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ABSTRACT 

.6. rapicS method 1. proposed tor the pwlt1o&tlcm ot BCJUldS:UDl and thfe 

preparation or carner-tree Clio" £rom D8uWOIl boD4bu"de4 soaa.cilum. !.be 

method. depcanda OIl the extractiOD of' the ma~l-!t4 cb.IJl.e.tea into benace 

tiom 8Il aque0U8 solution ot ,aontrolled pH., the equ1l1brS,_ oonetant. 

tor tbe re&ctiODa at 1'0'* temperature (-... 260 C) &:1'9 

Jra.: 

/Iorl r g;j3;; 
L _ 13- J, 

:: 00' 

fsa ~" J--ail 3 
: 

L JA.'-- "~B 

... ~~;, fa+
12 ,; _ :: L_e --JA .... 

Fa·21 .. , fail!; 
t_ -t\ :- J B 

1 a 10-12 

ud. 

fhe purlt1catlon of Boand~um from acnreral elements lncludUig ~ar. 

earths was da_etrated by a slugl. batch extraotion' at pH. ........... 1"5,, 

!he preparation of carrier-tre. ea4S was d~&te4 and itt!! 

radl&t1 em charaoterllUoa wer.. col.l11.l'lIIIICI 0 

'. , .' . . '~ 
"_"" t :' r . .:"' i 



--

• 

Introduotton -

APPLICAnOl OF 'l'BENOYL TRIFLUORACE'l'ONE ('rTA) En'RACTIOIJ 

!O mE PREPARATION OF RADIOIsotOPES 10 

~lticat1011 ot Soandium ~d =arat1?D "~t ~~5 

Amo:ng the procedures in dema:a.d tor the radioisotope productlo.u progr_ 
, . 

18 a rou.'t1nI~ procluct1on method tor tb8 purification of oarrier-tree Ca459 

'lh1a isotope caD be made from acand1~ a mono-luotopic element, which" em 

neutrcm. lrradtatiolh 1.Dldergoea the follO'1d.ng reactlonB (1). 

I (1) 8046 (n61 y) 80 46 (85d p ,,, y) 

(2) S045 (n61 p) ea." '(18041> p) 

f.b18 report preaents the dewlopmeD:t or a satisfactory _thod tor tba 

p:re-bomba.rdmiimt purlt.1oation ot scandium and tbe prepa.rati on of oarrier­

tree Clio- from bombarded.' scandlU111 baaed on the use of the ohelattug agent 

TTA (thenoyl1;rltluOI'acetone)*o The method herem d.esoribed .-ets· the 

tollowiDg requirements I 

(1) Quantitative reo overy ot the extremely emaIl quantity or 
, . 

C&45 (- 10-8 CII5 per gm ot scandium) wi tb a high degree 

of purityII' both chemioal end radiochemical. i8 posa1bleo 

(2) !he speo1.t1o aot1v1t;y ot the produot ma:y be kept high U" 

p\ll'1.ft.ed reagents are ,.ed &I 

(3) !he procedure 1e a1mplO and .eaeiq operable by tho rem.ote 

oCllltrol teolm1ques Wh10h are made necessU7 by' the gamma 

rad1at1on . trom 8046 tormad during the· bomba:r'd.mmt ••• 

* BC-CB 0 0 
II i' II II 

A BC C - 0." ~ ... '0 - OlP. 
_ '8/' " v 

.. !he so&D41uaa activity oan be out dom by approximately a factor ot teD .. 
without approoiably attectlDg Ca4~ pr04uotiOD by putt1Dg out ,slcm neutrODG 
with .. oaGmium. 8hie14 during pile lrrediatlono 1.2}· . . 
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(4) 110 en tioal dp.tmente of reagent. are aoee.GUy on th • 

..,-&ot1".. -.t81"1&10 

!J,ull1brium Constanta 

(a) Dlecuse1 on 

So ami Ca 11l lID aqueoWi .olution ay be eztraotecl nth a T!A. eolutio:a. 

1&1. benzene ill accordance with the tollwiac reaoti~8 (S) I: 

(~) 80+1 +1 II! \~ SofS '00 ~ :a+ 

( 4) Ca +~ '" 2 U \ " Cafa ., 2 a+ 

Where Hf repreeento !!l. 

TU system. at equilibrium may be oharaoterized by the equi UbriU'lll 

oonst_t •• 

(5) .lI8o = Xaors] arx+ J: 
LS.~aJ.. [II! ] : 

~ J ~ J
a 

Cafa S+ 
(6) Ica: : ~ - B A-

ft J r: ;-tIe ... 
LCa<t-2 A. LBfJ B 

where the braoDts reprelent the oorreapondillg theraoclyDam1o activities, _cl 

tu fiUbaoripts A and B rete.. to t hG aqueous II.D.4 benzene pbas •• " reapeoti vl81J!'1l 

In the determinati on at the.. oon.taut.1I .. benzene soluticm. ot ftA W&II 

'&del_ to' an aqueous solution at the rtI.d1oeleDl0iR and thellolutions JDiud \Dlt11 

equilibrium was attaiDaclo Aliquot. ot both ~ha ••• w .. o theA taken tar rad.l0a0 

act1nty determlna.t1on anei the 'PH ot the aqueous pha .. was meuurec10 lIo absolute 

cletel'DllDat1OA ot ra41oaotirity 1s necessary sinoe 011.1, the ratio or CODoen­

tration. at the rdloelemtmt in the two phase" is required... The oat:i~to 

HA ratio 18 kept low 80 the'Tl4 ooncentration in the benaene pUle 11111 ohanae 
, 

alpJ.tlcaatq OAl;,. due to 10D1u.tiaa at high pB~. 

~ 
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Reid(4) gives the value of Ka» the acid constant of the encl form of 

T'fAj) as 5 x 10=5 at 250 and the value for the encl/keto ratio in water as 

00016", From these values and the value of the distribution coefficient for 

TTA j given by Reas and King(;) J the concentration of TTA left in the benz,ene, 

phase equilibrated with aqueous phases at fairly high pH was caleulated~ 

The activity coefficients for T'l'A in benzene have been determined by Ress 

and King(5)g The activity coefficients for the substances ,in the aqueous 

phase were obtained'from Kiellandos tab1es(7)o 

(b) Determination 

Tne sc46' tracer was obtained from a scandium. sample "'lhich had been 

bon~arded in the pile and from which Ca45 had been extracted bYKhymo(~) 

Necessary pH adjustments were made by adding appropriate quantitiesot 

NaOH or HClo ' The distribution of scandium between the benzene and, water 

phases was d~termined at room temperature at two concentrations of scanQtum, 

two concentrations of TTA and several differ~nt pH values as indicated in 

Table 10 Preliminary experiments has shown that equilibrium was reached 

within five minutes. with any method of ftl,J,rly vigorous agitation" 
• L 5 No carrier-free Oa" was availabl.e 'with which to check the extraction 

" of calcium as a function of its concentration until after a Sc-Ca separation 

was actually completedo The first experiments with calcium were made .with 

a neutron-bombarded calcium sample which has a specific activity of 1 me C&45 

per gram of calciumo The results are tabulated below (Table 11)0 

" 
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TABLE 1 

• Distribution ot &candium. between BC1-:A9ueol}! 

IDd fTA.-BeDllen8 .Phasa. 

Or:lC1na1 CODO. So L B!J B 

[soJB . 
in Aqueous Phase -oq [soJ A 

I'sc 

10 ... • II &020 II .5c.O 7100 - -
10"'" II' 0020 )I 2<:>1 >100 - "'" , . 
10-4 II: 0 .. 20 II 1030 905 1 .. 0 - -
10-. II 0020 II 10015 206 0.8 - -, 

2 .. 1 x 10-2 II 0 .. " II (a) 1.25 40 0.1 - - . 
2 .. 1 x 10-2 • 0.50 II (b) 0.22 .012 1.0 - - . 

• Kave - 0.9 -
-~.-.-.-

L.. _______ ~_~ --

. -
(a) 005 II m1Dua 3 :I: 0.029 the SDlount that reaoted with the extracted 

. -
soandium 

(b) Actually 005 - (8 x 00012 x 00021) = 0 .. 498. 

e 



• TABU II 

Distr1butiOD ot Calcium betWen Aqueoue gel 

TTA-Banzane Fha ••• 

Origiual-Ca CODO. 

~]B 
~J B ' 

in Aqu.eOWl 1ba.8 plI 

~a] A 
.Ic.. 

20& x 10-2 !. 0.,20 I( 8.5 <.. 0 ... 01 --
206 x 10-2 • 0.20 iI 5.'1 <:. 0.01 -- -
2.5 x 10""2 " 0 .. 19 )( &".ft 0.;086 0 .. :8 x 10-12 - -

• 206 x 10-2 • 0.18611 6Q6 0 .. 18 loS x 10-12 - -
oarrier-tr .. 0 .. 05 11 (T) '09 /,SO ... -
oarrier-tree 0 .. " • 6 .. 1 10$ 009 x 10-12 -
oarrier-tr .. . 0.5 104 <. 0 .. 0), -

Kave.1 x 10-12 

! . 

e 
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(0) Appl1oatlon 

PrOm. exam1natiOll ot, the d1ue8 ot 'sO ,and IC.. it DII'¥ be 8Gen that. with 

ftA. oono8l1tratiOJ1ll ot 0.1 to 1 If£! Se will be extraoted appreoiabq at pH ... &1118. 
, -

close to 1, while Ca will not be extracted until· the pH ay:)'oroachell 6 or 1. It 

may a180 be noted that as en ion :$,8 extraated;e a+ (8 l1beratedo fhU8, it' So i. 

extracted with T!A an amount ot a+ aqu1Talent to three times the molarity or 
the eesndium will be Ube.i-e:tedo It, tar instanoe. the So is at a conoentration 

ot 0.6 mg/ml and ~betore extraction the pH ot the aqueous phase 18 adjusted to 

a.uy value between 3 and 11 with Baat ll the pB at equ1Ubr.ium will alwaYIil be 

about 105., At this pH" if equal volumes ot the Se solution. e.ad a bEm.J.8ll8 

solution 005 M in TfA are WI.d, only about 0",3" ot the So will be lett, in the - . 

,aqueous phall~o 

to simplU';y remote oontrol handling" the _quood phase m8¥ be separated 

£rom. the orgwo phass by gran ty filtration through a s1ntered gws dlso, 

e the 'benaene phase being waabed lIeVeral ti_a with _tero By this time p the 

So ooncentration in the aqueoua phase 1d.ll be low enough to permit olo.e-up 
. . 

haDdliDgand" for further extraotion" the pH can be adjusted accurately to atq' 

de~ired value., For thia pH adjustment. advtmtag~ -7 be talam both ot the r.ald .. l 

scandium cGn08Dtratlon 8J1C1 ot the buf'teriDg aotion ~t nA(3) I> As a tinal ltep~ the 

0&45 may, :!.f' deslred R be extraoted at pB-..;-8 .. and re-extractecl into a small vol.um8 

ot dilute acido 

IUrltioatian otSoandlum 

Although .. by oaretul adju.stment of conditione" oalciUlll oan be separated 

from the impurities present in the orlg1D&l scarulium sample" it 1s obvloua 

that . the separatiop. will be greatly I11mpl1t1ed it a pure soandium aample i" 

used 0 Further a degree ot puri~ much greater thaD that'U8ual~ desired is 

e necessary tor work ot tb1s typao For example" one or the f:lr.t attempts to 
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TABLE III. 

Ipectrcgr&,h1c Analysis. ot "Pure" SCandium. 

S = Strcmg 
II • lIoderate. 

If : Weak 
f = Trace 

,. = Faint 
v :I: Very 

~~--AqUeov.r.J -- aoncCl~-1 

ttPuN " , So I Reaidw. I H01' 

n 
n F'1' ... f J"f 
vn IN 

ft ' va va 
... II -

F1' FT 
vrt .. - 'f t 
Pi 
F'l .. 

rr r y .. J"f ft, 
F'1' '" 
»:f .. n - ... v. liT 
ft -... " -- vw 

... s -
II 

. -Anaqa1s p"l"tcnaa4 b7 c. 'e~ ad Bo Mul"rq of th1e .. 
. laboratOl7. ' 

o 
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prepare ea45 5S mac!. on a. aC8I1d1uri aampl. Which .... shown to be spe.ctrographically 
~. j 

_ pUl"e .xoept tar trace. ot oaloia _cti~.1um (!able' III. colUDIA 1). After 

e 

• 
.; 

bombardJralt# ~ extraetiOD ot all but; 1 part in 106 ot irhe soand1um. y1eide4 .. 

J"ea1d\Mt whicb oontained loag .. ~wd i'mPur1tle. 1n quan'td.tle8 or aboub 10 ti._ . 
;: ( . 

the aot1"'rity ot the oal01= proctuce4o ·!Ilese a.ot1't'114e. resulted trOll the· 'bom-
) . 

bardmsAt at 1mpuritiea undetected in the or1g1nal .oandl. amp1e1) 

to purify tho IcandlU1il before pile: lrradiatioa, sample_ may be extra0te4 

into ftA gd tba. n-extraote4 into a. mlD1m:um ocmoctration ot BOlo thas • 

eleanta 1 ••• e&traotable than. 8a8.ndium will remain in the tirat aqueous phas6,. 

whi1& tho"e more extraotable will Dot re-extraot lD4.;o the B01. fo indioate the 

great varlet,. of iqn.u1.tiea present 1nthe "pure" .acand1UID sample ot ·colUl'llll 1" 
i 

" 

oolumn .2 shon the aaa11rU:s OD the a.queous phase from wh1an moat ot·the scandiUlll 

has bHn enraoted. Col\Ul8'l S eht!W8 the ap.alyaia on the ~ooh1orio acid 

solution used 1n :theae experiments. F~ldman &Dei Jlun-&),. (8) ot the' °apGovograpb10 . 

laboratory have Jllllde e.timates whi~ ladloa.te the tb -.d Zn impurities to be of the 

order of 0.,3$ ot 'the ~g1nal .cGDd1um while the other 1mpur1t.1oa rangEl' down to 

1e8s than 10 ppmt:> !bus it oan be seen 1;bat. ftA prov1des a relatively a1mple way 
. 

ot purl1')1l:1g, 80andlum even 'fram it. fare earth impurltles.C) 

Pre2aration o~ ea45 from So 

!htD tol1ow1Dg general f1_ aheet 118.8 used to P"GPue aeYerm.1 aamples of 

"carrier-free" ea45 £'roJa 8cand1~ f.he results of 8. sample run, the tirat 111 
, . 

1fhloh 0 ... 46 was produce4 1rl ~ge enough quantity to tUrn over to the PrOduction 

DiVi81on' tor d1.tJ'ibut1on~ are given 1D 'fable XV .. 

-~---~.-- -----~-

, " ' o the etteoti'G'fJDe88 ot puri.fy1xag tbta Be target sample tor C& production by 
thill methoc1 prier to irradiation has now beendemcnlltratod by A. ra Bupp \9) 
8Z1d B. W:: Kohli. (2).0 . ' 
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Irradiated 
SC20a3, 

DisRobe in HOl and avs.porate otf excea. ac1d." .Adel B20 to 005 mg 
801m} and transfer to Stang Preoipltator (10)>> ,while Qraw1n~ air 
upward thrcugh a alntered glass d1ac.. Ad.d equal Yol'WllO ct 0 .. 5 it 
m 1n benzEiDS end otll" 10 minute .... Break vaouum., aud allow -
nqueCWll phas& to tlOD' out by graYityo 

(1) 

(2) Ben&ezie , (3) Aqueoua phaS.1I Contains ea45 and all malta not extractable 
phaael' at pH '105" Add HaOB to tinal pH 6 and extraCt with 005 H 
Contains' : ftA in b~SI:3.$ II -, 

So'and mor0 s------____________ ~----------------------~----------~ 
extractablo 'II (4) Benzene phases: (5) 
CIl!I.tions J 

I 

I 

II 

AqUrJOWB pha •• a Containe C .. 45. 
em.ons, alkali Jl!Stalfih Add 0 .. 5 Ii 
TTA 1n bensene J add' JlaOB to neu-­
tral1ze,~ of rzl' ttnal pH = Bo2Q 

(Bote 1) I Conta1ns Sc and 
, all oations 

" ... """ .. ~' 

I extractable be­
I twe~n pH 1 aad 
1\ pH '50 
II 

• 
a 
· " 

• • 
:I 

: 

• 
; 

: 
: , 

~r .. .. 
; 

: 
(6) Benzene phasel 

(Bote 2) .. 
ea45 s ('7) Aqueoua 

I ,phase, 
~ 

! 

.. .. Add wawr I 

: (Bote 4) J , 
,'-----------------------
: ( 8) Benzt9m 
I phaso: 
• ' (Discard) 
I 

, (Hote 3) 
I 

o 3 
,(9) Aqueous : 
s , pha/!$! 3 

~ .. 40 prep) I 

# • 
I (mote 5) , .. . ., 

Anianss 
alkaU 
matale, 
etc 0 

(Di"card) 

(lfote 3) 

:lotes 

(1) 

(2) 

(3) 

(4) 

(5) 

As a cheCk on possible oalcium loss hers, oalcium carrier ~ added and 
the extraotion r.speated... The quantitativeq recovered caloium carrlcs:r 
oontained no Oa45 activity" . .. 

Up to tbilS point the benzene phases may be washed with water.. Wash1ug 
with \m.~r here 1Iill extraot the Ca46, so" it washing 18 necessary a 
liolution of the 'Na salt ot T!A at pH 8 should be usac10 

If more qu.antitatlv6 re.oovery of the 08.45. is des1red ll ' fraction e may bl!) 
alternate~ sh~~th fractions 7 and 9 until the desired reoovery 1m 
attained .. 

If' there are no radioohemical Im:puri tie a in traction 5" dilute acid may 
be used hareo 

The 1'ina1 solution may be extracted w,ith benzene to r(imove last traoes of 
TTA .. 
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tABLE IV 

. R •• ults of Sample R1.m (a)1D Preparation of 0&45 

of Element 

lI'rantlon 80 c .. 
Z(b) :> 99 .. 9(0) <: 0.1 -
a _1O-a(4) /'99 -~,,30() 

" - ~ 0.1 --2'10 

6 .. '99 ,,~-I 

" 6 )99 -
7 - ,(,1 ... 

8 t. 1 -
9 - ") 99 .c:. 0.1 
~--- _. -.- .--.~- ---,-- ---

<a) ruB 0 .. 270 g sample or S020, was prepared for 
bOlllbarcbrumt by A. 11' .. Rupp and &. E. Beauchamp 
of the Teolm1cal Division and the 80an41_ was 
extracted by them (traction 2)" Frac1;lon 3 was 
turned over to the author tor study .. 

(b) theae numbers reter to the flow sheet above .. 

(0) Realdual BCl trom solution step made the pH 
aUghtly higher 80 tbia extraction was repea'te4o 
Normally -- 990'7% ot the soandium will extract 
at this stePII> 

. _____ --1 
r j 

i 

(d) Estimated trom spectrographio maqaia (See Table III) ". 

(e) Checked by re-extracting thia traction with watero 

'<II 

,.., 
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!he data on, this preparation m&'f be 8WJ1J11&rized as fo11cmsI 

P1le Yield, 

Radiopurl tyJ 

Chemioal purity, 

Actual yield 31J1O (196 days in pi·le, 150 days, 
deoB¥) - correspondl~ to a saturation yield of 
314fo 0&45/g 802°3° ' 

Absorption curve analysis - <: O.S% hard bett. 1mpurity. 
~-ray spectrometer •• - no other measurableradiatlODs. 
,Radioohemioal analysis ••• (for Oa and So) - DO im-

purities detected. . 

Bollds __ l tug.. (may be reduoed OIl ignition). 
Spectrographic analysis ...... very strong in Oa" with 
faint tra~8 of Al. B, Cr .. Fe. JIg .. un .. JJa .. 8i and Sr .. 
No So. Rare Eartha, Zn. B1. Ag, Bg, .fb. Ba. Zr. 

Radiations observed, Absorption curve .. 1 p-ray .. 0.;;24 Mev. No T. 
p-ray speotrometer •• - 1 ,-ray - 0.248 * 0 .. 010, no To 

... 
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•••• Compare with HCl analysis" table Illo 
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