THIS DOcyyzeny B LAB-GR-10-1L

Car R
A _. {8 5-012 PROJECT AUTHORIZATION NO. cxm-m-:.%F = COP ‘ts SERkS 4
PUFLIT Vf”"r"'m -
UNCLASSIFIED U,y
ED W{l’iﬁo
CERITIIL UL 3RGD

---—W/IM 6/ W/*L_

Rala PROCESS RESEARCH

Dat
E&%‘:- 1948 Work Done By
Franklin Barker
R, Fhilip Hammond
Joseph leary
ais document ooT Lo - oifect LASS‘HCATION CANCELLED
It PER DOC REVIEW JAN. 1973

National Del-5,
Its transrio-on s ts in

o o RES F',‘e(, e s prohibited UI\CLASSIF'ED
and @t ult in seve Thal penalties dndet

appl¥able Federal laws.
o . e di

P

= =




EF:  LAB-CKR-10-11

UNCLASSIFIED

RALA PROCESS RESEARCE
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SUMLIARY :

A study of previous work and consideretion of chemicel proverties
hes led to the proposel of nine possitble methods for seperetion of lan-
thenum from berium. Some of these methods ere modificetions of previoul-
ly tried processes. Four methods heve beesn given preliminery testing end
one is under full investigntion. This orocess of liguid-liguid extrect-
ion hes elready piven better yislds than the present method and is idzrel-
ly suited for remote control operstions. & cerrier-free chloride solv-
tion of sotive lenthanum end berium at pH 3.8-4,5 is apitated ten minutes
rith e lerger volume of .1 ¥ solution of thenoyltriflucroscetons in ben-
zone., The layers sre sepersted sutometicelly snd guentitatively by meens
of 8 fritted glass plate. The lenthenum pesses into the benzene phass
end is recovered by re-extraction —ith .1 N hydrochloric scid. Exposure
to 1000 R units of redietion did not effact +the pronarties of the chel=ting

conpound. 2 25 curies run vill be esttempted soon.

I, IKTRODUCTION.

The design.of 2 ne™~ laboretory for the production of Rale sources
of 10 kilocuries intensity hes necessitetsd ¢ reneved study ol proeecses
for the seperetion of lenthenum 140 from its perent, barium. Although the

eqguipment in the ne™ leboretcry =ill be {lexible enocuph *o acoonrodpéi
veriety ol process chenpes, it is deemed ~ise ) GﬁTqué?l ne
, MD{)C RF.V\E ]KN 973
specific nrocess. gl :
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The method st present in use at Bayo Cenyon has not oroved complets-
1y satisPectory, ond it is b=2lieved thrt a more efficient znd relieble
process cen be developsed in time for tooling derdlines of the ne— lebore-

tory.

II. Previous ‘lork.

Severel methods heve been studied during the course of the Rale pro-
ject. Among these ~ere the phosphete method, the celeium fluoride methed,
the strontium fluoride method, plating method, ion exchanpe methods, snd
the present hydroxide-oxrlate method. Thess methods mey ba brisfly de;i

crived as follovs:

A. Phosphete method: This ir & one-step process dependirg upon the

solubility of berium orthophosphets mnd the insolubillty of lenthenum or-
thophosphate undsr proper conditions of ecidity. In prectice this method
~orked mell, tut re~uired excessive filtrrtion timss. Centrifugetion
fecilities for sctive meteriels ~ere not aveileble at the time.

B. Cslecium or stronmtium fluoride method: This methed is besed on

precinitetion of lenthsnum on An excess of celeium or strontium "luoride
by metrthesis in & solution in *hich the CeFy or SrFy is slightly solubdle
{pE=2). Ihis method suffersd from difficulties mith impurities, vield,
temperature contreol, and filtretion or egitetion time,

€. Pleting method: A long series of ettempte to electroplete, or

co-plete &5 a mixture, the lanthanum from agqueous sclution resulted in
fajilura. The vork of other investigetors hes shorm thet ianthanum metsl

mey be preduced setisfectorily only by electrolysis of the fused enhye

drous chleride or as aralgam by electrolysis of the qolutlo‘z:"“ of *ﬁech ELLED
drous chlorids in ebsoluts ethearnol. Kone ol *tece TCF@j§%§§BVREN\ cﬂAN 1973

yields except on a very lerge scale,
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D. Ion exchange methods: Thoettempt was made to seperete barium

end lenthenum by selective ion-exchenge on Amberlite resing »ithout sue-
cass. It is nov knen that this cen be done, but high yields are not
ersy to obtein end it is necessary to uses selted solutions.

E. Lydroxide-oxelate metrod: The presently used method is & tro

step process involvine the precivitetion and filtretion of gelatinous
lepthapum hydroxide, berium hydroxide remeining in soiution, followed by
solution of the precivitete in nitric ecid snd reprecipitsetion ss erys-
telline lenthanum oxelets., This precipitete cen then be filtered on =,
smell-ares filter. Since the oxslate precipitets is graduslly peptized
or decornposed veder redistion, scavenging with EF is reguired, The Pinel
precivitete is probetly neerly e11 lenthsnum “luoride, r=teining, ho—ever,
the pranuler structure of the oxalete. A similer procedure is used in the
industriel preperetion of rere-earth fluorides. <+het the conversion to
fluoride is slmost comple*e is svident from the feet that meerly £1] of thre
oxelic ecid vweed can be recovered and reused.
.

Difficulties of the pressnt method are uncertein yield, trouble ith

impurities, mechenie~l losses, and necessity for tvo steps.

™

F. Yipor methkods: Lany other methods heve been provosed and some

heve besn studied. Among these arsz the silicofluoride method, ferroecyen-
ide metheod, sulfete msthod, ferrioxalste methed, tertrste method, examlete
method, atc., Other methods considered mey be found in en outline ty

Triedlander of October 29, 1945,

I1II. Processas No Undsr Censider=tion.

£ study of previous work =and of the chemistry involved hes led to

saver TOpPO Se rocesses, some of vhich ere modifd LED
"l proposed » ’ pick ere modl f4f RSSTFCKTIO &Mﬂﬁﬁﬁm

]
methods. Since the process chamber in the ner dpyoPER‘:DQco EV‘Eq
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squipped for centrifupetion, severel previous methods condemned Tor slo~-
filtration cer ba re-investigeted, Folloring is the present proprem of
nrocessss to be studied:

A, Calcium fluoride method: This method, or its corollery, using

strontium fluoride, wassbandonsd principelly becsuse of errstic results
caused by iron contemination., It is proposed to re-irvestigete this meth.
cd using various complexing agents to control iron end fluoride concentra-
tions st constent levels, The use of FePFgz in excess —ill be tried,

B, Phosphste msthod: This process —es descrited rbove end —ould 5

prohably be suitebtle if centrifugstion were used. Seversl modi®ic=otions
are possitle

C. Xitric scid method: This method consists of precinitetion of

Ba(lios)2 .2 H20 ith an excess of chilled fuming rnitric acid, lenthenum
being poured off with the supernate sfter centrifugation and precipiteted,
after dilution, &s fluoride or sulfeto-fluoride. The first step is pert
of the standerd rediochemicel method for barium as used for determining
fission yield. Preliminery tests heve shorn this method to be quits
promising.

D. Sulfete method: This method consists of precipiteting psSO un-

der conditions mhere lanthenum sulfrte 1s soluble or e¢sn be leerched out.
A ne— modificetion ~hich may be tried is the use of pyrophosphoric or
metaphosphoric acid as leaching agent. 2nother possitle lesching solu-
tion is potassium carbonetse.

E. Icn exchenpge method: Improved resins and ner techniques indi-

cate this methed mey be reinvestigeted —ith greeter promise. Nothing is

knorm, ho—ever, stout the effect of high radirtion levels on the resins.

F. Carbonste method: S8ince it s known thet Ell ss “G“GM%E‘.]“;E]%
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has some solubility in setursted potassium carbonate sclution, vhereas
barjum cerbonete is insoluble, esnother possible methed is indiceted,

G. Chloride method: The method of ether-HCl precipitetion of

barium chloride is used et Clinton leboretories. Bther, however, is
ensily polymerized by redietion to thiek gums. (This is believed to be
the causs of much troudbls ir some of the shipments received.) It is
possible thet the precipitetion of barium echloride in'thq presence of mn
excess of enhydrous HCl ges mey offer e suiteble, if dif~icult, method.
It is not presently proposed to study thig mathed. ¥

H, uoride method: This method, used by 1. Sugarmen in redio-

chenice) separstions of lenthenum, depernds unon the selubility of berium
Fluoride in solutions which ere 2 N in nitric end 4 ¥ in hyérofluoric
acid. Llantranum fluoride ie prescipitsted under these conditions, giving
¢ simple ons-stepn process. Cfreliminery teste ghor this method to be very
promising.

I. BSolvent extraction: ILsst, but perhsps of prertest interest, is

the selective extraection of lenthanum from ecueous solution inte = benzene
solution of thenoylirifluorocacetone, ¢ beta-diketone heving chelating
po—ers for verious ions —hich ere s function of pE. This method mas first
sugrested *y A, Broido snd P. Tompkins at Clinton Leboretories. Considera-

Yle work has been deone here on the process, hich is reported below,

IV, Solvent-Extraction Experiments.

A, Theory: The relestion between the lenthemum concentretions in
the aqueous snd bengeane phrses mey bo representod ms sn enuilibriun resc-

tion &s follors:

La*ﬁ +# 2 HT = Ldei'5Hf., where LT represents the

enol form of the cheleting agent. Then equilibrium is EStBbliShedN‘tp\NCEl‘.m
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constent mey be set up as xLa aT;l [%*l“ Assuming en excess of re-
(1"} [=1]

spent the velue of HT is fixed, end the proportion of the lenthenum in
the benzene phase becomes & function of the relstive volumes of the two
phases and of the third pover of hydrogen ion concentration. The X for a
divelent element such =5 bsrium =ill be considerebly different then thet
for lsnthenum. Actually, trivelent elements mre fevorsbly extrected at
pH velues ebove 2.5 snd divelent elements at velves etove 6. Thus it
seems ensily possitle to secure qurntitstiva seperation.

Recovery of the lenthenum from the bengzere layer mey be sccomplished
by one of Z methods:

1. Direct precipitetion by #n egert such es HF in =ster solu-
tion.

2, Re-extreetion with aecid into aqueous phese followed by pre-
cimitetion.

3. Ee-extractiorn es ebove Iollored by filtrature of the solut-
ion throurh £ ne~ very high cspecity resin. Some resins are steted to
heve suffici=nt capacity thet 0.1 gram cen ebsorb about 20,000 curies of
carrier-free redio-lenthemum. One such resin is Amberlite TRC-50. A
sempls of this has been crdered.

B. Experiments)l method: The spparstus used is illustireted in fig-

ure 1. The procedure followed was to spitete messured volumes of weter
conteining inovm emounts of redie-tarium end redio-lanthenum with mnown
volumes of 0.1 Kk solution of T.T.A. in benzene. (T.T.A. is the sbbrevia-
tion of thenoyltrifluoroacetone,) -
The pE of the mgueous phese is carefully meesured —ith £ glass elec-
trode before and after egitation, Seperation of the phrsesﬁtﬁa
lished by venting the lorer chem'ber of the Pppf‘ratv%ERm

ous phase dreins through the sintered plate but the tenzene phese does
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s=c=—== UNCLASSIFIED

LR R e A ]

NCELLED
me\@gu%?”

=



/i"e/ ;LR AT N - O

==—==+ |UNCLASSIFIED

-

not. The solution is received in a counting bettle mnd, after rinsing
and diluting to velume, the prmma rey counting rete is obtsined and com-
pered vith thet of the originsl sclution.

The benzene lsyesr is then egiteted =ith 0,1 N HCY solution, and the
pheses sepersted es before. The acid solution, conteining the recovered
lenthanum, is drawn off into enother counting bottle end counted. The
T.T.A. solution is clesned of 2all lenthenum by repe#téd acid weshing,
then restored to neutrality by distilled vater »ashes, It may be re-used
meny times —ithout epparent chsnge. y

£, Results: Amonp the orocess verietles studied or to be studied
are the effects of pH, time of spitation, concentrstion of solutions, car-
riers, impurities, tempereture, salting of solutions, and radiosctive bom-
berdment. The work done so fer has hed extremely promisins results, but
the dste have not been checked sufficiently for guentitetive reporting.

The results so fer mey e summeriged ms follovs:

1. At lesst 88% of the lenthenum mey be extrscted into ben-
zens~T.T.A, in carrier-fres form ty # ten-minute epitation peried. There
is some uncerteinty in this vield fipure beceuse the prooer correction for
the pemme-~-ray counting efficiency of barium hes not been eccuretsly mee-
sured. This measurement is in progress.

2. The optimum pH rsnge is 2.8 to 4.5.

3. The re-extrsction ol lenthenum from T.T.A.-benzene to HC1
solution does not, st first study, sppeer to follor ths theoreticel rela-
tion.

4, & sample of T,T,A, in benzens suffered no chenge in proper-
ties or extraction efficiency after expomwmoﬂ jees c«'ELiLgETD mma rae-
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dietion.
5. Preparatiors srs rearly ready for en scturl nilking of a
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25 curie source by this method.

R. P. Hemmond
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