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ABSTRACT

An alumina-filled casting epoxy (trade name Stycast) was found to
reliably seal to thin stainless steel edges and 1 mm diameter stainless
steel feedthrough pins. A1l seals retained their integrity after typically
50 cycles from -196°C to 20°C and 10 mwnHmm from ~196°C to +100°¢.,
Several chambers were constructed using the epoxy both as a vacuum—tight
wall and as an electrical insulator for a large number of multi-kv
feedthroughs. The largest of these was 18 cm in diameter and contained
125 feedthrough pins. The chambers were immersed in a freon~11 bath
at lwomon. filled with liquid xenon, and tested for the vnmmmumm of
electronegative impurities. After degassing, the contamination

levels measured were slightly higher than those we commonly observe for

chambers constructed only of glass and metal.
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INTRODUCTION

This work demonstrates the possibility of using an alumina-filled
casting epoxy (trade name mn%nmmnvw for large multi-feedthrough low tem-
pPerature vacuum seals. Previously, this material had been used successfully
for small (3 mm diam) vacuum seals at liquid helium nmsvmﬁmncﬂmmwm and is
in common use for similar applications. The primary advantage of epoxy is
that it can be easily cast into almost any desired configuration with a
minimum of skill and technology. By comparison, the construction of
ceramic and glass to metal seals of similar complexity involves consid-
erably more skill, delay, and mxumnmm.w However, the latter have superior
mechanical properties, much lower outgassing rates, and can be baked at
300°C while epoxies cannot be subjected to temperatures much above 150°C.

PRINCIPLES OF CONSTRUCTION

The thermal expansion of Stycast 2850 Ft. in the temperature range
from -200°C to 70°C is similar to that of aluminum (see Table I). Above
uoon. however, the thermal expansion of the epoxy is much greater than
aluminum. It is thus not surprising that our attempts to plug large (4-
12 cm diam) tubes of aluminum, brass and stainless steel (in the manner
described in Ref. 2 for small seals) failed after repeated cycling from
-196°¢ to +100°C. Hairline cracks developed between the epoxy and the
inside of the tube, possibly because the extrusion of the epoxy during
the warm portion of the cycle caused excessive tensile stress to occur
at the bond during the cold portion of the cycle. These cracks appeared

whether the tube wall was 1.5 mm or 0.13 mm thick.

We then turned to the approach pioneered in 1923 by W. G. Housekeeper

in the construction of metal-to-glass mmmwm.b >m=mmnmnmnwn":arm

method consists in providing a large surface of comtact between the glass

—2-
and the metal, and in so proportioning the metal that the stresses result-
ing from the difference in coefficients of expansion are less than the
ultimate strength of the joint between glass and metal." 1In applying
this method to our Stycast-to-metal seals, we developed the following
rules:
(1) A1l cylindrical tubes (sleeves) to be imbedded in the epoxy were
thin walled (0.13 mm) and imbedded to a depth of at least 5 mm.
(2) To allow for flexure, the sleeves were also thin walled outside the
epoxy for a distance of at least 5 mm from the point where they entered
the epoxy.
(3) All feedthrough pins were small in diameter (=1 mm).
(4) To reduce the chance that the imbedded anmw edge would initiate
a crack in the epoxy and to reduce hoop stress, the edge was surrounded
by ~10 mm of epoxy.
(5) For good bonding, all relevant metal surfaces were abraded.
PROCEDURES AND RESULTS

The Stycast 2850 FT (Blue) epoxy resin was warmed to mooo to reduce
its viscosity and then thoroughly mixed with 5% (by weight) of catalyst
11 for approximately 30 min. with a stirrer mounted in a drill vnmmm.H
At this temperature the pot life is 4 hours. The mixture was vacuum
degassed in a bell jar for 45 min., poured into the machined polyethy-
lene mold, and cured at 70°C for 24 hours. The mold supported all metal
pleces during curing. A post cure at Hooon for 1 week improved the
hardness at elevated temperatures and reduced outgassing.

Samples similar to the chamber shown in Fig. 1 withstood 50 cycles
from 20°C to -196°¢c (11quid nitrogen temperature) and 10 cycles from

0 o}
100°C to -196°C without developing a leak at the thin metal sleeve seals

or at the 1 mm diam stainless steel mmmnnrnocmrm.m The first portion of
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References
Manufactured by Emerson Cuming, Inc., 604 West 182nd Street, Gardena,
CA 94247. The cost is approximately $4.10 per kg in 8.4 kg containers
(specific gravity 2.3). For additional information, see Technical

Bulletin 7-2-7A, available from the above address. This bul-

Note:
letin recommends the Blue preparation for high voltage applicatioms.
K. S. Balain and C. J. Bergeron, Rev. Sci. Instr. 30, 192 (1959).

Reliably producing many ceramic to metal (kovar) seals in a single

structure requires considerable care and skill. Cleanliness, sur-

rounding atmosphere, wetting agents, time, and temperature are all
very critical parameters. This has been amply verified by our own

attempts to construct ceramic chambers in configurations similar to

that shown in Fig. 1.

One alternative possibility is a recently available "machineable
glass" (Corning Glass Works, Corning, N. Y. 14830). It is expected
that this material will be used extensively due to its excellent
machineability and the fact that its thermal expansion closely
matches available sealing glasses and nickel-iron alloys.
W. G. Housekeeper, Am. Inst. Elect. Eng. 42, 870 (1923).

Discussion

and diagrams are also in Strong, Procedures in Experimental Physics,

pPP. 25-26 (Prentice-Hall, Inc., Englewood Cliffs, N. J., 1966).

All seals were leak checked using a helium mass spectrometer having

8

a sensitivity of 1x10 = cc/sec.

In liquid xenon a 1 ppm oN contamination results in a o value of

approximately 1 EEIH

at 2 kv/cm [our measurements]. In gases, it

has been found that haloginated compounds are much more electro-

negative than ON. For example, mmm captures electrons at a rate

4
~6x10" times greater than om. [Robert Bins, McDonald Douglas
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Figure Captions
Fig. 1. Simplified schematic of low temperature liquid xenon chamber
with 5 rows of 25 feedthrough pins (4 rows shown), edge sleeve
seal to flange and central sleeve seal to pumpout-fill tube. All
metal components are stalnless-steel AISI 304 except for copper

gasket used to seal flanges.

Fig. 2. Bottom view of upper flange assembly sketched in Fig. 1.



