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ABSTRACT:

The Titanium nitride was made by the carbamide and titanic chloride precursors. XRD results
indicate that the precursor ratio N:Ti 3:1 leads to higher crystallinity. SEM and EDX
demonstrated that Ti and N elements were distributed uniformly with the ratio of 1:1. The TiN
used as the electrode material

for supercapacitor was also studied. The specific capacities were changed from 407 F.g " to 385
F.g ! 364 F.g " and 312 F.g !, when the current densities were changed from 1 A.g " to 2 A.g™
15 Ag ™' and 10 A.g ", respectively. Chronopotentiometry tests showed high coulombic
efficiency. Cycling perfor- mance of the TiN electrode was evaluated by CV at a scanning rate
of 50 mV.s~* for 20,000 cycles and

there was about 9.8% loss. These results indicate that TiN is a promising electrode material for the
supercapacitors.
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l. INTRODUCTION

Electrochemical supercapacitor (SC) is one of the important energy storage devices which
have the advantages of safety, high power density, environmental friendliness and conveniences, and
thus they show tremendous advances in complementing lithium- ion batteries [1-5]. As part of a
significant field of electrochemical energy storage, they bridge the gap between conventional capaci-
tors and batteries in various areas [4,5]. Therefore, the electrodes are the core of the SCs for their
electrochemical performances suchas the power density, life cycles [6-9].

In order to improve electrochemical performances, some strate- gies can be used by increasing
the specific surface area. Electrodes made from nanomaterials are attracted intensive attention which
can facilitate the charge transfer during an electrochemical process[8-11]. Doping with heteroatom is
another frequently employed method to modify the properties of functional materials, which can
enhance the intrinsic conductivity of electrodes as well as to improve the capacitive performance [12—
14]. More recently, the introduction of heteroatoms (e.g., B, N, P and S doping) into elec- trode
materials has been demonstrated as the novel and effective method to improve the capacitance
[12,14-17].

Previous literatures reported transition-metal-based electrode materials (Ir, Mn, Ni, V, Ti or
Co) serving as promising electrode materials through various approaches in the preparation [11,16—
21]. Among these available electrode materials, Titanium is one of the favorable candidates for
application in SCs due to their low cost, great reversibility, and high specific capacitance [16,17].
As the confinement of electronic states and the tendency to occupy the sites in the crystals, doping Ti-
based nanostructures may lead to new phenomena not found in bulk materials [16,19-21].

In this work, we propose a thermal approach to incorporate N element into Ti to make
nanocrystals which resulted in highercrystallinity with the ideal ration. The effects of N doping on Ti,
morphology, and electrochemical properties of TiN nanocrystals are investigated. The results provide
new insights into establishinga doping model in SCs.

1. EXPERIMENTS
Preparation of the Titanium nitride
Different amount of carbamide powder (i.e., N precursor 1.8 g,

5.4 g) were weighted and added into the single neck flask and then 15 mL of chloroform was added to
make the solutions. 3.6 mL of Titanic chloride (TiCl,) (i.e., Ti precursor) was then added into the
flask as well (The N:Ti ratio was 1:1 and 3:1, respectively). And the solution was transferred to
the Mortar overnight beforeit was moved to the high temperature tube furnace. The tempera-

ture was increased to 800 °C with a heating rate of 5 °C.min 'under nitrogen atmosphere
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Fig. 1. XRD patterns of the Titanium nitride in N:Ti prescursor’s ratio 1:1 (A) and3:1 (B).

before it was cooled to room temperature. Then the samples wereball milled into nanoscale for the
electrodes.

The preparation of the electrodes

The conductive carbon black, TiN powder and PVDF were weighed as the mass ratio of
1:8:1, and then the mixture was transferred into the mortar to crush them till well dispersed. Then
absolute ethanol was added into the mortal to make the slurry using the pestle. Then the mud was cast
onto the Ni mesh in the vacuum oven at 60 °C for 4 h, before the tableting press under 3 MPa to
make the testing electrodes.

Electrochemical performance tests

Briefly, the as-prepared electrode was put into the solution of KOH (1 mol.L™ %) and then
cyclic voltammetry (CV) was measured using an electrochemical workstation (CHI, 440A) at room
temper- ature. The scan rate for CV measurement was 5-50 mV.s *. The chronopotentiometry tests
were conducted in the voltage range
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Fig. 2. SEM observation (A) and EDX spectrum (B) of the TiN samples.
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Fig. 3. CV curves of the TiN electrode at different scanning rates (A), chronopoten- tiometry
curves (B) and corresponding capacity as a function of current density (C).

— from 0.6 V to 0.2 V with current density of 1 A.g-*, 2 Ag 5, 5A. g *and 10 A.g *. A Pt wire
and an Hg/HgO electrode were usedas counter and reference electrodes, respectively.
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Fig. 4. Capacity as a function of the cycling numbers at the scanning rateof 50
mV.s .

1. RESULTS AND DISCUSSION

In order to demonstrate the precursor ratio effects on the crys- tallization of the TiN samples,
XRD analysis was carried out. Fig. 1 shows the XRD patterns of the TiN samples in the precursor’s
ratioof 1:1 and 3:1. From the results we can see that the diffraction peaks of the both samples were
consistent. The degree of the diffraction peaks are 37° (111), 43° (200) and 63° (220) which are
consistent with the standard diffraction peaks of the cube crys-tal TiN [18,19-22]. But for the ratio of
3:1 (N:Ti) (Fig. 1, B), the intensity are stronger than that of the 1:1 (Fig. 1, A) which indi- cates that
the precursor ratio N:Ti 3:1 leads to higher crystallinity than 1:1. The results prove that the as-
prepared TiN samples are ofhigh purity and good degree of crystallization.

Fig. 2 (A) shows the as-prepared TiN morphology under SEM observation. From the SEM we
can see that the TiN particles are in nanoscale, and the particle sizes are in the range from 50 nm
to 100 nm. Further Energy-dispersive X-ray spectroscopy (EDX) results (Fig. 2 B) shows that as-
synthesized resultant contains N and Ti elements. Further N and Ti elements mapping showed that
there were strong signals which indicate the N and Ti elements are distributed uniformly that the
sample has good purity and crystal- lization, with the ratio of 1:1.

Fig. 3 (A) shows that chronopotentiometry curves of the TiN electrode supercapacitor at
different current densities. Clearly, all the curves show good symmetry which indicates a high
coulombic efficiency because of the highly reversible redox reactions on the charge/discharge
process. When the current densities were chan-
ged from 1 A.g *to 2 A.g % 5A.g tand 10 A.g *, the specific capacities were changed from 407
F.g 'to385F.g %, 364 F.g ‘and 312 F.g %, respectively (Fig. 3B).

Fig. 4 shows the cycling performance of the TiN electrode eval- uated by CV tests at a
scanning rate of 50 mV.s * for 20,000 cycles. As can be seen, specific capacity remains 90.2% of the
initial capac- itance even after 20,000 cycles. This is an indication of excellent kinetic reversibility
associated with the TiN nanoparticles. The
overall electrochemical studies strongly suggest that the resultant is the promising electrodes prepared
via the thermal crystallization.

IV. CONCLUSIONS
The as-synthesized TiN has good purity and crystallization. The CV curves are closer to
rectangle when reduce the scanning rates and it proves the TiN is an excellent supercapacitor
electrode material with high coulombic efficiency and with long cycles of life. The TiN is a
promising electrode material for the supercapacitors.
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