Figueras 
  
L Ben Hamouda 
  
; A Ghorbet 
  
F Figueras 
  
  
Study of acidic and catalytic properties of sulfated zirconia prepared by sol-gel process: influence of preparation conditions
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INTRODUCTION

In recent years SO/-doped zirconia have attracted great interest as strong acid catalysts for isomerization, acylation and esterifi cation reactions [l,2], however many research groups have found difficulties to produce an active catalyst. One reason advanced to explain this results was related to the presence of some water which seem essentiel to produce a very active catalyst [3]. Thus, the amount of water used must be controled. Among the different preparation methods, Sol-Gel synthesis seems to be an intersting way, because this method combines the two steps of zirconia support formation and sulfate promotion, and allows the control of the water and sulfate contents. It has been shown in several works that sulfates on sulfate doped zirconia, as well as on other sulfated oxide, can assume different structures depending on the degree of surface hydration [4 ]. Superfi cial concentration of sulfate species causes different kinds of acidi1f.. Morterra et al. [5] indicated that only Lewis acidity is present if the concentration of the S04 -groups corresponds to values lower than two sulfur atoms per nm 2 . If the coverage increases over an average half-monolayer of so/-Bronsted type acidity appears [6 ].

1 2. EXPERIMENTAL

Catalyst preparation

Two different processes were used in this study to prepare sulfated zirconia. The first sample denoted ZSI was prepared as follows. Zr0Ch.6H20 was dissolved in water and precipitated with NH3 solution at a fi xed pH=lO. The precipitate was washed with distilled water until elimination of Cr and then dried at 393K. sulfation was carried out with H2S04 lN solution. The second kind of samples (ZSH) were prepared by sol-gel technique as follows.

Zr(OPr)4 was mixed with n-propanol and different amounts of sulfuric acid. The latter was adjusted in order to obtain a molar ratio x = S/Zr variable from 0.1 to 0.8. After stirring for lh different amounts of water were added to obtain hydrolysis ratio y = H20/Zr variable from 1 to 4. The resulting gels were oven dried at 393K for 24h and then calcined in air at different temperatures (T). The solids obtained were denoted ZSH-y-x-T.

Experimental techniques

The effect of changing preparation method, hydrolysis ratio H20/Zr and S/Zr molar ratio during the sol-gel process, and activation temperature were studied using different equipments: XRD, chemical analysis, surface BET and porosity measurement, NH3-TPD, FT-IR spectroscopy using adsorbed probe-molecules(C6fft; and pyridine). XRD was used to study the structure of the samples after calcination. The diffractograms were recorded on a Philips equipments using CuKa radiation. Chemical analysis of sulfur were performed with a Coulomat 702. BET surface areas and pore diameters of the samples were determined by adsorption of N2 at 77K, the apparatus used is a Micromeritics ASAP 2000. IR measurements were performed using a Perkin-Elmer FT-IR spectrometer. Catalytic activity and selectivity for n-hexane isomerization reaction were measured in a tubular reactor in dynamic regime at 473K under atmospheric pressure. Sulfated zirconia was mixed with reduced Pt/Ah03 0.35 wt% at 723K for 3h and then activated at 473K or 673K for 2h under H2 before test. Reaction was performed by feeding H2/n-hexane molar ratio of 17. Products were analyzed by on line FID gas chromatography.

RESULTS AND DI SCUSSION

XRD analysis

Figure 1 give the diffractogram patterns corresponding to sulfated zirconia prepared by sol gel process with different amount of sulfate. We note that sulfation retards the cristallization and the crystal phase transition in agreement with results reported by many research groups [7].The study of the effect of the amount of water added on structural properties shows that cristallization is improved when hydrolysis ratio increases which indicates that when the amount of water is reduced sulfate groups were more bonded to the gel of zirconia during the preparation step. Furthermore, in this case the number of organic groups which leave at higher temperature remains important. T : Tetragonal M: Monoclinic (0 ; 0.2 ; 0.5 = S/ Zr)

BET analysis

Textural properties are summerized in Table 1. We note that sulfated zirconia prepared via sol-gel process present higher BET surface areas than ZSI. Furthermore sulfation inhibits surface area decrease during heat treatment. Hydrolysis ratio appears to have great effect upon the BET surface area wich decreases considerably when the amount of added water is lowered (Fig. 2). This result is in good agreement with XRD analysis.

Table 1 : BET surface area of sulfated zirconia. 

Chemical analysis

Table 2 summ erizes the sulfur content of different solids. We note that ZSH samples retain more amount of sulfur than ZSI. Investigation of the effect of S/Zr molar ratio during the preparation on the fi nal catalysts shows that the decrease of this ratio improves the sulfur content after calcination at 833K. Furthermore the amount of added water influences the sulfate content. In fact, when the hydrolysis ratio decreases, the sulfur weight loss after catalytic reaction is reduced. This result agree with a better incorporation of sulfate groups to the gel if the amount of water is lowered. Results of NH3-TPD are summarized in Table 3. We note that the amount of NH3 adsorbed increases with the hydrolysis ratio, whereas optimal desorption temperature decreases. This result can be interpreted on the basis of the enhancement of the acid site force on the surface of the sulfated zirconia for low amount of water used. It's worthy to note that the increase of the S/Zr molar ratio improves the amount of NH3 adsorbed and retards the temperature of its desorption.

Table 3 : Amount of NH3 retained by samples and its optimal desorption temperature. FT-IR spectra of adsorbed pyridine on the different sulfated zirconia samples calcined at 833K show typical absorption bands. We note that Lewis and Bronsted acid sites coexist at the ZSH surface as illustrated respectively by bands at 1440cm-1 and 1540cm-1 (Figure 3). However in all samples the amount ofBronsted acid sites does not exceed 40%. The fraction of this type of acid sites appears to decrease slightly with an increase in the initial S/Zr molar ratio as illustrated by Figure 4, and this result agree with those reported by Nascimento et al. [8] who found that the ratio ofBronsted/Lewis acid sites increases with sulfur content. The shift of the sulfate bands after C6�

Sample

adsorption indicates that the force of sulfate groups is reduced when S/Zr increases. The decrcas.:: of the hydrolysis ratio improves the shift of the OH band which can be explained probably by the few number but strong hydroxyl groups generated at the surface of sulfated zirconia.

- -------•-------•----------• .£ ;:: The catalytic activities of the different samples confirm that the preparation conditions arc crucial in determining the catalytic properties of sulfated zirconia. We note that samples obtained via sol-gel process are more active than those prepared by impregnation in accordance with the sulfur content and the textural properties of these catalyst::: . In fact, ZSH samples exhibit higher BET surface areas and retain a larger amount of sulfur. Figure 5 shows the variation of the catalytic activity after 2h 30min in stream, with the hydrolysis ratio and the S/Zr molar ratio. We note that the decrease of the hydrolysis ratio improves considerably the catalytic activity. This result is in good agreement with the acidity of ZSH samples and the sulfur content before and after reaction (Table 2).The selectivity to isomerization products is higher then 90% for the different catalysts. The investigation of the influence of the amoWlt of Pt I Al203 added to sulfated zirconia on the catalytic properties shows that catalytic activity and selectivity are improved with Pt amoWlt when catalysts were activated at 473K Wlder H2. Furthermore an excess of Pt reduces the catalytic performance after activation at 673K, and since sulfate groups are very stable after calcination of sulfated zirconia at 673K, this result could be assigned to reduction of sulfate groups in presence of Pt, which leave as H2S during activation of sulphated zirconia mixed with Pt/ Al203 at 673K. 
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CONCLUSION

The results of this study show that the acid and catalytic properties of sulfated zirconia are very sensitive to preparation conditions. The decrease of the hydrolysis ratio allows the retention of a high amount of sulfur at higher temperature and improves considerably the strength of acid sites, and as a consequence increases the catalytic activity. S/ Zr molar ratio of 0.5 seems to give samples with the higher surface area and sulfur content. In the same way, acid strength and catalytic activity are much improved.

Lewis and Bronsted acid sites coexist at the sulfated zirconia surface but the Lewis ones are predominant. The increase of the amount of Pt added to sulfated zirconia enhances both catalytic activity and selectivity.

Fig. 1 :

 1 Fig. 1 : Diffractogram patterns corresponding to sulfated zirconia calcined at 773K.

Fig 2 :

 2 Fig 2: Effect of the hydrolysis ratio on the surface area of ZSH-y-O. I-833K.
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 43 Fig. 4. % of Bronstcd and Lewis acid sites as a fw1ction of S/Zr molar ratio.

Fig. 5 .

 5 Fig. 5. Variation of the catalytic activity with hydrolysis ratio (H20 I Zr) and S/Zr molar ratio at 473K.

Table 2 :

 2 Sulfur content of calcined and used catalysts.

	Sample	wt% of S after calcination at 833K	wt % of S after reaction
	ZSI	0.76	0.63
	ZSH-4-0.1	2.50	1.15
	ZSH-4-0. 2	1.43	0.95
	ZSH-4-0.5	1.32	1.05
	ZSH-4-0.8	1.16	0.89
	ZSH-1 -0.1	1.12	1.09
	ZSH-1 -0.2	0.98	0.90
	ZSH-1 -0.5	0.93	0.90
	ZSH-1 -0.8	0.82	0.80
	3.4.NHrTPD