Sulfated zirconia as support for gold based catalystsfor LT-WGSR
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Introduction

The development of a new generation of catalysth Wigh activity towards the
conversion of CO at low temperatures, easy to attiand with good stability to air and
liquid water, is highly desirable, since commeigialvailable LT-WGS samples do not meet
these requirements [1]. Gold nanopatrticles supdarteer metal oxides as catalytic systems
for the LT-WGSR have been the subject of numerdudiess and recently also Au/ZsO
samples have been successfully investigated [2].
The goal of the present work is to examine theceffef the addition of various amounts of
sulfates to a zirconia support and their possible during the Au deposition-precipitation
step. In fact, while it is known that sulfates amoh alters chemical and surface features of the
zirconia support, it would be very interestingpimve an active role of SQin the delicate
phase of gold deposition on the support, and sulesgly on Au dispersion and catalytic
activity. Other aspects, such as the stabilityhef hew samples, the effects of gold content
and of calcination treatment will be discussed too.

Experimental

Zr(OH), was sulfated by incipient wetness impregnatiomit2, 4, 8 wt % amount
of sulfates respectively, and then various gold @am® (1 or 3 wt% ) were added by
deposition-precipitation (dp) on the calcined suppf]. Some catalysts were synthesized
after sulfates remotion from the zirconia. Frestd ased samples were characterized by N
adsorption analysis, sulfates and gold contentyaislthermogravimetric analysis, TPR and
TPO, XRD, HRTEM, FTIR spectroscopy and pulse-flo® €hemisorption [3].
WGSR has been studied, after a proper pretreatrirethe 423-453 K range, with a feed
mixture containing 1.9 %vol. CO, 39.7 % vol,,19.5 % vol. CQ, 11.4 % vol. N, 37.5 %
vol. H,O (space velocity 9400%).

Results and discussion

N, adsorption analyses revealed the positive rolsutfates, that alter the structural
properties of the support enhancing its specififage area and thus favouring a better
dispersion of gold particles on the support andoatingly a better catalytic activity.
However, the final catalysts do not contain sufaaymore, due to the methodology of gold
deposition-precipitation that is carried out at @sib pH [2]. So, S@ do not behave as
promoters of the gold active phase in the final gl@s1 The synthesis of new gold catalysts
after sulfates remotion from the support has ewddrthat sulfates have an active role during



the step of Au dp as well. In fact samples overfasedl zirconia present much higher
dispersion and catalytic activity than samples whigr identical surface area and gold amount
over sulfates-free support. So sulfates additiorzitoonia means a twofold advantage: i)
higher gold dispersion due to higher surface arehigher gold dispersion due to the positive
role of SQ™ groups than slowly act addressing the depositfohuonanoparticles to suitable
sites.

CO chemisorption measurements, XRD, FTIR datadsioedbed CO and HRTEM
analyses have shown a very high dispersion of goldll the fresh samples. On the contrary,
after some months from the catalyst ‘s synthesik] dispersion dramatically decreases if the
sample is not properly treated. We have checkembuwsmpretreatments, and verified that a
thermal process in air at 453K allows to maintdterasix months the same gold dispersion
and catalytic activity of the fresh sample.

The stability of the new catalytic systems during LT-WGSR has been investigated
too, and these samples perform really very good.example after 72 hours of time on
stream at 453K, the 3wt%Au/ZsQatalyst presents a stable conversion of about 80&bo
gold nanoparticles with a mean patrticle size ofriirg which is comparable to that of the as
prepared catalyst.

Conclusions

The high activity showed by the gold on zirconigabgsts in the water-gas shift reaction was
enhanced by the twofold action of sulfates on thppsrt. In fact they lead to a better
dispersion of metal on the support both increasheg surface area and acting during the
deposition precipitation of gold nanoparticles.

References

[1] Bartholomew, C.H., Farrauto, R.J., “Fundamentaf Industrial Catalytic Processes”, 2nd editidohn
Wiley & Sons (2006).

[2] F. Menegazzo, F. Pinna, M. Signoretto, V. Tsawi, F. Boccuzzi, A. Chiorino, M. Manzoli, ChemShe@.
1 (2008) 320.

[3] F. Menegazzo, F. Pinna, M. Signoretto, V. Tsawi, F. Boccuzzi, A. Chiorino, M. Manzoli, doi:
10.1016/j.apcata.2008.12.004.



