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California. The views and opinions of authors expressed herein do not necessarily state or 
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LARGE MULTl-FEEDTHROUGH VACUUM SEAL FOR 

LOW TEMPERATURE APPLICATIONS 

S. E. Derenzo, J. Savignano, P. Schwemin, T. Vuletich, H. Zaklad 

Lawrence Berkeley Laboratory, University of California 

Berkeley, California 94720 

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 feed through pins. All seals retained their integrity after typically 

50 cycles from -196°C to 20°C and 10 cycles from -196°C to +lOOoC. 

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 feed through pins. The chambers were iunnersed in a freon-II bath 

at -105°C, filled with liquid xenon, and tested for the presence of 

electronegative impurities. After degassing, the contamination 

levels measured were slightly higher than those we counnonly obse.rve for 

chambers constructed only of glass and metal. 
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INTRODUCTION 

1'10 I~; work demonstrates the possibility of using an alumina-filled 

1 casting epoxy (trade name Stycast) for large multi-feed through low tem-

perature vacuum seals. Previously, this material had been used successfully 

for small (3 rom diam) vacuum seals at liquid helium temperatures,2 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 

-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." In applying 

this method to our Stycast-to-metal seals, we developed the following 

rules: 

(1) All cylindrical tubes (sleeves) to be imbedded in the epoxy were 

thin walled (0.13 rom) and imbedded to a depth of at least 5 rom. 

(2) To allow for flexure, the sleeves were also thin walled outside the 

c,,) epoxy for a distance of at least 5 rom from the point where they entered 
ceramic and glass to metal seals of similar complexity involves consid-

3 erably more skill, delay, and expense. However, the latter have superior 

'.0 mechanical properties, much lower outgassing rates, and can be baked at 

'~·3000e while epoxies cannot be subjected to temperatures much above 1500 C. 

PRINCIPLES OF CONSTRUCTION 

C) The thermal expansion of Stycast 2850 Ft. in the temperature range 

(;l from -200°C to 700 C is similar to that of aluminum (see Table I). Above 

.7") 70oe, 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 

_-1960 C to +1000 C. Hairline cracks developed between the epoxy and the 
:0 

o. 
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 rom or 0.13 mm thick. 

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

4 in the construction of metal-to-glass seals. As he stated it: "The 

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

the epoxy. 

(3) All feedthrough pins were small in diameter (~l mm). 

(4) To reduce the chance that the imbedded metal 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 600e to reduce 

its viscosity and then thoroughly mixed with 5% (by weight) of catalyst 

1 
11 for approximately 30 min. with a stirrer mounted in a drill press. 

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 

pieces during curing. A post cure at 100°C 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 (liquid nitrogen temperature) and 10 cycles from 

100°C to -196°C without developing a leak at the thin metal sleeve seale 

5 or at the 1 mm diam stainless steel feedthroughs. The first portion of 
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the cycle COIlBisted of a one hour lowering of the sample into aIm tall 

dewar contaJ,nLng a 20 cm layer of liquid nitrogen and included the full 

immersion of 'the sample. The second portion of the cycle' consisted of a 

one hour warmup to room temperature. An optional third portion consisted 

of a one-half hour warmup to 100oe. 

One useful property of Stycast epoxy is the possibility of installing 

new feedthrough pins after the epoxy has cured. A hole can be drilled 

through the cured epoxy and after a stainless steel pin is positioned, 

new epoxy may be poured around it to result in a vacuum tight feed through. 

We found that the bond between old and new Stycast is not a plane of 

weakness and appears to be as strong as the bulk material. 

Two chambers were constructed using Stycast epoxy and tested by fill-

ing them with liquid xenon to measure the fraction (a) of free electrons 

attached to impurities per mm of electron drift. This measurement does 

not determine the total concentration of impurities but the c4pture of 

electrons specifically by electronegative impurities. Since the chambers 

verecooled by immersing them in a bath of freon-II (e e13 F) at -1050 e, 

a low value ofo is additional proof of the absence of leaks. 6 

the first, chamber was constructed using a 7 cm diam flange and had 

11 feedthroughs. Upon filling with liquid xenon, we measured 

, -1 
a - 0.10 ± 0.02 mm at 2 kV/cm. (This value is somewhat higher than the 

range a - 0.02 - 0.05 mm- 1 we routinely obtain at that field in metal and 

glass chambers.) After an operating period of 16 hours, the same value 

of a was obtained, demonstrating a lack of deterioration of liquid purity. 

Voltages of 7.5 kV were applied without significant leakage pulses. 

A second, larger chamber was constructed using an 18 em diam flange 

and had 125 feedthroughs (Figs. 1 and 2). Initially at 2 kV/cm the 

value a - 2.4 ± 0.3 mm-
1 

was measured. After two weeks of degassini at 

-4-

1000 e (both in an open oven and on the vacuum system) and periodic mea­

surements, the value a = 0.11 ± 0.02 rnm-
1 

was finally obtained. We 

tentatively attribute our difficulties with, the large chamber to its 

greater complexity and the fact that the internal epoxy wall was machined 

after curing. This produced a cratered surface (due to small bubbles 

within the epoxy) that possibly contained absorbed gases. 7 

Some potential applications of this technique in the field of par-

ticle detection are (1) liquid xenon multi-wire chambers for the efficient 

d 
,8-9 

etection and accurate localization of 0.1-5 MeV gamma rays and 

(2) liquid argon (or heavy hydro-carbon) multi-plate electromagnetic 

10-12 shower counters for >100 MeV gamma rays. 
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Figure Captions 

i 

Fig. 1. Simplified schematic of low temperature liquid xenon chamber 

with 5 rows of 25 feed through pins (4 rows shown), edge sleeve 

seal to flange and central sleeve seal to pumpout-fill tube. All 

metal components are stainless steel ATSI 304 except for copper 

gasket used to seal flanges. 

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