
Latin American Applied Research  35:281-287 (2005) 

281 

ISOMERIZATION OF N-BUTANE OVER Fe, Fe-Mn AND Ni PROMOTED 
SULFATED ZIRCONIA 

 
E.A. GARCIA†, M.A. VOLPE‡, M.L. FERREIRA ‡ and  E.H. RUEDA† 

 
†Dpto. de Química UNS,  Avda Alem 1253-8000 Bahía Blanca-República Argentina  

ehrueda@criba.edu.ar 
‡ PLAPIQUI - (UNS-CONICET) - Camino La Carrindanga Km 7 - CC 717, 8000 - Bahía Blanca - República 

Argentina 
 

 
 
Abstract−− The isomerization of n-butane was per-
formed over Ni, Fe and Fe-Mn sulfated zirconia. 
Two preparation methods were employed differing 
in the sequence of promotion /sulfation steps. At 
473K, for both preparation methods, Ni containing 
samples were the most active. The samples firstly 
promoted with Fe and Fe-Mn and subsequently sul-
fated were more active than the similar catalysts for 
which the promotion was carried out upon sulfation; 
a close contact between the promoter species and 
sulfate groups would be the origin of the enhanced 
activity. At 373 K, an induction period was observed. 
TPR results indicated that no loss of sulfur takes 
places and that a sintering of metal promoter species 
occurs during reaction. The deactivation of samples 
would be related to coke formation and the blocking 
of anion vacancies of the zirconia.  
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I. INTRODUCTION 
Sulfated zirconia (SZ) catalysts are potential substitutes 
to harmful acids such as HF, H2SO4 and chlorinated 
alumina used in the industrial process of n-butane isom-
erization. The activity of SZ was generally explained 
mainly on the basis of super-acidity (Corma and Martí-
nez, 1993). However, now it is generally accepted that 
the activity of SZ can be ascribed to a redox mecha-
nism, which initiates n-butane isomerization (Chen et 
al., 1993; Fărcaşiu et al, 1996; Mishra et al., 2001). 

The isomerization of n-butane over SZ is carried out 
at low temperature (293-473 K) to avoid the n-butane 
hydrogenolysis, thermodynamically favored at high 
temperatures. No high conversion has been obtained, 
since the reaction is kinetically restricted. 

Transition metal promoted SZ has been reported to 
be more active for the isomerization of n-butane than 
the unpromoted SZ (Hsu et al. 1992; Jatia et al., 1994; 
Adeeva et al. 1995; Tabora and Davis, 1995; Coelho et 
al., 1995). Different arguments have been invoked in 
order to explain such an improvement: i) an increase of 
the acid strength of the system and the creation of new 
catalytic sites (Hsu et al. 1992; Cheung and Gates, 
1998; Lin and Hsu, 1992). ii) the formation of an un-

saturated intermediate on redox active sites associated 
to the metals (Adeeva et al., 1995; Tabora and Davis, 
1995; Coelho et al., 1995; Yamamoto et al., 1999; Wan 
et al., 1996). iii) a non catalytic role of the metals as 
initiators of the reaction (Lange et al. , 1996). 

Wan et al. (1996) have proposed that a bifunctional 
mechanism is taking place on a redox metallic site close 
to an acid site. The interpretation of the catalytic results 
based on the existence of sites of different nature (redox 
and acid sites) has also been suggested  (Rezgui, et al. 
1998; Yamaguchi, 2001).  

An induction period, followed by a rapid deactiva-
tion has been observed (Coelho et al., 1996; Cheung et 
al., 1995; Sayari et al., 1997; Moreno and Poncelet, 
2001; Hong et al., 1999). It has been established that the 
surface concentration of the intermediates butene and 
carbenium ion increases and that the deactivation is re-
lated to coke formation. These authors have suggested 
that the deactivation could take place by a mechanism 
other than site blocking (Vera et al., 1999). 

In the present work we have studied the isomeriza-
tion of n-butane to i-butane using SZ promoted with Fe, 
Mn and Ni. We have compared the catalytic pattern 
corresponding to catalysts prepared by two slightly dif-
ferent methods and we have tried to explain the ob-
served differences. We have not studied nor the influ-
ence of sulfate concentration, neither the metal loading. 
The last parameter has been analyzed for some of us in 
a previous work (Garcia et al., 2001) and it has been 
demonstrated that the best activity is achieved for a Fe 
and Mn loading of 1.5 and 0.7 wt % respectively. In this 
work we have carried out the entire catalytic tests fol-
lowing to the same activation treatment (calcination at 
623 K), based on literature reports (Davis et al., 1994; 
Wan et al., 1996).  
 

II. EXPERIMENTAL  

A. Sample preparation 

The zirconia was prepared from Zr(OH)4 following the 
method developed by Chen et al. (1993). Zirconia hy-
droxide was synthesized by adding NH4OH aliquots to a 
0.4 M solution of ZrOCl2 (ZrOCl2.8H2O Riedel-de 
Haën). The solution was continuously stirred at room 
temperature up to pH 10.  


