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Synthesis and Photo-Catalytic Activities of TiO, and La/TiO,Nano-Fiber Using
Collagen Fiber as Template
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Abstract: TiO, and La/TiO, nano-fiber were prepared by loading Titanium (Ti*'), or Titanium (Ti*") and Lanthanum
(La’*) on collagen fiber template. Their structure and physical properties were characterized by means of scanning
electron microscopy (SEM), field emission scanning electron microscopy (FESEM), X-ray diffraction (XRD), specific
surface analyzer, X-ray photoelectron spectroscopy (XPS) and UV-Vis spectroscopy. The results show that the natural
fiber morphology of collagen fiber is mostly preserved in the TiO, and La/TiO, nano-fibers. When the calcination
temperature increases from 600 to 800 °C, the particle sizes of TiO, and La/TiO, increase gradually and the changes
of their crystal lattice constants (¢ and ¢) are different at each dimension. It is also found that the phase
transformation temperature of La/Ti0, nano-fiber is in range of 700~800 °C, which is higher than that of pure TiO,
nano-fiber. The N, adsorption-desorption isotherms of TiO, and La/TiO, nano-fibers are the typical type IV associated
with the characteristic of mesoporous materials. Compared with Degussa P25, the absorbance wavelength of TiO, and
La/Ti0, nano-fiber is apparently red shifted. By using the photo-assisted catalytic degradation of acidic orange 1I as
model reaction, the visible light catalytic efficiencies of P25, TiO, and La/TiO, nano-fibers were evaluated. The
reaction results show that the TiO, and La/TiO, nano-fibers exhibit higher visible light catalytic activities than that of
Degussa P25.
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Tablel Grain fineness number of TiO, and La/TiO,
CPIhkl) Size of La/TiO, / nm Size of La/TiO, / nm
600 °C 700 C 800 C 600 °C 700 °C 800 C
Anatase TiO,
101 13.7 18.7 35.6 23.2 22.1 25.8
004 17.6 34.7 115.7 26.7 40.0 35.8
200 16.8 26.9 352 20.2 23.3 342
105 194 22.7 24.8 21.6 38.6 42.4
211 30.9 33.0 212.3 30.1 49.2 433
Average 19.7 27.2 84.7 24.4 34.6 36.3
Ruile TiO,

110 — 45.4 25.8 — — 92.2
101 — 154.2 40.0 — — 99.3
211 — 22.8 28.1 — — 91.8
Average — 74.1 31.3 — — 94.4

* CPI: Crystal plane index
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Table 2 Crystal lattice constant, axial ration and cell volume of TiO, and La/TiO,

Fiber Structure of TiO,  Temperature / “C a/ nm ¢/ nm cla V/ nm?
TiO, Anatase 600 C 3.769 4 9.605 6 2.548 3 136.48
TiO, Anatase 700 C 3.775 8 9.428 9 2.497 2 134.43
TiO, Anatase 800 C 3.776 0 9.420 0 2.494 7 134.31
TiO, Rutile 700 C 4.580 2 29826 0.651 2 62.30
TiO, Rutile 800 C 4.5750 2.961 8 0.643 8 61.99
La/TiO, Anatase 600 °C 3.789 6 9.818 4 2.590 9 141.00
La/TiO, Anatase 700 °C 3.7812 9.862 2 2.608 2 141.00
La/TiO, Anatase 800 C 3.783 0 9.8550 2.605 1 141.04
La/TiO, Rutile 800 C 4.584 6 2956 5 0.644 9 62.14
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Table 3 Content of anatase TiO, in pure TiO, and La/TiO, nano-fiber

Content of anatase TiO, / %

Fiber
600 °C 700 °C 800 °C
TiO, 100 81.20 50.14
La/TiO, 100 100 90.35
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Fig.3 X-ray photoelectron spectra of La/TiO, (a) Ti2p peak around 460 eV; (b) La3d peak around 850 eV
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Fig.4 N, adsorption-desorption isotherms (a) and pore diameter distribution (b) of TiO, and La/TiO,

P KIRBI TIO, KL 4ETE 600 °C T ke, H
W ALEER T o be s sk i b, SO BHI A AL A5 Y
TE— R LRI,

E 4b A TiO, A1 La/TiO, 44 K £F 4 (/) FL 4% 5 A
M2k Tio, LR AR i 2 — A5 iR iy 1 | FLAR 4y
M7 LR 4.3 nm, La*B 245, F 4L W
B EFLE N 9.8 nm.,

F 4 il BIH J7 ¥ 48 M T B 3R A5 0 Degussa
P25 TiO, Ml La/Ti0, 1l R FURIFLAE | La*ii 544
XF Ti0, A bR A fUABR AL A BRI | 15
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N TIO, 2 T AR i S i A Ak e th 38 o
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Table 4 Surface area,pore volume and pore size of P25, TiO, and La/TiO,

Fiber Surface area / (m*-g™") Pore volume / (cm®-¢™) Pore size / nm
Degussa P25 S5la 0.16" 16*
TiO, 55 0.19 43
La/TiO, 75 0.22 9.8

See reference®

2.5 UV-Vis 717

B 5 fEE s o9k Degussa P25 .TiO, #l La/
TiO, £F4E /) UV-Vis S35 A 575 BRAERUE , 7T
w, 5 Degussa P25 A EE  TiO, Fl La/Ti0, £F 4 #) %

W S —E RN AR, A —
FE TR N )RR La® B 22 1 La/TiO, 94 K &7
4k, B La*fa T La*BARIE K T TitB A2, (il d
i el Y N6 N S N S
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Table 5 Photo-absorption edge and band gap energies of different catalysts

Sample Absorption edge / nm Band gap / eV
P25 390 3.18
TiO, 399 3.11

La/TiO, 419 2.96

Absorbance / a.u.

P25
S(I)O 6(I)0
Wavelength / nm
K15 P25 TiO, La/TiO, H9 550 0] WL )i
Fig.5 UV-Vis absorption spectra of P25 TiO, and
La/Ti0,
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