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Traditional supported metal catalysts are comprised of small 1, the 5% Pt/ceria catalyst prepared by ME shows a low CO
metal particles dispersed on the internal surface of an oxide support.chemisorption value (3.0%), even though the sample was pre-
Catalytic activity and selectivity of the catalyst are commonly found reduced in Hat 300°C. Assuming the Pt particles are spherical in
to be dependent on the type of metal and support tigedreat shape, this would correspond to a calculated Pt average diameter
deal of research has been devoted to understanding this-metal of 30.4 nm (non-genuine data). However, XRD shows an extremely
support interaction in order to tailor the interaction for optimum broad Pfl11peak. According to the Scherrer equation, the average
catalysis. However, most conventional support and metal surfacesmetal crystallite size is actuallg2 nm. The large discrepancy in
are structurally non-uniform; thus, the structures of supported metal metal particle size between the two results can be accounted for
catalysts are not well understood. Noble metal (NM)/ceria-based only if most metal is encapsulated in ceria such that limited metal
catalysts are among the systems long known to exhibit strong surface is exposed. Figure 1 (TEM micrograph) shows the spherical,
metal-support interaction (SMSI) effectsThese catalysts have  highly crystalline ceria particles after calcination, showing (111)
been shown to give high activity for hydrogenation reactions, lattice fringes of 3.12 A, with each particle4 1 nm in size and
water—gas shift reactions, CO and hydrocarbon oxidation?&tc.  a minor degree of particle aggregation. This diameter agrees well
It would be interesting to investigate encapsulated metal in ceria with our previous work with Pt/silica particles prepared with the
of controlled size as a more well-defined nanocatalyst, which would samew (water-to-surfactant) ratio of 30 (which defines the size of
give the maximum degree of metadupport interaction in three  the water droplet}! Examination of the TEM micrograph at high
dimensions (in contrast to two-dimensional model of NM on ceria). resolution with contrast optimization clearly reveals the core
There have been some interesting works on the encapsulation ofenriched with Pt (EDX and mapping) inside each ceria particle (with
metal in metal oxide of different natures via co-precipitation the Pt content depending on the metal precursor content added,
reported in the literaturé® However, conventional techniques like  see Table 2). This TEM image is structurally somewhat similar to
this cannot give the levels of control required to systematically those of Pt/ceria in the SMSI state, where the metal particle is
investigate the metalsupport and to maximize the metadupport decorated by a few angstroms thick ceria (prepared abovéG00
interface. By using nanochemistry techniques, we stunvhe first under reducing conditions; the SMSI is a reversible phenomenon
timethat Pt or PtAu metal can be created inside each/pe@icle  which is different from our encapsulation process whereby the ceria
with tailored dimensions. The encapsulated metal is shown to girectly deposits onto the Pt rather than this occurring as a result
interact with the Ce@overlayer in an optimum geometry to create  of 5 subsequent reduction stég).

a unique interface, giving high activity and excellent selectivity  The methanation activity of the catalysts was assessed (Table
for the water-gas shift (WGS) reaction, but is totally inert for 1y \yhich showed a lower Chproduction at 400C in contrast to
methanation. o _ conventionally prepared co-precipitated Pt/GeThe inactivity of

Platinum encapsulated in ceria catalysts were synthesized by oUlihese materials for methanation is not surprising since ceria coverage
modified microemulsion (ME) technique, which had previously ¢4, sybstantially reduce the metal exposure. However, it is
been shown to give good control of metal core size and silica jnteresting that the encapsulated catalysts show comparable WGS
coating thickness in silica-encapsulated NM catalyststhe present activity when compared to Cu/ZnO and Pt/Geg@talysts but with

case, a cationic surfactant, cetyltimethylammonium bromide ,, methane formation, suggesting that the nature of active sites
(CTAB), was added to dry toluene, and a solution of gN{PICle] for methanation may not be the same as for WGS or that some
and Ce(NQ); was added dropwise to toluene to create a micro- metal sites may have been blocked by the ceria.

em_uIS|on. An aqueous solution of NaQH was addedsto the MIXWre,  Fyrther improvement in the encapsulation was achieved when
Wh.'c.h was then aged for G days. ,lt IS known that*Ceiill b? . NaOH was added to the metal precursor microemulsion, giving a
oxidized to form Cé* hydroxyl Speciesin the presence Qf c§t|on|c precipitation within the micelle, followed bgubsequenaddition
_surfactants u_nder alka_llne environments "’.‘@mh's o>qdat|_on of cerium(lll) nitrate (denoted hereafter as MEs samples). All the
IS goupled W!th reductu_)n_of Pt to PE, drlvm_g _the_ precipitation MEs samples, prepared in this manner, give CO chemisorption
inside the micelle. A similar redox co-precipitation of eand values <2.0%; for example, the MEs 5% Pt/ceria gives metal

L . .
Eﬁ tl>rt] l_\la(gH ;? IUtt'0n was gre\tl_logsiyk/] refpo;ted sutc rll éhfftm dispersion<0.8%, and that for MEs 5% Pt/5% Au/ceria$d.8%.
€ obtained without bipre-reductiorf. The fundamental difference Thus, this bottom-up approach, by first building up the NM core,

in our ME.proceSS IS that the aging process (for pqumerlzatlon/ followed by adding ceria material inside the micelle in a sequential
condensation of cerium hydroxyl species to form ceria) is found to
manner, was then used.

be essential to lead to controlled particle dimensions and total metal . . N . .
. . - An important question arises: can one control/optimize activity
encapsulation in ceria inside the micelle. As can be seen from Table - ) . .
and selectivity by engineering the structure/geometry of this new

t University of Reading. cataly_st? Te_lble 2 shows Fhat pure ceria synthesized b_y the MEs
*Johnson Matthey Technology Centre. technique gives a crystallite size of 3.7 nm. Note that increasing
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Table 1. Comparison of Methanation and WGS Activities best WGS activity after screening a number of Pt bimetallics, which
methanation ~ WGS  CH, disper! matches with the highest degree of blue shift. There appears to be
catalyst activitye  activity?  prode ¥ a limit on how thin a ceria overlayer can be made over the metal
CUu/ZnO/ALOZ? nd 554 0.03 nd core using the microemulsion mgthod. then metal con?ﬂltﬂ%
co-precipitated 2% Pt/cefia  14.4 58.6 13.6 14.2(6.4) are attempted, much larger ceria crystallites are obtained (Table
impregnated 5% Pt/cefia 12.5 532 151 20.3(4.4) 2). It is known that a water droplet of defined size is stabilized by
ME 5% Pt/cerid 19 492 0 3.0(30.4) surfactant assemblies as a soft coating (organized as a micelle).
MEs 5% Pt/ceria nd 62.5 0 0.78 (58.4) | ing the si f th tal Id f th
MEs 5% PU5% Au/cerfd <01 706 0 1.8 (50.4) ncreasing the size of the metal precursor core could force the

cerium hydroxyl species toward the aligned surfactant molecules,

aTraditional catalyst® ME prepared Pt in ceri&Methanation expressed ~ leading to destabilization of the system and thus to aggregation
as % CO to CHusing 8% CO and 32.49%;tbalanced with Mat a GHSV and phase segregation. This could account for the blue shift

of 84 000 h* at 400°C. ¢ WGS activity expressed as % CO conversion
using 0.77% CH, 6.15% CO, 7.68% C& 24.99% H, and 23.08% KO

following a volcano shape of dependency on Pt loading as well

balanced with M at a GHSV of 108 000 h at 400 °C. ¢ Methane the activity. But one should not over-interpret the volcano relation-
production (%) during WGS reaction with respect to the input of 0.77% ship, since it is not yet known whether the overall band shift of the

CHy (in re-formate) at 500C. f Metal dispersion (%) by CO chemisorptions.
9dis the theoretical metal diameter based on CO chemisorpfidis WGS

metal-promoted ceria has a progressive linear or complex relation-

activity of MEs 1%Au/ceria. ship with the ceria structure at different ceria thicknesses.

It is noted that there is a renewed interest in the WGS for

hydrogen production obtained through hydrocarbon re-forming
using the NM/ceria. Much current work has been focused for its
low-temperature mobile applications (i.e., for fuel cell vehicles)
because of it has higher activity than commercial shift catafysts.
However, for stationary applications, high levels of hydrogen and
carbon oxides at elevated pressures and temperatures favor some
undesirable side reactions, such as methanation and higher hydro-
carbon formation, to take place during the WGS catalysis. Thus,

— . NM/ceria has not been considered for shift catalyst formulation
Figure 1. Transmission electron micrograph showing nm spherical due to its intrinsic poor selectivity for the WGS reaction over the
ceria particles (3.12 A lattice fringes corresponding to £€@1) are clearly competing reactions of methanation, as these lower theohtent

visible) in the ME 5% Pt/ceria (inset shows the enlarged image of an isolated
nanoparticle with Pt enrichment in core area).

of the final feed. Our new NM/ceria nanocatalysts may open up

applications in the WGS area.

Table 2. Correlation of Ceria Thickness, Band Transition, and
Catalytic Activity

To conclude, the unusual metahetal oxide core-shell geom-

etry in this new class of ME catalysts, prepared by nanochemistry

ceria thickness band transition ' WGS/ techniques, is clearly shown to display some superior catalytic
catalyst (error of £ 0.5 nm) feve % properties over current catalyst systems for W&Bhus, the ability
ceria 3.7 3.18 to assemble functional catalyst particles by a “bottom-up” approach
MES %"g);tl/jct/e”a_ g-g gég %-‘é through nanochemistry synthesis, as presently demonstrated, enables
S 2.0% ceria . . . ; ; E H : H :
MEs 5% Pt/ceria 17 333 625 cqtqust s@e differentiation folr desirable reaction from side reactions
MEs 10% Pt/ceria 4.4 331 47.7 within a single catalyst particle.
MEs 27% Pt/ceria 6.3 3.20 7.6 : . : . . :
MEs 5% Pt/5% Au/ceria 3.42 70.6 Supporting Information Available: Detailed sample preparations

and material characterizations. This material is available free of charge

aMetal dispersion (0.78%} See Supporting Information for the band ~ Via the Internet at http://pubs.acs.org.

transition evaluation.
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