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Abstract

A high pressure cell and manipulator mounted inside a UHV surface analysis chamber
has been built which can reach 1800 psi. With this apparatus, catalytic reactions on small
surface area (~1 cm?) single crystals and polycrystalline surfaces are monitored, and the
effect of reactant pressure, surface composition and surface structure are correlated with
catalytic activity. This paper describes in detail the apparatus and typical experimental

procedure.



INTRODUCTION

This paper reports on the design of a new high pressure isolation cell mounted inside
an ultra-high vacuum (UHV) chamber capable of attaining pressures of 1800 psi (122 atm).
This pressure range allows modeling of many industrially important reactions, including

CO hydrogenation, ammonia synthesis and hydrocarbon reforming.

Work in our laboratory has centered on studying catalytic reactions on well character-
ized low surface area ( 1 cm?) transition metal single crystal and polycrystalline surfaces
to correlate surface composition and structure (determined in UHV) to catalytic behavior
(high pressure conditions).! Previous experiments were performed in chambers equipped
with high pressure cells capable of a.ttainihg only 350 psi. In these systems, all of the
features of UHV surface science chambers (AES, LEED, XPS, TPD, ion bombardment
gun, evaporation sources) are combined with a high pressure batch reactor.?® With this
conﬁgbura.tion the catalyst surface is fully characterized before and after a reaction without

exposing the sample to the ambient atmosphere.

Many commercial reactions are operated at pressures over 500 psi. Thermodynam- .
ics dictates that product formation for some reactions is enhanced at higher pressures.
Also, at higher pressures, different mechanisms may exist which lead to different product
distributions than at lower pressures because of larger surface concentrations of weakly
adsorbed molecules. In ammonia synthesis higher conversions are obtained by performing
the reaction at higher pressures (>1500 psi). In the Fischer-Tropsch (Syn Gas) reaction
recent studies in our laboratory found a significant increase (from 65% to 90%) in the
alcohol selectivity of K2CO3; promoted MoS; in a pressure range of 500 to 1500 psi H,
with a constant CO pressure of 500 psi.* This new system we describe provides a means

to model reactions at high pressure.

The major limitation in reaching high pressures in the previous isolation cells was the
manipulator-to-cell sealing surface. The copper gasket-knife edge seal fails above 350 psi
of reactant gas. This new apparatus uses a sealing surface with differentially pumped o-

rings, which is tight to over 1800 psi of reactant gas. Other improvements in design include
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smaller c‘gll volume, easier manipulator-cell alignment, and a simplified sealing mechanism.
DESIGN CRITERIA

Various constraints are imposed on the design of the high pressure cell and the ma-
nipulator. The cell should have a seal capable of maintaining UHV in the chamber during
reactions with 10° torr of reactants. After a reaction, the cell should pump down rapidly
(within minutes) to UHV. The total unit has to fit comfortably inside a 10 liter UHV
chamber and also allow use of all of the surface science equipment (x-ray and electron
sources, electron energy analyzer and mass spectrometer). The volume of the cell has to
be minimized for two reasons. First, since the catalyst surfa.ce-a.rea is ~1 cm?, the sample
surface area/cell volume ratio has to be maximized to enhance detectability of reaction
products. Second, during reactions products and reactants adsorb on the walls of the cell
and slowly outgas when the cell is opened to UHV, increasing the chamber base pressure.
The sample should be easily mountable on the manipulator to facilitate sample changes.
The cell and sample support xhust be catalytically inactive at the reaction temperatures

to which they are exposed.
HIGH PRESSURE SYSTEM

A schematic of the high pressure/UHV system is shown in Figure 1. The primary
components are the manipulator (to which the sample is attached), the high pressure cell
mounted inside the UHV chamber, a gas circulation pump and gas chromatograph for

reaction product analysis. The components of the high pressure system (manipulator and

~ cell) are described below in detail.

a) MANTIPULATOR

The manipulator shown in Figure 2 is composed of two sections: a solid stainless
steel (s.st.) bulkhead with thermocouple and electrical feedthroughs to which the sample
is attached and a 1m long s.st. transfer probe. This unit has both vertical and 360°

rotational motion with the sample mounted on the central chamber axis.

The manipulator is raised and lowered with a vertical translator mounted on the cham-

ber. To prevent exposure of the chamber to atmosphere during sample changes a load lock
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is mounted on the chamber (Fig. 1). The seal between the manipulator and chamber,
located above the load lock gate valve, consists of two differentially pumped piston seals
which are very lightly lubricated with diffusion pump oil to allow the manipulator to slide

easily.

The bulkhead has two 150 amp copper feedthroughs and two thermocouple
feedthroughs welded in with the ceramic insulator inside the cell. The sample is spotwelded
to 20 mil gold wire which in turn is spotwelded to the copper feedthroughs. On the topside
of the electrical feedthroughs copper tubes were soldered on which carry in liquid nitrogen
for cooling and current for sample heating. The tubes and thermocouple wires run the
length of the 2.5' diameter polfshed transfer probe welded to the bulkhead. The other
end of the probe is capped to allow evacuation of the transfer probe to cool samples with-
out condensation on the outside of the probe. The copper tubes and thermocouple have

vacuum tight connections through this cap.
b) CELL

The manipulator is lowered and inserted into the high pressure cell (Fig. 3) to complete
a micro-batch reactor. This cell (18 cm X 7.5 ¢cm), mounted inside the chamber on the
‘bottom center, has a piston-actuated seal which grasps the manipulator in a bayonet
mount. The sealing surface of the cell consists of two differentially pumped viton o-rings
seated in dove-tail grooves on the top ﬂa.t. surface. Pressurizing the piston through the
air-in line pulls down the outer housing which in turn pulls the manipulator’s flat sealing
surface tightly against the o-rings. A nitrogen sealing pressure of at least one-half the
reaction gas preésure is needed for a tight seal. When the nitrogen pressure is released,

the spring forces the piston and outer housing up.

The inner cell is mounted on a 1 cm diameter pedestal which holds the cell firmly while
still allowing 1-2 mm lateral flexibility for manipulator-cell alignment.The cell has cavities
for the sample (9 cm x 2.5 cm) and piston (6 cm X 5 cm). This cell has connections for
reactant gas in and out, nitrogen for pressurizing the piston, and for differential pumping

between the o-rings and the volume below the piston. The volume under the piston is
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pumped as an extra precaution to eliminate the possibility of nitrogen leaking into the

_ chamber during a reaction.

EXPERIMENTAL PROCEDURE

In a typical reaction study, the ~ 1 cm? catalyst sample is cleaned and characterized
by AES, LEED and XPS. The manipulator is lowered and then rotated 45° to latch it into
the high pressure cell. After the manipulator and cell are tightly sealed, by pressurizing
the piston (500 psi N2) and thereby activating the clamping mechanism, the differential
pumping between the o-rings is started. At this point valves 1 & 2 (Fig. 1) are opened
to complete the micro-batch reactor (total volume 103 cm?). The unit is filled with the
desired amount of reactant gases ( up to 1800 psi) which are circulated by a positive
displacement circulation pump. The sample is then resistively heated and the product
yield and distribution monitored with a gas chromatograph. At reaction pressures over 20
atm, sample heating becomes difficult due to heat conduction by the gases. Depending on
the sample and reactant gases 80 - 90 amps maybe necessary to heat the 1 cm? sample to
400°. After the reaction, the unit is evacuated with a mechanical pump and oil-diffusion
pump to ~ 1 x 107® torr. The differential pumping is stopped and the cell is isolated
from the rest of the loop by closing valves 1 and 2. After releasing the piston pressure
and rota.tiné the manipulator 45° it is raised to align the sample with the UHV surface -

analytical tools and fully characterized.
SUMMARY

A high pressure cell and manipulator mounted inside a UHV surface analysis chamber
has been built which can reach 1800 psi while the chamber base pressure remains at 1 x
107° torr. With this apparatus, catalytic reactions' on small surface area ( ~ 1 cm?) single
crystals and polycrystalline surfaces are monitored, and the effect of reactant pressure,
surface composition and surface structure are correlated with catalytic activity. A model
catalyst can easily be characterized, enclosed in a micro-batch reactor; a reaction can be
run (10 min - 24+ hours) and the sample quickly (10-15 minutes) returned to the UHV
envifonment without exposing it to the ambient atmosphere.
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Figure Captions

Figure 1. A schematic of the Ultra-high vacuum surface science chamber with the
new high pressure manipulator and cell is shown. The manipulator can be raised to allign
the sample with the surface analytical techniques (AES, TPD, XPS) or lowered into the
cell mounted on the bottom of the chamber to enclose the sample in a microbatch reactor.

The reaction loop has a circulation pump, gas chromatograph and gas manifold.

Figure 2. The manipulator is composed of a solid stainless steel bulkhead with
thermocouple and electrical feedthroughs to which the sample is attached, and a 1m long

transfer probe. The sample can be cooled to 85K and heated to over 1300 K.

Figure 3. This figure shows a cross sectional view of the high pressure cell mounted
on the bottom of the chamber. The cell has a piston-actuated seal which grasps the
manipulator in a bayonet mount. Pressurizing the piston through the air-in line pulls
down the outer housing which in turn pulls the manipulator’s flat sealing surface tightly

against the o-rings.
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