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Effect of formamide in electrolyte on morphology and
photocatalytic activity of TiO, nanotube arrays by anodization
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Abstract: The influence of the fomamide concentration in the electrolytes on the morphology and structure was
investigated in the electrolytes of 0.5%HF water solution (A), 0.3 mol/L NH,F+70%H,0+30% formamide (volume
fraction) (B), 0.3% mol/L NH4F+30%H,0+70% formamide (volume fraction) (C) and 0.3 mol/L NH,F+3%H,0+97%
formamide (volume fraction) (D). The nanotube becomes long and its wall thickness becomes smaller with increasing
formamide concentration in electrolyte. The results show that the nanotube becomes longer and its wall thickness
becomes smaller with increasing formamide concentration in electrolyte. The tube length, pore diameter and wall
thickness of TiO, nanotube arrays anodized in water-based electrolyte A are about 600 nm, 100 nm and 5 nm,
respectively. The tube length, wall thickness and pore diameter for sample anodized in formamide-based electrolyte D are
about 10 pm, 5 nm and 60 nm, respectively. After being annealed at 450 °‘C for 2 h in oxygen, the single anatase
structure is obtained for sample anodized in electrolyte A. In contrast, the mixed anatase and rutile phase are observed in
TiO, nanotube for the other three samples. The results of photodegradation of methyl orange (MO) show that TiO,
nanotubes with longer tube length and thinner wall thickness have higher photocatalytic activity.
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Fig.1 SEM images and cross-section images of as-anodized TiO, nanotube arrays in electrolytes with different formamide contents
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Fig.2 SEM images of TiO, nanotube arrays annealed at 450 ‘C for 2 h in oxygen
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Table 1 Effect of formamide content in electrolyte on morphologies and structures of TiO, nanotube arrays

Electrolyte Length/nm Tube diameter/nm Tube thickness/nm ?)i;:;iligz]agf x/%
A ~600 80-100 15-20 Bad 54.3
B ~900 ~80 15-20 Better 1.7
C ~3 500 ~60 15-20 Better 1.9
D ~10 000 ~60 5-10 Best 0

X, is content of rutile phase after TiO, nanotube arrays were annealed at 450 ‘C for 2 h in oxygen.

B3 AR 0, R4 450 'C NIB K 2 h Ji5 TiO, 4K 1) HRTEM 4
Fig.3 HRTEM images of TiO, nanotube anodized in different electrolytes after annealed at 450 ‘C for 2 h in oxygen:
(a) Electrolyte A; (b) Electrolyte D
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ERETH, TIEEEL N 5~10 nm, HRLN 55~60
nm. XL R 1 FEHSHIEA L

Kl 4 sk TiO, YK BEFIHE O, & 450 C
JBK 2 h JG [ XRD . 20 1k 25°5 48° K (A it
WS IS A B0 R AH IR AR AT SR U, T 20 £A K 27° BT
RIAT SR U DU XoT I < ST AAH RPRFAE AT S 0, AR T
FEBURHEA TSI . AN 4 WL, BEAE TiO, KK
FERIBE T, BEERTTAH K10 1) Ry 5 6 gt i ] (8 it . 7
PTG e 55 FLLAA AR D P 1) 48 FRRY: ot 100 i S 0 P 2 ) 1
1A AVB A CHLAR )2 RO ol RO SR 0 i
AHEG T 07K I HU AR (9 BEAR S04k, 7 FF TR A P Ao
FHER S A IS ¥ THO, AR BE (140 242 25 BT el
TiO, HKE MAKARG TR E, Wik, &
TiO, AR K LI T IR T B AR
SR L. BSE BAE TiO, Wt g g i !, 7
IKIEHAEM A By C il 1 TiO, 4K 48 450 C
BKJGAAE— T G A A, e S g D
FR I8 1R TIO, AR B AE 450 “CHE KR WIBAT G241 47 M
A G AR A AR P B 20 A 55 BRI A AR R Tt
S HT e (D) 53R
x, =1/[1+K(I,/1,)] (1)

A LA L5008 (10) AT 420 47 (110)fiT 5 g
BUromfs; KL 0.79.

B (1) AT BATHET AR AL By Cy D R4 (1)
FES TSRS B 0N 54.3% 1.7% 1.9%A1

¢(101) ® — Anatase

4 — Rutile

20 3|0 4|0 50 60
20/(°)
4 110, 450 "CIBK 2 h J5 TiO, 4K S XRD 1
Fig.4 XRD patterns of TiO, nanotube arrays anodized in
electrolyte with different formide concentrations and annealed
at 450 ‘C for 2 h in oxygen: (a) Electrolyte A; (b) Electrolyte
B; (c) Electrolyte C; (d) Electrolyte D
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Fig.5 Raman spectra of TiO, nanotube arrays anodized in
electrolyte with different formide concentrations and annealed
at 450 ‘C for 2 h in oxygen: (a) Electrolyte A; (b) Electrolyte
B; (c) Electrolyte C; (d) Electrolyte D
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Fig.6 UV-vis-DRS curves of TiO, nanotube arrays anodized
in electrolyte with different formide concentrations and
annealed at 450 ‘C for 2 h in oxygen: (a) Electrolyte A; (b)
Electrolyte B; (c) Electrolyte C; (d) Electrolyte D
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Fig.7 Kinetic curves of MO degradation of TiO, nanotube
arrays annealed in oxygen for 2 h: (a) Electrolyte A;
(b) Electrolyte B; (¢) Electrolyte C; (d) Electrolyte D
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