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SPECTAL TARGET PREPARATION TECHNTOURY

FOR CHALK RIVER XUCLEAR PHYSICS
toh. Gattant
Atomic Enerpy of Canada Limited

Phvsivg Division, Chalk River Nuclear Laboratories
Chalk River, untario, Canada KOG 130

ABSTRACY

The techniques and apparatus desceribed in this paper were developed to
fult i1 the needs of Noclear Physics Research at Chalk River.  Thev include:s o

cohnique Dor

sate apparatus for the preparation of adsorbed tritium targets, o
the Tabrication of temperature resistant targets ol isotopically enriched
seleniun, an apparacus for the preparation of reactive melal taryels 1or

seattering experinents, and a technique Yor the fabrication and mounting o

2 .
wltra=-ihin, 2 .u/em” carbon stripper {ilms.

In the field of Naclear Phvsic Rescarcin, success of ten depends on the
qualiity of the target material. Tt must meet the hizhest standard of puritcy, the
tivivkoess must of ten be measured with great aceuracy, and the target must be
chesbeally stable and heat resistant.  Many techniques suitable for onc type of
nuclear reaction may not be appropriiate to another.  Some special preparation
nethods developed for MP otandem accelerator experiments have been published
1)

previousiy In this paper, other techniques used at Chalk River tor the
nuclear phyvsics program will be discussed.  They are:
1. A safe apparatus for Lthe preparation of adsorbed tritium targets.
2. A techmique for the fabrication of temperature resistant targets
ol itotopically enriched selenium.
3. An apparatus for the preparation of reactive metal targets.
4.0 A technique for the fabrication and mounting of ultra-thin

Bl
2 p/em”, carbon stripper foils.

Lo A sate Apparatus for the Preparation of Adserbed Tritiem Targets
Solid targets containing tritium are very valuable for the study of
. . . 12 14 . .
nuclear reactions using heavy ion beams, such as TO7C,p) € (ref. 2). The

apparatus to be described has been uzed to produce titanium tritide targets on
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tnick backings and on thin copper foils. The latter targets were stretched to
cravide Ulat targets suitable for the measurement of nuclear lifetimes by the
veood I odistance technique.

The tritium target preparation apparatus is illustrated in Fig. 1. A1l
U pris s oare stainless steel and consist of a reaction chamber, a Pirani type
cressire zauge, o calibrated chamber, an 8 1/s ion pump, a cryopump and a small
[ cms? chiamber containing abour 25 grams of uranium turnings used to purity
el store tritium. The reaction chamber and the uranium chamber have internal
fton-eonstantan thermocouples to monitor temperatures. The volume of the

pressure sange and the associated chamber have been accurately measured <o that

e total volome of tritium used can be determined. This stainless steel svsten

nates the dangevs of tritium release from breakage of a glass svstem.
nesiannl tritium is contained within the system by adsorption in the cellular
aiede of  the fon pump.
Prior to use with tritium, the uranium oven must be accivated with
siroven. bhis hwdrogen chemically reacts with the uranium to tform hydrides.
wiven tne hedride is subsequently decomposed, the uranjium becomes o finelw

- . . )| 5 - .
cided powder which will readsorb hyvdrogen readily™ . The precedure “or this

detivation is as follows. Uranium turnings, normally stored ie oil, arc
sesreased in trichlorethvlene and rinsed in acetone and distilled water. The
tarninegs are then immersed in 8 N nitric acid to dissolve the surtface oxides.
e oaranium now exhibits a silver metallic lustre. The turnings are vinsed
several times in distilled water, in alcohol and then transferred rapidly to
Pl oven.

Ihe oven is evacuated and baked at approximately 600°C for ten minutes,

Bothe temperatoere is reduced to approximatelv 120°C.  Hvdrogen is introduced
steandi Iy ot a pressure of 13 kPa (100 mm). After the absorption has stopped,
the temperature is raised above 300°C and the hydrogen is released.  This

seeeeadnre s orepeated several tires because the inicial impregnation of hvdrogsen

noaraninm s slow.  When the uranium has become sufficiently activated. the

crature s increased to 500°C to remove all Pvdrogen and the u-anium oven i=

naivesd ol

fo charge the uranium with tritium, the uranium is heacted to 126°C and
cooen guantities of tritium are repeatedly absarbed from the calibrated chamber
Ve absorption process will capidlv reduce the tritium pressure trom 13 kg
vicgu o mn ool Hed oto 133 mPa (1 wmicron) in the chamber. The tarpet foil tritiatiosn
srovedare is as follows. The foils to be tritiated are mounted between two
stainless steel dises (Fig. 2) several foils are mounted between spacers on a
stainless steel rack (Fip. 3) which is then inserted into the rveaction chamber
cttachied to the tricium apparatus and evacuated to 130 ..Pa (10—6 torr). The

Foan Livn climiber is then heatea to 500°C until] the contents have been outgassed
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and then the temperature is dropped to 320°C.  The pressure sheuld now read about
13 .Va (lU_/ torr). The uranium oven is heated to 220°C. Ine reaction chambher
aad {on pump are valved of{ and the uranium oven valve is opened. Tritiuam is
introduced inte the calibration chambe to a pressure of 27 kia (200 mm of Hg),
the valve is recleosed and the uranium oven temperature is reduced to 1207C. Tiic

volve §s opened to the reaction chamber and the pressure drops steadiiy as

tritium is absorbed into the titanium. When the pressure reaches 1.3 kPa (10
o) HaY the valve to the uranium oven Is opened and the remaining tritium io
redacsorbed by the uranium.  The calibration and reaction chambers are ain
cuacnated to 13 Pa (10-/ torr) and the tritiation cvele Is repeated,

With this technique the amount of tritium ashsorbed by the titaniua can

s containing one atom o

e monitored. it has been possible to produce tarv

tritium per atom of titanium. After the tritiation is complete, the tempurature

ol Lhe reaction chamber is allowed to drop slowly to room temperatnre.

srant Carge

S A Technigue vor the Fabrication of [lemperaturce R

fsetopically tnriched Selenium

\

IR

ressare of

Scleaium metal has a melting polint of 217°C and vapour

Tarpets ol metallic sclenium deteriorate rapidly under Lombardment.

fwo procedures were used at Chalk River te prepare isotopically enviched solerian

tarzoets tor the fellowing nuclear physics experiments.

=2 g g 7/
i3 3 74 .
i. ol THe, THe)  TSe
Th. 3 74
2. Se The,t) Br
. iy
. =
. Selp,n)’ Br

o
Films oor oaluminiom (070 cn/emT) are mounted on suitable frames and placed
-4
. . . . 74
o vacenn svster, Molvbdenem and tungsten boats contain respeciively Sceoand
poure alumini m tor evaporavion.  the selenium is sublimed onto the aluminium to

2
Che required thiviness and a film of alumipiuom (70 .g/em™) zveroraced oves the

Pednd o seloendde has o melting | oint of 106° lhis casily evaporaied

hen ot e be used to tabricate targets of dscropicually enriched seleniun.

Propata ion ol sSolenide
FLead selenrde is prepaved by melting stoichiometric quantities of
I
jsetopic seleniun and lv:zd”. The melting is carried out 1n an evacaated quartsz
chamiber at 12007C0 0 The arey metallic Tead scelenide is cvaperaied from a

colvioenum hoat on oa suitable substrate, such as a4 thin film o, cavbon or
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ts produced by these two methods were exposed to a 33 MeV He

amow o dntersity P02 A Tor many bhoars wich no sign of deterioration.

st for the Preparation of Reactive Metal Targets
Tarscets of reactive metals such as lithiam and calcium are needed for
covinients such o as the recent studies of 7Li breukups). These metals will
et ouith air and deteriorate rapidly.  As several targets are necded for once
Spcdinent, the chamber described below is used. The apparatus consists of a
o inen pyrex oross with the following attachments:
le A 9 inch adapter plate, with an O-ring to {it over a conventional
inch pumping system (Fig. 4).
S e horizental outlet with an adaptor flange to fit an 8 inch
Change on the Ortec scattering chamber (Fig. 3).
' Another horizontal outlet egquipped with a flange containing
two high current electrical feedthroughs (Fig. 6).
v the remaining vertical outlet has a rotatable feedthrough for
a4 thickness monitor sensor head (Fig. 7).
this apparatus permits lithium or calcium targets to be produced by

atioen on thin carbon films premounted ¢ target frames. The auxiliary

caruet chamber alleows up to eight targets to be produced and transferred under

Caeann or i an atmosphere of inert gas to the Ortec 19 inch diameter scattering

Pl apparatus is easily installed on a conventional pumping system and

oty it onoaceurate monitoring of target thickness.

{arhon Stripper Foils
thin carbon-foil strippers provide significantly higher average states
Cran was strippers for heavy ion beams. However, for stripping in the terminals

o tandem accelerators they suffer from two disadvantages compared tc gas

strippers.  They have a finite lifetime and they produce larger muliiple
seiattering since self-supporting foil thicknesses are generally much thicker
it necessary to produce an equilibrium charge state distribution at tandem
vnergies.  Therefore il is very desirable to produce the thinnest possible
sarbon films, providing that the reduction in thickness does nat decrease their
litetime under bombardment.

We have developed a technique for producing ultra-thin (2 pg/cmz) carbon
tirids by supporting them on a 5 ‘.Jg/cm2 film of cellulose nitrate. The cellulose
wiirate makes them easy to mount on frames and transport to the accelerater

witi ot hreakage, and it quickly evaporates under bombardment. These foils are
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ool T e averape Pifetimes s

ifur to 5 or 10U .g/em” toils, with improved

Poam transmission becoanse o the lower multiple scattering.
2
e wethod o preparatien is straipghtforward. 2 ng/em” of carbon is
vaperated onto dd omicerescope slice which has been coated with a suitable parting

the carbon coated glass {s Jdipped in a dilute solution of cellulose

nitvate (7wt oor collodian in one litre of iso-amyl acetate) and allowed to dry
Peoheld anoaovertical position. The film is scribed and individual foils are
Sherted onowarn distiiled water and mounted on metal frames with an opening of

2
wier (Fig. 83,0 The 2 o/ewm” foils with cellulose nitrate layer could

oo roanted on rhese rrames with o success rate greater than 807.

ihe 12 mm diameter of the self supporting foil is somewhat larger than
e original (8 mm) size provided for the National Electrostatics Corp. foil
cuaanser in oorder to prevent the beam striking the frame, (Fig. 9). In this way
it is Loped to avoid activation of the frames and foil breakage at the frame
et The larse opening size is useful in compensating for the difficulty in
toeprodincibly positioning the foil holders behind the beam-defining aperture.
coundtoerm darkening and eventual vracking in the bombarded region which is

il

coident in Fige & s tvpical of the failures observed in stripper Joils.

fhe author wishes to thank N. Burn and brs. T.K. Alexander,

B Mebonald and H. Schmeing for their invaluable assistance.
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R Fritiated foil mounted between two stainless steel discs.

IFigure 3: Stainless stecel rack supporting several tritiated foils.



oo Anparatus lor the

Pioure 5t Flange containing the Ortec scattering chamber.

i



¢t Floanee containiny two high current clectrical teedthrouh,

Fivare 70 Flange containing thickness monitor sensor hoead.
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2
Figure 9:  Stripper foil (2 up/em”) mounted over a 8 mmn opening.



