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Abstract— The initial carbon deposition and the 

generation of dehydrogenating selectivity during the 
initial steps of the reaction are investigated for Pt 
and PtSn catalysts supported on pure and Na-doped 
alumina by using a pulse technique (injection of n-
butane pulses). Results demonstrate that Pt support-
ed on pure alumina is not a proper dehydrogenation 
catalyst. It shows a high hydrogenolytic and cracking 
behavior and an important carbon formation that 
deactivates the catalyst. However the combined 
presence of tin and sodium inhibits not only the car-
bon deposition reactions but also the C-C breaking 
reactions, increasing in an important way the dehy-
drogenating selectivity to the different butenes to a 
value about 80%. 
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I. INTRODUCTION 

The production of light molecular weight olefins, such 

as butenes (1-butene, cis- and trans-2-butene, and buta-

diene) from n-butane, is a process with high industrial 

interest (Haatch and Matar, 1981; Bhasin et al., 2001). 

This process is carried out at atmospheric pressure and 

at high temperatures due to the endothermy of the reac-

tion. In these conditions, this process is complex with a 

series of competing reactions (like hydrogenolysis, 

cracking, isomerization) occurring simultaneously in-

cluding significant carbon formation that is deposited on 

the surface of the metallic particles and on the support 

with the consequent catalyst deactivation. The catalysts 

used in this process must give high yields to butenes, 

with a minimum deactivation by coke. For this reason, 

catalysts based on Pt with a promoter (Sn, Ge, In) and 

supported on non acid materials are used (Ballarini et 

al., 2010; Serrano-Ruiz et al., 2007; Sun et al., 2011).  

In this paper, the phenomena occurring when n-

butane pulses are injected over different Pt and PtSn 

catalysts supported on pure and Na-doped alumina are 

studied. By using a pulse technique, we can investigate 

the initial carbon deposition and the generation of dehy-

drogenating selectivity during the initial steps of the 

reaction. This technique is adequate to determine quick-

ly the best promoter of the active metal for a determined 

dehydrogenation process.  

II. EXPERIMENTAL 

A commercial -Al2O3 (CK-300 from Cyanamid Ketjen, 

SBET = 180 m
2
g

-1
) previously calcined in flowing air at 

650ºC during 3 h was used as the support. The alumina 

doped with Na (0.5 wt%) was obtained by impregnating 

the support with an aqueous solution of NaOH, using a 

volume of solution/weight of support ratio of 1.4 mL g
-1

 

and a NaOH concentration such as to obtain the desired 

Na loading on the support. Then, Pt and Sn were incor-

porated to the doped support by successive impregna-

tion. First Pt was deposited from an aqueous solution of 

H2PtCl6 (0.011 M) to obtain a Pt loading of 0.3 wt%, 

and dried at 120ºC for 12 h. Then the samples were im-

pregnated with a hydrochloric solution of SnCl2 to ob-

tain a Sn loading of 0.5 wt%. The impregnation vol-

ume/support weight ratio was 1.4 mL g
-1

 in all cases. 

After the impregnation, samples were dried at 120ºC. 

Besides, the monometallic Pt (0.3 wt%)/Al2O3 catalyst 

was prepared by alumina impregnation with an aqueous 

solution of H2PtCl6. The PtSn /Al2O3 sample was pre-

pared by successive impregnation, first Pt (0.3 wt%), 

dried and finally Sn (0.5 wt%) was deposited from 

SnCl2. Then, samples were dried at 120ºC and finally 

calcined at 500ºC in flowing air for 3 h.   

The acid properties of pure and Na-doped alumina 

samples were determined by isopropanol (IP) dehydra-

tion reaction at 250ºC and atmospheric pressure in a 

flow reactor, using a H2/IP molar ratio of 18 and a space 

velocity of 32 h
-1

.  

The pulse experiments were performed by injecting 

pulses of pure n-butane (0.5 mL STP) into the catalytic 

bed (0.1 g of sample) at 530ºC. The catalytic bed was 

kept under flowing He (30 mL min
-1

) between the injec-

tions of two successive pulses. Prior to the experiments, 

all samples were reduced “in situ” under flowing H2 at 

530ºC for 3 h. The composition of each pulse after the 

reaction was determined by using a GC-FID equipment 

with a packed column (Porapack Q). The temperature of 

the chromatographic column was 30ºC. In these exper-

iments the n-butane conversion was calculated as the 

difference between the chromatographic area of n-

butane fed to the reactor (previously determined in a 

blank experiment) and the chromatographic area of non-

reacted n-butane at the outlet of the reactor (loaded with 

catalyst), and this difference was referred to the chroma-

tographic area of n-butane fed to the reactor. The selec-

tivity to the different reaction products (i) was defined 

as the ratio: mol of product i/ mol of all products (ex-

cept H2). The carbon amount retained by the catalyst 

after the injection of each pulse was calculated through 

a mass balance between the total carbon amount fed to 

the reactor and the total carbon amount detected by the 

chromatographic analysis at outlet of the reactor. The 

accumulative carbon retention was calculated as the 

sum of the carbon amount retained after each pulse.  


