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ihe techniques and apparatus described in this paper w e r e developed tv

fulfill the needs of Nucl e a r P h y s i c s Research at Chalk R l w r . Thcv include:

sale a p p a r a t u s lor the preparation of adsorbed tritium t a r g e t s , .1 t echni<;ue :\

tiie I'aiiri i\it ion o! temperature resistant tar'gets of i sotopi <•;: ] 1 v enriched

seU-niu:!i, an apparatus tor the p re[7a ra tion oJ reat'tive nit-taL targets lor

scattering exper int'n C;;, and a !ec!in.ique I or the labrication .i<\d ::u>un t i n ; i>:

u 1 ! r.-i-i'h i a, J ..s/riif carbon .stripper films.

In t'ne 1 lelci ot Nuclear Phvs'c i-ii'sea reii, success t>! ten (iej^ends on liio

qu.ililv oi the target m a t e r i a l . It cinst meet the highesl siandard oi p u r i t y , th

(iiickue.ss fitus i ol ten be measured with i'.rea! ai'curacv1, and the target- must he

c;;c::! i ca 1 ! v stable and iiea t re.sistant. Many techniques s u i t a b l e tor one type e. I

n u c l e a r reaction may not be a p p r o p r i a t e to a n o t h e r . Some special p r e p a r a t i o n

methods developed for Ml' tandem a c c e l e r a t o r e x p e r i m e n t s have been published

previcrasiy . In this p a p e r , other techniques used at Chalk River lor the

nuclear physics program w i l l be discussed. They are:

1. A safe a p p a r a t u s lor the p r e p a r a t i o n of adsorbed tritium targets.

.'.. A technique for the fabrication of temperature resistant targets

of iLotopically enriched selenium.

i. An apparatus for the preparation of reactive metal targets.

• 1. A technique for the fabrication and m o u n t i n g of ultra-thin

2 ..g/cii!*", carbon stripper Jot Is.

1. A Sale_ A£>par_a_t_u_s_ _f_t>j;̂ jjjc _ J!r_£P_'-Lr_i1 •- L°iL °'L •\l'ii!irJ";L4 lr i t iuni T a r g e t s

Solid targets containing tritium are very valuable for the study of

nuclear reactions using heavy ion b e a m s , such as T( C,p) C (ref. 2 ) . The

apparatus to be described has been used to produce titanium tritide targets on
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liiii-k b.ick i nj;s and on thin copper foils. The latter targets were stretched to

;M-,ivi.ie flat tartiets suitable for the measurement of nuclear lifetimes by the

iv.c. i I distance technique.

'i lie tritium target preparation apparatus is illustrated in Fig. 1. All

L'IC p n is are stainless steel and consist of a reaction chamber, a 1'irani type

;-i"!• .:-;ij-1• gauge, a calibrated chamber, an 8 1/s ion pump, a cryopurap and a small

(if CI:I I ch.inber containing about 25 grams of uranium turnings used to purify

a!-, i . iorr tritium. The reaction chamber and the uranium chamber have internal

i i on-const an tan thermocouples to monitor temperatures. The volume of the

;>!'>• .sure gauge and the associated chamber have been accurately measured so ihat

'.'.!<• total volume of tritium used can be determined. This stainless steel systen

i- ! i::: i nat es the. dangers of tritium release from breakage of a glass svstem.

M i-iuii.'ii tritium is contained within the system by adsorption in the cellular

•;;iiuU' id t h e ion p u m p .

I'rior to use with tritium, the uranium oven must be activated with

;.-.•..' :'<>::<-ii. Ihis hvdrogen c'nemically reacts with the uranium to lorni hydrides.

.-.'I'.-L: I iu- hydride is subsequently decomposed, the uranium becomes a finely

divide.! powder which will readsorb hydrogen readily . The procedure or this

."ict ivation is as follows. Uranium turnings, normally stored i" oil, are

.v.'.Teased in triihlorethylene and rinsed in acetone and distilled water. The

timings are then immersed in 8 N nitric acid to dissolve the surface oxides.

: :.e uranium now exhibits a silver metallic lustre. The turnings are rinsed

>:.. w r a 1 times in distilled water, in alcohol and then transferred rapidly to

; '.••• o w n .

1'iie i.H'1'ii is evacuated and baked at approximately 600°C for ten rainutes,

•:-.-..!i the fe;:ijHT,-ittire is reduced to approximately 120°C. Hydrogen is introduced

;!i'.idil;, at a pressure of 13 kl'a (100 mm). After the absorption lias stopped,

(lie temperature is raised above 300^'C and the hydrogen is released. This

•u .•••••diire is repeated several titr^s because the initial impregnation of hydrogen

;:: uranium is slow. When the uranium lias become sufficiently activated, the

1 i-;:!jic[\i tuiv is increased to 500°C to remove all lydrogen and the u "nniutii oven i-

•..lived ul'f.

To charge the uranium with tritium, the uranium is heated to 120°I.', and

i- ::own quantities of tritium are repeatedly absorbed from tile calibrated chamber.

i :.. ai'Si)i";H i on jirocess will, .apidly reduce the tritium pressure from 13 ki'a

\ iii'.i :".;"! o! llg) to 133 tn Pa (1 micron) in the chamber. The target foil tritiatiin

;-:oi edure is as follows. The foils to be tritiated are mounted between two

•uainless steel discs (Fig. 2) several foils are mounted between spacers on j

:-,t .i inl L-s.-i steel rack (Fig. 3) which is then inserted into the reaction chamber

.:: ! .i-.-hi-ii !o the tritium apparatus and evacuated to J 30 ,.Pa (10 tori). The

h.n tiv'n cha;:iiii'!' is then heaceti to 500°C until the contents havt been outgassed
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and then the temperature is dropped to 32O°C. The pressure should now ruaJ about

1 j . ra (10 ' L o r r ) . The uranium oven is heated to 22O°C. Ine reaction I'.nanb.-r

and ion pump are vaived oi 1 and the uranium oven valve is opened. Tritium is

introduced into the calibration ehambe to a pressure oi 27 kia (200 mm of llg) ,

the valve is reciosed and the uranium oven temperature is reduced to 12U'JC. ihc-

valve is opened to the reaction chamber unj the pressure drops steadily as

tritium is absorbed into the titanium. When the pressure readies 1. 'i kl'a (JO ::v:,

ni ;<;;"> tlie valve to the uranium oven is opened and the remaining tritium is

readsorbcd by the uranium. The ca librati on and reaction chambers are a;sain

evacuated to 13 ..I'a (10 torr) and the tritiation cycle is repeated.

With this technique the amount of tritium absorbed by the titaniu.,1 c m

be monitored. It has K'jeu possible to produce targets containing one ato:s ••.'!

tritium per atom of titanium. After the initiation is complete, the- temperature

o: Lhe reaction chamber is allowed to drop slowly to room temperature.

A i'echiriqjie__!_or_ the Fab/Jcaj.i__on_ oj l'_einjTei"_a_t_utry _K_e.si '-XanĴ _J_;y",y_e_t_s_ c-J

[ so Lop i ca i l_y tJTrJ ehed _Se. i eji_i_ura

Selenium nictal has a nieltin.q point of 217 = î  a m ! vapour pressure of 1 ; .i'a

• it J2r)°i:. Targets oi metal lie .selenium deteriorate rapidlv u-ider hemhaiiimer, t.

i wo p I'ru-L'du res were:1 used at Chalk River to prepare isoropica! Iv enri.iied s^ 1 ̂> il: • n.

l.iiTi.'ts for tin- foil Luwi'i^ nuclear physics exper in)en lr..

>•'i l:ns ill 11 uiii i niuni ( 70 .:i;/om ) are mounted on suitable frames aaci pla--e

n a v.K'in.n systei". Molybdenum and lungs (.or. boats contain respectively Se an^.

ure alimiini nr. lor evaporation. The s e l e m u n is sublimed onto the aluminium to

iie rc'[uireci thickness and a film of a 1 uminium ( 70 ..g/cm") cv,i-,.'jr,iLed ovc" the

• I h ' l . i '• ,

' : - r . . i s e l e i . i d e h a s a i-.ii.-l t i n , , , " i n L o f 1 0 6 b ' C . i l i i s " a s i l y e v a p o r a ; e d

i e ; : • ] . i n b e u s e d t o f a b r i c a t e t a r g e t ; o f i s c t o p i c a 1 l y C i i i ~ i c ! - . e d . , o l e n i u m .

e j i a r . ! ' > o n o l S i . l e n i d o

L e a d s e l e n i d e i .L: p r e p a r e d h v m e l t i n g s t o i c h i o n i o t r i i- q u a n t t L i e s o f

o i o p i c S L - l e n i u r . i a n i l l e a d . i ' h e m e l t i n g i s c a r r i e d o u t i n a n e v a c u a t e d q u a r t ; - ;

a n b i - i a t l l ! l ) ( l " i : . T h e g r e y m e t a l l i c l e a d s c l o n i d e i s e v a p c r . i i e i l f r o m a

I v ! .; i • i i u m b o a r o n a s u i t a b l e ; ; u b s t r a t e , s u c h a s a i b i n ^ i h 'n o , c a r b o n o r



"i he targets produced by these two methods were exposed to a 33 >ieV He

•:•.<•::. •.••••• a i ;i ii-fs i I, v '; . :• .A for many lioars with no sign of deterioration.

.'. Mi liind f 11r_ the_ I'reĵ ar<Tt_i_ori_ of Reactive Metal Targets

';'.. i r; •.!_•(. s '-<!' reactive metals such as lithium and caLciura are needed tor

.'• :'i:;i-!]fs such as tiie recent studies of Li breakup . These- metals will

:••:•: '.. i i !i air and deter iorate rapidly. As several targets are needed for one

• -;.i ri.'i.ent , the i hamber described below is used. The apparatus consists of a

•• .: i: 11 • i -i pyre:-: cross with tile following attachments:

1. A 9 inch adapter plate, with an O-ring to fit over a conventional

7 inch pumpiiv, system (Fig. 4 ) .

J.. '•'•:M: horizontal outlet with an adaptor flange to fit an 8 inch

'."Lingo mi tile Ortec scattering chamber (Fig. 5 ) .

Another horizontal outlet equipped with a flange containing

two high current electrical feedthroughs (Fig. 6 ) .

i he remaining vertical outlet has a rotatable feedthrough Tor

a thickness monitor sensor head (Fig. 7 ) .

'i h i s apparatus permits lithium or calcium targets to be produced by

i".'.ijMi";i! \ en on tiiln carbon films preraounted en target frames. The auxiliary

;.")i :.•.<.•! . j-,. .T;;J) <_• r allows up to eight targets to be produced and transferred under

vii.iiiK'.: or in an atmosphere of inert gas to the Ortec 19 inch diameter scattering

>•: .a:-i;c r .

I'iir apparatus is easily installed on a conventional pumping system and

;•.. IT i I .-, an accurate monitoring of target thickness.

A lechnique for the Fabrication and Mounting of Ultra-Thin 2 eg/cm"

'• '"'bon Stripper Foils

Thin carbon-foil strippers provide significantly higher average states

!.u.!ii ..as strippers for heavy ion beams. However, for stripping in the terminals

<>: tandem accelerators they suffer from two disadvantages compared to gas

strippers. liiey have a finite lifetime and they produce larger multiple

scat tor ing since self-supporting foil thicknesses are generally much thicker

I IMP. necessary to produce an equilibrium charge state distributior, at tandem

energies. Therefore il is very desirable to produce the thinnest possible

f.!r!«m films, providing that the reduction in thickness does not decrease their

l.iutiir.e under bombardment.

:«• have developed a technique for producing ultra-thin (2 ;jg/cm*~) carbon

:: iis ;iv supporting them on a 5 iig/cm film of cellulose nitrate. The cellulose

:i;;r.iU' "J.ikes them easy to mount on frames and transport to the accelerator

•A I ''• -t breakage, and it quickly evaporates under bombardment. These foils are
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:>•• ..•!' . ,IVI:!';I;>' lifetimes s i m i J ;J r to 5 or 10 ..g/ci;r" foils, with improved

1 r,insn<i ss i nn !)e,ansi> o! the lower multiple scattering.

i": n • ;:ftiii!ii oi '-.reparation is s tr;::' ght forward. 2 ;.. g/cin" of carbon is

' '• iei onto .i ;:i i rroscope slide which has been coated with a suitable parting

. i i!t• carbon loaled glass is dipped in a dilute solution of cellulose

i'- ( 7(! ml o! col Indian in one litre of iso-amyl acetate) and allowed to dry

iit'Ju in a vertical posiLion. The film is scribed and individual foils are

eil on warm distilled water aru' mounted on metal frames with an opening of

ii [.iiueLei- (!•" i g. 8 ) . Tlie '.'. ..;;/cm" foils with cellulose nitrate layer could

.mt.eil on these I'rames with a success rate greater than 80%.

i he 12 nun diameter of the self supporting foil is somewhat larger than

ri,-in.il (8 mm) size provided for the National Electrostatics Corp. foil

er in order to prevent the beam striking the frame, (Fig. 9 ) . in this way

'i.yed to avoid activation of the frames and foil breakage at the frame

'I lie large opening size is useful in compensating for the difficulty in

luc ib ];•. positioning the foil holdtrs behind the beam-defining aperture,

iiform darkening and eventual cracking in the bombarded region which is

Mt in I'ig. 8 is typical o! the failures observed in stripper /oils.

ihe author wishes to thank N. Burn and Drs. T.K. Alexander,

\.:(. '-icDona hi and II. Schnieing for llieir invaluable assistance.
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V i \\ • ire J : I'r i t i a L ed I c i 1 n u m n L rd he t fwc s t a i n l e s s steel d i s c s .

Figure J: S t a i n l e s s steel, rack s u p p o r L i n g several Lritiated f o i l s .



for the. preparation of reactive metal Largclt

i"i' '): Klan):,e run t ,1 i ni nj; the Ortec si'a L t I T i ny, chamber.



'Sir

!•' 1 . J n i i . L - c o n l . ; i i n i n y , t w o h i g h c u r r e n t f 1 f c t r i i \ i I 1 I ' i ' i l ( i i r o u i ' . i i .

7 : K 1 . i n j u 1 I ' o n l . ' i i n i n j ; l l i i r k n c s s m o n i t o r s r n s o r h o . i . l .



ivurv 8: St r ipper f o i l (2 |jg/cm ) mounted over a 12 mm opening

2
\ y,\\Vi' 9 : S t r i p p u r f o i 1 (2 j j j ; / cm") mnnntc tJ o v e r n 8 HUM opcMi i n.^.


