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CO Hydrogenation over Niobia-Supported Iron Catalysts 

In recent years many studies have shown 
the unusual adsorptive and catalytic prop- 
erties of catalysts which exhibit the so- 
called strong metal-support interactions 
(SMSI) (1, 2). The behavior of these cata- 
lysts in CO hydrogenation is particularly in- 
teresting. In general Ti02 enhances the ac- 
tivity of Group VIII metals as has been 
found for Ni (3-5), Pd (6), and Pt (7). One 
notable exception is Fe/TiO* , which was re- 
ported to be several orders of magnitude 
less active than Fe/A1203 (8). However, a 
later study of Barrault and Renard (9) 
showed that Fe/TiOz and Fe/A1203 have 
comparable activity but different selectiv- 
ity. Tau and Bennett (10) showed by tran- 
sient kinetic measurements that the surface 
species on these two systems are also dif- 
ferent during CO hydrogenation. In view of 
the facts that niobia (NbzOs) shows similar 
support behavior to TiOz for Ir (II) and Ni 
(12, 13) and also enhances CO hydrogena- 
tion activity for Ni (13), it would be of in- 
terest to use Nb205 as a support for Fe. 
Here we report kinetic results for CO hy- 
drogenation over Fe/Nbz05 and compare 
them with those for Fe/SiOz. 

The silica (SiOZ) support used in this 
study was a commercial product (Davison 
grade 952) with a BET surface area of 300 
m2/g. Niobia was prepared by adding am- 
monium hydroxide to a methanolic solution 
of niobium chloride. The resulting precipi- 
tate was repeatedly washed and then 
calcined to obtain Nb205 with a BET sur- 
face area of about 10 m2/g (12). 

Iron catalysts were prepared by the in- 
cipient wetness impregnation of an aqueous 
solution of iron nitrate (Fe(N03)3 . 9H20, 
Fisher). The loadings for Fe/Si02 and Fe/ 
NbzOs are 9.6 and 8.4 wt%, respectively. 

These values were confirmed by atomic ab- 
sorption following extraction of iron with 
concentrated nitric acid. In the case of 
niobia, repeated impregnations were neces- 
sary to achieve the desired loading due to 
the small wetting volume of the support. 

The average iron crystallite size was 
determined by X-ray line broadening 
and CO chemisorption. X-Ray diffrac- 
tion studies were performed using a Rigaku 
D-max system with either copper or molyb- 
denum radiation. Static chemisorption 
measurements were made in a conventional 
glass volumetric apparatus capable of a dy- 
namic vacuum of 10m6 Tot-r. The adsorption 
of CO was measured at 195 K (dry ice- 
acetone bath) following the procedure de- 
scribed by Boudart et al. (14). The uptake 
was corrected for adsorption on the blank 
support. 

Kinetic experiments were done in a stain- 
less-steel microreactor operated in a differ- 
ential mode at atmospheric pressure. De- 
tails about the reactor system and data 
analysis are described elsewhere (13). Each 
catalyst was reduced in situ in flowing hy- 
drogen prior to the kinetic study. Broadly, 
two types of kinetic experiments were run. 
In the first type, the feed gas composition 
was kept constant at a Hz/CO ratio of 3/l to 
obtain activity, selectivity, and apparent 
activation energy. In the second type, the 
feed gas composition was varied by simul- 
taneously varying the individual flowrates 
of H2 and CO while maintaining a constant 
total flow rate. Typically eight different gas 
compositions (with Hz/CO ratios ranging 
from I : 1 to 9 : 1) were used in each run. 
Each composition was bracketed by a fixed 
composition (a premixed gas of H2/C0 = 31 
1) so that any catalyst deactivation could be 
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TABLE 1 

Characterization of Supported Iron Catalysts 

Sample” CO uptakeb Particle size (nm) 
pmole/g 

Chemi- X-ray’ 
sorption 

9.6% Fe/Si02 33.1 11 13 
8.4% Fe/Nb*Os 16.3 35 39 

a Both samples were reduced in Hz at 673 K for 16 h. 
b CO uptake obtained at 195 K and corrected for 

adsorption on the support. 
c From line broadening of the (1 IO) peak using the 

Scherrer equation with correction for instrumental 
broadening. 

accounted for. The effect of changing com- 
position on activity was then analyzed by 
multiple regression, which calculated the 
exponents on the partial pressures of H2 
and CO in an experimental power rate law. 

The results for Fe/Si02 and Fe/NbzOs 
were obtained after an identical reduction 
treatment of 673 K for 16 h. Table 1 lists the 
characteristics of these two samples. Per- 
centage reduction was determined by volu- 
metric measurement of oxygen uptake to be 
56% for Fe/SiOz. With the known metal 
loading and percentage reduction an aver- 
age particle size was calculated from the 
CO uptake by assuming an adsorption stoi- 
chiometry of CO/Fe, = l/2 (14). The value 
obtained from CO adsorption agrees well 
with that determined from X-ray diffraction 

line broadening. The Fe/Nb205 sample was 
assumed to be 100% reduced. It has been 
noted that metals on supports such as tita- 
nia and niobia are more reducible than 
those on silica and alumina (12, 15). Tau 
and Bennett (10) and Santos et al. (16) both 
reported a near complete reduction of Fe/ 
TiOz under similar conditions. Further- 
more, the agreement between chemisorp- 
tion and X-ray diffraction results confirms 
that little error is introduced by assuming 
complete reduction for Fe/NbZOs. 

Table 2 shows the steady-state kinetic 
parameters for Fe/SiO* and Fe/NbzOS in CO 
hydrogenation. Turnover frequency was 
based on the particle size determined from 
X-ray diffraction. The difference would be 
about 10% if particle size determined from 
chemisorption was used instead. The two 
samples have similar turnover frequency 
and activation energy. Both also show a 
very weak dependence on the partial pres- 
sure of CO (near zero order). The major 
difference lies in the dependence on the 
partial pressure of HZ, in that Fe/NbzOs has 
a higher reaction order. 

Table 3 shows a comparison of product 
distribution at a conversion level of about 
1.5%. The higher C:/C, ratio for the Fe/ 
NbzOs-catalyzed reaction demonstrates a 
shift in product distribution toward higher 
hydrocarbons. Perhaps more dramatic is 
the difference in the olefin/paraffin ratio 
between the two catalysts. In addition to 
producing very little olefinic products, Fe/ 

TABLE 2 

Steady-State Kinetic Data for CO Hydrogenation over Iron Catalysts” 

Sampleb CO consumption Methane formation 

N (x lo-‘, s-‘) EA (kJ/mole) xr ye N (x 10-3, s-9 EA (kJ/mole) X’ yc 

Fe/SiO* 8.3 94 1.23 0.25 2.9 88 1.69 0.03 
Fe/Nb205 6.7 94 1.98 0.23 1.9 92 2.51 0.12 

(1 Experimental condition: T = 523 K, H*/CO = 3/l, P = 101 kPa. 
b Catalysts were reduced at 673 K for 16 h (see Table I). 
c x and y are exponents on the experimental power rate law, r = kp& &. 
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TABLE 3 

Product Distribution of CO Hydrogenation over Iron Catalysts” 

Sampleb co 
conversion 

(%I 

Selectivity” Hydrocarbon distribution Olefiniparaffin 
(mole %) ratio 

---____ 

Cl cz C3 CP cs cz G 

Cf/C,d 

Fe/SiO* 1.44 0.914 72.3 13.5 7.6 5.2 1.4 0.54 5.30 1.07 
Fe/NbO, 1.51 0.965 58.4 17.1 13.4 6.8 4.3 0 0.18 2.11 

a Reaction condition: T = 523 K, Hz/CO = 311, P = 101 kPa. 
* Catalysts were reduced at 673 K for 16 h (see Table I). 
c Selectivity is defined as the fraction of CO converted to hydrocarbons. 
d Ratio of moles of CO converted to higher hydrocarbons (zCz) to moles of CO converted to methane. 

NbzOs forms less CO2 than Fe/%02 (as 
shown by a higher selectivity). 

The activity and product distribution of 
our Fe/SiO:, catalyst are in good agreement 
with results reported in the literature (17- 
19). Furthermore, the particle sizes of Fe/ 
SiOz and Fe/NbZ05 catalysts are in a range 
over which a significant particle size effect 
is usually not expected (20, 22). The differ- 
ence between the two samples could thus 
be attributed to a support effect. It is impor- 
tant to note that niobia affects iron and 
nickel differently. In comparison with a 
SiOz-supported catalyst, there is an en- 
hancement in activity for Ni but not for Fe. 
Furthermore, Ni/NbzOj produces more ole- 
fins than Ni/SiOz (13), whereas the reverse 
is true in the case of supported Fe. The 
reasons for these differences are not under- 
stood at present, but our results reinforce 
an earlier observation (8) that the interac- 
tion is metal-dependent. 

We also observed a more severe manifes- 
tation of metal-suppo~ interaction for this 
system under a higher reduction tempera- 
ture. When Fe/NbZ05 was reduced at 873 K 
for 16 h, the steady-state activity for CO 
hydrogenation dropped by more than a fac- 
tor of 10 and the apparent activation energy 
@co) increased from 94 to 137 kJ/moIe. 
Figure 1 shows the X-ray diffraction pat- 
terns of the reduced catalysts. The diffrac- 
togram of the sample reduced at 673 K con- 
tains only Fe and NbzOS peaks. By contrast 

the diffractogram of the sample reduced at 
873 K is more complex. When a better re- 
solved pattern was obtained with Cu radia- 
tion, peaks corresponding to FeNb04 (22) 
and NbOz were identified in addition to 
NbzOs peaks. Apparently the oxidation of 
Fe into FeNbO, was accompanied by the 
reduction of NbzOS to NbOz under the more 
severe reduction conditions. 

In summary, this study demonstrates 
that steady-state kinetics for CO hydroge- 
nation are signi~cantly different between 
Fe/Nb*Os and Fe/SiOz . At a reduction tem- 
perature of 673 K niobia does not enhance 

FIG. 1. X-Ray diffraction patterns for Fe/NbzOS 
catalysts. Sample reduced at (a) 673 K, 16 h; (b) 873 K, 
16 h. 
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the activity for Fe as it does for Ni. The 13. Ko, E. I., Hupp, J. M., and Wagner, N. J., J. 
formation of FeNb04 following reduction at Curd. 86, 315 (1984). 

873 K leads to a suppression in activity. 14. Boudart, M., Delbouille, A., Dumesic, J. A., 
Khammouna, S., and Topsoe, H., J. Caral. 37, 
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