High specific surface area YSZ powders from a
supercritical CO, process.
Utilization as catalytic supports for gases oxidatin and
reduction reactions.
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INTRODUCTION

In heterogeneous catalysis, the increase of sugpofdce area and the decrease of particle
size of metal catalysts are two major concernsrdenoto improve the performances of the
catalytic material.In other respects, the preparation of heterogenemaialysts using
supercritical carbon dioxide has been recentlyss&@ as providing catalysts with higher
activity compared with catalysts prepared usingddad methods [1]. In previous papers, we
described the preparation of yttrium stabilizedanma (YSZ) nanoparticles via a supercritical
carbon dioxide aided sol-gel process [2,3]. Actyathe nanocrystalline YSZ particles
synthesized in supercritical carbon dioxide arerdfuge of great interest for catalytic
application because of the high surface area, lbatthe crystalline nature of the powders and
its extremely low agglomeration state.

YSZ is known to be an ©conductor due to the presence of oxygen vacarncide its
crystallographic structure. It has received spea@tftention as a catalytic support especially in
studies of Electrochemical Promotion of Cataly®$*QC). The role of surface oxygen
vacancies on YSZ support covered with Pt nanopesticas been recently evidenced for both
H, and CO chemisorptions [4]. These results antieipajood redox catalytic activity for this
kind of catalyst. The aim of the work presentethis paper is to show the enhanced catalytic
activity of a NQ storage/reduction (NSR) catalyst based on YSZ pawder synthesized in
supercritical carbon dioxide. The catalytic actiwvitf precious metal catalysts on this powder
was studied versus a commercial YSZ powder usuakd as a catalyst support. The impact
of supercritical synthesized YSZ for N@onversion has been specially investigated in a
NOLTRAP configuration on a diesel particulate filteoguced by Saint-Gobain.



POWDER SYNTHESIS AND CHARACTERIZATION

Powder synthesis

The ceramic powders are synthesized undes §iercritical conditions by a batch process.
The experimental set-up is schematically represeime~igure 1. A batch reactor has been
specially designed to produce several hundred gadmsinosized powders. In a preparative
step, a sol containing yttrium and zirconium a@samixed with isopropanol in presence of
nitric acid is prepared at room temperature. Theuyh proportion is calculated so as to
obtain partially stabilized zirconia at a 3 mol %hwespect to Zr@ The powder synthesis is
done by injecting this sol in the autoclave corntajnCQ, in supercritical condition: the
temperature and pressure is increased respectved$0°C and 300 bar. The sol is injected
into the autoclave at 1,4 rit.sind the autoclave is stirred at 400 rpm for 60uteis. At the
end of the reaction, the autoclave is vented aagtwder recovered.
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Figure 1 : Schematic representation of the reated for the synthesis of YSZ powders

Powder characterization

The nano-cristalline nature of the YSZ particleseisdenced by TEM analysis and XRD
measurements. X-Ray diffraction pattern (Figurés2jcquired using a X'Pert (PANalytical-
Cu Ku radiation) equipped with a HTK2000 high temperatatamber. The powder is
dispersed in ethanol and deposited on a Pt stsiporesible for the two narrow and intense
peaks at @ = 39.6° and 46°. The other peaks can be indexgttriam stabilized zirconium
oxide. The large diffraction peaks indicate tha ¥5Z particles are in the nanometer range.
After heat treatment at 1200°C in air, the peaksowa due to particle size increase. The
diffraction peaks can be indexed to the tetragdts structure.
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Figure 2 : XRD diffraction patterns of as synthesied SC-3YSZ and after 1200°C
thermal treatment

TEM observations (JEOL 2010 LaB6) of the as syn#eespowders (SC-3YSZ) show that it
iIs composed of uniform and well crystallized 5nrresi nanopatrticles (Figure 3-a). Specific
surface area is determined by the BET method usitnggen adsorption/desorption at 77K
(Micromeritics-ASAP 2010) after outgassing at 250Tue to its nanosized nature, the
powder exhibits a very high specific surface afe® m2/g. Such large specific surface area
coupled with the crystalline nature of the as sgstred particles is extremely interesting for
catalytic applications. For comparison, Figure 8Hows the TEM image of the widely used
commercial YSZ powder from Tosoh TZ3Y. Its partidee is about 50 nm and the
developed SSA close to 15 m?/g. In the followirgg impact on catalyst support performance
of the nanosized YSZ powder prepared in superalitwarbon dioxide (SC-3YSZ) is
investigated and compared with the commercial Tp8Wder.
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Figure 3 : TEM images of —a) SC-3YSZ (b) commeia Tosoh TZ3Y

CATALYTIC ACTIVITY

Catalyst preparation

Structured catalytic systems (monoliths) were algdiby wash-coat catalyst deposition on a
SiC-DPF (Diesel Particle Filter) produced by Sd&ubain. The monolithic support (Figure
4) consists of a SiC structure constituted by lardinal square channel§I (.5 x 1.5 mm)
open in both sides and separated by thin wal34 mm).

Table 1: Fraction of SC-3YSZ in the as deposited agh coat

Sample DPFA DPFB DPFC DPFD DPFE

Xsc-avsz 0 0.5 0.6 0.8 1

Figure 4: SiC monolith

Different catalyst loads (Table 1) are obtained roixing the commercial Tosoh TZ3Y
powder with the SC-3YSZ powder and wash-coatinghenSiC monoliths. The wash-coat
suspensions are prepared by dispersing the YSZ grsvidl desionizated water in presence of
acetic acid. After thermal treatment at 400°C, Rd &h (0.3% w/w in regard to the as
deposited wash-coat) were deposited usingsjpH(NG,). and Rh(NQ)3; as precious metal
precursors and stabilized by thermal treatmen0@tG.

All the tested catalytic systems had an equivdtead of catalyst around 22 g/L of DPF.



NOy storage/reduction (NSR) cyclic activity measuremds

Experimental

The NSR cyclic measurements were conducted on Ble-catalytic systems with previous
activation at 600 °C in presence of 10%H& (110 L/h; 2h) and then 100 %,H[(B.2 L/h;
1h). Constant flows (40 L/h) of lean reaction mb0Q ppm NO/ 1000 ppmsBs / 6.7% Q
and He as balance) or rich reaction mix (500 ppm M@0 ppm GHg and He as balance)
were introduced alternately. The cycling experirsenith a lean period of 3 min and a rich
period of 2 min were performed at 300 °C. The gatalwere exposed to 12 lean/rich cycles.
The NQ conversion for a complete representative cycle walsulated according to the
following formula:

% NO, conversion = 100 X (NQn — NO ou) / NO in (1).

The global NQ conversion into Bl (selectivity of the process) was estimated comsidethe
production of NO during a complete cycle:

% NQ, conversion into Bl= 100 x (NQ, in — NO out— NoOour) / NOx in (2).

Results and discussion

NOx storage/reduction (NSR) catalyst technologyiced NOx by a cycling operation, where
NOx is first trapped by the catalyst in a lean ghadnce the NOx trapping capacity is
reached, the NOx in the outlet feed will increagbis is followed by a hydrocarbon rich
phase in order to reduce the NOx by the hydrocarloornthe catalyst. Once a sufficiently low
oxygen concentration is reached, the NOx will daseeby reduction into NGand N.

For the catalysts employed in this work, the ppatiNQ, storage component can be related
with the surface oxygen vacancies generated iY@ structure [5]. The evolution of NO
in the outlet feed as a function of the time wdbked for the 5 catalyst loads prepared with
increasing quantity of SC-3YSZ. Figure 5-a shows évolution of NQ during the first
twelve lean/rich cycles. An enlargement of cyclesi& shown in Figure 5-b.

The NQ profiles appear stable over the analysed cyclesp for DPF-A. In a general way,
the efficiency of the NSR process on the evaluaystems depends on the SC-3YSZ fraction.
Lowest NQ storage/reduction capacity is obtained for sanijii--A, followed by DPF-B
and then, very similar profiles are obtained forH3®, DPF-D and DPF-E systems. As
expected, an increase in the surface area of traga component (in this case, the YSZ
catalytic support) has a positive effect on the,S@rage capacity of the catalysts. This trend
can be related with the effect exerted by a highase area catalytic support on the dispersion
and stability of the deposited metallic phasesafiRt Rh), which also enhances the spillover
of the surface species between the precious madadtarage component [6,7].

At the beginning of the lean condition, the Niével keeps to essentially zero, suggesting the
complete uptake of NOby the catalyst - except for DPF-A. This complepgake behavior
was sustained for several seconds, and then theléN@® is gradually increasing with time
and it reaches a stable value which maximum dependbe catalytic system. The profiles
are very similar to those reported by Epling et[8)9], who divided the profiles into three
zones. First, for an initial period of time, conteleiptake of NQis attained. Then, NGstarts



to be detected in the outlet, but still uptake @iNccurs for some period of time. During this
time period, the trapping rate of N@ecreased continuously. At the last stage of atisor,
the NQ profile starts to become flat, which indicates #aturation of the catalyst surface.
The difference in the NQconcentration between the inlet and outlet gas#ssapoint can be
attributed to the selective N@eduction by hydrocarbons on Pt of the NSR catfly3j.
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Figure 5: Evolution of NQ concentrations under cyclic lean-rich conditioris380 °C.
(a) 12 cycles (b) enlargement fd¥ 2o 4" cycle
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Table 2 summarizes the results obtained for theytle as a function of SC-3YSZ fraction
(Xsc-3ys2)- tioo is the duration in seconds of the first zone m lan phase profile, where the
NOy uptake by the catalyst is completgoiis the total NQ conversion during one complete
lean-rich cycle and ax-n2the conversion of NQinto N, for the same cycle, which represent
the process selectivity.

Table 2: Catalytic parameters evaluated on theedduzhtalytic systems (cycle No. 4)

Monolith  Xscaysz tioc (S) Guox (%) Svoxnz (%0)
DPF-A 0 - 49 22
DPF-B 0.5 46 62 30
DPF-C 0.6 56 69 33
DPF-D 0.8 56 69 56
DPF-E 1.0 56 72 59

In a general manner, the increase it Xyszfraction increases the efficiency of the catalytic
parameters described in Table 2. At the reactiompé&rature, the effectiveness of the ,NO
conversion is not limited by the rate of NO oxidatito NQ. It principally depends on the
metallic dispersion and the number of storage iteshe catalyst surface. Thereforgyt
increases to about 10 seconds between DPF-B andC)Rifer which it remains almost
constant. This result can be associated to theagen of the surface active sites available for
the NO oxidation to N@(Pt dispersion). Accordingly, taking into accodinat the available
storage surface on the catalyst is getting largdr the Xsc-syszfraction increase, the height
of the NQ concentration plateau at the end of the lean pisaswersely proportional to the
catalyst surface area (Figure 5). As a result, B@hversion and selectivity were improved as
a function of the high surface area material factn the catalytic systems.



The analysis of C® concentration profile in the outlet gas flow pre$ interesting
information on the oxidation capacity during thardephase. Propylene was chosen as the
reductant in this system because it has a relgitios¥ light-off temperature and clean burn
characteristics [11]. Figure 6 shows £€»ncentration profiles versus time the NSR pracess
The high amount of COproduced in the course of the lean phase correspom the
propylene catalytic combustion in presence of oryg&hen the flow is switched to rich
phase composition, the G@oncentration decreases very fast due to the ebs#noxygen.

At the end of the rich phase, the level of O@oduced is related to the selectivity of the
catalytic reduction process of NO with propylener Fhe tested systems, the propylene
conversion in the lean phase is almost completavisigothe high oxidation capacity of the
catalysts, except for DPF-A sample. During the nifase the quantity of detected £O
corresponds to the amount expected from the prog@éssstrong peak of Groncentration

at the beginning of the lean phase is attributechtbon deposition during the rich phase. The
production of CO was evidenced only in during tbarse of the rich phase, when there is no
oxygen in the feed. Here also, the presence of B&Z3powders in the catalytic loads
strongly enhances the oxidation capacity of thealght system in order to eliminate
hydrocarbons during the lean phase without producarbon monoxyde.
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Figure 6: CQ concentration profiles obtained at 300°C durirggl8R process

CONCLUSION

Nanosized SC-3YSZ particles were synthesized usig@ercritical conditions. The properties
of the patrticles, i.e. high surface area, crystalland low agglomeration state make them
promising materials as catalyst supports. To evalihe impact of YSZ nanoparticles



synthesized under supercritical conditions, mixducé SC-3YSZ and commercial Tosoh
TZ3Y were wash-coated on SiC monoliths industrialsed for diesel particle filters and,
after precious metal induction, studied for N&torage/reduction activity. In a general
manner, the high-surface SC-3YSZ fraction deposiedhe system has a positive influence
on its catalytic properties for the NOORAP process. For the reaction conditions useel, th
metal dispersion on the YSZ supports with the hsglspecific surface areas drives the,NO
conversion and selectivity to,Nof the process. In conclusion, the use of supealiCO,
medium for the synthesis of metal oxide catalysppsuts demonstrates significant
improvement of catalytic performance when compavél catalyst supports prepared using
standard methods.
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