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ABSTRACT

Vacuumtight cryegenic contoinors can eaocily be mode from Mylar
plastic sheet and metal, or from Mylar alone, for uso in vacuum-inoulatod
liguid hydrogen target accomblies. Mylar io bonded vory firmly to metalo
or to {toelf by an Epﬁn@»\'eromid mixture or by Amotraﬁg A-4, Theoe
adhesives maiatain otrong vacuumtight jointo throughout tho tomperature
range from 300°K to 4°K. Mylar choet has also proved oatiofactory ac vacwame
window material for beam porto. Fabrication of theso ngvuctntao is described
in detail, and explooion-spafety measurco are meationed, Somo exampleo aro
given of structures which have been uaa’ﬁ o tenteé, with dota oun the ultimate
strength of each a&p@enwd as the interaal preoaure roguired to rupture it,
Holium leak teating muot be carried out at 77°K or bolow, bacauoe Mylar io
relatively impermeable to helium oaly at v-low temporaturcs. Thoe.primary

" eloctren beamo commonly obteincd from éloctron-lincar aceclorators are
~ ‘sufficiontly intense to cause Mylar beam windows to £ail undor vacuum loading,

probably becauce of radiation damage. Howevor, tho authors know of ao
case of radiation damage to Mylar cuotainod in enpogure to socondary beamo
from high-energy accelerators.
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Vacuum-~insulated liguid hydrogen targets are commonly used in
conjunction with high-energy particle acceleratoro ia the study of inter-
actions between elemeatary particles. This note concerns the fabrication
of the container (target) for the bombarded hydrogen and the beam-entrande
windows of the vacuum system. ’ ‘

Background effecto that arise from interaction of radiation with the
target walls can be minimized by meking the targete ns transparent ao
possible. For targete designed for use in high-energy photon beamas, it i
particularly important to use thin materinl of low atomic aumber if olectron
background ip {important.

Mylar ((3l ¢© 4}!8) plastic sheet hasa proves satiofactory for the construc-
tion of transparent cryogenic targots; and in certain applications whoere thick
beam-entrance or -exit windows in the vacuum system are sources of back.
ground, satisfactory Mylar windows aleo have been fabricated, The material
is sufficiently transparent to light oo that liguid levelo in the target may be \
ascertained by visual inspection instead of by means of a level indicator. Some
examples of bonded targets are shown in Fig. 1.

Two adhovnives have been found suiteble for attaching Mylar to metals
and to itoelf, namely, Epen-?eraamid snd Armotrong A-4. The firstica
50-50% mixture (by weight) of Epon No. 828 and Versamid Ne. 125, (See
List 1 for manufacturers.) The gurface to be honded is cleaned with acetoneand
lightly sandblasted with a fine powder; the bonding agent is then emeared on the
surfaces, the joint is mechanically ¢clamped (when possible), and the part is
cured at 60° C for 1 to 1-1/2 houro. Generoug fillets should be allowed at
Mylar-to-Mylar joiants (see Fig. 2). Some joints may require two or three .
coatings to achieve a suitable fillet without dripping. In these cages each
successive layer of adhegive ;.ohould bo partially cured before the next is
added. Thio adhegive gives a mechanically strong, vacuumtight jeint. In all
pressure tests of targets to date, there have been no inotances of joint
failure. Occasionally a joint hao a bubble or crack due to improper
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conotruction, Thio type of flaw con be patched by oimply adding moro
Epon-Veroamid adhesive and rocuring, ’Tha' second adhosive io & mixture
of 88% Armotrosg A-4 and 12% aativator "E“ Jointa veing this adheoive
are prepared ideatically to the firut, aucopt tho curing temperature aod timo
are 165° € and 2 hours, raopectlvoiy ‘This adhoestve ocemo to boe especislly
good when & Mylnr»to-almmum jainﬁ io requircd.; Care muot be uood in
heating puoumaticauy formed Mylar partn abmra 160° C, oiace Mylar hao a

;;_,'.,,,tendency to rotura to ito origimﬁ flat ahape whon mmed exceootvoly.

- Epon-Voronmid bonded Mylah motal joints hove provod complotoly
oatiefactory in cryogenic targeto when ‘eithor brass or coppor havo bcan
used. Stecl is alco a outio{actory material, but leso idoal than broos. The
) ‘miuty of otainleso oteals io berderlim becouso zhay tom& to crack oll but the
~ ‘thinncot Epon- Vercamid filleto when the nooembly to coblod to eryogenic
temperatures. Alnminum io pwbably the loact oatintacewy of the common
metals because of difficultion with tlm adhesion: oi Epon-Veroomid oz
Armotrong A-4 in cryogenic service.. Cadmium io quite oaun!actory in
Epon-Vervamid bonded Mylarumetal joima, a ohort longth af cadmium can be
used ne the iutermediaw metol in o graded oeal betw&on otainlenn oteol, (or
cxamplo. and. Mylar., ' '

Myler io éxtromely ﬂox!bla {8co Liot 1t for physical eenotantn) 1t ip
thereforoe v!rtuauy impoonidble to achiove planc Mylar ourfacos on a targét
usced in 2 vacuum with atmoophoric p?ououro inoide the mrgat itpelf, However,
. Mytar can be formod into stablo curved ohapen by pheumaeiaally forcing
oheot otock {ato a ouitahle caneaw dio at about wo" to 226° C. Or cylindezeo
can be formed by wrapping oa & cyliaérical dio:. a!agle or multiplo layero of
oheet otock arc wrapped around the dio and o continuouc bond 4o made between
the otock layoro. A 3/16-inch ovorlap chould bo allowed ot lap jointo. ¥ o
‘solid (rathor then collapoibic) cylindrical dic more than 3 in. in diameter fo
uoed, the die should be lightly coated with parntﬁn to facilitate romwa! of
. the cylinder. Silicone grezoe ic wood a0 a parting agent in all othor cases.

; One advantage of the ﬂon’ibility of Mylar becomao ngpatant in ito woo
ac a beam-entrance window {6 tho vacuum tank of a- hyﬁrmgcu targot. Undor
normal operation tho window 1o flexxed toward the vacuum under the extoraal
atmoopheric presoure. If the hydrogon flask wore to buzb‘tvand duddonly
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over-pressurize the pormally evacuated‘space, the Mylar would "anap
through' and yield as a bubble under interual pressure. The elasticity

of Mylar permits bubble ylelding (in which siresses are proportionsl to the
bubble radius) instead of plate yielding (in which stresses are proportion
to the aguare of the radius). This is a principal reason for the strength

of Mylar windowa.

As an explosion-safety measure, the vacuum systems of all liguid
hydragea targets should be pretested by appiying 125 poi internal pressure.
This cendition can be relaxed somewhat by providing miégquate blow-out
patches and high-conductivity veut linea. Freqguently Mylar windows preform
outward duriung such tests and thea must be snapped through to sustain
vacuum loading in normal operation. It should be noted that thie preforming
has little effect on the bursting preggure of the window, since Mylar easily
sustaine reversal of loading at . In a test, a window 3 in. in diamectes’
and 0.02 in. thick (two bonded 0.010-in. sheets) was first preformed with
125 psig and was then snapped through, after which it withotood 310 peig in
the direction oppoaeite to the original preforming pressure,

The ultimate burst pressure of flat windows, which are ¢clamped in
place without adhesive attachment to a rigid metal member, io increased
slightly by providing a pooitive radial support for the Mylar, to pravent its
‘slipping from between the clamping members and giving rise to wrinkles on
the window purface. BScrew holes through the Mylar, which allow the clamp-
ring serews to give this radial support, usually suffice.

Another important property of Mylar is its high permeability to helium
at 300° K and ito relatively l1ow helium permesbility at 77° K. For this
reason Mylar parts cannot be vacuum tested at room temperature with helium
leak detectors. However, catisfactory helium-leak tests can be made on
cryogenic Mylar targets after cooling (perhaps by partially filling the target
system with liquid nitroges) to 7° K. An easy and patiefactory leak test of
a preliminary nature can be made at yoom temperature by pressurizing the
Mylar systern with helium gas and placing it under water for 20 to 30 minutes.
The small residual helium permeability of cooled Mylar does not appear to
affect the ingsulating vacuum under operating conditiono; pressures of 1X 10'6 mm
of mercury are common in ascemblies using Mylar targets.
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Attempts have been made to use Mylar vacuum windows at the
primary beam-exit port of electron linear acceleraters, and in all cases
the Mylar has very quickly been damaged (presumabdbly by radiation) to
the point of failure under vacuum leading. The authors know of no case
of radiation damage to Mylar sustained even in prolonged exposure to
secondary beams {rom high energy accelerators.

The use of Mylar in an adhesive-bound assembly at cryogenic temper-
atures was suggested to us by Dr. V. Z, Peterson of the California lnstitute
of Technology. Many members of the Lawrence Radiation Laboratory staff,
too numierous to acknowledge individually, have contributed significantly to
the Laboratory® Mylar techaiques. Their collective part in this work is
gratefully acknowledged.

This work wae done under the auepices of the U. 5. Atomic Energy

Gommission,
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list I. Manufacturers of products meuntioned in text

Mylar - E. 1. de Pont de Nemours, Iuc., 9 Rockefeller #laza,
New York, N.Y,

Epon - Shell Chemical Co., Shell Building, 8an Francisco, Calif,

Versamid « General Mille, Inc., Mechanical Division, 1622 Ceantral

Ave., Minneapolis 13, Miaa,

Armstrong A-4 - Armsetrong’ droducts Co., 29 Argonne Road, Warsaw, Ind.

3.

5‘

List il. Physical Properties of Mylar
Modulus of elasticitys 0.5 X 10° pei at 306° K
Ultimate strength: 16,000 pei at 77° K
Yield strength: 17, 060 to 23,500 poi at 300° K (DuPont Data)
Softening Temperature: 200° to 220° C ‘

Semitranspareat to visible light
Permeable to helium at 300° K; oot noticeably permeable to helium at
77° K.
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FIGURE LEGENDS

Fig. 1. Recent target configurations. The burst-pressure differentials at
71° K for the targets were: (a) 80 psi; (b) 95 psi; (c) > 35 psi; {(d) 80 psi.
All targets shown used Epon-Versamid joints,

Fig. 2. Detail of a typical Mylar-to-Mylar joint.
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