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Characterization and Catalytic Activities of Nb-Fe Mixed Oxide

Hee-Jeong Yang

Department of Chemical Engineering
Graduate School of Industry

Pukyong National University

Abstract

The Fe-Nb (1:1 mole ratio) binary metal oxide was prepared by a
coprecipitation procedure. The structural and acid-base properties of this mixed
oxide treated at different calcination temperatures from 723 to 1223 K were
characterized by BET surface area measurement, X-ray diffraction, NH; and
CO- temperature programmed desorption (TPD) techniques. Their catalytic
behaviors  were  tested by the isopropanol (IPA) decomposition reactions
tdehvdrogenation  and  oxydative dehydrogenation) and  the sulfur dioxide
reduction with carbon monoxide. These results were then compared to those of
hoth Nhe(): and Fe:0s. The mixed oxide was shown to be amorphous up to 823
N where it crvstallized in the orthorhombic structure of FeNbOs with the
decrease of specific surface area, which was converted  to its monoclinic
structuwre. Compare with single NbyQs and Fes(;, Fe-Nb mixed oxides showed
higher  selectivity  of acetone in  the both dehydrogenation and oxidative
dehvdrogenation of IPA. indicating that their redox properties were greatly
mproved and new basic features were created. On the other hand, the surface

reactivity of Nb-Fe oxides depended on their calcination temperatures.



Calemnation at higher temperatures improved both redox and basic properties.
sullur dieside conversion and  selectivity to sulfur were closely related to the
strength of  the  basisity and to the redox ability of the surfaces. The
synergistic etfect in the catalytic activity might be accounted by the creation of

DOWActivVe sites.
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Fig. 1. Perspective illustration of hematite( @ ~FesQs).
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Table 1. Some properties of Niobium[12,13]

Property Value
atomic number 41
aromic weight 92.906
atomic volume, em’/mol 10.8
atomic radius, nm 0.147
clectronte configuration Krdd'5s'
ionization potential, V 6.77
cryvstal structure bece
lattice constant at 0T, nm 0.33004
density at 20C, g/cm’ 8.66
mp. C 246810
bp, T 5127
latent heat of fusion, kJ/mol® 26.8
latent heat of vaporization, kJ/mol® 697
heat of combustion, kJ/mol® 949
heat capacity, J/(mol - K)®
at 208 K 247
at 1500 K 297
at 3000 K 335
entropy, J/(mol - K)?
at 208 K . 36.5
at 1300 K 796
at 3000 K 111.6
vapor pressure at 2573 K, mPa" 22
evaporation rate at 2573 K, pg/lem” - s) 19
thermal conductivity at 298 K, W/(m - K) 52.3
coeflicient of linear thermal expansion 71>x10°
(201-371 K), per C
volume clectrical conductivity, 2% IACS® 13.3

‘ oo : 13-16 % 10
clectneal resistivity, @ - em .
temperature coefficient of resistivity, perC 305x10 "
work function, eV 4.01
secondary emission (primary 8 ma=400 V), eV 1.18
pusitive ton emission, eV 5.52

"To convert ] to cal, divide by 4.134.
"T'o convert mPa to gm Hg, divide by 133.4.

"TACS = International Annealed Copper Standard.
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Fig. 3. Flow chart of metal oxide synthesis process.
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Fig. 4. Schematic diagram of reaction system.
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Table 2. Operating conditions of GC for the analysis of reactants

and products

Content Operating condition

Column Porapak T (80/100 mesh, 2.0m)
Detector TCD

Carrier flow rate He, 30 ml/min

Oven temperature 120 T

Injecton temperature ‘ 120 T

Detector temperature 200 C

Sample loop volume 2 ml
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Fig. 5. XRD patterns of Nh/Fe(1/1) mixed oxides with

different calcination temperature.
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Table 3. Physical properties of Nb/Fe(1/1) mixed oxides with

different calcination temperatures

Cataly st Cal'n Particle size(nm) P.ore Pore BET S.Ell'fa(le
Temp.(C) wrp BET  sizelnm) volume(cc/g) area(m®/g)
@ ~Fe, Oy 200 44 29 - - 19
Nb:O5 350 26 19 - - 57
Nb/Fe-550 350 i4 17 15 0.28 73
Nb/Fe-650 650 14 30 26 0.27 41
Nb/Fe-800 800 14 46 52 0.20 15
Nb/Fe-950 950 42 47 139 0.01 3

_21-..
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Fig. 7. NHa-TPD spectra of ammonia of Nb/Fe mixed oxides
calcined with different temperatures.

(Total flow : 100 ce/min, 0.1 g-cat., 10C/min)
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CO: TPD spectra of Nb/Fe(1/1) mixed oxides with

different calcination ternperature,

(Total flow : 50cc¢/min, 0.1g-cat., 10°C /min)

_26_




Table 4. The desorption amount of NHz and CO» on Nb/Fe(1/1)

mixed oxides with calcination temperatures

Desorbed amount Desorbed amount
Catalvsts _(ymol/g-cat.) (gmol/m°-cat.) Ac.id/Base
NIH; COv NH; CO» ratio
a —Foe O 67.46 4.96 3.55 0.26 136
Nb(); 306.0 13.77 457 0.21 22.2
Nb/Fe-550 230.0 31.66 3.84 0.43 838
Nb/Fe-650 94.68 14,33 2.31 0.35 6.6
NbFe-R0 6524 1045 435 0.70 6.2
NEAT e =950 14.36 7.40 479 247 : 1.9
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Table 5. Isopropyl alcohol{IPA) decomposition reaction over

Nb/Fe oxides

Dehydrogenation(He carrier) Oxydehydrogenation(Air carrier)

Catalysts  Selectivity(9) IPA Selectivity(%) IPA
COHVEI‘SiO]’l conversion

Propene Acetone (%) Propene Acetone (%)
@ ~Fe)Oy 35.21 10.26 0.35 71.28 24.69 0.50
NhOx 96.88 0.00 547 87.71 9.08 4.63
Nb/Fe-550 96.64 752 2.17 51.38 45.38 269
Nbh/Fe-650 64.42 3558 042 21.84 78.16 1.07
Nh/Fe-800 16.53 83.47 0.08 11.47 3853 0.23
Nb/Fe-950 n/a n/a’ n/a 0.00 100 0.02

Reaction Condition ; Flow rate : 30cc/min, Reaction Temp.=450 C
IPA pressure @ 20.54 mmHg

n/a . not available
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Table 6. Decomposition rate of IPA over Nb/Fe oxides

Propene Acetone
Catalysts  Reaction rate TOF Reaction rate TOF

(10 * pmolfs/g) (x10"SYH (x10° pmols/g) (x10° S Y
@ ey 3.3 1.2 1.1 22
Nb:Q); 146.0 327 n/ a n/a
Nb/Fe-550 518 1.8 4.7 1.5
Nb/Fe-630 7.4 ' 0.8 4.1 29
Nh/Fe-300 0.3 0.04 17 1.6
Nh/Fe-9%0  nfa n/a n/a n/a

Reaction Condition ; Flow rate : 30cc/min, Reaction Temp.=190 C
IPA pressure : 2054 nnHg

n/a » not available
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SOy Conversion{¥)

Sulfur Selectivity (%)

100 -
80 4
60
20
20
100 -
80
60
40 —e— 53507 Cal
—— 650"(: Cal.
—m— 8007 Cal.
20 —e— 9507 Cal.
0 = < Y Y v
200 300 400 500 600 700 800

Temperature( )

-9 Effect of reaction temperature on the SO: conversion

and sulfur selectivity over Nb/Fe mixed oxides.

(03 great, (COS0=2, 2% SO, GHSV=15000 kg cat/hr)
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Table 7. Reduction of SO»/CO for the Nb/Fe(1/1) mixed oxide

and reference catalysts

XS()Z

( O’() )

(%)

Nb/Fe Nb/Fe

Nb/Fe(=1/1) catalyst Reference catalyst
Nb/Fe Nb/Fe FeaOy  FeS
Nb:Os Fe:x)y FeS
=800  -950 +Nb2Oz +Nb-Os5

-o50  -650

B

8790 9857

98.20  51.45

8308 7051 888 2655 653 6232 1560

9219 8349 9160 6814 6953 8485 8484

Reaction condition :

0.3 g-cat,, CO/S0:=2(1%S0s), 450 °C
GHSV=15,000 l/kgcat/hr
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Acid. Buse ratio

Acid/Base ratio
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Fig. 10, Correlation of activity and Acid/Base ratio over
various CB/Fe(1/1) catalysts.

(0.3g cat., (CO/SO»=2, 2% SO, GHSV=15000 Vkg -cat./hr)
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