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ABSTRACT

A repid mothod is proposed' for the purification of scandium end the
proparation of ecarrier-frec 0a?® from neutron bomﬁarded soandiuwm. The
mothod deponds on the extraction of the mtgl-l_‘TA chelatas into benszene
from en squeous. solution of controlled pH. The aquilibr;um constants |

for the reactions at room tmeratufe (—~- 25"’ C) are
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The purification of scandium from several elements including rare
earthe was demonstrated by a aingle batch extraction at pﬁ,_\;loéa

The preparation of carrier-fres Ca%® wae demonstrated and ite

radistion cheracterigtics wore confirmed. -
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APPLICATION OF THENOYL TRIFLUCRACETONE (TTA) EXTRACTICH

‘ ' TO THE PREPARATION OF RADIOISOTOPES I,

Purification of Seandium and Pra a.rationoi‘ Gas

Introduction

Amm_g the prooedures in demand for the radlioisotope production pr-ogrém
is a routine production methed for the purification of carrier=free cets,
This isotope can be made from scandium, a mononiaotopié element, which, on
neutron irradiation, undergoes ﬁhe following reactions _(1)4

© (1) 50% (n, ) 50% (884, B, v

(2)  80%5 (n, p) ca?5 (2204, P) |
This report presents the development of a satisfactory method for tha
pre~bombardmsnt purifioation of ecendium and the preparaticm of carrier-
. fres Ca%S from bombarded soandivm based on ths use of the éhelaung ag@t
TTA (thanoyi triflucracetone)®, The msthod herein desoribed meets the
following reén:l.remntss
(1) Quantitat'%lvje recovery of the extremely small quanfﬂ.ty of
ca%d (—~ 10;8 gms per gm of soandium) with a high dogres
of purity, both cheﬁ;cal end radiochemicel, is possii:iea
{2) The specific activity of the product xnay b'e kept high i¢ = o
puwrified reagents ars used. - | _ '\-—~ 7 ‘: '.
(8) The procedure is mimplo end easily operable by the remote N
control techniques which are made necessary by tho gamma
rediation from So%6 formed during the bomberdmentss.

* HC~-CE O 0
i if n ]
‘ ncsc cacuz«-c-cps
2% Tho scandium activity can be cut down by approximately a factor of ten .
without appreciably affecting Ca%S productiom bY s:utting out slow neutrong
with & cadmium shield during pile irradiation, ‘ o
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constantss B -8
_ < Eﬁ
B .

(4) No critioal edjustments of roegemte are necessary on the
Yantive mtorf&lo

-Bqui 14brium Constants

(e) Discussion
8c and Ce in an aqueous asolution may be extracted with & TTA aolucion
in bentene in accordance with the following reaoti.ons (3)3

(3) 80*3633‘2‘——-—-— Scr3+sn*>

+2 . ————,
{4) ca.. e-znr;.______carzcmz"‘

- where HT represents TTA.

The aystem at eﬁuilibrimn may bo characterized by the equilibrium

' ._SOTSH

(8) I,
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—~ 1A, - B

whare the brackets represent ths corresponding thermodynamio activities, smd
the subsoripts A and B refer to the aguoous and bonzens phuoo, respectivaly.

In the determination of thaso constants, a benzone solution of '.!‘TA waa

;addad to an aqueous solution of the radioolemont end the solutions mixod until

equilibrium was attained. Aliquots of both' phases wers then taken for radio-
activity determination and the pH of the equeous phase was measured. No absolute
determination of redicactivity is necessary since omly the ratio of conoen=
trations of the radicelement in ths two phases is required. The oation to

TTA ratio is kept low so the TTA soncentration in the benzens phase will chaings
significently only due to itnisation b high pH.

2



Reid(h) gives the value of Ka, the acid constant of the encl form of
TTA;, as 5 x i0=5 at 25° and thé value fér the encl/kéto ratio in water as
0,016, From these valﬁés and the value of the distribution coefficient for
TTA, given by Re#s and King(5), the concentration of TTA left in tﬁe benzene .
phase equilibrated'with aqueous phases at féirlf.high pH was calcuiat,ed°
The activity coéfficients for TTA in benzehe'have Been determined by Reas
and King(5), The activity coefficients for the substances in the ﬁquebué
“_phase were obtained from Kiellandf®s table§(7)o

(b) Determinatibn . | : .

The Sé#é.tracer was obtained_ffom a scandium sample wﬁich had beéﬁ7
bombarded in the pile and from which Cabs had been.exxracﬁed Sy.Khymo(¥>
Necessary pH.adjusiments were made by adding}appFOpriate quanﬁities~qf
NaOH or HCio' The distribution of sgandium between the benzene and water
phases was detérmined at room temperature at two concentrations-of'scandium;
two cecncentrations of TTA and several_diffefeﬁt pH values as indicated in
Table I. Prelimiﬁary experiments has éhewn that equilibriﬁm ﬁas reached
'wiihih five minutes with any method of fairly vigorous agitation.

.No carrieréfree Gahs was available with which to.éheck the eﬁtraction
of calcium as a function of.its concentratioﬁ until ;fter a Sc-Ca separation'
was actually completed. 'The first experiments with calcium.were made with

a neutron-bombarded calcium sample which has a specific activity of 1 me Cabs

per gram of caleium, The results are tabulated below (Table II).



TABLE 1

Distribution of Scandium betwaen Hclfggueog

snd TTA-~Bentene Phasei

[So B
Original Conc. Seo . . ~
in Aqueous Phase L HT] B ° - K3,
074 N .20 i 5.0 . | 7200
1078 M- 020 M 2.3 |>200
1074 ¥ 0.20 N .30 | 85 | 10
10°¢ ¥ | 0.20 M 1,15 2.6 0.8
2.1 x 1072y 0.44 ¥ (a) 1.25 40 0.7
2.1 x 1072 ¥ 0.50 M (b) | o0.22 .072 1.0
’Kﬁ“ = 0,9

() 0.5 M minus 3 x 0.02, the smount that rescted with the extracted
scandium . '
(b) Actually 0.5 = (8 x 0,072 x 0,021) = 0.498.




TABLE II

Distribution of Calcium betwsen Aquecus and

TTA-Benzene Phases

Originel Ca Cona,

=],

o],

in Aqueous Fhagse pH ~ ‘ca
» | ' 19" A

2,6x 1072 M 0,20 X | 8.5 |<o.0 -
2.6 x 1072 ¥ 0.20 ¥ 5.7 | < 0.01 -
2.5 x 1072 ¥ 0.19 ¥ 6ot 0,085 0.8 x 20712
2.6 x 1072 M 0.185 M 8.6 0.18 1.5 x 10712
carrier-free 0.05 (1) | 7.9 |>50 -
‘oarrier-free 0,47 M 67 | 1.8 0.9 x 10712
ctrrier;fret 0.5 1;4 -

£ 0,03

Kavo 2l x 10"12
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(o) Applioation

From m examination of the vilues of Kg,-and K, it may be seen that with
TTA oonpentraﬁons of 0.1 to 1 M, Sc will be extracted appreciably at pH values
close to 1, while Ca wi_ll not be extracted until the pH apnroaches 6 or 7. It
may also be noted that as an fon is extracted, H' 1s liberated. Thus, if So in
_extracted with TTA sn amount of H* squivalent to three times the molarity of
t';ho scandium will be libergfcedo If, for inatance, tha So .fs q.t a conocntratiog
of 0.5 mg/ml and *bafor’é extfaction tha pH of the equeous phase is adjusted to
any value between 3 and 11 with HaOH, the pH at equilibrium will always be
about 1.6, At this pH; if equsl volumea of the Sc solution and a benzene
solution 0.5 M in TTA are used, only about 0,3% of the So will be lert in the
- agqueous phasqo |

To siinp‘li!y remots oontrol handling, the aqueous phase may be aepafatod
from the oi‘g,anie .pha'se by gravity filtration tﬁrough & sintered glass diac,
the benzene phase being washed severel timss with water. By this time, the .
Sc concsntration in the aqueous phase will be low enough to permit oloaa-ﬁp
.handling end, for further extraction, the pH can be adjusted accurately to any
deaired valus. For this pH adjustment, adventage may be takem both of the residual
scandium concantration and of the buffering astion of m(f'*) o A& a f£insl astep, the
cadd may, Lf daslied, be extracted at pH~-8, and re~extracted into a small yolxma |
of dilute .acido |

Purifiocation of Scandium

Although, by moful adjustment of conditions, calcium can be erarated
from the impurities f;reaent in the original scandium sample, it is obvioua
that .the‘ separation will be greatly simplified if a pure sosndium asample .ia
used. Further a degreg of purity much greater than that -usually desired is

necessary for work of this type. For example, one of the first attempté to
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TABLE IIT

Spectrographic Anslysis® of "Pure” Scandium _

Strong W = Weak F = Faint

8 =
M » Moderate. T = Trace V =z Very

) : Aqueous Gone.

Eloment "Pure®” So Residuas HC)
Ag - F?
Al - FT FT
B - T FT
Be “ VF? -
Ca T - V8 V8
Ce ~ ) -

. Cw - F? FT
&' - m (]
Fe - T T
Gd - FT -
Ia - FT -
Ng 2 T T
¥n - FT FT
Hd ' - FT -
N C - FT -
o - FT - -
Se v8 FT -
S - FT -
Sm - FT C -
Y - w -
H - 8 -
Zn - X -

.?Analyaié performed by C. Feldmen and M. Mufra,y of thise -
laboratory. ; : ' . :




prepare ca“ was made on a scendium sampl& Which was shown to be spectrographically
pure wxaept for traces of calcium and, ms.gnesi.\m (Tablo I1I, colum 1), After
bombardmt, the extractiomn of all bu% 1 pnrt in 206 of the scendium yieldod LY
residuw which contained long-l_ived j.mpu;;ties in quantities of about 10 times
the activity of the caloiun produced. ‘THeone activities resulted from the ‘bom~
bardment of impurities umdeteoted in the original scandium sample.

To purify the scandium before inlot'lrradiation. samples may be extraated
into ITA and ‘then re-extracted into a minimum ommfratim of BCl. Thxe
elemntaileu extractable than. scé.ndium will remain in the first aqueous phase,
while those more extractable will not re-extract into the HCl. To indicate the
great variety of impurities present in the "éure" scandium sample of 'célm 1, |
oglmﬁ 2 showa the aimlydds on the aqusous phm;a from which most of the scandium
hes been extracted. Colum 3 shows the enalysis en the hyﬂ\foohloric acid
solution used in these experimenta. Feldman and Murray. (8) of thebspectrographio .
ubwatéry have made estimates which indicate the ¥b end Zn impurities to bs of the
erder of 0.1% of the original ccmdium while the other impurities renga down to |
less than 10 ppm. Thus it ocan be seen that TTA provides a relatively almple way

of purn}nng scandium even from its rare earth impurities®.

Preparation of Ca%S from Ss

The fonowing genoral flow sheot was used to prepare seveml samples of
"oarriew-free" ca45 from soandium. The results of a samp le run, the first in
waich Ca46 was produced in large emough quantity to turn over to the Producticn

Division for distribution, are given in Table IV.

@

= The effectivemess of purifying the Sc target sample for Ca 48 roduction

this method pricr to irradiation has now bean ‘demonstratsd by A. F. Rupp
 and H. W, Kohn (2),



Irradiated Dissolve in HCl and evaporate off excess ascid. Add R 0 to 0.5 mg
Sozosa. 8c/ml and transfer to Stang Preocipitator (10}, while graw:inr

(1)

upward through a sintered glass disc. Add equal volume of 0.5 M
TTA in benzene end atir 10 minutes. Break ‘vaouum, and aliow '
aqueous phese to flow out by gravity.

(2) Benzene

(3) Aqueous phase: Containa Ca%d and all salts aot extractable

(1)
(2)
(3)

(4)

(5)

!
phases - 3 et pH 1.5, #£dd NaCH to final pH § and extract with 0.5 B
| Conteins : TTA in beniams.
Sc and more - ,
;ﬁ;:;:abh : (4) Bonzane phases : (5) Aquscus pheses Containa CadS5,
(Note 1) . . : L anions, alkali metels., Add 0.5 H
- Contains Sc and s TTA in bentens; edd HalH %o neu=
. all cations 3 tralize 90% of TTA; final pH = 8.2,
extractable be=- s - _ g
* tween pH 1 and : . i
' PR S ¢+ (6) Benzens phaeses Ca4® ! (7) Aqueous
: - (¥ote 2). ¢ _phases
-8 s 8 Anions,
s s Add water s alkald -
ot s (Hota 4) : metals,
8 3 3 eto. .
3 : - ‘ : -8 ‘ -
: ¢ (8) Benzens 8(9) Aqueous : (Discard)
: H pheaos phasss 3
: s (Discard) z@a“ prep) .: (Hote 3)
H s
s s (Note 3) z(Rote 5) s
3 $ ' H
Hotes
A3 & cheok on possibls calcium loszs hers, caloium carrier was added and .

the extraotion repeated. The quantitatively recovered calciuvm carrier
conteined no Cald activity.

Up to this point the benzens pheses may de washed with water. Vashing
with water here will extract the €a®5, so, if washing 1s necessary a
gsolution of the Na salt of TTA at pH 8 should be used. v

If more quantitative recovery of the Ca%5 is desired, fraction 8 may be
alternately shelion with fractions 7 end 9 until the desired recovery is
attained, .

If there ars ne radiochemical 1mpux‘itiaa in fraction 5, dilute acid may

be uased heres

The final solution may be extracted with benzene to remove last traces of

TTA.




~12=

TABLE IV

- Results of Sample Rum (a)in Preparation of Ca%®

|

|

" |% of Eloment in Bmotig{ : “
Fraction 8o Ca  Impurities ( o )|
() >99.909 | 20,1 : -

3 ~10-5() |59 300
4 - < 0.1 . —270
5 - 98 | Y 3
8 - >e9 -
7 - {L1 -
8 - {1 -
9 - I>ee < 0.1

(a)

()

(o)

(a)
(e)

This 0.270 g sample of 80205 was prepared for
bombardment by A. F. Rupp and E. E. Beauchamp
of the Technical Division and the scandium was
extracted by them (fraction 2), Fraction 3 was
turned over to the author for study.

Thess numbsrs refer to the flow shest above. .
Residual HC1 from soiution step made the pH .
slightly higher so this extraction was repsated.

Normally ~ 99.7# of the scandium will extract
at this step.

Eétimtod from spectrographic analysis (See Table III).

Checlked by re-extracting this fraction with water.
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The data on this preparation may be summarized as follows:

Pile Yields Actual yleld 31 uo (196 days in pile, 150 days .
decay) - correspondigg to a saturation yield of
374 Po cad/g 80,0;. '

Radiopurity: - Absorption curve analysis ~ < 0.3% hard beta impurity.
- p-rey spectromster®® -~ no other measurable radiations.
Radiochemioal analysis*** (for Ca and Sc) - no im-
purities detected.

Chemical purity: = Solids~_ 1 mg. (may be reduced on ignition).
Spectrographic analysis®**#* ~ very strong in Ca, with
faint traces of Al, B, Cr, Fe, Mg, Mn, Na, Si and Sr.
No Sc, Rare Earths, Zn, Wi, Ag, Hg, Pb, Ba, Zr.

Radiations observed: Absorption curve = 1 B~ray = 0,24 Mev, No .
~ P-ray spectrometer*® - 1 feray = 0.248 % 0,010, no v
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®Such excellent agreemsnt with Khym's value of 371 /.zc catd/g So,0g 18
quite accidental. _
*¥*Determinations made by R. T. Overman and W. C. Peacock. (11)
#sajnelysis performed by B. Warren of the Analytical Group.
s#xsCompare with HCl enalysis, Table IIl,
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