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Titania (TiQ) has been intensely investigated as
a potential anode material for lithium-ion battsr{&IBs).

It was concluded that because of its good elecenmital
stability, high operating voltage, low cost and
environmental compatibility Ti©Qhas a promising future
in LIB technology [1].

This paper will address the possibility to apply
TiO, nanotube arrays fabricated by electrochemical
anodization as anode material in Li ion containing
electrolytes. The main focus is the impact of intaor
factors such as electrolyte type and JiGtructure
(crystalline or amorphous) on the electrochemical
performance of self-organized Ti@anotubes for Li ion
exchange in ionic liquid media [2].

The TiG, nanotube layers were synthesized by
means of Ti foil anodic oxidation performed in déne
glycol containing fluoride ions [3]. A typical sade
structure of TiQ@ nanotubular layer, well aligned
nanotubes with inner diameter of 70-100 nm and wall
thickness of about 10 - 15 nm was obtained (FigBb}h
amorphous and anatase nanotubes were mechanically
stable and well adherent to the substrate.

Fig. 1. Surface morphology of Tianotube layers,
as synthesized, - (a) and annealed at@5Q(b).

Although SEM suggests no significant morphological
changes due to the phase transformation processrcer
differences between the two surface morphologidsrée
and after thermal treatment can be seen. An inereés
the nanotube wall thickness from 10 — 15 nm to &d8u
20 nm was observed. Another feature of the
morphology change is the appearance of structural
imperfections at the upper end of the nanotube® Th
discussed morphological changes can be ascribed to
accumulation of carbon-containing side productsindur
the anodization process and further related foonadf
local microdefects during the annealing [4].

The nanostructured Ti/TiQJayers were tested as
a current collector - anode material system foriohi-
intercalation in 1M LiPEk ethylene carbonate/dimethyl
carbonate (EC.DMC) and in 1-butyl-1-methyl
pyrrolidinium  bis  (trifluoromethyl)  sulfonylimide
([BMP][TFSI]) containing 1M LIi[TFSI]. The potential
window of [BMP][TFSI] measured on pristine Ti islgn
weakly influenced by addition of Li[TFSI]. The typs
electrolyte does not affect the voltammetric bebawvf
the amorphous Ti© nanotube layers. The latter
phenomenon is related to the larger amount of desed

structural units and higher number of defects
characteristic for the amorphous material compéuettie
the crystalline phase, providing larger space foion
insertion and better accommodation of Li ions i th
amorphous Ti@structure. In contrast, anatase displays a
definite inhibition of the Li intercalation in 1Mi[TFSI]
[BMP][TFSI], expressed by an increasing peak-tokpea
separation between the Li insertion and de-insertio
processes and shifting of the galvanostatic plateau
toward higher overpotentials (Fig. 2). These phesmen
are discussed in terms of viscosity difference ketwthe
electrolytes and inhibited electrochemical kinetics
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Fig.2 Galvanostatic cycling of anatase structutesfeerent constant
currents performed in 1 M Li[TFSI] [BMP][TFSI]. Theumbers denote
the specific cycling current in mAY(a), Potential of the galvanostatic
plateau at 60 mAh§vs. cycling current density for anatase nanotube
structures studied in 1 M Li[TFSI] [BMP][TFSImfanodic,o—cathodic)

and 1 M LiPk EC:DMC (e—anodic,o—cathodic) electrolytes — (b)

TiO, nanotube structures displayed a stable galvamostat
cycling, exceeding theoretical capacity and highrent
efficiencies. On the other hand, the rather opeamgtry

of TiO, nanotubes in the present work can be the reason
for the moderately high discharge capacities ofuali@0

- 200 mAhg' obtained from the galvanostatic cycling of
the samples.
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Fig.3 Discharge capacity of multiple galvanostaticling (closed
symbols) and corresponding Coulomb efficiencieg(opymbols) of
amorphous and crystalline nanotube Ji@yers in 1M LiTFSI,

[BMP][TFSI].

The long term cycling shows close to 100 % capacity
retention for amorphous TiOnanotube layer, while
anatase structure displays a definite loss of dgpac
reaching a value of 70 % retention for 200 cyckg.(3).
The capacity fade of the crystalline structurestigbuted

to the appearance of microstructural defects formed
during the annealing of the amorphous Jj4.

ACKNOWLEDGEMENTS
Financial support from the DFG is gratefully
acknowledged.
REFERENCES

1. G. Zhu, Y. Wang, Y. XiaEnergy Environ. <., 5,
6652 (2012).

2. S. lvanov, L. Cheng, H. Wulfmeier, D. Albrecht,
Fritze, A. BundElectrochim. Acta, in press.

3. J. Macak, P. SchmukElectrochim. Acta, 52, 1258
(2006).

4, H. Li, S. Martha, R. Unocic, H. Luo, S. DaiQu, J.
Power Sources 218, 88 (2012).



