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Optimization of the arrangement and fabrication of titanium oxide nanotubes to
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, the production of anodes of vertical titanium oxide nanotubes is analyzed and optimized
Received 30 October 2017 by anodizing method. The parameters of the potential difference and the distance between the two
Accepted 26 November 2017 electrodes in the anodize process are investigated and the effect of these parameters on morphology and

Available Online 29 December 2017 anode structure has been investigated. The produced anodic plates, have been investigated by field-

scattering electron microscope, X-ray diffraction spectrometer and radiation diffraction. The results

ﬁjﬁmj ’ indicate that by increasing the applied voltage from 20 to 50 Volt, the anodized nanotube diameter will
Titanium oxide increase from 50 to 155 nanometre, and after a certain voltage, the structure of the nanotubes is
Batteries anode destroyed and nano / micro porosity is created. Also, by increasing the voltage from 20 to 50 volt, the
Anodize wall thickness of the nanotubes increases from 20 to 50 nanometre. As the duration of the voltage

Lithium i i h . . . ;
ithium fon batteries increases, the length of the nanotubes increases; but the thickness and diameter of the nanotubes remain

constant. As the gap between the two electrodes increases from 0.5 to 4.5 CM, the thickness of the walls
decreases from 57 to 13 nanometre. Thus, by controlling the above mentioned parameters, the optimum
state of the anodized nanotubes can be achieved to obtain a more and faster penetration of lithium ions.
The results of this research are very useful in improving the performance of lithium ion batteries.
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M. Tajedini, M. Shirani, J. Jamali, I. Zeydabadi Nejad, M. Baniasadi, Optimization of the arrangement and fabrication of titanium oxide nanotubes to improve the ‘performance-of
lithium ion batteries anode, Modares Mechanical Engineering, Vol. 18, No. 01, pp. 20-26, 2018 (in Persian)
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(+) Titanium anode

(-) Cathode

Electrolyte

"7 Titanium oxide
nanotubes

Fig. 1 Schematic of the anodizing process including the electrolyte and
the electrode (here the anode and the cathode are both made of
titanium)
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Fig. 2 Laboratory view of the results. Figure a) shows the anodizing
system and the control conditions for the distance between the anode
and the cathode. Figure b) shows color alternation of the anodized
surface.
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Fig. 3 illustration for the manufacturing process of titanium nanotube
anode plates
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Distance between the electrodes (cm)

Fig. 5 The effect of the distance between the anode and the cathode in
anodizing on the distance between the nanotubes

A o alold g9, p plasT ol b 0 WS g &l o9 xSUl 9o pw alols 36 5 Y
IR ).I‘\.\JT Lgl.béjy‘yb

i bl s o Silee e s ol 45 axtl e il )50 30 4 60
ST cloalslgil a5 saims Gl 35 "o 5 7 oS sl szegil 40
1 i il ol 3 Ll laag iUl alols oS _Sloj pgwlis
OSle Jlaie Sl cal g3 aiilise 2l e 30 5 60 Gla bS5
oy STl oy alols 2al331 L (ol by sl 2093l 85 Ly ol lnalglgils b
Db o LEalS 00l LS5 sladlglgl s plasT a] 8 o
59 09,580 90 oy aliBe slaalold jo jhd g, Soslul 5l Lols bl
b g go 0asd "7 JS&" 0 a5 jsb Lo el oo o3ls Lai "7 JSa"
e il s Sy 4o el Al 4o 00,55 g3 o alols gl
EPC AR JREI I PECIEN P NRRE

Fig. 6 The effect of the distance between the electrodes in the FESEM
images taken from the samples of the titanium oxide nanotubes created
in anodizing. Figures a and b show the diameter of the titanium oxide
nanotubes, when the distance between the electrodes is 4.5 cm, at 60
and 30 thousand magnitudes respectively. Figures ¢ and d show the
diameter of the titanium oxide nanotubes when the distance between
the electrodes is 3 cm at 60 and 30 thousand magnitudes respectively
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Fig. 4 Electrolyte conductivity changes between two electrodes with
the distance between the anode and the cathode in anodizing process
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Fig. 8 The effect of the distance between the anode and the cathode at
same voltage, on the nanotubes thickness.
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Fig. 7 The effect of the distance between the anode and the cathode on
the nanotubes diameter in anodizing process
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nanotube at same distance of the electrodes
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Fig. 9 FESEM images of titanium oxide nanotubes created on a
substrate of titanium at different voltages: a) 50 volts, b) 40 volts and c¢)
20 volts
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Fig. 10 The effect of voltage difference on the diameter of the
nanotubes in anodizing process
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Fig. 12 The results of the XRD analysis for the anodized specimens in
a)20V b)40 Vandc) 50 V
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