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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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LANTHANUM HEXABORIDE (LaBg ) COEFFICIENT OF
THERMAL EXPANSION*

M. D. Williams, K. N. Leung, and P. Purgalis

Accelerator and Fusion Research Division
Lawrence Berkeley Laboratory
1 Cyclotron Road, Berkeiey, CA 94720

ABSTRACT

The thermal coefficient of expansion of lanthanum hexaboride(LaBg) as a
function of material density has been measured in the temperature range of 1000 °C
to 2000 °C. Though there was not a large variation in thermal expansion, the ‘
coefficient of thermal expansion did vary directly with LaBg density. The coefficient

increased from 8.8 x 1078 /°C at 61 % density to 11.5 x 106 /°C _at 95 % density.

* Work is supported by the Aero Propulsion and Power Laboratory, Wright-Patterson
AFB and the U.S. DOE under contract No. DE-AC-76SF00098.



it has been known for some time that lanthanum hexaboride (LaBg) is a

good material for use as an electron emitter. 1-3 It has also been demonstrated
that directly-heated LaBg cathodes, either in the form of filaments or in a coaxial

geometry can be operated successfully in a plasma source. 48 In some (
applications, such as high power free electron lasers, large area cathodes are
required. A directly-heated LaBg electron emitter has been proposed for the

generation of intense electron beams. 7 Due to the high temperatures required
for cathode operations and the brittleness of lanthanum hexaboride, matching
its thermal expansion characteristics as closely as possible to those of the
mounting materials would aid in reducing thermal stresses. However, there are
no available data on the thermal coefficient of expansion of LaBg as a function
of material density or at temperatures above 1000 °C. To aid.in the design of
the proposed cathodes, measurements of the thermal expansion of LaBg
samples of various densities and at temperatures above 1000 °C have been
performed. This paper describes the apparatus, test procedures and the results
of these measurements.

The manufacture of solid lanthanum hexaboride is normally accomplished
by sintering of LaBg powder under various temperatures and pressures to

obtain the desired material density. 18 The maximum obtainable theoretical

density is 4.7 g/cm3 Densities ranging from 60% to 95% of this value are
readily available. Higher densities can be produced, but at a considerably
higher manufacturing cost. LaBg material with densities lower than 60% is
quite soft and structurally weak, and therefore is not suitable for cathode use.
For the higher densities, LaBg has ceramic-like properties in hardness and
requires special tooling and techniques for machining.

The experimental set-up is shown in Fig.1. The test apparatus was installed
in @ vacuum chamber equipped with a window which provided a full view of the
LaBg sample. The test fixture was designed to hold one end of the LaBg
sample rigidly and to allow the other end to slide freely. To prevent chemical
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reaction at the contact points, graphite was used to hold the LaBg samples. The
LaBg test samples were viewed through a window with an optical-pyrometer
fitted with a telescopic lens. The pyrometer was mounted on a rack and pinion
assembly and mechanically connected to an linear variable differential

transformer (LVDT). The LVDT has a resolution of 6.35 x 10> cm and a linearity
of £ 0.25 % of full scale. The LVDT was set up with a calibrated range of+ 2 cm.
The window transmission was separately checked with a reference light, and a
transmission correction of 2% was determined. All temperatures were

corrected by using the emissivity values published by Storms. °
The LaBg samples were cylindrical rods of approximately 0.63 cm diameter

and 5 cm length.10 Small notches were ground at 0.5 cm intervals over the
center 3 cm of the samples. Material density of the tested samples varied from
60 to 95 %. The central, most uniform temperature section of the LaBg rod
was chosen for the measurements. Temperature variations along the section
were in the range of 4%.

Each LaBg sample was in turn installed in the assembly. The distance
between two notches was measured at room temperature. The heating current
was then increased gradually until the LaBg temperature came within the

pyrometer's range ( ~ 800 © C). The temperature was allowed to stabilize and
then recorded along with the measured distance between the reference
notches. This procedure was repeated at various temperatures. All LaBg
samples were tested several times to assure repeatability.

Fig. 2 is a plot of the expansion characteristics of a 61 % dense LaBg
sample, which is typical of the data from all test samples. It can be seen that
the expansion can be described by two linear functions. One from 20 to 1000 °C
and a second from 1000 to 2000 °C. The slope of the first segment ( 20 to 1000

°C ) gives a thermal coefficient of expansion of 6.6 x 1078/ °C, which agrees
closely to previously reported coefficients.!1.12 The second segment (1000 to

2000° C) has a slope of 8.7 x 1076/ °C, which is slightly larger than the first
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segment.
Figure 3 is a graph which shows the relationship between a 61 % and a 95
% dense sample. Added to the graph is the thermal expansion characteristics

of tantalum.3 Since the difference in thermal expansion between tantalum and
LaBg is small and tantalum has a lower reactivity with LaBg than other refractory
metals, it is commonly used as an interface material for LaBg. Table 1 lists the
measured coefficients of expansion ( 1000 to 2000 °C ) for the various test
samples. Although the differences are minor, the thermal coefficient of
expansion does vary directly with material density.

We would like to thank S. Wilde, M. Lowenthal and W. Stockwell for their
technical assistance. This work is supported by the Aero Propulsion and Power

Laboratory, Wright-Patterson AFB and the U.S. DOE under contract No. DE-AC-
76SF00098.
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_Figure Captions

Figure I. Schematic of the apparatus used for measuring the thermal
coefficient of expansion of LaB.

Figure 2. A graph of the thermal expansion characteristics of a 61 % dense
sample of LaB6. Note that the expansion can be described by two
linear functions as shown.

Figure 3. A graph showing the relationship of the thermal expansion
characteristics of 61 % and 95 % samples



Table 1. Thermal coefficient of expansion of LaBg. (1000 to 2000 °C)

Material density [%] Coefficient [106 /°C ]
61 8.7
75 9.0
80 - 0.8
95 11.5
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