Comparison of different preparation methods of Ptir, PtlrSn and
PtirGe catalysts for hydrocarbon transfor mation.
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Introduction
Heterogeneous catalysts are employed in 80 % ofinidl catalytic processes with

multimetallic formulations which enhance the pemiances of catalysts [1]. Nowadays, an
increased attention has been paid to preparatidhoaie using “Controlled Surface Reactions
(CSR)" [2, 3]. These catalysts are rather activé selective in various reactions, for example
in hydrocarbon transformation [3, 4]; promisinglgsult in cleaner products and safer
processes producing less wastes. The full chaizafien of such catalysts requires a
combination of physico-chemical methods with cdtalyests. Our aim was to investigate
bimetallic Pt-Ir catalysts prepared by two differenethods, namely classical successive
impregnation and by organometallic grafting [2,a4] well as to study the effect of a third
metal (Ge or Sn) added in both cases by organdinegedfting method.

Materialsand Methods

A 1 wt.-% Pt/ALO; catalyst Pt) (BE Tawmina= 100 nf g*, D=50 %) was modified (i)
by adding 0.2 % Ir by a second impregnation ofce(gl-acetonatg)in toluene Ptir-1S) and
(i) by organometallic grafting of Ir(acetyl-acetie} nominally corresponding to 1/2
monolayer (2460 ppm) of Ir in toluent(r-GS). These catalysts were further modified by
adding Ge and Sn in amounts corresponding nomitally4 monolayer in the case ®flr-
IS, notedPtirGe-1S andPtlrSn-1S, as well as to 1/5 and 1/8 monolayers, respegtifet
Ptir-GSresulting inPtirGe-GS andPtlr Sn-GS. A monometallic 0.25 wt.-% Ir/AD; sample
(Ir) was tested for comparison purposes. The catalysts characterized by TEM and EDX,
hydrogen chemisorption and evaluated in transfaomatdf methylcyclopentane (MCP) in
hydrogen excess at T=543 to 603 K.

Resultsand Discussion

Both Pt and Ir are active in hydrogenative ringropg of methylcyclopentane [5]
producing ring opening products (ROP): hexane, thyg@entane and 3-methyl-pentane.
Beside ROPs, Ir also forms considerable amount p€<Cfragments, at a much lower
conversion level (Table 1). Addition of 0.2 wt.-%tb Pt catalyst resulted in slight activity
decrease parallel to an increase in the fragmentaglectivity and decrease of ROP activity.
ThereforePtir-1S catalyst shows a combined behavioPbendlr monometallic samples. On
the other hand, when Ir was added by organometaléthod, the activity is twice fold as
compared toPt, while fragment selectivity increased only slightlridium located on the
surface of Pt can fragment carbonaceous depositshars increase the ROP activity of Pt
sites. Consequently, in the casePtifr-1S, separate Pt and Ir particles on the alumina surface
can be suggested while in the cas®©f-GS, Ir is exclusively attached to Pt, as ensured by

the organometallic grafting method, as describeVipusly [4] (Table 1). Addition of Ge or
Sn to the catalyst prepared by organometallic ipgftesulted in activity decrease and very
small effect in the selectivity pattern (Eftir-GS, PtirGe-GS, PtlrSn-GS). It confirms that in
the case of strong Pt-Ir interaction the third metdocated on the surface of the bimetallic
particle and thus blocks both metals to the santenexOn the other hand, when the third
metal was added t®tlr-1S, Ge- and Sn-based samples resulted in differepéstyof
modification. The presence of Ge enhanced theigct¥ Ir sites, i.e. increased fragmentation
activity, while Sn — even slightly loaded — incredsctivity of Pt function (Table 1). Further,
the effect of different pretreatments (both oxidatand reductive) and the catalyst structures
TEM) were studied on all samples, and they confittie model indicated above.

Table 1. Selectivity of different
p(MCP):p(H)=1.3:64 kPa

products (alkanes not shdwat T=603 K,

Catalvsts Metal amount Metallic | Conversion Selectivities /%
4 Iwt.-% accessibility 1% ROP| Fragments Benzeneg Others
Pt 1 50 40 96 4 0 0
Ir 0.2 50 14 27 64 6 3
Ptir-1S Pt1-1r0.2 40 10 63 29 7 1
Pt1-Ir0.2-
PtirGe-IS Ge 0.2 7 24 42 43 14 1
Pt1-1r0.2-
PtirSn-IS Sn 0.2 11 26 68 23 8 1
Ptir-GS Pt1-Ir0.2 10 82 80 15 5 0
Pt1-1r0.2-
PtirGe-GS Ge 0.2 10 53 73 19 8 0
Pt1-1r0.2 -
PtirSn-GS Sn 013 16 57 79 14 6 1

Addition of Ir to Pt catalysts by successive impratipns or by organometallic
grafting results in catalysts displaying differesituctures: separate Pt and Ir sites in the first
case and bimetallic Ptlr sites in the second c#@ké later catalyst shows very promising
behavior with high selectivity for MCP ring-openingactions even at high conversion.
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