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Pd/Al,Oj catalysts are used for selective acetylene hydrogenation and may deactivate via the
accumulation of hydrocarbons (so-called green oil). Previously we observed that green oil
completely covers the surface of the used catalyst, blocking active sites and raising many of the Pd
particles off the alumina support [1]. Due to its practical importance, the process of green oil
formation has been studied extensively by both industrial and academic researchers [1, 2]. However,
most of the previous studies have focused on the effect of green oil on reaction kinetics, overlooking
the generation and growth process. This is partly due to the long time required for green oil to form
and the lack of in situ observation techniques to monitor the process. We are current employing in
situ and ex situ TEM to follow the process of green oil formation on the surface of the active
catalyst.

To study green oil formation it is necessary to determine suitable reactor conditions that accelerate
its formation. We loaded pre-reduced 0.1% Pd/Al,O; catalysts into a micro reactor which was then
run at temperatures and reactant gas concentrations higher than real applications to speed up green
oil formation. Four different reactant gas mixtures, representing the major components of the
industrial feedstock, were tested in an effort to probe the mechanism for green oil formation and its
composition. The mixtures were: 1) C,Ha; 2) 50%C,Ha+ 50%H;; 3) CoHa; 4) 50%C,Hy+ 50%H,.
The reaction was run for 5 hours at a pressure of 600 Torr and 100°C and the samples examined by
TEM to look for evidence of hydrocarbon formation.

Figures a-d are typical TEM images of the samples after removal from the reactor and show that
green oil has formed on the surfaces of the catalyst. We find that C,;H4 doesn’t give rise to green oil
by itself [Fig.a] or combined with H, [Fig.b]. In contrast, C,H; leads to green oil formation by itself
[Fig.c], contrary to the general belief that H; has to be involved. The hydrocarbon was formed
around each Pd particles proving definitely that it is metal particles and not the support that give rise
to green oil formation. The green oil around the metal particles will overflow in time to cover the
entire support as shown previously [1]. Most Pd particles are pushed off the support (in agreement
with results from the industrial reactor [1]) presumably by the green oil originating between metal-
support interface. The early stages of this lift-off process will be studied by in-situ ETEM.

https://doi.org/10.1017/51431927605506305 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927605506305

Microsc Microanal 11(Suppl 2), 2005 1577

References

[1] R.-J. Liu, P.Crozier, C.Smith, D.Hucul, J. Blackson, G. Salaita, Appl.Catal. A: General,
published

[2] W.Kim, E.Shin, J.Kang, S.Moon, Appl. Catal. A: General, 251 (2003) 305.

[3] Funding was provided by the Dow Chemical Company.

Green oil

Green oil

ALO;
A
N
<N
AR
50 nm o

Fig.a-d. 0.1% Pd/Al,Os3 after 5 hrs at 100°C in various reactant gases. No green oil formed in: (a)
C,Hy (b) CoHy+ Hy; Green oil formed in: (¢) C;H, (d) CoH; + H,.
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