Bt @ % NYTa T F—R

%0 X 4%
Study on Rational Design of Supported Metal
Catalysts Using Supercritical Fluid,
their Characterization and Catalysis

(BERF A2 AV 2 S RME DG HE RS
A & AR AR I B BFSE)

PR XNBEDERE

Heterogeneous catalysts with fine metal particle formation are of great importance,
because the fine metal particles show higher activity and selectivity in catalytic reactions.
Supercritical fluids (SCF) have unique properties but have not been used in catalyst
preparation. In this doctoral research, I have used supercritical carbon dioxide for rational
designing of supported metal catalysts and studied the relation between structural properties
and catalytic performances.

In the 1* chapter of my thesis, brief background on the heterogeneous catalysis,
catalytic reactions and SCFs has been reported. By conventional way of catalyst preparation,
large metal aggregates can obtain on the support. To achieve higher metal dispersion with
fine metal particle formation SCFs were thought to be useful in the heterogeneous catalyst
preparation because of their higher diffusivity and lower viscosity properties which could be
beneficial in placing metal precursor inside the mesoporous channels.

Supported Rh catalyst preparation using supercritical carbon dioxide (scCO,) is
reported in chapter 2. Appropriate quantity of [Rh(OAc),], dissolved in THF was impregnated
on mesoporous silica FSM-16, HMM-1 or conventional SiO,. Eventually, this dry powder was
subjected to scCO,-treatment at 348-398 K and 16-30 MPa for 24 h. Rh/Support (2.5 wt %)
thus prepared was calcined in air and reduced in H; flow at 673 K each (Figure 1). CO uptake,
XRD, TEM and EXAFS revealed formation of highly dispersed fine metal particles on the
support after scCO,-treatment. IR of CO adsorption indicated formation of electron-deficient
metal on scCO,-treated catalysts.
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Figure 1. Synthesis of supported Rh and RhPt catalyst by scCO,-treatment
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A During structure-sensitive butane hydrogenolysis reaction scCO,-treated monometallic
Rh catalyst showed improved activity compared to non-treated catalyst (45 over 9 % for
Rh/FSM-16). The enhanced ethane selectivity in scCO,-treated catalysts (77 over 57 % for
Rh/FSM-16) can be explained by 1,2- and 1,3-diadsorbed mechanism. Mesoporous FSM-16
and HMM-1 supported Rh catalyst showed improved activity over conventional silica
supported catalysts due to presence of highly ordered channel structure and higher surface area.
In propylene hydroformylation reaction, increase in activity and alcohol selectivity on scCO,-
treated monometallic Rh catalyst over non-treated catalyst can be explained by the 2-site
mechanism. FSM-16 supported Rh catalyst showed higher activity over conventional silica
supported catalysts. The details on catalysis by monometallic Rh catalysts are discussed in
chapter 3.

Highly dispersed bimetallic alloy particles show improved activity and selectivity in
catalytic reactions. The benefits of scCO, were thought to be useful in achieving highly
dispersed bimetal particles with controlled morphology. The details for synthesis of RhPt
bimetallic particles (Pt/Rh = 0.2, Rh 2 wt %, Pt 0.75 wt %) on the FSM-16, HMM-1 and SiO,
supports are reported in chapter 4. The scCO,-treatement was found to be advantageous in
achieving higher metal dispersion (91 over 67 % for RhWPt/FSM-16 catalyst) and fine metal
particle formation with controlled morphology. CO uptake, XRD, TEM confirmed formation
of fine metal particles inside the mesoporous channels of FSM-16 and HMM-1 after scCO;-
treatment. While in non-treated catalysts TEM images showed formation of big particles on
the external surface of the support. IR study of CO adsorption suggested formation of
homogeneous RhPt alloy phase for scCO,-treated catalysts with Rh in zero-valent state while
the IR study on non-treated catalysts indicated formation of separate Rh and Pt particles on the
support.

Chapter 5 discusses results on butane hydrogenolysis by bimetallic RhPt catalysts.
scCO;-treated RhPt catalysts showed improved conversions over the non-treated catalysts (71
over 46 % for RhPt/FSM-16). Mesoporous FSM-16 and HMM-1 supported RhPt catalysts
showed higher activity compared to silica-supported RhPt catalysts. The bimetallic catalysts
were observed to be ethane selective, proposing that selectively central C-C cleavage occurs.
Even at 100 % n-butane conversion no multiple hydrogenolysis was observed and ethane was
a major product (82 %). It is proposed that Pt promotes hydrogenation step to desorb product
fragments after the C-C bond cleavage, which in turn suppresses further hydrogenolysis and
enhances activity of the catalyst. Therefore, it is revealed that RhPt/FSM-16 is a new active
and selective catalyst for ethane production.

In conclusion, I have demonstrated formation of fine metal particles with higher metal
dispersion and with controlled morphology by giving scCO,-treatment during the catalyst
preparation. The scCO,-treated catalysts showed improved activity over non-treated catalysts.
During hydrogenolysis reaction, scCO,-treated and bimetallic catalysts were observed to be
highly ethane selective catalysts. The scCO,-treated catalysts showed higher selectivity for
alcohol formation in hydroformylation reaction. The results shown in this study would be
beneficial for preparation of highly active and selective catalysts.
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FE UL (FSM-16, HMM-1) %#kL L TEREE—BER “BILRBOE—ER—
ARBBTEM L2 Py ARDARED, BER BLRBLEL LRWVEDITHRT, &
FEDONEWRhNEBT R F52 522 % AL, BERNETFHRMECERNS,
ZERLIRRLE % L7 RW/FSM-16 i T Rh B FIZ AR 2 nm TH Y A Y HFLAIC
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BLRFBOES, RhATBRESEE ECRABEFINZZ L AR LE,
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