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Introduction

There are tvo motives for using cold moderators in pulsed neutron sources, to
provide higher fluxes of long-wavelength neutrons, and to extend the epithermal
range with its short pulse structure to lover energies. For both these purposes
solid methane, operated at the lowest possible temperatures, is the best material
ve know of. Two problems accompany the use of solid methane in high power
sources, namely heat transport in viev of the lov thermal conductivity of solid
methane, and deterioration due to radiation damage. Ve have designed a system
suitable to operate in IPNS, subject to nuclear heating of about 25 ¥, which
incorporates an aluminum foam matrix to conduct the heat from within the
moderator. Ve report the results of the first few months’ operation, and of a few
tests that we have performed.

Design of the Grooved Cold Moderatoc

The goal of the design of the grooved solid methane moderator was to provide
as iuow a spectral temperature as possible, with no constraint on resolution.
While the gozsis need not to have been qualified for the S$mall Angle
Diffractometer, the Polarized Beam experiment vwhich also views this moderator,
requires reasonable intensity for 4 A wavelengths and nearby, and resolution of
about 100 psec. The tests of Inoue, et al.[l] indicate that the spectrum from 10
K methane wvould not be so cold as to diminish significantly the flux of 4 A
neutrons, and that the resolution requirement is satisfied by a grooved design
similar to that nov in use at KENS.

However, experience at KENS[2] and our own calculations indicated that with
the pover densities expected at IPNS, temperature gradients would be too great in
pure solid methane. Thus we wvere led to provide a metal matrix within the soltd
methane volume to conduct the heat to the cooled walls of the container. Aluminum
metal foam seemed to provide the required small subdivision ¢f the methane, and
the required increase in bu’k thermal conductivity, and to be fabricable using
vell-developed techniques, wvhile the required sacrifice in methsne density is
small and acceptable. The foam is brazed to the cooled flat surface of the

container.
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A closed~cycle refrigerator provides approximately 7 K circulating helium gas
for cooling. Figures 1 and 2 show the design of the grooved moderator container.
A rocn temperature aluminum can provides the insulating vacuum enclosure. The
thermocouple is a 0.063 inch (1.6 mm) diameter stainless steel sheathed type T
junction. 1In operation, the moderator is decoupled from the surrounding graphite
reflector by 0.05 cm cadmium. The normal mode of operation is to fill the system
by condensing the methane into the system at the beginning of a runm cycle. At the
end of each cyclfl(typically about 400 hours), after waiting for decay of short-
lived isotopes (°'C, etc.) we allovw the system to warm up and release the gas to
the facility exhaust system. Normally we £fill the system so that the filling
tubing contains an overpressure greater than one atmosphere absolute, with the
motive to prevent leakage of air into the system.

Thermal Analysis

Argonne retained the daterials Division of ERG under contract to perform the
thermal analysis, design, fabrication, and tests of the Inner Cannister of the
Solid Methane Moderato- f¢- 'Y= IPNS program. ERG vas selected because of its
unique Duocel Foam Metz ' <¢i* is wused extensively in solid thermal mass heat
exchangers for various .nplicic:ions such as Infra-red Surveillance Satellites.
The material is ideally =sui- to provide nearly isothermal conditions in the

solid methane cryostat.

Doucel foam meta. .- a1 nen-cell, reticulated, skeletal structure that is
manufactured with avercge csl. ~.:2s between 10 and 40 pores per inch (PPI), and
density varying from 3X to 12X that of the btull metal. The pore structure is more
or less regular and the ligaments alsplay a purity equal to that of drawn wire or
cast aluminum. The conductivity is 1isotropic because of the uniformity of the
matrix.

ERG determined the alloy, density, and pore size to meet the goals of the
program. 6101-T6 aluminum foam would provide the best conduction, and would
enable brazing to the cooled back plate. The alloy also has superior strength in
the heat treated condition. 6101 alloy contains 0.5X Si, 0.5% Mn and other trace
constituents, yet retains high thermal conductivity at low temperature. ERG’s
prior experience with this alloy cycling to lov temperature in other applications
also indicated its use.

The predominant factor in foam metal heat transfer is the cross sectional
area of the ligament. For like densities the coarsest material gives the largest
ligament diameter, which means the largest conduction area. For the specified
conditions, the mean diameter of the solid methane cells in the 10 PPI material
provides for adequate heat transfer from the solid methane to the aluminum
ligaments. Thus ERG recommended the 10 PPI foam metal.

The remaining variable in the design is the density of the material required
to provide an adequate conductance path for transporting the 25 W of nuclear
heating to the back plate. The cross sectional area of the foam ligament varies
as the cube root of the density; for example., foam of 3% density has a ligament
diameter of 0.012 inches (0.0047 cm), while ¥4 dense material has a ligament
diameter of 0.015 inches (0.0059 cm).

We adopted a worst-case approach to arrive at the required foam density. Ve
found that there is a cross sectional area within the moderator 1.375 in (3.49 cm)
high by 1.19 inch (3.02 cm) wide and extending 1.375 inches (3.49 cm) from the



cooled back plate, through which all the heat generated must be conducted to the
back plate. The highest temperature within the moderator would then be expected
at this section, 3.49 cm into the foam. Assuming uniform nuclear heaiing power
density we found that this volume would have a total power of 1.067 W. With these
assumptions we employed a simple one-dimensional {inite element analysis to
determine the temperature rise.

Q= |[C x Area X (foam density/2.8)

alum
+ cmethane X (1. - foam density)] x &T/8x
where
Q = total power in the section,
C = thermal conductivity
A = area of section

1.72.8 15 the fraction of wetal in the direction of the heat flow (only
33% of the ligaments’ mass lies in the flow direction). This factor
adjusts for the effect of percolation of heat through the random
matrix.

4T = temperature increment

Ax = length increment in tne finite element analysis

Ve used the following thermal conductivities:

cmethane between 10 K and 20 K = 0.003 W/cm-K
C for 6101-T6 alloy 10K = 0.750
alum 11 K = 0.845
I3 R = 1.035
15 K = 1,225
17 k = 1.415
IO = 1.605
20 - = 1.700

For our adopted worst case we find the folliowing temperature increments

Distance Temperature rise
C.u-1.0cnm 5.36 K
1.0-2.0cem 2.48 K
2.0 - 3.0 cm 1.24 K

300 - 3-5 cm 0.39 K



which ve i1llustrate below.

305 W .305 ¥ 305 W
10.0 K 1.067 W 62 W 457 W .152 W 19.47 K
€ € T< 0 )
I.0 ca 2.0 eo 3.0 cm 3.5 cm

The caleculation indicates the with a 6 % density, 10 PPI, 6101-T6 Duocel foam
metal a maximum temperature of 19.47 K can be expected at the hottest point in the
moderator. The moderater actually operates with the full heat load and with
helium gas at 7 K, at a temperature of 12 K in the location of the thermocouple.

The Spectrum

Ve determincd the spectrum of the neutron beam emerging from the nev
moderator, using the "1/v® monitor detector of the Small Angle Diffractometer,
approximataly 6.4 m from the moderator. Figure 3 shows the resultiny counting
33se distribution. With the IPNS delivering about 12 pA of 450 MeV protons to the

U target, the temperature at the location of the thermocouple was
approximately 12 K during the measurement. The three lines indicate the locations
of aluminun Bragg edges present in the spectrum due to the structural components
and the windows in the beam, and verify the wavelength scale. Analysis of the
spectrum indicates a Maxwellian temperature 19.9 K, and a thermal to epithermal
flux ratfo of 4.4 vhen referred to the slowing-down spectrum in the range 10 - 20
reV. By threttling the flov of cooling helium gas, we briefly operated the
moderator with the internal thermocouple indicating 24. X; t¢hen the spectral
temperature was 36. K and the thermal-to epithermal flux ratio was 5.6. Detailed
aralysis of the spectrum indicates that it falls below the Maxwellian function due
to absorption and scattering of long wavelength neutrons in the beam path, which
have not been corrected for in the data.

Operating Experience

The system has operated quite well since its installation in January, 1985.
Approximately the expected wvolume (375. stp liters) of methane gas condenses
without difffculty into the container opening the cooled system to the filled
ballast tank, and empties without problems wupon turning off the refrigerant flow.
However, periodically (about every 30 hours during operation) the system suffeis
"indigestion", in which the internal thermpocouple temperature rises abruptly to
SO0 or 60 K, the temperature of the outer can decreases about 10 or 20 degrees frog
its normal 50 C, and thg3 pressure in the insulating vacuum space (normally 10~
Torr) rises to about 10 ~ Torr. Mass spectrometer leak detector measurements made
during these episodes indicate that the gas in the insulating space is not helium.
Theliadzation monitor on the facility exhaust gas system shows a transient release
of "°C, which returns to normal in about 3 minutes.These events (except one, which
occurred within a few minutes after shutdown) have occured-only during full power



operation. We suspect a leak in tne methane system, vhich opens due to the
release of stored radiation damage energy. Normally the system recovers from
these episodes within about 5 minutes, so that they have no noticable effects on
the measurerents. After two months’ operation, the system developed a leak which
appears when the system is warm, but closes when the system is cold. Since that
time there have been several major Ilapses of performance, however, in which the
problems persist for several hours and some methane 1is 1lost from the system;
except for their duration, these appear like the brief events, and have led us to
design a new systen vhich will be installed during the summer, 1985 shutdown.

Transient Tests

To determine the response time and the temperature change due to nuclear
heating, we recorded temperatures for a period of steady operation before shutting
down the acceleartor, and following shutdown. The resulting transient relaxed in
an exponential fashion vith a time constant of approximately one minute, vhile the
temperature change was approximately 1.K, for prior 12 uA, 450 MeV operation. The
measurenent cannot be considered definitive, since the temperature recording
device had a digitizing error only slightly smaller than the change in

thermocouple enf.

Radiation Deterioration

Fﬁ%louing one IS-daggéong cycle, during which the synchrotron delivered
6.5x10"" protons to ‘the U target, we collected the volatile products in a
previously-evacuated tank, frlloving the warming up of the methane. Table I gives
the results.

Table I

Analysis of Volatile Products of Radiolysis of
Methane from the IPNS Solid Methane Moderator

Product Mole fraction* of gas, %

H, 5.38

CH, 91.37

H20 <0.04

C2H4 0.20

CZHG 2.30

N2 not determined-used as mixing gas
0, 0.17

Ar 0.04

C3HB 0.42

* Exclusive of N,. Average after two periods of mixing, 45 min and 100 min.



The results indicate substantial deterioration of the material, and do not include
whatever gases remained in the tubing betwveen the moderator and the collecting
tank, nor any non-volatile products. These findings are roughly consistent with
those for the KENS solid methane moderator,[2] 935 our product yields are somewhat
smaller, in spite of the fact that the IPNS U target produces about twice as
many neutrons per proton as the KENS W target. This may have to do with the
coupling between the KENS noderator and the KENS target, which is superior to the
target-moderator coupling for this moderator in IPNS.

Conclusions

We have developed a successful low temperature solid methane moderator, which
operates under conditions of higher power density than cam be accomplished in pure
solid methane. The measured spectral temperature is the lowest that we know of
from all cold neutron sources in exis‘ance.
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Figure Captions

1. Design of the inner cannister of the grooved solid methane moderator.

2. Photograph of the inner cannister of the grooved solid methane moderator.

3. The counting rate distribution measured with a "1/v" detector in the beam from
the grooved solid methane moderator. The maximum temperature in the moderator at
the time of the measurement was 12 X. The dips in the spectrum are aluminum Bragg
edges due to structural and window components in the beam.
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IPNS GROOVED 12 K CH4 MODERATOR
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DISCLAIMER

This report was prepared as an account of work sponsered by an agemcy of the
United States Government. Neither the United States Government nor any agency
thereof, mor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of amy information, apparatus, procuct, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors cxpressed hercin do not necessarily state or
reflect these of the Unitcd States Government or any agency thercof.



