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Abstract: Iron-vanadium oxide catalyst (Fe-V-O) samples were prepared by co-precipitation, gel combustion, and hydrothermal method,
respectively. The catalytic activity of the as-prepared catalyst in the liquid-phase oxidation of toluene by hydrogen peroxide was tested. In
addition, the physicochemical properties of these samples were characterized by N, adsorption-desorption, powder X-ray diffraction, Fourier
transform infrared spectroscopy, scanning electron microscopy, energy dispersive X-ray spectroscopy, and H, temperature-programmed re-
duction. The preparation method significantly affected the structure, specific surface area, morphology, surface V/Fe ratio and reducibility of
the as-prepared catalyst samples. Fe-V-O sample prepared by hydrothermal method exhibited the highest benzaldehyde yield and better re-
usability compared with other investigated samples, due to its smaller particle size, larger specific surface area, higher V/Fe surface ratio and
the moderate reducibility.
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Table 1 Textural properties and structure of Fe-V-O catalyst

Phase composition and
ABET/ Vpore/

Sample B 3 relative content (%)
(m’/g)  (cm’/g)
FevO,  Fe,V,0p; a-Fe,O5

FeV-CP 1.0 0.026 61 29 10
FeV-GC 1.0 0.026 61 24 15
FeV-HS 12.7 0.026 51 30 19
a-Fe,04 32.0 0.007 — — 100
V,05 3.0 0.020 — — —
FeV—Fe-V-O; CP—Co-precipitation; GC—gel combustion;

HS—hydrothermal method.

cm’/g, KT a-Fe,0; [T 5 V,0s AL, k] i,
FeV-CP, FeV-GC 1 FeV-HS 1] fig & I 7L 45 ¥y [l 44 .
FL AP SR T K BT ) 46 1) Fe-V-O AL 71 f9 L 2 1] AR
oK.
212 SRtRLEH

1 AR 7 14845 16 Fe-V-0 fE4L51 ) XRD
. " LU i, FeV-CP, FeV-GC #1 FeV-HS 7 26
=16.4° 17.3° 20.0°, 24.9°, 27.0°, 27.6°, 31.2°F11 42.0°
A0 LT S 6T FeVO,PTT iB A 20 = 12.4°,
18.8°,22.6°, 26.7°, 29.0°, 31.8°4b tH Bl Fe V40,5 AT
St i =11 ) 3t AT 1 T K K o-Fe,05 KT
SFIE (20 =33.10°, 35.58°). 1] W& Fe-V-O {4k 7] h
Fe 5 V KM B AR A & 48 5 ) Fevo,
1 Fe, V4,00 YA,

A AFQzO;
.FCVO4
" Fe,ViOis
2
£
g
" I. = “4)
Arar i NN St shrin sieftthiirafin nirtiribtat il tindiart
10 20 30 40 50 60 70
20(°)

1 [ Fe-V-O L FIHE A XRD i%
Fig. 1. XRD patterns of different Fe-V-O catalyst samples. (1)
a-Fe,05; (2) FeV-GC; (3) FeV-CP; (4) FeV-HS.

73 AR 4 FeVO,, a-Fe,05 Al Fe,V,40,5 1 4 fiT
SR i S TH B e AT AR S &, 45 AR A TR 1w
PLF i, FeV-CP il FeV-GC ' FeVO, 7 & A1 45, 1
FeV-HS H#HE. Xf T Fe,V405 HiXF & &, FeV-HS >
FeV-CP > FeV-GC. 7j #b, FeV-HS ' Fe,05 [¥] #H X}
b . X HE D R W4 TV W Fe-V-0
AR P AH 4.
213 FT-IR&R

Kl 2 4 ARl Fe-V-O fii A6 7 i (1) FT-IR % ;
FUE I JE ik 2 Fral. wf DUE ), S AR B3
M #| FeVO, Ml a-Fe,05 MI4FEIE; 7E FeV-HS H £
T E) ] T JE T FeyVaOus (11 41 A0y AiE i 110 7
FeV-CP I FeV-GC ' % A k& W 2| nf 4 )& A



www.chxb.cn GROTIR ZF: HA Fe-V-O fi AL F7 I 2R I60RH 42040 1 2K FE g 873

F 2 Fe-V-O L7 LTSN kIR R BEVA IR

Table 2 Possible assignment of IR bands obtained from Fe-V-O
0 catalyst
Vibration IR bands (Cl‘l‘lﬁl)
Phase . Ref.
_ assighment  pey HS FeV-CP FeV-GC
'% FeVO, V-0-V 414 414 414 [10-14]
E deformation
é Fe—O stretching 441 441 441 [10-14]
-
= V-0 deformation 515 511 511 [10-14]
/ = /3 V-O-Fe bridging 681 667 667 [10-14]
“ SX R o Q0 v tretchi
“ 2 2 P & stretching
710 694 694 [10-14]
PR S T [N TN ST ST W T S TN SN TN Y SN TN ST S AN SN SN ST S AN S N W1
400 500 600 700 800 900 1000 ST e 6 [10714]
Wavenumber (cm’]) V-0 asymmetric 775 767 767 [10-14]
stretching
B2 A[FE Fe-V-O ELFIFRAYLII KL V-O-V symmetric 837 837 837  [10-14]
Fig. 2. FT-IR spectra of different Fe-V-O catalyst samples. (1) stretching
FeV-HS; (2) FeV-CP; (3) FeV-GC. V-0 terminal 890 890 890  [10-14]
stretching
4=/, o N -I- A o
Fe,V,Ous IFRFAEUE. 3X AT g HH T Fe V403 & F 4R V=Ostretching 915 915 915  [10-14]
SIS, 5 FeV-GC 1 FeV-CP #f [k, FeV-HS I 958 958 958  [10-14]
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214 WIRRFRMEARK 0-V-O symmetric 855 - —  [13-15]
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Fig. 3. SEM images (a—c) and EDS spectra (d—f) of different Fe-V-O catalyst samples. (a,c) FeV-CP; (b,e) FeV-GC; (c,f) FeV-HS.
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Fig. 4. H,-TPR profiles of different Fe-V-O catalyst samples. (a) a-Fe,Os; (b) V,Os; (c) FeV-CP; (d) FeV-GC; (e) FeV-HS.
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Table 4 Catalytic activity of different Fe-V-O catalyst samples for
liquid-phase oxidation of toluene by H,O,

Toluene Selectivity (%) BzH

Sample conversion yield
BzH BzOH BzOOH PhOH Cresol

(%) (Wt%)

FeV-CP 16.7 69.1 204 0.0 10.5 0.0 115
FeV-GC 20.4 68.5 220 0.0 9.5 0.0 14.0
FeV-HS 44.4 424 124 26.6 12.6 6.0 18.8
o-Fe,0; 0.0 00 0.0 0.0 0.0 0.0 0.0
V05 42.9 19.5 9.3 11.8 33.1 263 8.4
Reaction conditions: 5 ml toluene, 20 ml H,0, (30%), 20 ml acetic
acid, 0.2 g catalyst, 60 °C, 3 h.

BzH—benzaldehyde; BZOH—benzyl alcohol; BZOOH—benzoic acid.

FH I R 2% Y e 1 3 8 PE A0 48IC. FeV-CP il FeV-GC
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Fig. 5. Effect of reaction temperature on the activity of FeV-HS for
liquid-phase oxidation of toluene to benzaldehyde by H,0,. (1) Tolu-
ene conversion; (2) BzH selectivity; (3) BzOH selectivity; (4) BZOOH
selectivity; (5) PhOH selectivity; (6) Cresol selectivity; (7) BzH yield.
Reaction conditions: 5 ml toluene, 20 ml H,0, (30%), 20 ml acetic
acid, 0.2 g catalyst, 3 h.
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Fig. 6. Reusability of FeV-HS in the liquid-phase oxidation of tolu-
ene to benzaldehyde by H,O,. (1) Toluene conversion; (2) BzH selec-
tivity; (3) BzOH selectivity; (4) BZOOH selectivity; (5) PhOH selec-
tivity; (6) Cresol selectivity; (7) BzH yield. Reaction conditions: 5 ml
toluene, 20 ml H,0, (30%), 20 ml acetic acid, 0.2 g catalyst, 60 °C, 3 h.
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