Simple high-pressure cell for neutron scattering
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A high-pressure cell, capable of 8 kbar, is developed for neutron scattering. It can be used with ILL
type orange cryostats to obtain a temperature as low as 1.5 K. The simple seal design described here
can easily be adopted to other high-pressure applications. © 1995 American Institute of Physics.

Temperature and pressure are important thermodynamic
variables. While low-temperature is regularly used in neutron
scattering, the use of high pressure is less standard. However,
the interest in doing neutron scattering under high pressure
has been increasing.' There are special requirements for
high-pressure cells used in neutron scattering.” For example,
the flux rates of current neutron sources require large enough
sample volume in order to get acceptable signal-to-noise ra-
tio in reasonable time. Also the cell body in the meutron
beam gives rise to unwanted scattering and absorption. This
demands a minimum of material in the beam path.

In this note, we report a simple cylindrical high-pressure
cell for neutron scattering (see Fig. 1). The pressure is gen-
erated by a hydraulic compressor (not shown in the figure),
made by Harwood Engineering Co. The pressure transmit-
ting medium, helium, is connected to the high-pressure cell
by a stainless-steel capillary (F). The pressure cell assembly
is handy enough to be installed in a top-loaded ILL cryostat
and a temperature as low as 1.5 K can be achieved. With the
standard precautions,® quasihydrostatic pressure can be ob-
tained at low temperature at which helium is solid. At el-
evated temperature above the helium melting point, the pres-
sure is hydrostatic. The pressure in the cell can be monitored
by the manganin resistance cell in the compressor, or by
using neufrons to measure the laitice constant of a known
crystal, e.g., graphite* or NaCl,® in the cell.

Sealing of the pressure cell is an important aspect of the
pressure cell design.® It can be an Amagat “excess pressure”
seal, as rendered in, for example, the tightened cone-to-
cylinder contact. But the pressure which can be sealed is
limited by the tightening stress.” Bridgman-type or Poulter-
type “self-sealing” seals need no pretightening. The high
pressure inside the pressure cell provide the sealing pressure.
But such seals usually only work at some elevated pressure.
This leads to hybrid seals which combine features of both the
excess pressure seal and the self-sealing seal. Sophisticated
seals of this type have been designed.” The seal we describe
here is a hybrid of the Amagat and Poulter types (refer to
Fig. 1). When tightening bolt (C) against nut (D), the push-
ing cone (B) presses the cylinder-shaped copper ring (E)
onto the step of the sample cell (A) thus deforming the ring
into a wedged shape. This forms an Amagat seal which pre-
vents leaking at low pressure. When the pressure increases,
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the wedged ring acts as a Poulter seal. The copper ring (E) is
not reusable. But it is very easy to make. The seal design is
very simple yet reliable and it can easily be adopted to other
high-pressure applications.

The high-pressure limit of the pressure cell is set by the
material strength, the inner and the outer diameters of the
sample cell (A). Both Maraging steel and beryllium-copper
(Berylco 25) were used due to their mechanical properties
from low to ambient temperature and their acceptable neu-
tron absorption and scattering properties. Berylco 25 has the
added merit in that it is nonmagnetic which can be important -
when investigating magnetic samples. The inner diameter of
the cell is determined by the sample volume desired and the
thickness of the cell wall is determined by the compromise
between the high-pressure limit and the background contri-
butions. The sizes we settled on are 0.228 in. for the inner
diameter and 1/2 in. for the outer diameter. A Maraging steel
cell with these dimensions sustained 8 kbar without
bursting.®
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FIG. 1. Cross section of the high-pressure cell assembly: (A) sample cell,
{B) pushing cone, (C) tightening bolt, (D) assembling nut, (E) sealing ring,
(F) capillary from hydraulic compressor. (G) is the sample cavity. (A)—(D)
are made of high strength material. (E) uses soft metal. The inner and outer
diameters of the sample cell (A) we used are 0.228 and 1/2 in., respectively.
The diameter in the opening step of (A) is 1/4 in. The matching cone sur-
faces of (A) and (B) have full angle of 20°. The cylindrical ring (E) is 3/64
in. in height and 1/32 in. in thickaess, with the outer diameter of 1/4 in.
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Uses of this high-pressure cell in neutron scattering ex-
periments are reported elsewhere.’
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