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Hydrogen Titanate Nanotubes as Precursor to TiO, Preparation: Influence of
Hydrothermal Media on Crystallinity and Photocatalytic Activity
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Abstract: TiO, with high crystallinity and high photocatalytic activity was prepared in hydrothermal media of
H,0, HNO,, KBF, and HNO; + KBF, solutions, respectively, under 180 °C for 24 h using hydrogen titanate
nanotubes as the precursor. The influence of hydrothermal media on crystallinity, hydroxyl group content and
photocatalytic activity of the obtained TiO, was studied. The structures were characterized by SEM, XRD, FTIR,
XPS, UV-Vis diffuse reflectance absorption spectroscopy (UV-Vis DRS). The photocatalytic activity was evaluated
by photocatalytic degradation of methyl orange. The results show that the anatase TiO, prepared in HNO;+KBF,
hydrothermal medium has higher crystallinity, more hydroxyl group thus higher photocatalytic activity comparing
with that of anatase TiO, obtained from other three hydrothermal media.
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RSN T RERATE 120 CRE T, AR TA
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SRR 2 THT 114 5 35k (T RUAk ), T v A AR T M
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SRIG 80 CT M 12 h, 5 BBk FR AN KA A
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(a) Precursor of hydrogen titanate nanotubes, (b)Hydrothermal
medium of H,0; (c) Hydrothermal medium of HNO; solution; (d)
Hydrothermal medium of KBF,solution; (e)Hydrothermal medium

of HNOs+KBF,solution

Bl AR &R Tio, B9 XRD K
Fig.1  XRD patterns of TiO, prepared by different
hydrothermal media
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Table 1 Average grain size,specific surface area and relative crystallinity of TiO, prepared by

different hydrothermal media

Hydrothermal media Grain size / nm Specific surface area / (m’-g”) Crystallinity
H,0 134 116 1.00
HNO; 12.8 122 0.91
KBF, 12.6 124 0.93
HNO;+KBF, 139 112 1.13

] 2(a) R BK TR 94 K A AT SR 1) SEM I, 1] 2(b)
kKA R A BB AR Ti0, (9 SEM &l MBK IR %
A5 Sy B Ak ) 3 R R R R A AR A K R R ST
FARGS IS |
2.2 FTIR &7

El 3 2 4 FoK A il 45 TiO, B FTIR B3

F & 400~700 em™ JEH TiO, 7 AY Ti-O 4 59 $7 4 Fn
ot AR H 51 B2 oK A S KBF, Fil HNOs+
KBF, B i, 7E K20 890 em™ A7 /)N B A4R¢ AiF W Wi 0 |
FLT IR PIEA BFE S A . 890 em™ HJE T Ti-F 1Y
PRheo ) F R AT REA AR AE AR S . A B R A
TiO, R H I & WAL T 0 7 AT Tio, %, h
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(a) Precursor of hydrogen titanate nanotubes; (b) TiO, prepared by
hydrothermal medium of HNO;+KBF,solution
K2 SEM EH
Fig.2 SEM images
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(a) Hydrothermal medium of H,O; (b) Hydrothermal medium of
HNO; solution;  (¢) Hydrothermal medium of KBF, solution; (d)
Hydrothermal medium of HNOs+KBF,solution
B3 2R TR K S il Tio, B9 FTIR P i
Fig.3 FTIR spectra of TiO, prepared by different
hydrothermal media
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(a) Hydrothermal medium of H,O; (b) Hydrothermal medium of
HNOs+KBF, solution

4 AEKAEEA T Tio, B9 XPS Kl
Fig.4  XPS spectra of TiO, prepared by different
hydrothermal media
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Table 2 Ti-O and O-H percentage of O for TiO, prepared by different hydrothermal media
Hydrothermal media Ti-O / % 0-H/ %
H,0 834 16.6
HNO; 86.0 14.0
KBF, 86.7 13.7
HNO;+KBF, 74.2 243
Salvador SEPFFY T 7E G HL AL 2F H it vp | 3% 1 52
SERE S A RO T L A THO, R T B 45 il 1
Ti-0 ZAK . Boonstra ZEPHIESE T TiO, W 48 43+ 5 1w
3 RIS EIEWLCR, K TiO, RuHEEH L | W
= W THIZ . I TiO, RIEEIE SRS RIL
g ot AR B A OB b A T RE S B 3
TiO, M B 405~ DT A A AR 00 A= v 1 Wl A
AT MDA T2 XM ES, AR TR
2@ 526 ;28 S0 sk s 536 58 HERLTAPE
Binding energy / eV 2.5 F LSRN

K5 HNO+KBF, KB il # TiO, B9 O1s XPS K3
Fig.5 Ols XPS spectra of TiO, prepared by HNO;+KBF,

hydrothermal medium
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W TiO, FRMFEETEMHEARNK, 95 0 JE T
14% 7547 ; i 7 HNO,+KBF, /K BEA v 15 5] 11
TiO, RMFEAEFEI B Z 53 0 JEF1 24.3%,
FEAE A AL B RN AN AT R R R,

K 6(a) F1(b) J K A8 A HNO,+KBF, il 4 TiO,
1 Fls XPS Art¥k 5 i J5 B3 (AW 5 257 .1 min),
] 6(a) Fll (b) B 15 22 47 AR XFRR L4 25 - 15 3 3 A7
Ui .684.3 685.4 1 688.0 eV, 43 IXf I TiO, H' F Ji
TAFAER) 3 MANTRLRES , 684.3 eV WX I T 1H 4
FRI BAR S F9,685.4 eV WEXT N T TiO, fh A& H
LA TiOF, AR S AEAE K F52,688.0 eV W& XTI T Tio,
f g L TiO, F, RS AR Ry Fron,

Bl 6(a) Fl(b)HH L3, (615 1 =0 2l Arti
S E 3% P B AR S B F 0 (684.3 eV)FEAR, [F]
B, LU TiOF, SRS FLEN F 15(685.4 V) B 44 K
KW F AT TIO, dids, BULT Tio, &k

TiOy+hy — e~+h* 1) 1 O 5, 5T Bl 6(a)F(b), 753 T TiO, 7E XPS Art
e+h* — heat (2) WS RIS B F A2 RS g2 T3 3,
e+0, — 0, 3) El 6(c) Fll(d)h K A KBF, il & Tio, Y Fls
h*+OH — "OH @) XPS ArR S HT S EE, B 6(c) F(d) K5 22 A 0 FR
() Before Ar* sputtering (b) ~ After Ar* sputtering (c) Before Ar” sputtering (d) After Ar* sputtering
2 Z 2 Z
E\ E 6843 eV c ey E 684.3 ¢V E 684.5 eV
§ g esev| 5 g
E £ AN E
678 682 686 690 694 682 684 686 688 690 678 682 686 690 682 684 686 688 690
Binding energy / eV Binding energy / eV Binding energy / eV Binding energy / eV

(a) and (b): TiO, prepared by hydrothermal medium HNO;+KBF,solution; (c) and (d): TiO, prepared by hydrothermal medium KBF,solution

Bl 6 Fls XPS Arl i 3%
Fig.6  Fls XPS spectra before and after Ar* sputtering
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Table 3 Chemical states of F of TiO, prepared by hydrothermal medium of HNO;+KBF,

Chemical states of F Physical adsorption state

TiOF, state TiO,_F, state

XPS Fls peak position 684.3 eV 6854 eV 688.0 eV
Before Ar* sputtering 78.1% 16.9% 5.0%
After Ar* sputtering 20.0% 71.6% 8.4%
HEH 684 eV (i ERYIE | R F 2% iy B T 0.030 RO TRE
BAHEA TiO, i S
HIK A KBF, M1 EE  HNO,+KBF, 7K #4854 g
A TIO,, F #488E A T TiO, Fi s . X il fiE 5000
HNO+KBF, K #8484 HF {145 % . Huang™% S oars
3 18 7E HNO+ECOH+NH,F ¥ 7 rh Bk iR T g 1 2K i £ vt
K% T F B2 BUERE Tio,, WP HY FE £
SaTE T =
0.000

2.6 UV-Vis #f

4 T K B A ] 2% 14 TiO, (19 UV-Vis Bl R T
&l 7 REAt [a] B E, i3 Kubelka-Munk J7 sk e
i KA S H,0 (HNO; KBF, 1 HNO,+KBF,
il & Tio, B E, 73 51 R 3.28 3.26 .3.24 1 3.22 eV;
[FIRETT 125K 1% P25 1Y E, 4 3.27 eV, BL{E R T 52
55 SCHRME 3.22 eV FIEEIS(H 3.45 eV, 5 H Al 3 Ff
WA FH e HNO,+KBF, ¥ WA K #8425 1
TiO,, 51 A F IR 51 W o KR AR 4L | 5 STk &S
%_ﬁ[l‘),%]o

2.0

— —_
S} (=}
T

S
o0
o o oo

Absorbance / a.u.

=4
S
T

0.0 L 1 L L e ——
200 250 300 350 400 450 500 550 600
Wavelength / nm

(a) hydrothermal medium of H,O; (b) hydrothermal medium of
HNO;s solution; (c) hydrothermal medium of KBF,solution; (d) hy-
drothermal medium of HNOs+KBF, solution
7 AR il 5 TiO, FF il B9 UV-Vis B
Fig.7 UV-Vis spectra of TiO, prepared by different
hydrothermal media
27 EEEENE
4 TP K PRI 45 10 TiO,, B fige HY A I WY
TR F R, R T I 8, M HURL SRR 4N KA Ay

B8 4 FloK IS il 5 H9 TiO, BRI 40 K iy K A4
DLk P25 BOGAHEAL T
Fig.8 Photocatalytic activity of TiO, prepared by 4
hydrothermal media, comparing with that of

hydrogen titanate nanotube precursor and P25

IRAK LA K P25 WAEIR 8 Ko, W T3 A G AL I P
1) K T 200 K5 I SRR | 4 K ARRE A 1 AT 7K A A B
J&i B S s P 5 K 0 PR TR A LB AR T,
5 XRD S5 RAHXSRL(E 1), KA HNOs+KBF,
il 25 1 TiO,, T MR, 3RO R K (2.74%107
min™)J& P25(1.14x102 min™) 1) 2.4 £ ; X 9 F Al
HoAth 3 FpoKAABEAAH L 15 2009 Tio, EA & 145 &
JE DA B v 1) 2 R L AT

K8 b ml LA i, KIBEA S KBE, il 4 1
TiO, i T, 5K RS H0 DL S HNO; A E, AR 45
fn R BRI S A L (R s
PER R XTI REH T TiO, R AL E SR .
RO T TiO, R M RAL , RV R DRI S Pk
A B B (R (S)) 5 = Ti-F R 6 A 28 785 7K b
Az A R AR APl R T T B A P (B (6)) , DA T 7 A
A H AR AR B R SR S AT

=Ti-OH+F = =Ti-F+OH" 8

=Ti-F+H,0(or OH)+h,, —=Ti-F+-OH;..+H*(6)

=Ti-OH+h, — =Ti-OH " (7)
3 & it

PLEK TR 9 K 45 R wip 9K 4K H,0 (HNO, . KBF, #1
HNO;+KBF, 4 Fl KA 180 °C .24 h /KA & 15
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