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Hydrothermal Synthesis and Crystal Structure of Titanate Nanotubular
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Abstract: Nanotubular titanates with an external diameter around 10 nm were prepared by hydrothermal
processing using commercial anatase-type TiO, powder as raw material in the NaOH(aq) solution. The products
obtained at different conditions were characterized by means of TEM, SEM, XRD, EDS and the thermal stability
of the products was tested. The results show that nanotubular titanate formed during hydrothermal treatment
rather than in washing or immersing processes. Na,H,_Ti;0; or mixtures of Na,H,_Ti;0;and TiO, nanotubes can
be obtained by control the pH values of immersing solutions. The nanotubular titanates are stable with original
symmetry crystal structure till 400 °C and keeps nanotubular under 500 °C . At higher heat-treatment
temperatures, the anatase structure will change into rutile structure and a new Na,Ti¢Oy; crystal obtained by the
reaction of rutile-type TiO, with Na,Ti;0,. At 800 °C, the main crystal Na,Ti¢0,; and small quantity of rutile TiO,

is found in the sample.
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(a) 12 h hydrothermal treatment without washing or immersing; (b) 12 h hydrothermal treatment, immersing in HNO; solution at

pH value of 3 for 6 h; (c) 12 h hydrothermal treatment, immersing in NaOH solution at pH value of 9 for 6 h; (d) 24 h hy-

drothermal treatment, immersing in HNO; solution at pH value of 3 for 6 h
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Fig.1 TEM images of specimen prepared by hydrothermal method at 120 °C
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Fig.2  XRD patterns of the raw material
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Fig.3 XRD patterns of the specimens prepared by
hydrothermal method at 120 °C for 24 h
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Fig.4  XRD patterns of the specimens prepared by
hydrothermal method at 120 °C for 24 h

calcined at different temperatures for 2 h
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Fig.5 TEM images (a, b and ¢) and SEM image (d) of specimen prepared by hydrothermal method at 120 °C for 24 h

calcined at different temperatures for 2 h
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Fig.6 EDS spectra of the specimens prepared by
hydrothermal method at 120 °C for 24 h
calcined at 400 °C and 800 °C for 2 h
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Table 1 Element analysis of the specimens prepared by hydrothermal method at 120 °C for 24 h
calcined at different temperatures for 2 h
Atomic / %

Element
400 C 500 C 600 °C 700 C 800 C
O 70.05 69.81 71.09 70.59 68.63
Na 7.22 7.66 7.86 7.85 7.02
Ti 22.73 22.53 21.05 21.56 24.35
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Compound AHC, 1 (K -mol™) ST/ (J-mol K
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Table 3 A,Gir of relative compounds and ArGiT (kJ-mol™) of relative reaction at different temperatures at 100 kPa

400 °C 500 °C 600 °C 700 °C 800 °C
AGo, of rutile-type TiO, 945.9 -950.9 -955.9 -961.0 ~966.0
AGS, of NaiTi;0, -3 6125 -3 6353 -3 658.1 -3 680.9 -3703.7
AGo of NaTig0 s -6 550.3 -6 590.7 -6 631.2 -6 6716 -6 712.1
NaTi:04(s) + 3TiOx(rutile)(s) = NaiTigO(s) A, G-, ~100.0 ~102.7k ~105.3 -107.9 -1105
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