JOURNAL OF CATALYSIS 139, 691-694 (1993)

An Improved Sample System for the Infrared Study
of Supported Metal Catalysts

Pressing silica-supported metal catalysts
into self-supporting samples for IR trans-
mission analysis often yields unpredictable
results. The insulating properties of the sam-
ple make it difficult both to control and to
measure the sample temperature, and the
fragile nature of the sample adds to the dif-
ficulty of temperature measurement. Press-
ing the sample material at high pressures
increases the sample’s strength and im-
proves the sample’s transmittance; how-
ever, it reduces the rate of gas-diffusion into
the interior of the sample (/), producing a
nonuniform concentration of the adsorbed
gas throughout the sample.

Typically, self-supporting samples are
heated in an oven section of the sample sys-
tem, either by radiation heating in vacuum
or by convection heating in an inert gas.
Cooling the sample to room temperature is
accomplished by waiting for the slow radia-
tion cooling in vacuum or by purging the
system with the inert gas. The arrangement
described in this paper allows the sample to
be heated and cooled in vacuum by external
means with the sample temperature mea-
sured directly.

Two improved sample arrangements have
been described in the past few years. In one,
the self-supporting sample is pressed onto a
molybdenum screen (2). In the other, the
sample is pressed directly onto the tungsten
screen (3). In both cases, the screen is
heated resistively with an electric current.
The sample arrangement described here
uses some of the features of these systems
and also has the capability to cool the sam-
ple quickly and to cool it below the ambient
temperature.

The sample system described here was
devised to enable us to obtain the infrared
transmittance spectrum of adsorbed species
on silica-supported metal catalyst samples.
The sample is pressed so as to embed the
tungsten screen that is clamped between
two copper rings. The rings are fastened to
a heavy copper rod that can be heated or
cooled by means external to the vacuum
system. Embedding the tungsten screen into
the sample has several advantages:

(1) The thermal conductivity of the tung-
sten wires, which are in intimate contact
with the pressed silica, permits temperature
control of the insulating sample.

(2) The sample’s increased mechanical
stability allows us to routinely prepare thin
samples for use where the low infrared
transmittance of the silica is a problem.

(3) The mechanical support of the embed-
ded screen permits a thermocouple to be
inserted directly into the sample, either for
direct sample temperature measurement or
for a calibration that relates the sample tem-
perature to the temperature of the support
rings.

(4) The mechanical support of the screen
allows a stable sample to be formed by
pressing at lower pressures. Such a sample
allows for faster diffusion of the gases into
(and out of) the sample interior.

Figure 1 shows the screen mounted be-
tween two OFHC copper rings. The screen
is notched to match the screw holes and the
thermocouple channel and then pressed flat,
prior to assembly. Circular and radial
grooves are machined into the clamping sur-
faces of the rings to eliminate trapped gases.
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Fi1G. 1. Schematic drawing of copper rings and screen
assembly.

The sample is pressed between two steel
pistons. The lower piston fits inside the cop-
per rings and the screen assembly iIs sup-
ported so the screen is just above the face
of the piston. With sample material on both
sides of the screen, the upper piston is low-
ered onto the sample material and the sam-
ple is pressed.

We have used several ways to insert a
thermocouple into the sample. The follow-
ing procedure was used for the data shown
in this paper. After the sample was pressed,
a small hole (1/32" diameter) was dJrilled
through the center of the sample and screen.
The thermocouple junction is placed in the
hole with the leads passing across the sur-
face of the sample and through the thermo-
couple channel in the copper rings. The hole
is filled with additional sample material and
pressed again. To ensure that the thermo-
couple wires are not shorted (4), by contact
with the screen, after the second pressing
they are pulled away from the sample sur-
face until their only contact with the sample
is with the thermocouple junction at the cen-
ter of the sample. The thermocouple wires
now extend from the center of the sample,
through the thermocouple channel to elec-
trical feedthroughs on the vacuum flange
that supports the entire sample system.

NOTES

Another thermocouple is spot-welded to
a thin layer of silver on one of the copper
rings of the sample-holder assembly (5).
After calibration of the sample temperature,
this thermocouple may give adequate tem-
perature information so that it is not neces-
sary to insert the thermocouple into the cen-
ter of each sample disc.

Figure 2 shows a drawing of the sample-
holder assembly to which the mounted
screen is attached. The assembly is ma-
chined from an OFHC copper rod. The
mounted screen is held against a vertical
face of the assembly with screws. This as-
sembly forms the bottom of a well that pas-
ses through the vacuum flange and is open
to the outside of the system. The upper part
of the well is a stainless steel pipe, silver-
soldered to the copper. The pipe passes
through and is welded to the UHV flange
whose lower surface mates with a flange on
the vacuum system. Because the flange also
carries the electric feedthroughs for the
thermocouple wires, the entire sample sys-
tem can be removed by removing this one
flange.
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FiG. 2. Schematic drawing of sample-holder as-
sembly.
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F1G. 3. Transmittance effects for a {6-mg silica sam-
ple. 13 mm in diameter, pressed with various forces
(N).

Sample heating is accomplished by low-
ering an electric cartridge heater into the
well. Cooling is accomplished by circulating
liquid nitrogen through the well.

Figure 3 shows the infrared transmittance
of a pressed, silica sample. The sample is 13
mm in diameter and 16 mg in weight. The
tungsten screen, by itself, has a transmit-
tance of 90%. The transmittance is further
reduced both by the intrinsic absorption of
the silica and by scattering of the silica pow-
der. As the sample is pressed at higher pres-
sure, the thickness of the sample is reduced,
the voids between the silica particles are
reduced in size, and the transmittance of the
sample increases. Figure 3 shows a differ-
ence in the transmittance by a factor of two
for usable samples pressed at different pres-
sures.

The sample is processed by a standard O,
and H, cleaning procedure (6). This treat-
ment sometimes changes the relation be-
tween the two measured temperatures (the
sample temperature and the sample-holder
temperature) on a new sample assembly,
presumably because the process changes
the thermal conductivity of the contact be-
tween the screen and copper rings and/or
the copper rings and the sample-holder as-
sembly. After the cleaning procedure, how-

F1G. 4. Sample and copper ring temperatures when
the sample is cooled externally with liquid nitrogen.

ever, the temperatures are quite reproduc-
ible. Figure 4 shows the two temperatures
as a function of time when liquid nitrogen is
circulated in the well. The sample reaches a
temperature of — 100°C after about 12 min
and then slowly drops to a minimum temper-
ature of about — 120°C.

Figure 5 shows the temperature as a func-
tion of time when a constant voltage is ap-
plied to the cartridge heater. For the voltage
used here, the maximum sample tempera-
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Fi1G. 5. Sample and copper ring temperature when

the sample is heated with an electric cartridge heater.
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ture is about 350°C and it takes about 30 min
for the temperature to rise to 270°C.
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REFERENCES

. Brandt, R. K., Hughes, M. R., Bourget, L. P.,

Truszkowska, K., and Greenler, R. G., Surface
Science, to appear.

. Ratajczykowa, 1., and Stanasiuk, Z., J. Phys. E:

Sci. Instrum. 21, 906-907 (1988).
Jin, T., Zhou, Y., Mains, G. J., and White, J. M.,
J. Phys. Chem. 91, 5931-5939 (1987).

. American Society for Testing and Materials, ‘*Man-

ual on the use of Thermocouples in Temperature
Measurement.”” American Society for Testing and
Materials, Baltimore, 1974,

. Green, S.J.,and Hunt, T. W., in **“Temperature, Its

Measurement and Control in Science and Industry”
(A. 1. Dahl, Ed.), Vol. 3, Part 2, p. 711. Reinhold,
New York, 1962,

NOTES

6. Nandi, R. K., Molinaro, F., Tang, C., Cohen, J. B.,
Butt, J. B., and Burwell, R. L., Jr., J. Catal. 78,
289-305 (1982).

M. HUGHES!

L. BOURGET’

RoOBERT G. GREENLER
Department of Physics and Laboratory for Surface
Studies
University of Wisconsin—-Milwaukee
Milwaukee, Wisconsin 53201

Received June 8, 1992, revised September 1, 1992

! Present address: Johnson Controls, Inc., 4285 N.
Port Washington Road, Milwaukee, WI 53212.

? Present address: Applied Science and Technology,
Inc., 35 Cabot Road, Woburn, MA 01801.



