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ABSTllACT 

Vacuumttgllt eryogontc cofttniaoro caa eaoUy be mo.de trom Mylar 
plaotie oheet and metal, OJ' from Myml' aloao) fOI" \1.00 ill V.O.C\ltam•in.oulato4 

liquid hycli'OJ&Il tcraet nao.ambliea. Mylar io bonded vory firmly to .meto.lo 

or to ltoelt by aa. Epon .. Veroam.l<l tali'Rve or by Annotroas A-4. Theoe -
adheoiveo mnimala otroq vAc1mdlti&ht jolo.to tllroupout tbe tompel'atUl'o 

range f.rom 300°K to 4°K. Mylar ohoet haD atoo provod oatlotnctory ao vaewm· 

window matel'ial for beam porto. J'ab:rica.ttoa of thooo otuctu'roo is deaeribe<l 
ia detail, ao<l explootou· oaiety menouroo &1'0 m:Gt'ltloaed, ,. Some euamplco aro 

givea. of etructuroo which be;ve bcea uo.•:Ji' tooted, with dO.ta ou the W:ttmate 

etrenath of e,acll ef!'p¢teooed. ae the tntel'Ml pi'Obave roquirod to ruptvo it. 
J~ .• ,., •. ·Helium. leak teotl~g mut be carried. out at 11~K or bolow. boc:cuoe Mylar io 

'. 

relatively impermea'blo to bellum oaty at lOY~ tempora.tvco.. Tho-primary 

eloct:roo beamo commonly obtato.od lromc$loctron-UeoU* accolotatorc •.rc 

· oulUcioo.tly latoooe to cauoo · Mylo.~ beam wiftdow.o to ·fall urulor vacuum lcmcltfttl• 

probably becauoe of ract.latiou damatJe. Howovor, · tbo outhoJfo know ol oo 

case of radlatlou clam.qo to Myla:r cootc.tnoclln or~pocue to ootOridary 'beamo 

from htgh .. ooel"IY ac.ccleJ'at.oro. 
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Vacuum-insulated liquid hydrogen targete are commonly uGed ia 

c::onjun.ctioo. with hip-energy partiele ace•leratoro in the study ot inter­

actions betweea elemea.tuy particleo. This note concern.o tho fa.bJ."ication 

of the container (target) for the bombarded hydrt,tgen and the beam-entrande 

windows o! tb.e vacuum system • 

.Backgrowui effecto that ariae from interaction. of l'adiatlon witb. the 

target walls can be minbnbed. by matd.DtJ the targets no trarusparont ao 

poaolble. For taraeta deoignod for use in hiah-eoersy photon beams. it ia 

particul&J'ly tmportaot to use thio material of low atomic number il electron 

backgraacd io important. 

Mylar (C 100 4H8 ) plaottc obeet llao proveA satto.fac:tory for the conotruc­

tlon of tranopareat cryogenic ta.rgeta; and in certaia applieationo whore thick 

beam-entrance or -exit windows la. the vacuum syotem are oourcee of back­

ground. satisfactory Mylar windows aloo have be~a fabricated. Tho material 

h sufficiently trauaparont to Ught oo that liquid tevelo in the taraet may be 
' 

ascertained by visual inepectioo ic4tead o£ by maano of a levol indicator. Some 

examples of bonded targets are i)howa ln :&'lg. 1. 

Two adhooivee have boen foua<i euitahle fozt £Lttaching Mylar to metals 

and to itoeli. namely, Epor1-Voreamld a.od. Armotroaa J\-4. The first io a 

SO-SO% mixture (by weight) of Epon. No. 8Z8 and Vel'snmid No. lZS. (See 

List I for manufe.cturera.) The nurtaco to be bonded is cleaned with acotoQfand 

lishtly sandblasted. with a fine powder; tlle bondicg agent io tlaen smeared. on the 

surfaceo. the joint io mechanically clamped. (wllen poosible), acd the part ia 

cured at 60° C !or 1 to 1-1/l houro. Genorouo fillets ohoul~·;be allowed at 

Mylar ... to-Mylar joints (see Fig. 2). Some jolnto m.ay require two or three 

coatings to achieve a suitable fillet without dripping. In these cases each 

auceeeoive layer of adheotve I~olloul<i bo partially curod before the next ia 

ad.ded. Thlo adheeive giveo a mechanically sttoong, vacuumtight joint. lo aU 

preseure teste of targets to da.te_. there have boen no inotnacea of joint 

failure. Oceaaioaally .a joint hao a bubble or crack due to improper 
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coaotruction. Thio ty:pe ot tlaw c.ao be patcllctl'by otmply addlns moro 

Epo~t .. ·Veroami4 acftleelve alld i'ccuJ'lfttJ •. · Tbo oecon4 adhootvc> to a n:amt1li'C 

o£ 88~ .Ai'mottoos A-4 aad 1~~ aet1Yato• ••~••. · Jolato 'lGilltJ thio o.dhcoJvo 

are prepared ldeadaolty to tho tirot, oi.tecpt ·tho · ~U1tlft8 tom}'Kll"O.tul"O an& t.imo 

are 165° C and ZholltO, re.opecttv~ty. ·nio a4heotvo ooomo to bo eopeclally 

sood whoa a Mylar-to .... etlUJalawa jotat i.e t•q.ulJ'oL Caa-e maot be WJod to 

heating ~oumaHca.Uy lol'a.•4: .Mylar ~to aho_vo .1 00° C, oiQco Mylar 1\no a 

·;··· .,~;,.~ondeucy t~ rotura to ltn ~datruu fla:t ohnpo who• ~haod cuu;eool•~ly. 
Epon .. Voronmtd boQ4od Mylar.motal Jo~atts. bave. ~evocl complotoly 

oatlatactory in cryogoatq .tar~Jeto ••. oltber bJ!aop Ol' coppor have boo a 

uoed. &eel l• aleo a oatiofnctol'y motorial •. but lc~o l4oe.t tlaAo bra.oa. The 
u.tUUy of otateteeo ote~lo lo boa-4or~o '-c:C).a~o tlaey tof1d to crack o.lllnu tao 

· ., · , ·tbiaao.ot E,Oa ... Ve•oamicl flll•t.o whoa tbo oo:oe$'bty lo c~lod. to cryotJealc 

temperatul'oo.. Atunitftum io ,.,.ob~hly the lceol CJ~ttotactorr ot tbo cODU!loo 

' 
Armotr~~ ·A•4 1ft cryoaeaic oewvice.. ·CadmlUft'l £c qW.to oatlo!ac:tory la 

Epou- Veroamld. bonclo4 ldylaJ'~motCl JolOtoa a oltort loD.Stb ·af c:adm~ 4aft be 

uood Ae tho illiormediatc metal .in o. sraded oool between otc.lateoo otool. lor 

oxamplo~ and M. ylar. 
Mylar io caxu-omely .flCulble · (S.oo J.J.ot U for p)lyotc&l coa-otallto ). · lt io 

therefore virtually tmpooothlo io .aehlove fl8110 Mylar ourfacoo on a target 

uoed lo a vacuum wltb ntmo.ophol'lo. p!!ocbuo. tnoldo tile torsot UQelf. However, 
. . . 

Mylar c:an be toJtrr.o4 itlto otabto cuve4 OJ'aapeo by ~umntt.eally torct.ns 
oheot otock lato a ouita.hlo cenoave clio &l about a.~o6 to :t1ll~ C. · Or cylindoro 

can be formocl by Wl'npp1ag o• C1 cyUcdJoltat dtos o~oate ol' mutttplo layel'o of 

ohoet otock aro wrapped aroua«l •• clto a..td ~ oo\i:tlJtv.oUo boad t~ "-'Me botwcon 
tho otoc:k layo~ro. A 3/16 ... lacll o1te»rlc.p ohould bo allowed at lap Jointo. If a 

solid (ratllel' thaa collapolblot eylinbiccl die m~l'o ~~· 3 ic. t~ cllam•tol' io 
uoed. tho die should be liptly contod ~th pu·n:lfto .l~J ·tacUtlnto removal o~ 
the cy.Uadel'. Sllic:ooca gl'oaoo iQ Ui.tOd ao a pcriiaJtJ aaoet lrt all other caeos • ... 

Oae n4vaotngo of the flouiblltty of Mylo.:r boc:omo o tta1PO.J'Oftt in. lto llbo 
t . 

ao a beam-entran.ce window in tl,lo 'Vt\c\&tim ta:D.k of a·hydrocoa toraot. Uador 

aormal operation tho 'Winc!ow lo floaocl toward thG •acuw:n W&dor tho o=tcu•oat 
atmoopheric precovc. 1f tbo hyclJiogou flack wore to burQt c.a4 d\UI4en.ly 



over-pressurize the normally evacuated space, the Mylar would ''snap 

through" and yield aa a bubble uader .internal preaeure. The elasticity 

of Mylar permits bubble yielding (in which atreaeec are proportional to tbe 

bubble radius) instead ot plate yielding (ln which stresses ate proportion 

to the squal'e of the radius). This is a principal reason for the strength 

of Mylar windows. 

As an explosion-safety meaaure. the vacuum systems of all liquid 

hydrogea taa-gcts ehould be pretested by applying 1 ZS pei internal presaure. 

This eQnditlon can be relaJCed aomewhat by providing 1'lll1Equate blow• out 

patches and high-conductivity veut liaee. Frequently Myla.r windows preform 

outward during S\lc:h teste and then mut be snapped through to euotain 

vacuum loading ia n(lrmal operation. It abou14 be DOted that thie preforming 

has little effect on the bvating f!..4l~ure of the window, since Mylar oaeily. 
sustains reversal of loading at~: In a test, a. window 3 ib.. in diameter' 

and O.OZ in. thick (two bonded 0.010-in. sheets) was first pretormed with 

125 psig and was then snapped throug~, after whic:ll it withotood 310 poig in 

the direction oppol!lite to the original preforming pressure. 

The ultimate buret pressure o.f fiat windowe, which arc damped in 

place without adhesive attac:hmeat to a risid metal mcmbor, io increased 

olightly by providing a pooitlve rad.ial support tor the Mylar, to p:revertt ita 

a lipping from between the clamping members and siving l'ioe to wrinkleo OD 

the window ourfac:e. Screw holes through the !4wlar, which allow the damp· 

ring sc:re:ws to give this radial support, usually suffice. 

Another lm.portant property of Mylar is ita high permeability to hoUum 

at 300° K and ito relatively low helium permeability at 77° K. For thio 

reason Mylar parto cannot be vacuum. tooted at room temperature with helium 

leak detect.ore. However, aatiafaetory hettum.-leak tests can be made on 

cryogenic Mylar targeta afte~ eo~Hug (ptu•lut.ps by pa&"tially filllt'IS the target 

eystem with liquid nitrogen) to T7° K. An eaoy and oatieiac:tory teak te1t of 

a preliminary nature can be made at room tompel'&tul'e by preoaurim.g the 

Mylar system with helium gas and placing it under water for 20 to 30 minutes. 

The smaU residual helium. permeability of cooled Mylar does not appear to 

affect the inev.latiag ncuum uDder oporat1111 coftditiono; preesureo of 1 X 10·6 mm 

of mercury are common in asoemblies uoin.g Mylar targets. 
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A.ttempts have been made to use Mylar vacuum windows at the 

primary beam-exit port o! electron linear ac¢eleratore, and in all cases 

the Mylar has very quickly been damaged (presumably by radiation.) to 

the point of failure under vacuum loading. The authors know of no caee 

of radiation damage to Mylar sustained even in prolonged exposure to 

secondary beams from high energy accelerators. 

The uee of Mylar in an adhesive .. bound assembly at cryogenic temper­

atures was suggested to us by Dr. V. Z .. Peterson of the California Instih&te 

of Technology. Many member& of t:b.e Lawrence Radiation l.abl)ratory staff. 

too numerous to acknowledge indivt.dually, have contributed ulgnificantly to 

the LaboratoryOs Mylar technicrues. Their collective part in this work h 

gratefully acknowledged. 

'lhis work waa done under the auepieos of the U.S. AtQmic Ene:rgy 

Co.mmission. 
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List 1. Man.ufacturcrs o£ erodu.c:ts mentiGaed in text 

Mylar " E. ,I. de Pont <ile Nemours, Inc •• '9 .Rockefeller Pla.ila.~ 

New York, N.Y • 

Epou. 

Versamid 

... Sllell Chemical Co. , Sholl Building, San l:"'ranciaeo, Calif. 

.. General Milla, Inc .• Mechanical DivisioG, 16ZZ Central 

Ave., Minn.aa.polis 13, Minn • 

.. Armetrong·,rodw.:u Co., 29 Araonne R.oad. Warsaw, Ind. 

List II. Physical Pro2!rtie~ of Mylar 

1. Modulus of elaetic:itys O.S X: 106 psi at 300° K 

Z.. Ultimate strength' 16,000 psi. at 77° K 

3. Yield strength: 17., 000 to 2.3, 500 pol at 300° K (DuPont Data) 

4. Softenilll, Temperature: 200° to 220° C 

s. 
6. 

Semittanspareat t.o viaible light 
0 Permeable to helium at .'300 K; not noticeably permeable to b.eliwn at 

77° K. 
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FIGUl.\E LEGENDS 

Fig. 1. Recent target configurations. The burst-pressure differentials at 

77° K for the targets were: (a) 80 psi; (b) 95 psi; (c) > 35 psi; (d) 80 psi. 

All targets shown used Epon-Ve:rsamid joints~ 

Fig. z. Detail of a typical M,ylar-to .. Mylar joint. 
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