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W. Wayne Meinke and Richard E. Anderson
University of Michigan, Ann Arbor, Michigan

July, 1951
o I ABSTRACT
A continuous extractor for use. with é chelating agent has been
developed. Specifically, gram amounts of thorium as the nitrate salt
.have been extracted using a .solution of TTA ,.in..,.ba(nzeneq : Oﬁe gram of
thorium can.be. extracted. i n;.abont,;..thnee_hoﬁrsi.» The. extractor is-es—-
pecially useful for work with very radioactive materials since shielding

is simple and most operations are automatic.

-
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the_use of'cbelating agents in a varlety of extraction methods
developed over tne past.few years bas‘greatly increased tbe number of
poss1b111t1es of separatlng many of the elements.1 In the fleld of
nuclear chemlcal separatlons, espe01ally, "chelatlng extractlons" g
have made poss1ble very clean~cut separatlons of many elements in w1dely
varylng concentratlons — from macro amounts to tracer amounts. 2,3
i In the fleld»of solvent extractlon many different systems forl
contlnuous extraction havevbeen devised.A' Separations’usingbchelating'
agents-have not in general however,:been adaptable to continuoﬁs sys—'
wtems; The work reported here arose from the problem of safely separat—
‘ing macro amounts (1-5 grams) of thorlum from the highly radioactive
flSSlon and spallatlon products5 present in tracer quant1t1es after
hlgh-energy bombardment of the thorlum target materlal 1n ‘the Berkeley
_‘184-1nch cyclotron. It was especially 1mportant that the radlum and
actinlum 1sotopes be completely recovered from the thorium for this work.
In precipitation reactlons the bulky preclpltate formed carrled down large
percentages of the radloactlve tracer material even with "holdback
carrlers" present 6 VWhlle several solutlon and repreclpltatlon cycles
allowed recovery of the des1red materlals, the operator was exposed to‘
large amounts of radlatlon in the process. Solvent extractlon with "penta-

ether" (dibutoxy tetraethylene glycol —— obtalnable from Carblde and

*Present address, Department of Chemlstry, University of Illln01s,
Urbana, Illinois.
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vCarbon Chemlcals DlVlSlon, New York Clty) gave resultant solutlons \
saturated w1th ammonium nltrate saltlng agent whlch was very diffi-
cult to separate from the radioactive tracerso7

Manual batch extractlon with TTA (thenoyltrlfluoroacetone)8 in
benzene has been used for thorlum on a tracer and mllllgram scale. 99
It was though that a contlnuous extractor u31ng thls chelatlng agent
would minimize the personal contact and hence the health hazard in-
volved in worklng w1th theSe very radloactlve bombardmentso
o In the procedure described below, the thorlum is extraoted w1th
TTA from a pH 2 5 nltrlc ac1d solutlon of the thorium target and 1s then
remextracted 1nto 2 N acid solutlon in a second contalner. The thorlum
is recovered whlle most spallatlon products, includlng the radlum and
actlnlum 1sotopes remaln in the re31due w1th many of the flss10n productso
A solutlon less acld than pH 245 would st111 allow chelatlon of thorlum,
but other products of bombardment would also be chelated and removed
from the solutlon.9 As thorlum is extracted the solutlon becomes more
a01d untll a pH of about 0.7 1s reached At thls ‘point 1t is necessary
to neutrallze the solutlon to pH 2 5 before further thorlum extraction
: can take placea
| Apparatus 'b - , : B . ,”

Fig° lvillustrates the entire continuous eitraction apparatus;: The
extractor cons1sts of a 50 ml 51ntered glass funnel of medlum por031ty
whlch has been extended above the 31ntered dlSC to a total helght of 25 cm
by the addltlon of 50 mm glass tub:.ng° Several “overflow"_tubes of 7 mm
glass tublng sealed on to the side of the extractor allow the adaptlon '

of the extractor to varying.amounts of solution to be extracted,
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i

The inlgttﬁuﬁe below the sintered glass disk F is connected to the
200 ml chelate reservoir E with flexible tubing. The tubes sealed on to
fhe extractor'ét G permit the insertion of_micfo pH electrodes into the
splutién:td be extracted. A small coilér of rubber tubing effectively
geals,theﬂeléctrodes and tubes. The stopcock at 4 controls the flow of
nitrogén"gas which 1s used to 1ift the extractant from the extractér‘té
the small trap bulb C where it then falls by gravity into Flask I; ‘The
trap bulb1eliminates the‘SPatterihg which would occur if'the splution'were
discharged directly into Flask I. .Flasks’I and II arekstandard 500 nml
AfEilenmeyer flasks.with éttached “overflow" side tubes of 7 mm glass £ubing,
. Small stirring motors (D) furnish sufficient agitation for the re-extrac-
ticn and Qashing taking place.in these flasks., |

| Tygonrtﬁbing was used for all connections in the early work with
this apparatus. Inasmuch as it was found that this tubing becomes very
haré and inflexible upon continued coﬁtact with benzene, polyethylene
fubing has been used in more recent experiments, All glass in the extrace
tion apparatus is borosilicate glass; | .

The pH of the extréction mixture was measured with a Beckman ModelvG,_“
pH meter equipped with micro glass and calomel électrodeg, pH measurements
with theée electrodes were necessarily carried out in eleétrically un-
shielded areas. Reproducible reédings were possible, however, if move;
ment nesr the clectrodes was reduced during méasuremenﬁ° -

When more thorium is presentvthan can be extracted in one cycle and
neﬁtralization/to,pH 2;5 ig fequired, the apparatus shown in Fig. 1 can be

modified to include a stirrer and-an NHg gas inlet tube in the extractor,
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The system must remain airtight with these additions,

' Réagents

o Thenoyltrifluoroacetone (TTA) moieéulaf.weight 22é (obtéinable from
Dow Chémical CompanyQGBIO Sanéoﬁe_Stréét; San Fraﬁciscé, Calif;rnia)Awas
used tﬁroughout as the chelating égent; It waé.dissélved-ih féégent
grade benzene to make a 0025 M solution, The chelafing agent can be £é=
‘uséd several times in the dontinﬁous extracéor, the principal”iiﬁifing

factor being change in molarity caused by evaporation of benzene.,

Procedure _ . 7
Flask I, the rgmextraction flask, is partially filled with 2 ﬂ7HN03_
to strip t@e'thorium from‘the chelat.e.”complexo Flask IT, the;washing;
flask, is partially filled with distilled water, to wash out. any écid
carried over mechanically by the TTA solution from Flask I,

i The solution of TTA in benzene is added to the reservoir at;E3and
allowed>to partially fill ﬁhe extractor, The thoriuﬁ nitrate solﬁtion.at'.
a pH of‘abbut 2,5 is then added to the'extractor,_the rubber stopper .re-
.placed and.mqré(l25vﬂ TTA solution added to the reservoir at E. The
chelating solution is dispersed into finevbubbles upon passing througﬂ :
the sinﬁered glass disc and.passesiup'through the thorium nitrate,solutioﬁ
forming the less dense benzene~chelate 1ayér on top. The stopper placed
in the top'pf'the éx@ractdr insures a closed liquid sfstemo The height
of the 1iquid in tﬁe extractor is adjusted by the "draw off" stopcocks
at B. When the,deéired léquid heighﬁ_in the extractor has been attained,'
_ the nitrogen‘gas»is turned on at A and one of the stopcocks at.B opened.

Thebnitrogen 1ifts the solution ffom the extractor into the trap aﬁ Ce.
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The helght of the reserv01r E and the gas pressure through . can be so
adJusted that it is poss1b1e to 1ift as much as 10 ' ml of solutlon per;
minute up to C. From the trap the‘solutlon flows into Flask I,
| Flask.I_iSvthe re-extracting or stripping flask. ‘Here the che-
:_letiﬁg agent isvstripped of the metal ione in 2 N HNO3 and the reagent
is reconverted to the acid‘form.. Stirring motor D insures good egitatiOn,'
‘but ehould be regulated so that chelating solution overflowing into
Flask IT will contain no visibie-bubbles7of-aqueous solution. - In Flask II
the cheiating agent is washed free of small amounts of occiuded hitric
.aCid from the re-extractor. The overflow of this renewed chelate solution
runs into the reservoir and the cycle is repeated. Ty |
This extraction process will run continuously ﬁntilidue to the re-
action in equation (1), the pH changes to a value where chelation of the
thorium ions and hehoe the extraction of the'thorium is no longer possible.

(1) Th% + 4 TTA Th(TTA)A + LHt

‘For macro emounts of ﬁhofium this has been found to occur at.a pH of about
0.7, When thls pH is reached, the reservoir is stopped off and as much
,TTA as pOSSlble pumped off from the aqueous thorium solutlon in the ex-
;tractor by'opening the overflow tube nearest the top of the solution.

While the solution is agitated the pH is'adjusted to about 2.5 by care-
ful addition of NH3‘gas; The reservoir tubing is thenvopened agaiﬁ and
the extractlon continued If fhelsolution is agitated ﬁigorously enough |
durlng neutrallzatlon to draw bubbles and chelate solution into the aqueous
solution or if the NH3 ie added too repidly'a'gfanq;arepreo

" cipitate of the ammonium salt of TTA will form and interfere with further

chelation. With practice this neutralization can be made in a few minutesf
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“When the system uses about 200 ml of TTA solutlon to extract 60 ml
of thorium nitrate solution, the thorium extractlon (pH change=from.2°5wx
to 0,7) is accomplished in about two hours if the stifring‘in Flasks I
and II is adjusted so as to give good mixing and but little carry-over
of -aqueous dropletso vFor such a .rn the top.of reservoir E was about
- 60 cm-above the sintered glass disk and the gas flow was adjusted so -
that about 10 ml per minute,of solvent was lifted to bulb C. The amount
: of thorium.extractable from the aqueous solution is of course aependent $
upon the pH change of this solution and not upon the total volume of the.
- chelating agent, It was found that if;Flask II were_notvpresent in the .
system, the acid carried over from:theiremexﬁractidn inhFlask4I reduced
the total amount of thorium extractable before neutralization. With no
acid carry-over it can be calculated that about 0,7 gm of. thorium can be
. extracted from 60 ml of solution as the pH changes from 2,5 to 0.7, These
results héve been verified experimentally,

About three hours were required to completely extract a sample con~
vféiniﬁg one grém of fhoriﬁm With‘the above system. This‘inciuded 6ﬁe .
neutralizatibnol | ‘ |
Discussion

vThis exiraéting system ié éspe@ially applicgble to separationé of
highly radioactive materials,v Since all manipulations are adaptable to
remote control and most of the funetlons are automatlc, the extractor can

be well shlelded as can the remextractlng Flask I, The rest of the systen
" will require llttle shleldlng for most separatlons. For pértially shieided
systems the only contact need be durlng the neutrallzatlon procedure which

requlres only a few mlnutes for every two hours of extractlon tlme,
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Although this nethod.was deuelopeddspecifically for the extrac-
- tion w1th TTA of macro amounts of thorlum from tracer spallatlon and
- fission products, it is readily adaptable to many other types .of pro-
blemS'—h especially those arising in work with very,radioactive solutions.
The "air lift"_principle of_oirculating the~SOIVent could‘heiadapted to
very snall amounts of solutiohs,o,Hence the apparetus as presented here
could be scaled down to. handle smaller amounts of chelatlng agents°
Moreover, 1t(could be scaled up to allow the extractlon of larger amounts
of materlal per'run.. 4 varlety of.cheletlng agents could be used, the
only requirement being, of course, that the solution of the,ehelating
agent be lighter than the solution of the extractant and that there be
avmlnlmum tendency towards forming emulsions uponrstlrrlng. The system
could be especially adapted'to the separation of materials whose distri-
_ bution coefficients between~the chelating egeht:and the aqueous medium
are rather small, where the continuous extraction uould result in a build-"

ing up of the desired product.
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