtain the TiN NWs. Stabilized TiN NWs supported Si 

core-shell nanorods (TiN@Si NRs) are produced by radio 

frequency (RF) magnetron sputtering of Si onto the surface of 

TiN NWs. The improved electrochemical performances of 

TiN@Si NRs can be attributed to the superior mechanical 75 

stability and electrical conductivity of TiN NWs. The unique 3D 

free-standing TiN@Si core-shell nanorods structure have enough 

void space to accommodate the large volume changes of Si 

during charge/discharge cycling as well as providing hierarchical 

pathways for electrolyte diffusion and effective ion transport. 80 

Experiment Section 

Preparation of TiN NWs on Carbon Textiles  

The TiO2 NWs were fabricated by a seed-assisted hydrothermal 

method according to the previous literature.35 Briefly, carbon 

textiles (2*3 cm) were treated by nitric acid and reflux at 80 °C 85 

for 8 h, and then annealed in a muffle furnace for half an hour at 

400 °C as the substrate for hydrothermal reaction. TiO2 NWs 

were grown on carbon textiles by hydrolysis of titanium butoxide 

(TBOT) in a mixture solution of hydrochloric acid and acetone at 
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200 °C for 2 h. The TiO2 NWs substrate was further thermal 

treatment in ammonia (NH3) gas at 800 °C for 3 h to obtain the 

TiN NWs substrate. 

Preparation of TiN@Si NRs and TiO2@Si NRs 

The TiN@Si NRs were prepared by direct RF magnetron 5 

sputtering in a JCP-650M6 system. Si nanofilms are deposited on 

TiN NWs substrate by magnetron sputtering of a high purity Si 

target (99.999%) with a diameter of 5 cm. The distance between 

the Si target and the substrate was controlled in about 8 cm, and a 

power of 80 W was carried out for the deposition with a constant 10 

time of 1 h. The TiO2@Si NRs used TiO2 NWs as substrates were 

fabricated according to the same sputtering process for TiN@Si 

NRs. In average, the mass of carbon textiles are 15.8 mg cm-2, the 

mass of support framework TiO2 is 3.0 mg cm-2, the mass of 

support framework TiN is 2.3 mg cm-2, the mass of Si coating is 15 

about 0.25 mg cm-2, thus the weight percentage of Si is 7.7% for 

TiO2@Si NRs and 9.8% for TiN@Si NRs. The specific capacity 

was calculated based on the active mass of Si for lithium-ion 

battery. 

Characterization 20 

The crystal structure and phase analysis were characterized by X-

ray diffraction (XRD) (Bruker D8 advance) with Cu Kα radiation 

and Raman spectroscopy (LABRAM HR-800). Morphologies 

and microstructures of the samples were characterized by 

scanning electron microscopy (SEM, HITACHI S-4800), 25 

transmission electron microscopy (TEM, JEOL JEM-2100) and 

energy-dispersive X-ray spectroscopy (EDX). The samples were 

scratched from the films in absolute ethanol solution for TEM 

and EDX.  

Electrochemical Test 30 

The electrochemical performance measurements were tested by 

galvanostatic charge and discharge using the CR2016-type coin 

cell. The test electrodes were prepared by cutting the carbon 

textiles with a diameter of 1 cm and dried in a vacuum oven at 60 

°C for 4 h. The cells were assembled with Lithium metal foil as 35 

the counter electrode in an argon-filled glove box. Polypropylene 

(PP) film was used as the separator. The electrolytes were used 1 

M LiPF6 in a mixture solution of ethylene carbonate (EC), and 

dimethyl carbonate (DMC) (1:1, by volume) contained 2% (V) 

fluoroethylene carbonate (FEC). Galvanostatic charge and 40 

discharge experiments were tested in the range of 0.01- 1.5 V (vs. 

Li/Li+) using a CT2001A cell test instrument (LAND Electronic 

Co.). Cyclic voltammetry (CV) measurement was investigated on 

CHI 660C electrochemical workstation (Chenhua, China) 

between cutoff potential of 0.01-1.5 V (vs. Li/Li+) at a scan rate 45 

of 0.1 mV s-1. Electrochemical impedance spectroscopy (EIS) 

was measured in the frequency between 100 kHz and 0.01 Hz and 

the amplitude is 5 mV. 

Results and Discussions 

 50 

Fig. 1 Schematic diagram illustrate of the fabrication of TiN@Si 

NRs and TiO2@Si NRs. 

Fig. 1 illustrates the fabrication process of the free-standing 

TiN@Si NRs and TiO2@Si NRs. TiO2 NWs were first grown on 

the carbon textiles by a seed assisted hydrothermal approach and 55 

then further thermal treated in ammonia (NH3) atmosphere to 

obtain the TiN NWs. Stabilized TiN NWs supported Si nanorods 

(TiN@Si NRs) are produced by direct radio frequency (RF) 

magnetron sputtering of Si onto TiN NWs substrate. TiO2@Si 

NRs as a comparison sample are fabricated by the same method. 60 

Fig. S1 shows photographs of TiO2 NWs, TiN NWs, TiO2@Si 

NRs, and TiN@Si NRs. The obvious color change could be 

observed in the process of sample preparation and uniform color 

distribution of the NRs after sputtering indicates the uniform 

coating layer of Si supported on TiO2 and TiN NWs. 65 

Fig. 2 XRD patterns of TiN@Si NRs (blue), TiN NWs (black), 

TiO2@Si NRs (green), and TiO2 NWs (red). 

To characterize the crystalline structures of the nanowires and 

nanorods, XRD test is performed. XRD patterns of the TiN NWs 

and TiN@Si NRs were showed in Fig. 2. The major diffraction 70 

peaks of the annealed TiN NWs and TiN@Si NRs both can be 

indexed to crystal structure of cubic TiN (JCPDS no 65-5774). 

As a comparison, XRD patterns of the TiO2 NWs and TiO2@Si 

NRs were also shown in Fig. 2. The major diffraction peaks of 

the annealed TiO2 NWs and TiO2@Si NRs both are consistent 75 

with rutile phase of TiO2 (JCPDS no 21-1276). Both of the 

nanorods samples present a similar XRD pattern with the initial 

nanowires substrate, but with lower diffracted intensities after RF 

magnetron sputtering. In addition, a weak peak located at around 
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26.2° is detected for all four samples, which can be attributed to 

disordered carbon derived from carbon textiles. Characteristic 

peak of crystalline Si at 28° is detected neither for the TiN@Si 

NRs nor TiO2@Si NRs, which indicates that the sputtered Si is 

amorphous.36, 37 It is reported that the amorphous Si is more 5 

durable to prevent volume expansion and provide more open 

structure for Li-ion transportation. Since the volume expansion of 

amorphous Si upon Li-ion insertion is homogeneous and causes 

less pulverization than that in the crystalline Si. In particular, the 

large inhomogeneous volume expansion for crystalline Si that 10 

occurs due to the different crystallographic orientation dependent 

lithiation in crystalline Si. 38,  39  

Fig. 3 Raman spectrums of TiN@Si NRs (a) and TiO2@Si NRs 

(b). 

Raman spectrum is used to further testify the real structure of Si. 15 

The Raman spectrum of TiN@Si NRs (Fig. 3a) shows a broad 

peak near 475 cm-1, which is corresponding to the typical Si-Si 

bonds vibration. The peak presence at 475 cm-1 which 

characterizes an amorphous region and absence of the peak 

around 520 cm-1 corresponding to a crystalline region identify 20 

that the sputtered Si is amorphous according to Raman which is 

consistent with the XRD results. The peaks at 202 and 324 cm-1 

indicative for TiN are detected. The band observed around 630 

cm-1 corresponds to the 2LA (longitudinal acoustic) second order 

phonon Raman scattering and TO (transverse optic) + TA 25 

(transverse acoustic) overtone of amorphous Si vibration 

modes.23, 40, 41 The Raman spectrum of TiO2@Si NRs (Fig. 3b) 

exhibits the characteristic peaks of TiO2 that centered at 236, 448 

and 609 cm-1. The characteristic peak of amorphous Si is covered 

by the strong adjacent twin peaks. In addition, no other obvious 30 

peaks are detected on both TiN@Si NRs and TiO2@Si NRs 

therefore the sputtered Si for this study should be regarded as 

purely amorphous. 

As mentioned in experimental procedure, TiN@Si NRs and 

TiO2@Si NRs are fabricated by sputtering Si on TiN NWs and 35 

TiO2 NWs, respectively. SEM images of TiN NWs and TiN@Si 

NRs are represented in Fig. 4. The compared samples of TiO2 

NWs and TiO2@Si NRs are represented in Fig. S2. From Fig. 

S2a, we can see the whole surface status of carbon textiles. 

Almost all the carbon fibers are covered by TiO2 NWs uniformity 40 

and each carbon fiber with TiO2 NWs has a diameter of about  15 

µm (Fig. S2b). After further thermal treated in NH3 atmosphere, 

the TiN NWs is obtained, as shown in Fig. 4a and b. As it is 

obviously seen from Fig. 4a, TiN NWs still keep the same arrays 

structure with TiO2 NWs. However, TiN NWs with smaller 45 

diameter have more void space than TiO2 NWs, as shown in Fig.  

Fig. 4 SEM images of TiN NWs (a, b), TiN@Si NRs (c, d), TEM 

image of TiN@Si NR and corresponding EDX elemental 

mapping (e). 

4b inset. It is understood that more void space can more 50 

effectively accommodate the large volume change of Si during 

cycling. The length of TiN NWs around 4 µm and the diameter is 

about 100 nm (inset of Fig. 4b). The length of TiO2 NWs around 

3µm and the diameter is about 150 nm (inset of Fig. S2b). From 

Fig. S2c and d, we can observe that the TiO2@Si NRs still 55 

retained uniform arrays after sputtering. Each TiN@Si NR has a 

diameter about 500nm at the top as shown in inset of Fig. 4d. 

Each TiO2@Si NR has a diameter in a range of 400 ~ 800 nm at 

the top as shown in inset of Fig. S2d. The SEM images of 

TiN@Si NRs are shown in Fig. 4c and d, which exhibit similar 60 

arrays to TiO2@Si NRs. Besides, compared Fig. 4d with S2d 

inset, we can find that TiN@Si NRs still have more void space 

than that of TiO2@Si NRs, which is benefit to accommodate the 

volume expansion. If we look closely in Fig. 4d inset, we can 

observe that the surfaces film of Si is consisted by ultrafine 65 

nanoparticles, which can provide more ion transportation paths 

and buffer the volume expansion. In addition, the unique feature 

of the nanorod attached on each carbon fiber will possess good 

electrical contact, resulting in better charge-transfer kinetics. 

Transmission electron microscopy (TEM) is a more valid method 70 

to understand the morphologies and microstructures of the 

composite electrode. Fig. 4e shows the TEM image and the 

corresponding energy-dispersive X-ray spectroscopy (EDX) 

elemental mappings of single TiN@Si NR. It reveals that a single 

TiN NW is about 4 µm in length, which is consistent with the 75 

SEM image in Fig. 4b. The diameter of the nanorod is not the 

same from the top to the bottom because sputtering system has 
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the anisotropic deposition characteristics. From the homogeneous 

distribution of Silicon, Titanium and Nitrogen, we can see that Si 

is well coated on the surface of TiN NW. It can be concluded that 

we successfully fabricated the TiN@Si NRs with unique core-

shell structure by direct RF magnetron sputtering technique. Fig. 5 

S2e shows the TEM image and the corresponding EDX elemental 

mappings of TiO2@Si NRs. It can be clearly seen that the Si 

nanofilms are distributed uniformly on the surface of the TiO2 

NWs. The presence of Titanium and Oxygen are detected and the 

distributions of these elements also indicate that TiO2 NWs are 10 

sure coated with the Si. The HRTEM images of the tail TiO2@Si 

NR and TiN@Si NRs are shown in Fig. S3. The crystal TiO2 and 

TiN coating by amorphous Si can be observed. The dimension of 

Si is about 15 ~ 20 nm in the bottom for both TiO2@Si NRs and 

TiN@Si NRs. 15 

Fig. 5 Charge and discharge voltage profiles of TiO2@Si NRs (a) 

and TiN@Si NRs (b) for 1st, 2nd, 3rd, 4th, 5th cycles tested 

between 0.01 and 1.5 V. (c) Cycling performances of TiO2@Si 

NRs and TiN@Si NRs. (d) Rate performances of TiO2@Si NRs 

and TiN@Si NRs. 20 

The electrochemical performance of the composite electrode is 

evaluated by galvanostatic charge/discharge test at a current 

density of 1 A g-1 in the voltage ranges of 0.01-1.5 V (vs. Li/Li+). 

The 1st, 2nd, 3rd, 4th, and 5th cycle charge/discharge profiles of 

TiO2@Si NRs have been shown in Fig. 5a. The initial 25 

charge/discharge capacities are 2603 and 3287.3 mAh g-1, 

respectively, with a coulombic efficiency (CE) of 79.2%. And the 

voltage platform at 1.7-1.8 V could be ascribed to the lithiation of 

TiO2 with Li-ion. Fig. 5b shows the 1st, 2nd, 3rd, 4th, and 5th 

cycle charge/discharge curves of TiN@Si NRs in the same test 30 

conditions. The initial charge/discharge capacities are 2986.4 and 

3441.7 mAh g-1, respectively, with a CE of 86.8%. The obvious 

voltage platform around 1.0 V is due to the formation of SEI. The 

two nanorods electrodes exhibit typical alloying charge/discharge 

curves corresponding to Si in the cycles, but the capacity of 35 

TiN@Si NRs is larger than TiO2@Si NRs and TiN@Si NRs 

shows a higher initial CE. The different initial capacity of the two 

nanorods electrodes should attribute to the better electrical 

conductivity and inactivity for Li-ion insertion/extraction of TiN. 

The discharge capacities of TiN@Si NRs in the 2nd, 3rd, 4th, and 40 

5th cycle are around 3109.9, 3175, 3148.1, 3155.7 mAh g-1, 

respectively. And the discharge capacities of TiO2@Si NRs in the 

2nd, 3rd, 4th, and 5th cycle are around 2776, 2813.4, 2808.9, 

2793.1 mAh g-1, respectively. Cycling performances of TiO2@Si 

NRs and TiN@Si NRs are tested for 200 cycles at a current 45 

density of 1 A g-1, which is shown in Fig. 5c. After 200 

charge/discharge cycles, the discharge capacity of TiO2@Si NRs 

is 2460.4 mAh g-1 with a discharge capacity retention of 74.8% 

and a CE of 98.1%. However, TiN@Si NRs can still retain a 

capacity of 3258.8 mAh g-1 with a discharge capacity retention of 50 

94.7% and a CE of 99.1% after 200 cycles. The capacity fading 

rate of TiO2@Si NRs and TiN@Si NRs is around 0.09% and 

0.03%/cycle over 200 cycles, respectively. The voltage-capacity 

profiles of TiO2 NWs and TiN NWs on carbon textiles are shown 

in Fig. S4. We can see the capacity of TiO2 NWs is 153 mAh g-1 55 

and the TiN NWs with 122 mAh g-1 in the first cycle, so the 

capacity of TiO2 NWs and TiN NWs are negligible compared 

with the Si anodes (4200 mAh g-1). Both TiN@Si NRs and 

TiO2@Si NRs show larger specific capacity than commercial 

graphite and present the high coulomb efficiency at the current 60 

density of 1A g-1, as shown in Fig. S5. The high and stable CE 

indicates excellent cycling performances for both TiN@Si NRs 

and TiO2@Si NRs. However, it should be noted that TiN@Si 

NRs presents a remarkable improvement in specific capacity 

when compared with TiO2@Si NRs. The rate-capabilities of 65 

TiO2@Si NRs and TiN@Si NRs are compared in Fig. 5d. As the 

current density increased from 1 A g-1 for the initial five cycles to 

2 A g-1 for the following five cycles, the capacity drops from 

3287.3 mAh g-1 to 2577.1 mAh g-1 for TiO2@Si NRs and from 

3441.7 mAh g-1 to 3078.8 mAh g-1 for TiN@Si NRs, 70 

respectively. TiN@Si NRs display the specific discharge capacity 

of 3441.7, 3078.8, 2885.6, 2620.7, and 2256.6 mAh g-1 at current 

densities of 1, 2, 4, 5, and 10 A g-1, respectively. TiN@Si NRs 

obviously enhance the rate performance especially at a large 

current density of 10 A g-1. This may be attributed to better 75 

electrical conductivity of TiN than TiO2, which can guarantee the 

charge transport quickly. When the current density returned to 1 

A g-1, TiN@Si NRs can still have a high reversible capacity of 

3204.3 mAh g-1. The improved cycling performance and 

excellent rate-capability of TiN@Si NRs can be attributed to the 80 

unique TiN@Si core-shell nanorods structure, including that (1) 

superior electrical conductivity can guarantee the charge 

transport; (2) outstanding mechanical stability provides more 

stable support and better conductive pathways to Si; (3) the large 

open spaces between arrays can accommodate the large volume 85 

changes of Si during cycling and promote the absorption of the 

electrolyte; (4) TiN NWs directly stick on the surface of carbon 

fibers can decrease the interfacial charge transfer. 

Fig. 6 CV curves of TiN@Si NRs (a) and TiO2@Si NRs (b) in 

the potential range of 0.01-1.5 V at a scan rate of 0.1 mV s-1. 90 

To further research the electrochemical reactions and the 

insertion/extraction behaviors of Li-ion during charge/discharge 

process, cyclic voltammetry (CV) measurements are carried out 

in the potential range of 0.01-1.5 V (vs. Li/Li+) at a scan rate of 

0.1 mV s-1 for the first three cycles, as shown in Fig. 6. Fig. 6a 95 

shows CV curves of TiN@Si NRs, the cathodic peak locates at 

the potential of 0.7 V in the first cycle can be assigned to the 

formation of solid electrolyte interphase (SEI) film and the 
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cathodic peak disappeared in the subsequent cycles.42 Besides, 

the curve presents a small cathodic peak at 0.38 V and a sharp 

peak at 0.05 V, which is corresponded to the formation of Li-Si 

phase.43 It should be noted that the cathodic peaks at around 1.0 

V appear in the following two cycles, which can be attributed to 5 

the formation of SEI film.44 Then, an anodic peak at around 0.2 V 

in the first cycle is related to the transformation from Li-Si phase 

to amorphous Si.38 In addition, the peak currents of anodic peaks 

in the following two cycles are higher, which may be related to Li 

diffusion in the films.43 A similar situation also appears in 10 

TiO2@Si NRs, as shown in Fig. 6b. Besides, there is a very small 

cathodic peak at 1.75 V in the first cycle and disappeared in the 

subsequent cycles for TiO2@Si NRs. This peak corresponds to 

Li-ion inserted into TiO2, which is one of the reasons for 

irreversible capacity loss and reduces the CE.45 In addition, there 15 

is a weak peak at around 1.05 V in the first cycle can be 

attributed to Li-ion inserted into TiO2 and the cathodic peak still 

appears in the subsequent cycles.16 

Fig. 7 Cycling performances of TiO2@Si NRs and TiN@Si NRs 

at the high current density of 5A g-1.  20 

To research the cycling performances of TiN@Si NRs and 

TiO2@Si NRs under high current density, both of the samples are 

characterized by charge/discharge cycling performances test 

under a current density of 5 A g-1 with cut-off voltages from 0.01 

to 1.5 V (vs. Li/Li+) at room temperature, as shown in Fig. 7. The 25 

initial discharge capacity of TiN@Si NRs and TiO2@Si NRs are 

2556.9 and 2626.6 mAh g-1, respectively. After 200 cycles, the 

discharge capacity of TiN@Si NRs and TiO2@Si NRs are 2465.3 

mAh g-1 with a discharge capacity retention of 96.4% and 2211 

mAh g-1 with a discharge capacity retention of 84.2%, 30 

respectively. It is quite clear that both TiN@Si NRs and TiO2@Si 

NRs display considerable capacity at a high current density and 

TiN@Si NRs exhibit an excellent electrochemical performance. 

The typical SEM images of TiN@Si NRs and TiO2@Si NRs after 

20 cycles at 5 A g-1 with cut-off voltages from 0.01 to 1.5 V are 35 

shown in Fig. S6. From Fig. S6a and b, we can see that after 20 

cycles 5 A g-1, TiN@Si NRs still keep the original arrays 

architectures and even have void space, which is a direct proof of 

the structural integrity and stability of the materials. Although 

TiO2@Si NRs also keep arrays structures, there is no void space 40 

can be observed from Fig. S6c and d. The TEM images of 

TiN@Si NRs and TiO2@Si NRs after 20 cycles at 5 A g-1 are 

shown in Fig. S7. We can see the good electrode contact could 

still keep after cycles. In order to investigate the outstanding 

electrochemical performance of TiN@Si NRs, the electronic 45 

conductivity admeasurement for TiN@Si NRs and TiO2@Si NRs 

are carried out. The electronic conductivity admeasurement is 

realized by the four-point probe method. The electronic 

conductivity of TiN@Si NRs reaches up to 23.81 S cm-1 while 

the TiO2@Si NRs is only 6.3 S cm-1. Although the electronic 50 

conductivity of both composite electrodes mainly comes from the 

contribution of carbon textiles, we can see that TiN has better 

electronic conductivity than that of TiO2. It goes without saying 

that excellent electronic conductivity could ensure good 

electronic transmission during charge/discharge cycles. 55 

Conclusions 

In conclusion, the 3D TiN@Si and TiO2@Si core-shell nanorods 

electrodes have been successfully prepared by a controllable RF 

magnetron sputtering method. These composite electrode exhibits 

high capacity and good rate performance as an anode materials 60 

for Li-ion battery. TiN@Si NRs electrode shows much better 

electrochemical performance than TiO2@Si NRs. TiN@Si NRs 

can still retain a specific capacity of 3258.8 mAh g-1 at a current 

density of 1 A g-1 after 200 cycles. It should be noted that the 

TiN@Si NRs exhibits excellent rate capacity of 2256.6 mAh g-1 65 

at a high current density of 10A g-1. It indicates that the free-

standing core-shell nanorods arrays structure may a promising 

candidate for thin-film batteries or flexible solid-state Li-ion 

batteries. The approach for prepared TiN@Si NRs and TiO2@Si 

NRs can be extended to improve the electrochemical 70 

performances of other electroactive materials for Li-ion batteries. 
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Stabilized Titanium Nitride Nanowires Supported Silicon Core-

Shell Nanorods as High Capacity Lithium-Ion Anodes 

Hao Zheng, Shan Fang, Zhenkun Tong, Gang Pang, Laifa Shen, Hongsen Li, Liang Yang, and 
Xiaogang Zhang*  

The 3D TiN@Si and TiO2@Si core-shell nanorods arrays electrodes have been successfully 
prepared by a controllable RF magnetron sputtering method. TiN@Si NRs electrode exhibits higher 
capacity and better rate performance than TiO2@Si NRs. The improved electrochemical performances 
of TiN@Si NRs can be attributed to the superior mechanical stability and electrical conductivity of TiN 
NWs. The unique 3D free-standing TiN@Si core-shell nanorods structure have enough void space to 
accommodate the large volume changes of Si during charge/discharge cycling.  
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