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Photo-catalytic performance and kinetics of
N-Fe/TiO; catalyst for elimination of light alcohols

DENG Qian, ZHANG Peng, WEI Zong-yuan, YAN Yu-bo, LU Tao-ling, PENG Zhen-shan, CAI Tie-jun

(School of Chemistry and Chemical Engineering, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: The N-Fe/TiO, catalysts were prepared by sol-gel method and characterized by X-ray diffractometry, scanning
electron microscopy and fluorescence emission spectroscopy. The photocatalytic eliminations of the light alcohol were
used as model reactions to evaluate the photocatalytic activity of the catalysts under ultraviolet light irradiation. The
results show that an optimal program of catalyst preparation is that the activation temperature is 400 “C, activation time is
3 h, the amount of iron-doped is 0.10%—0.15% (mole fraction) and the amount of nitrogen-doped is 10% (mole fraction).
Methanol, propanol and butanol with the initial concentration of 8.3 g/m3 and the flow rate of 7.0 mL/min, the ethanol
with the initial concentration of 8.3 g/m’ and the flow rate of 5 mL/min can be completely mineralized using 0.15 g
N-Fe/TiO, as the catalyst prepared by the above optimal program. The activity of the catalyst is stable over 252 h
continuous reaction. The kinetics of the photo-catalytic methanol and ethanol elimination follows the first-order reaction.
The apparent activation energy is constant in the experimental temperature range.

Key words: N-Fe/TiO,; photocatalytic elimination; light alcohols

FEM A IAEEH BN R, MBS Qe il
VA B 21 T2 NS AN A fid gk (1 KT L.
fEALF R T R Pim 8Os, AR
FAT N AT S eAb e H T TiO, B e,
REREN /N T 400 nm (RSN EBCR , ARETE M FIHIR
FHfE, HOGHEAL SRR AR A T Se iRIX 2Lk A,

MNATTxE TiO, BEAT T iR 5. e a2 i, 3L
i JE B P AR B AR BRI T &
JEE T, B TS AR RO BB TR
FHERT ARG E BT, BRI Tio, M B
B, S-St T, RIS {F TiO,
e HEALTEE B 3, Rl e WOEIX,  FOb M

ESTH: BB 20 TR AR S0 FIE A S S R B ) I H (H e [2008]153 5)

s HER: 2010-01-04; &iTHHEA: 2010-05-20

WIEEE: X0 i, #d%; ik 13170324060; E-mail: denggian10@126. com



1764 A G R

2011 £ 7 H

s PR A, AR R DG Al A LTS i
WS T HEE T —20 .

TR -F LB A M AL R T, Wi 2 12
WA WU S BRARAT A, T G 21 170,
R ) > 1o S, IR RV
AR o WA HLYTS B0 i BR T A 4,
T4 55 Gt — AR AR . AR SEHR 2
APk N AL T BRSO WL B ORI T AR, I
BT el a 0 R R ORI E
FAL T JERERIA R, B QBT AR FE F 8N4,
oAt JURP R NS AR fa T . B Tl Ak ik
T AERRHE(TY 36—T79) Mg, VRV X R FI I 1) o
T PRV Dl 50 mg/m’, PREAT T BEHE A 200 mg/m’,
DRI, 02 A IR R 1 T B A AR

M, ASCEFHI% N-Fe/TiO, EALH], KL
RERIFL AT G, AR SUSC S i sl e i Ak
SN AN T BRSO, ARG ARG 45 0, VP
A, IR B AT, AR BT IR
P AU S S 2 s

1 KL

1.1 EEUEHEFRAF

{4 : ISM—6380LV 4 LB (1 AL+ 28 w] A=
7); Rigaku Dmax-rA X SEATHAC(H AR 228w 2k
7%)s FA500 8455003 6 6 FEA (H AL s AR 2wl A2 7))
GC9800 “TAH L TEAY (_EIG RO (A 35 A 2 | A7),
FID f3l45: UV-B BUEAME R AL pUImye Rt
(0E I SV W9 e R P W 2 B TR LS

1.2 EEFBE&E
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1 N-Fe/TiO, {67 f¥) SEM &
Fig.1 SEM image of N-Fe/TiO, catalyst
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Fig.2 XRD pattern of N-Fe/TiO, catalyst
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Fig.3 Fluorescence emission spectra of TiO, and N-Fe/TiO,

catalyst
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Fig.4 Influence of amount of doped-Fe on photo-catalytic

activity of methanol elimination by N-Fe/TiO, catalysts
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Fig.5 Effect of calcination temperature on photo-catalytic

activity of methanol elimination by N-Fe/TiO, catalyst
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Fig.6 Effect of system flow rate on photocatalytic activity of
N-Fe/TiO, catalyst
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Fig.7 Effect of initial concentration of alcohols on

photocatalytic activity of N-Fe/TiO, catalyst at system flow

rate of 10 mL/min
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Fig.8 Relationship curves of In &—1/T of methanol and

ethanol elimination reactions

3 Zig

1) ffi T AR R A T2 FRIREE 400
CIEIFTE] 3 hy Fe 2% 5 0.10%~0.15%(BE /R 70 450)
N B2 10%(BE/R 5350

2) HEEMIKIEL N 8.3 g/m®, AEHIEE. NEEAT
FEAR 2R G ) 7 mL/min I, I ERE A 100%;
MK RPN 5 mL/min I, ZF 090 B %A ik
100%. AT bR ROVIELLEAT 252 h JE AR
JeBEME, DA A R LA A R DG AR A TR P AN AR



A G R

2011 £ 7 H

3) BRI, X AN LREROGAEAL T R

RSN T2 N o S R SR A REAE SR
5 Vi 2 S IR R TE R K H K

REFERENCES

(1]

[10]

PAOLA A D, MARCI G, PALMISANO L, SCHIAVELLO M,

UOSAKI K, IKEDA S, OHTANI B. Preparation of
polycrystalline TiO, photocatalysts impregnated with various
transition metal ions: Characterization and photocatalytic activity
for the degradation of 4-nitrophenol[J]. Journal of Physics
Chemistry B, 2002, 106: 637-645.

NAGAVENI K, HEGDE M S, MADRAS G. Structure and
photocatalytic activity of Ti;.\M,02.5 M =W, V, Ce, Zr, Fe, and
Cu) synthesized by solution combustion method[J]. Journal of
Physics Chemistry B, 2004, 108: 20204-20212.

YANG X X, CAO C, ERICKSON L, HOHN K, MAGHIRANG
R, KLABUNDE K. Photo-catalytic degradation of Rhodamine B
on C-, S-, N-, and Fe-doped TiO, under visible-light
irradiation[J]. Applied Catalysis B: Environmental, 2009, 91:
657-662

OHNO T, MIYAMOTO Z, NISHIJIMA K, KANEMITSU H,
FENG X Y. Sensitization of photocatalytic activity of S- or
N-doped TiO, particles by adsorbing Fe'* cations[J]. Applied
Catalysis A: General, 2006, 302: 62—68.

CATASTINI C, SARAKHA M, MAILHOT G, BOLTE M . Iron
(IIT) aquacomplexes as effective photocatalysts for the
degradation of pesticides in homogeneous aqueous solutions[J].
The Science of the Total Environment, 2002, 298: 219-228.
MOSER J, GRATZEL M, GALAY R. Inhibition of
electron-hole recombination in substitutionally doped colloidal
semiconductor crystallites[J]. Helvetica Chimica Acta , 1987, 70:
1596-1604.

LITTER M I, NAVIO J A. Photocatalytic properties of
iron-doped titania semiconductors [J]. Journal of Photochemistry
and Photobiology A: Chemistry, 1996, 98: 171-181.

ASAHI R, MORIKAWA T, OHWAKI T, AOKI K, TAGA Y.
Visible-light photocatalysis in nitrogen-doped titanium oxides[J].
Science, 2001, 293: 269-271.

IHARA T, MIYOSHI M, IRIYAMA Y, MATSUMOTO O,
SUGIHARA S. Visible-light-active titanium oxide photocatalyst
realized by an oxygen-deficient structure and by nitrogen
doping[J]. Applied Catalysis B: Environmental, 2003, 42:
403-409.

NOSAKA Y, MATSUSHITA M, NISHINO J, NOSAKA A'Y.

Nitrogen-doped titanium dioxide photocatalysts for visible

[11]

[13]

[17]

[19]

[20]

response prepared by using organic compounds[J]. Science and
Technology of Advanced Materials, 2005, 6: 143—148.
VALENTIN C D, PACCHIONI G, SELLONI A, LIVRAGHI S,
GIAMELLO E. Characterization of paramagnetic species in
N-doped TiO, powders by EPR spectroscopy and DFT
calculations[J]. Journal of Physics Chemistry B, 2005, 109:
11414-11419.

OHNO T. Development of visible light sensitive TiO,
photocatalysts and their sensitization using Fe*™ ions[J]. Japan
Petroleum Institute, 2006, 49(4): 168—176.

CONG Y, ZHANG J L, CHEN F, MASAKAZU A, HE D N.
preparation, photocatalytic activity, and mechanism of nano-TiO,
Co-doped with nitrogen and iron(III)[J]. Journal of Physics
Chemistry C, 2007, 111: 10618—10623.

XING M Y, ZHANG J L, CHEN F. Photocatalytic performance
of N-doped TiO, adsorbed with Fe ions under visible light by a
redox treatment[J]. Journal of Physics Chemistry C, 2009, 113:
12848-12853.

RANE K S, MHALSIKER R, YIN S, SATO T, CHO K,
DUNBAR E, BISWAS P. Visible light-sensitive yellow
TiO,.N, and Fe-N Co-doped TiFeO, N, anatase
photocatalysts[J]. Journal of Solid State Chemistry, 2006, 179:
3033-3044.

MORIKAWA T, OHWAKI T, SUZUKI K I, MORIBE S §,
KUBOTA T. Visible-light-induced photocatalytic oxidation of
carboxylic acids and aldehydes over N-doped TiO, loaded with
Fe, Cu or Pt [J]. Applied Catalysis B: Environmental, 2008, 83:
56-62.

WRTE, BN, BWIR, AE. %, BB A A ik
NERSRK ERELD]. WERAL A% 4R, 2007, 23(7): 1037-1041.
HUANG Dong-shen, ZENG Ren-jie, CHEN Chao-feng, LI
Yu-hua. Hydrophilicity of TiO, thin films codoped with iron and
nitrogen[J]. Acta Physico-Chimica Sinica, 2007, 23(7):
1037-1041.

MURAKAMI N, CHIYOYA T, TSUBOTA T, OHNO T.
Switching redox site of photocatalytic reactionon titanium(I'V)
oxide particles modified with transition-metal ion controlled by
irradiation wavelength[J]. Applied Catalysis A: General, 2008,
348: 148-152.

DENG Q, ZHOU WH , LI XM, PENG Z S, JIANG S L, YUE
M, CAI T J. Microwave radiation solid-phase synthesis of
phosphotungstate nanoparticle catalysts and photocatalytic
degradation of formaldehyde[J]. Journal of Molecular Catalysis
A: Chemical, 2007, 262: 149—155.

CAITIJ,LIAO Y H,PENG Z S,LONG Y F,WEI Z Y, DENG Q.
Photocatalytic performance of TiO, catalysts modified by

H;PW 1,04, ZrO, and CeO[J]. Journal of Environmental



F21EE T

e, A%

N-Fe/TiOy X IR HER G HEAL BRI fE K 5l ) 24

1769

[21]

(23]

Sciences, 2009, 21: 997-1004.

CAITJ, YUE M, WANG X W, DENG Q, PENG Z S, ZHOU
W H. Preparation, characterization, and photocatalytic
performance of NdPW,,04¢/TiO, composite catalyst [J]. Chinese
Journal of Catalysis, 2007, 28(1): 10-16.

XOdE, BT, RRDE, AR, BRK, TR0, BERE
Au/y-Al,O5 AL 1] 86 S X S =28 3R 5 AL T
BRIT1. PREIRL 249K, 2008, 28(11): 2175-2180.

DENG Qian, LI Xin-yu, JIANG Yao-hui, PENG Zhen-shan,
LONG Yun-fei, WEI Zong-yuan, CAI Tie-jun. Catalytic
elimination of benzene series compounds over Au/y-ALO;
catalysts prepared by deposition-precipitation[J]. Acta Scientiae
Circumstantiae, 2008, 28(11): 2175-2180.

HSEH, R SeHEAL KOt R AL SRR S R M. dba:
STV ARAL, 2006: 49, 151, 172.

LIU Shou-xin, LIU Hong. The basis and application of

photocatalytic and photoelectrocatalytic[M]. Beijing: Chemical

[24]

[25]

[26]

Industry Press, 2006: 49, 151, 172.

FHEIG, F O, SR, BERE. N/TIO, e 6%
HEACPERELT]. WIBUTYE B 24 . HARBEZ4AR, 2009, 31(1):
45-48.

WEI Zong-yuan, Li Ming, PENG Zhen-shan, CAI Tie-jun.
Preparation of N/TiO, catalyst and the study on performance of
photo-catalytic elimination [J]. Journal of Xiangtan Normal
University: Natural Science Edition, 2009, 31(1): 45—48.
HOFFMANN M R, MARTIN S T, CHOI W, BAHNEMANN D
W. Environmental applications of semiconductor photo-
catalysis[J]. Chemical Reviews, 1995, 95(1): 69-96.

XIEHL MM REIEM]. Lig: 8BRS HRE, 1997
20-21.

LIU Dan-chu. Principle of heterogeneous catalysis[M]. Shanghai:
Fudan University Press, 1997: 20-21.

(%RiE  FRITE)



