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LEGAL NOTICE

This report was prepared as an account of Government sponsored
work. Neither the United States, nor the Commission, nor any
person acting on behalf of the Commission:

A. Mokes any warranty or representation, expressed or implied,
with respect to the accuracy, completeness, or usefulness
of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed
in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for
damages resulting from the use of any information, apparatus,
method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission"
includes any employee or contractor of the Commission, or employee
of such contractor, to the extent that such employee or contractor
of the Commission, or employee of such contractor prepares, dis-—
seminates, or provides access to, any information pursuant to his
employment or contract with the Commission, or his employment with
such contractor.



ANL-6536
Instruments
(TID-4500, 17th Ed.)
AEC Research and
Development Report

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, Illinois

HIGH-TEMPERATURE KNUDSEN EFFUSION
CELL ASSEMBLY

by

E. G. Rauh, R. C. Sadler, and R. J. Thorn

Chemistry Division

April 1962

Operated by The University of Chicago
under
Contract W-31-109-eng-38






HIGH-TEMPERATURE KNUDSEN EFFUSION
CELL ASSEMBLY

by

E. G. Rauh, R. C. Sadler, and R. J. Thorn

To be described here is a Knudsen effusion cell assembly which was
designed for use with a Bendix time-of-flight mass spectrometer for the
study of vaporization processes at high temperatures. The cell is heated
by electron bombardment, and temperatures up to 3100°K have been achieved.
All of the original parts, except the effusion cell and the filament, are still
in use after several thousand hours at temperature.

Parts are easily re-
placed and aligned, and

a variety of experimental arrangements is possible.

Most of the assembly details are evident in Figures 1, 2, and 3.

Figure | Figure 2
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The base structure by which all parts are located and electrically insulated
consists of 3 quartz plates mounted on heavy tungsten rods by nickel spacers
and nickel collars with stainless steel Bristol set screws. The effusion cell,
filament, filament supports, and radiation shields are mounted on 0.080-in.
tungsten rods which pass through holes drilled in the quartz plates in the pat-

tern shown in Figure 3 and are held in position by set screw collars located
between the quartz plates.

All of the radiation shielding is supported on 4 tungsten rods. The
plane shields are spun from 0.020-in. tantalum sheet; the rolled edges add
strength and are very effective in preventing warping. The steps in the in-
nermost shields serve as guides for the cylindrical radiation shield, which
consists of 2 or 3 revolutions of 0.002-in. molybdenum sheet.

The present design of effusion cell has evolved from many attempts
to minimize temperature gradients. In any effusion cell the coldest part will
be the orifice, since energy is delivered to the periphery of the cell and the
edge of the orifice is heated only by radiation from within the cavity and by
conduction from the outer walls. In order to make the conduction path as
favorable as possible, the cell is machined with heavy walls and the orifice
is made a part of the larger section. Condensation of the effusate in the
orifice, even with samples of high emissivity at high effusion rates, has not
been a problem with this design. The cell, usually ‘1 in. long and ;— in. diam-
eter with a 0.040-in. orifice, 1s supported on 3 tungsten rods, the ends of
which are ground down to 0.030 in. to minimize conduction losses and to
make a loose fit in the 0.040-in. holes in the bottom of the cell for easy
removal. The support rods terminate in a single collar which allows the

cell to be raised and lowered without loss of vertical alignment.

Both helical (Figures 1 and 2) and hairpin (Fig-
ure 3) filaments have been used. Both are formed on a
jig shown in Figure 4. The ends of the filament leads
are slotted with a 0.015-in. aluminum oxide cutoff wheel
and clamped in the base of the jig. The filament wire,
0.015-in. tungsten, is formed over removable pins (or
around the cylinder if a helical filament is to be formed)
and passed through the slots in the leads. The slot is then
closed on the filament by spotwelding. A small split
clamp across the leads allows the filament assembly to
be removed from the jig and put into position around the
effusion cell without danger of breakage. The leads are
prevented from rotating by double set screw clamps with
locking pins, as shown in Figure 3. Seven filament sup-
ports, small hooks of 0.015-in. tungsten wire fastened
to 0.080-in. tungsten rods as described above, are pro-
vided to prevent sagging of the filament. The position-

Figure 4 ing of the supports for both the helical and hairpin
Fllament Forming Jig

filaments is shown in the figures.
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The entire assembly is mounted on a stainless steel ring which, in
turn, is mounted on the base plate by means of three 0.060-in, tungsten rods
(see Figure 1). Two of these are fastened directly to the base plate and
oriented with their line of centers parallel to the long axis of the rectangu-
lar collimating slits in the spectrometer. The third is fastened to the end
of a screw adjustment operated from outside the vacuum. As the third sup-
port rod is raised and lowered, the orifice traverses the slit and can be
centered either by maximizing the ion current or by sighting through a
pyrometer focussed on the orifice from above through the ionization region
and the collimators. Electrical contact to the cell, filament, and radiation
shields is made through flexible leads connected to the support rods and feed-
throughs in the base plate by sleeve couplings.

The power regulator* used with this assembly was designed to de-
liver 0-20, 30, 50 volts at 25-amp AC filament power and 0-1500 volts at
4-amp DC bombarding power. The bombarding power is regulated by means
of a Siemens-Halske Hall Multiplier which senses both the voltage and emis-
sion current and computes an error signal proportional to the power. The
output voltage is varied by the error signal to keep the power at a preset
level. Although only 1600 watts is required at 3100°K, the maximum power
of 6000 watts is necessary because of the changing load impedance, which
may vary from 100 to 50,000 ohms. At lower temperatures, a filament heat-
ing current of approximately 11 amp is required to produce emission, and
the bombarding power is of low amperage but high voltage. As the tempera-
ture of the cell is increased, the temperature of the filament is raised by
radiation from the cell and the filament heating current must be reduced
until at about 2400°K it will be cut off entirely. At this point, manual con-
trol is lost and the emission may rise to 3 amp. However, even over the
wide range of currents and voltages encountered, control is such that it is
possible to maintain ion currents in the spectrometer constant to within
t+ 2% for long periods of time. This corresponds to power regulation within
+ 0.3% and temperature control within 2 degrees at the highest temperatures.

At present, the temperature has been limited to 3100°K, not by any
structural failure of the assembly, but by severe oscillations in the emis-
sion current. The cause of the oscillations has not been determined, but if
it is to be found in the power regulator and can be eliminated, it is estimated
that a temperature of 3300°K may be attained before the maximum current

of the power supply is exceeded.

*A detailed description of the power regulator is to appear in another
publication. It was designed and built by Mr. H. H. Cremer, formerly
of ANL Electronics Division, and now with Jet Propulsion Laboratory,

Pasadena, California.
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