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Gold nanoparticles as catalysts for low-temperature WGS reaction
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The catalysis of the low temperature water gas
shift (WGS) reaction on gold nanoparticles supmgbae
metal oxides has recently been the subject of nomser
investigations [1]. In fact there has been a remkwe
interest in such reaction as a key step in the eson of
fuel to hydrogen, to be used in proton exchange
membrane fuel cells to generate electricity. The
development of a new generation of catalysts, shgwi
high activity towards the conversion of CO at low
temperatures, easy to activate and with good #tatul
air and liquid water, is highly desirable, since
commercially available LT-WGS catalysts do not meet
these requirements [2].

deposition of gold, evidence that no sulfates aesgnt
in the final catalysts anymore. This is not unexpec
pointing out that the detachment of sulfate groogrurs
during the deposition-precipitation, as a conseqeei
the basic conditions. So $Qlo not behave as promoters
of the gold active phase in the final catalystd,thay
only modify structural properties of the supporshswn
in the surface analyses results.

The analyses reveal that the amount of gold degubsit
the catalysts surface is generally lower than thainal
value. In particular for the samples prepared WighCO;
the average loss of gold is higher than for thedas
prepared with NaOH. This result can be explained
considering that the pH control during the dp dife

This investigation concerns Au over zirconia andysing different bases, favouring the detachmegotd

sulfated zirconia catalysts for the low-temperatuater-
gas shift reaction. In particular the effects dfates
addition on the support, the effects of gold copttre
use of different bases for the deposition-predijoita
procedure have been examined. The possible coorelat
between gold dispersion and catalytic activity bhasn
investigated. Moreover the applicability of the hgw
prepared samples in the fuel processing systenfsdor
cells will be discussed.

Zirconia has been prepared from Zrg8E,0
by precipitation in water at constant pH (pH = 8Frt
of the material has been sulfated with (Ji8O, by
incipient wetness impregnation (2wt%$SEr0O,).
Various gold amounts (0.5-0.8-1wt%) have been added
by deposition-precipitation (dp) either with J}GD; or
NaOH on the supports previously calcined at 923K. A
samples have been characterized badsorption
analysis, TPR, TPO, TG-DTA, sulfur content analysis
XRD, A.A.. Pulse-flow CO chemisorption have been
performed at 157K on mildly reduced and prehydrated
catalysts with a previously reported procedure [3].
WGSR has been studied in the 453-423K temperature
range, with a feed mixture containing 1.9%vol. CO,
39.7% vol. B, 9.5% vol. CQ, 11.4% vol. N, 37.5% vol.
H,O (space velocity 9400%. A reference
1.51%Au/TiG catalyst provided by the World Gold
Council and an industrial LT-WGS Cu/ZnOA8);
sample have also been tested.

anionic species from the negative charged support
surface, thus limiting the maximum amount of gdid t
can be introduced with this technique.

By X-ray diffraction patterns it is interesting notice
that no peak related to the presence of gold dhiystais
observable, suggesting a high dispersion of gold
nanoparticles on the support surface.

The effects of sulfates addition on the support
and its consequences on the properties of goldroorza
catalysts and activity for the low-temperature wajas
shift reaction have been firstly investigated. Tise of a
sulfated support led to an enhancement of theytatal
activity for the two sets of catalysts, both thpsepared
by NaCQ and by NaOH. For a better comprehension of
this experimental evidence, this results have been
compared with those deriving from CO chemisorption
analysis. It has been found that the CO/Au moltao teas
a similar trend to the 453 K conversion valuesstsded
above, the final catalysts do not contain sulfatggmore.
However, their effects are evident in both catalyti
activity and gold dispersion. S0do not behave as
promoters of the gold active phase in the final gas)
but they yield a larger specific surface area ef th
zirconia, thus favouring a better dispersion ofigol
particles on the support surface. Moreover theipless
active role of sulfates during the deposition-ppéetion
phase will be discussed. In fact the specific jpmsét on
zirconia that S groups release during the sensitive
process of gold deposition-precipitation could,

N, physisorption measurements have shown thatheoretically, direct gold particles to specifitesi

sulfated zirconia catalysts possess higher spestifiace
area then the non-sulfated ones; besides the zare s
distribution curves of samples over sulfated zifaare
narrower and shifted towards smaller diameters,
according to literature data. By ion exchange
chromatography it was found that the Zt€0,” support
after calcination contains a 2 %wt of sulfates.tfs
contrary, tests of sulfates carried out on the $esngfter

Besides it's important to underline that samplethwi
similar amounts of gold synthetized by the NaOH
deposition-precipitation method show higher adgesgitin
the water gas shift reaction. Results of the thérma
analyses and of TPO have revealed that formate or
carbonate groups are bound on the support andeon th
gold particles of catalysts prepared by.Gi@;. These
species can occupy active sites on gold partithes,
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worsening their ability to chemisorb CO moleculed a
their activities.

Further catalytic tests have been performed orethes
catalysts to evaluate the stability of the Au/Zg9stem
in the water-gas shift reaction: CO conversion was
measured at the beginning and after 21 hours & ¢m
stream at 453K. As previously reported [4] samples
prepared on sulfated zirconia are more stable tien
corresponding catalysts on plain zirconia.

Afterwards we have investigated the effect of
gold amount on the catalytic activity. For both géens
prepared by NaC{and by NaOH a decrease of the
guantity of the active species implies a diminutidrthe
activity. The catalytic results have been compavigd
CO chemisorption data. Again it was pointed out tha
samples with higher CO/Au molar ratio were the most
active in the water-gas shift reaction, thus sutiggs
strong correlation between catalytic activity amddg
particles dispersion. Plotting LT-WGSR conversiahs
453K vs chemisorption results it's evident a linear
relationship between the two parameters. We have
recently demonstrated that CO chemisorption peréorm
by a pulse flow system at 157K on mildly reduced an
prehydrated samples can be taken as a methodefor th
guantitative determination of the gold sites onZ@,
catalysts [3]. The close correlation between
chemisorption data and catalytic results that weeha
evidenced indicates that Au dispersion in zircdriia
WGS catalysts is a very important parameter feirth
evaluation, even if other factors are certainlgvaht to
catalytic activity. Chemisorption test is a techme
widely diffuse both in academic and industrial
laboratories, it is economic and fast and, if perfed
under proper conditions, it is reproducible anéaiseé.
Therefore it can be concluded that a chemisorg#en
will be very useful for a preliminary evaluation thiese
Au/ZrO, systems used for the LT-WGSR.

Finally a comparison between the gold on
zirconia sample with the best activity, a commedigi
available Cu/ZnO/AlO; catalyst and a Au/TioWorld
Gold Council reference has been performed andtsesul
are reported in Figure 1.
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Figure 1 Comparison of catalytic activity in the
L T-water-gas shift reaction

Au/ZrO, catalyst gave the highest conversions in the
studied range of temperatures and under the adopted
experimental conditions. In Table 1 it has alsonbee
reported the amount of CO at the exit of the i@adt is
important to underline that for the Au/Zg@atalyst such
concentration is 1500 ppm, while using copper asid-g
titania it is much higher. The attained value i &tr
from the suggested concentration for applicatiothe
fuel processing systems for fuel cells [2]. Neveldlss
such very low CO value is a big improvement with
respect other catalytic systems analysed undesaime
experimental conditions.

CO outlet
(Ppm)
Au/ZrO, 1500
Cu/ZnO/ALO3 9400
Au/TiO,(WGC) 16900
Tablel

In conclusion, these new gold based catalytic
systems have shown promising results for LT-WG8R, i
particular for their applicability in the fuel pressing
systems for fuel cells, that require hydrogen wsitow
CO concentration. Besides the close correlationden
chemisorption data and catalytic results that weeha
evidenced indicates that the chemisorption testiisible
for a preliminary evaluation of these Au/Zr€ystems
used for the LT-WGSR.
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