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During the project year, novel guidelines which had appeared in the preceding pe~od 
from our r~earch on bimetal/zeolite catalysts were pur:med further. In addition, new concepts 
have emerged and were identified. They appear to reveal a novel type of chemistry with 
potentially strong impact on heterogeneous catalysis, even beyond the field of zeolite supported 
systems. 

In this report four subjects areas will be focused briefly. 

Subiect Area 1: PtCu/NaY and Pd/Cu/NaY Catalvst.s. 

Previously we had sho~m that bimetal particles are formed in supercages of NaY. With 
increasing Cu/PL ra~io at given Pt loading of the zeolite the rate of ring opening of 
methylcyclopentane decreases, but the rate of ring enlargement to benzene and cyclohexane 
increases. The former result is attributed to the dilution of the PL ensembles, the latter result is 
due to the increasing acidity, since two protons of high Br~nsted acidity are created by the 
reduction of each Cu 2" ion. This concept has now been confirmed by studying the nature of the 
carbonaceous deposit which is formed during use as catalyst. The temperature programmed 
oxidation technique, which we developed earlier, identifies coke in contact with metal sites by 
a peak at low temperature and coke on acidic Mtes by a peak at higher temperature. Our results 
show that with increasing Cu content the former peak decreases but the latter peak increases. 
An unexpected result is that the low temperature peak vanishes for catalysts which are still able 
of catalyzing the hydrogenation of benzene, though with a low rate. This result suggests that 
coke deposition on Pt is a "structure-sensitive" reaction, requiring a large ensemble of contiguous 
Pt atoms. 

A second group of results shows that the reduction of Cu 2" ions in this zeolite is 
reversible. At high temperature the protons, which were formed during reduction, selectively 
reoxidize the Cu atoms, without apparently affecting the Pt atoms. The Cu 2" ions escape to small 
zeolite cages, where they have been identified by EXAFS. In the case of PdCu/NaY this 
"leaching" of Cu atoms out of the alloy particles results in pure Pd particles which we carl detect 
in s/tu by thek ability of forming Pd hydd.de, in contrast to the original PdCu particles. This 
hydride is easily detected by its characteristic temperature programmed desorption peak. 

Subiect Area ~" Reducibility of Ni in PdNi/NaY Catalysts 

The presence of palladium has been found to strongly enhance the reducibility of nickel 
in NaY. Pretreatment conditions have a pronounced effect on the temperature programmed 
reduction Cf'PR) profiles of monometallic and bimetallic palladium/nickel catalysts. At high pH, 
Ni is hydrolyzed in supercages; at low pH, Ni 2. ions migrate to smaIler cages. Reduced F:( 
particles in the supercages, in close contact with NiO clusters, enhance their reducibility; the 
protons formed during Pd reduction however, redisperse them to form Ni 2" ions, thus decreasing 



their reducibility. 

As with PdCu/NaY, reduction is partly reversible: at elevated temperature and in the 
absence of gaseous H= zeolite protons selectively oxidize Ni atoms in NiPd particles. This 
phenomenon has been exploited to identify the mechanisms of the reducibility enhancement. 
After leaching of the Ni from the PdNi partides by the oxidizing action of zeolite protons, a 
situation is created where all Pd is present in the form of Pd particles, but all the Ni as Ni=" ions 
in small cages.. Under reducing conditions at elevated temperature Ni 2÷ ions leave the small 
cages and adhere to Pd particles, where they are swiftly reduced by chemisorbed hydrogen; the 
hydrogen atoms lose their electron and become zeolite protons. Indeed TPR shows only one 
peak which can thus be assigned to this mechanism. The position of this TPR peak is idemtical 
with on.....~e of the three TPR Feaks in the original reduction of the sample containing initially all 
Pd and Ni as ions. We thus conclude tha t  the two other peaks reflect different reduction 
mechanisms. One of these peaks is located at a somewhat lower temperature than the TPR peak 
of the monometallic Pd/NaY system, it is therefore assigned to cation-cation bonding, similar 
to the situation encountered in our previous work with (Pd + Co)/NaY. The third peak is very, 
ILkely due to interaction of Ni2"ions with Pd ° atoms. Summarizing it follows that three processes 
are responsible for the Pd enhanced reducibility of Ni: (1) interaction of Ni ~-" with Pd~-'; (2) 
interaction of Ni 2" with Pd atoms; (3) interaction of Ni'* with Pd particles. 

Subiect Area 3: CO Hydrogenation Over PdNi/NaY .Catalysts 

The PdNi/NaY catalysts are at present being tested for CO hydrogenation at elevated 
pressure. First results are quite exciting: the bimetaUic catalysts are much more active than each 
of the corresponding monometallic counterparts, Pd/NaY and Ni/NaY. This statement also 
holds per metal atom in the catalyst and presumably per exposed metal atoms; the latter 
statement is, however, less clear, because the metal dispersion changes during the catalytic 
process. The selectivity (formation of methane; formation of normal alkanes via a Fischer- 
Tropsch mechanism; formation of branched alkanes via methanol and dimethyl ether in the 
bifunctional mode of the catalyst) deviates from that of the monometallic samples. It is also 
dependent on the PH of the washing procedure after ions exchange. We prefer, at this stage, 
to refrain from drawing firm conclusions, our impression is that mixed NiPd ensembles on the 
surface of the bimetallic particles are contributing to the enhanced catalytic activity. 

Subiect area 4: PdFe/NaY, Ga/H-ZSM5 and PtGo/H-7_.SM5 Catalysts 

In this category it appears that a reduced metal (Pd or Pt) is interacting with a metal ion 
of another element, without reducing the latter to the zerovalent state. Tb.e chemical interaction 
of Pd and Fe in NaY has been studied in cooperation with professor Dumesic in whose lab 
M~ssbauer spectra were measured. The results have been published in Applied Catal. TPR 
results show that Pd strongly catalyzes the reduction of Fe ~" to Fe 2" by H:. MSssbauer data 
prove that reduced Pd particles interact with Fe ~" cations in the zeolite. TPD of H2 illustrates an 
increasing degree of interaction with increasing reduction temperature. FUR spectra of adsorbed 
CO indirute that Fe cations populate the surface of the Pd particles, similar to Ti ions on TiO2 
supported group VIII metals in the SblSI state. EXAFS data show that, after high temperature 
reduction, the Pd coordination number is lower for PdFe/NaY than for Pd/NaY. This is 
attributed to in.hibited Pd particle migration due coulombic interaction of the Fe cations that 
decorate the Pd particles, with the zeolite lattice. 



As mentioned in our proposal, the Ga/H-ZM5 and PK3a/H-Z.qM5 catalysts are intriguing 
because of their abiIity to catalyze the dehydrocyclodimerization of propane to benzene and of 
butane to akylbenzenes. Little is understood about the catalytic sites and the details of the 
mechanism. In 1990 we have started this part of our proposed program; we have succeeded in 
reproducing literature data and chamcterizect both the monometallic Ga/H-ZSM5 and the 
bimetallic PtGa/H-ZSM5 catalysts by TPR. The results show that Pt strongly enhances the 
reducibility of Ga, without however forming an alloy. It also appears that the active form of 
these catalysts contains Ga ~÷ ions. 



. 

2_ 

. 

. 

. 

. 

. 

. 

. 

10. 

11. 

Publications of W.M.H.Sachtler in Refereed Journals 
Acknowledging DOE Support 

Papers published in 1989 

"Elementary Steps in the Formation of Highly Dispersed Palladium in NaY; Part 
I Pd Ion Coordination and Migration. S.T. Homeyer and W.M.H. Sachtler, J. 
Catalysis 11_..Z (1989) 91-101 

" E l e m e n t a r y  S i e p s  in the  F o r m a t i o n  of  H i g h l y  D i s p e r s e d  
Palladium in NaY; Part II: Particle Formation and Growth" S.T. Homeyer and 
W.M.H. Sachtler J. Catal. 1989 11___88 266-274 

Characterization of Zn-Promoted Rh/SiO2 Catalysts by Chemisorption, Infrared 
Spectroscopy, and Temperature Programmed Desorption; H.W. Jen, Zheng Yu, D.F. 
Shriver, W.M.H. Sachtler. J. Catal. ~ 361-72 (1989). 

"Design of Metals in NaY Zeolite", S.T. Homeyer and W.M.H. Sachtler in 
"Zeolites: Facts~ Fi~oures. Future" (TJ.A. Jacobs, and R.A. van Santen Eds., Elsevier, 
Amsterdam, 1989,) p. 975-84 

"Mechanism of Particle Formation on Decomposing Rez(CO)~0 on NaY and NaHY 
Zeolites: Effect of Prereduced Pt Clusters in the Supercages" C. Do.~i, J. Schaefer 
and W. M.H. Sachtler, J. Molecular Catalysis 5__2 1989, 193-209 

"Palladium Carbonyl Clusters Entrapped in aY Zeolite Cages; Ligand Dissociation 
and Cluster-Wall Interactions", Lien-Lung Sheu, Helmut Kn~zinger and Wolfgang 
M.H. Sachtler, JACS 1989 11"1 8125-8131 

"Oxidative Redlspersion of Pd and Formation of Oxide Particles in NaY; An 
Application of High Precision TPR" 
S. T. Homeyer and W.M.H. Sachtler, Applied Catalysis 1989 5._4.4 189-202 

Oxidative Redlspersion of Metals in Zeolites: The Effect of Ammonia on Pd/HNaY 
Rejuvenation; Owen Feeley, Wolfgang Sachtler J. Applied Catalysis 67 (1990) 141-150 

"Proximity Requirement for Pd Enhanced Reducibility of Co 2÷ in NAY" Zongchao 
Zhang, Wolfgang M.H. Sachfler, Steven Suib, Catalysis Letters 19S9 ~ 395-402 

"Reforming Type Catalysis with Zeolite Supported FiRe" 
C. Dossi, C.M. Tsang, W.M.H. Sachtler, R. Psaro, R. Ugo 
"Energy and Fuels" 1989 3_ 468-474 

"Characterization by CO/FTIR Spectroscopy of Palladium Supported on NaY 
Zeolites"; L. L. Sheu, H. Kn5zinger, and W. M. H. Sachtler, J. Molecular Catalysis 
5..Z7 (1989) 61-79 

/ 



. 

. 

. 

. 

. 

. 

. 

PaRers Published in 1990 

"Transition Metal Clusters and Isolated Atoms in Zeolite 
Cages"; W.M.H.Sachtler, in "Chemistry and Physics of Solid Surfaces" (Proceedings 
of ISISS, Milwaukee, Aug.21-24, 1989; R. Vanselow and R. Howe Eds. Springer 
Series in Surface Sciences 22, Springer Verlag Berlin etc.) 1990, p. 69-85. 

"Chemisorption and Catalysis of Zeolite Entrapped Palladium" 
S. T. Homeyer, Z. Karpifisld, W.M.H. Sachtler, Reel. Tray. Chim. Pays-Bas (J. Roy. 
Neth. Chem Soc.) I0_._~9 81-86 (1.990) 

"Location, Ligancy and Reducibility of Metal Ions in Zeolite Cages: Co and Pd in 
NAY" Z.-C Zhang and W.M.H. Sachtler, J. Chem. Soc. Faraday Trans. 1990 86_._(12) 
2313-2319 

"Effect of Zeolite Protons on Palladium-Catalyzed Hydrocarbon Reactions" S.T. 
Homeyer, Z. Karpinski, W.M.H. Sachtter; J. Catalysis 1990 123 60-73 

"Palladium Enhanced Reducibility of Ni in NAY" 
Jennifer Schaefer Feeley and Wolfgang M.H.Sachtler; Zeolites 1990 10 738-745 

Chemical Interaction of Pd Particles with Fe ions in NaY 
S. T. Homeyer, L. L. Sheu, 7_ Zhang, W.M.H. Sachfler, 
V. tL Balse, and J. A. Dumesic; J. Applied Catalysis 1990 6._~4 9~-241 

"Identification by Diffuse Reflectance and EXAFS of the Changes in Coordination of NaY 
entrapped Pd(NH3)~" Ions During Calcination" Zongchao Zhang, Wo]fgang M. H. 
Sachtler, and Huaiyu Chen; Zeolites 1990 ~ 784-789 




