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Since 1978, TiOzsupported noble metals and related catalysts have been studied extensively in
relation to SMSI (Strong Metal-Support Interaction). Initially, so-called “pill-box” structure model

was proposed for SMSIL, and widely accepted.

This model stated that Pt hemisphere particle

changes its morphology into thin pill-box, accompanied with direct chemical bond between Pt and
Ti*® as a result of a partizl reduction of TiOz during high temperature Ha reduction. However, a
recently proposed alternative model, i.e, “migration” model, has been replacing the above one. In
the “migration” mode!, suboxide, TiO., produced by reduction of support covers the metal surface,
which is responsible for severe suppression of Hez and CO chemisorption.

Many works have been done on the effect of SMSIupon such catalysis as hydrogenolysis, hydro-
genation and dehydrogenation of hydrocarbons and CO hydrogenation, and discussed in relation to

SMSI mechanism.
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Table 1 Hydregen and CO Sorption at 25x2°C
on TiQz-Supperted Metals

Metal tei‘;‘f%c HM  COM arelg;Emngﬂ
29 Ru 200 0,23 0. 64 45
500 0.08 0.11 46
29 Rh 200 0.71 1.15 48
500 0.01 0,02 43
294 Pd 175 0.93 0.53 42
500 0.05 0.02 46
29 Os 200 0,21
500 0.11
204 1r 200 1.60 1.19 48
‘ 500 0.00 0.1 45
204 Ty 200 0.83 0,65
500 0,00 0.03
. Blank TiO: 150« B 51
Support 500 b 43

« Evacuated for 2h at 150°C; no reduction
prier to BET area determination, * H, uptake
on these samples exhibited Henry's Jaw behavior
and was zero at Pu,=0 by extrapolation.
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Fig. 1 Behavior of Pt/Ti0C: under consecutive
reduction-oxdation cycies. Both the thickness of
the platinum particles and the chemical composi-
tion of the substrate surface undergo change.
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Fig. 2 The deecrease of Iz chemisorption vs the
#; consumption at 773K and the increase of
Ha chemisorption vs the O: consumption at
673 K. The blank value (1.0) was subtracted
from the observed uptake of Oz {see text), O,
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Fig. 3 Hydrogen chemisorption on
supported on various oxides as a function of
activation in hydrogen for 1 hour at each of
various temperatures (T4, activation tempera-
ture ; H/M, atomic ratio of hydrogen adsorbed
to iridium in catalyst). Iridium iz 1 percent
(by weight) for 8iQz AlLO:;, Vi0s; and HIO:
and 2 percent for the other supports,
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Fig. 4 Schematic illustration of the interaction
of Pd with the support.
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Fig. 8 Evolution of ethane hydrogenolysis
activity over Rh/TiOz in Hz atmosphere as a
function of square root of reduction time. The

_ rates are normalized to the values extrapolated
to time=90 at each temperature. To .perform
these measurents, the catalyst, in oxidized form,
was placed in a pulse reactor. When the tem-
perature was stable at the desired set point
H: flow was initiated. Subsequently the
activity was monitored by sending pulses of
ethane.
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Fig. 9 n-Butane hydrogenolysis as a function
of dispersion. The rates were measured at
473 (@), for low temperature reduction, and at
573K (D), for high temperature reduction,
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Fig. 10 Ethane hydrogenolysis and cyclohexane
dehydrogenation on {(a) Ni-Cu catalysts as a
funetion of Cu content, and (b} Rh/TiC»
catalyst as a function of reduction temperature.
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Table 2 Turnover frequency (TOF) of methan-
ation over supported Pt catalysts (548K, 101
kPa, Hz/CO=23).

3
Catalyst Ncs[dggﬁ‘l >< 103)

1.5% Pi/SiC: 0. 19
1.5% Pt/Si0z AlOs 1.4
2,1% Pi/p-Al:Os 1.9
0.68% Pt/Ti0O: (200)%° 13
1. 9% Pt/Ti0Qs (200)%° 132
0.6% PyTiO: (SMSI) 275 (1114

1.9% PyTiOz (SMSI) 63 [12]4?

a) based on Ho chemisorption of used catalysts,
b) Numerals in ( ) mean reduction temperature
(°C). Catalysts are in normal state after 200°C
reduction. ¢ ) Average values, d) based on
H: chemisorption of catalysts after 200°C" redue-
tion,
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Fig. 11 Proposed model for CO hydrogenation
active sites in Pt-titania systems: (@) Ti**
cation ; {{J) oxygen vacancy.
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