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PART I

RALA PROCESS RESEARCE
Cl’R-10-10

SUILIARY :

4 study of previous vork and consideretion of chemicsel pronerties
hes led to the proposel of nine possible methods for seperetion of lan-
thenum from bsrium. Some of these methods ere modificstions of previou;-
ly tried procésses. Four methods have been given preliminary testing end
one is under full investigation. This process of liquid-liquid extrect-
ion hes elready givan tetter yields than the presen®t method and is ideel-
ly suited for remote control operstions. 4 cerrier-free chloride solu-
tion of sctive lenthenum end berium at pH 3.8-4.5 is agitated ten minutes
with e larger volume of .1 M solution of thenoyltrifluoroascetone in ben-
zene., The layers sre seperated sutomaeticelly and gquentitatively by meens
of a fritted glass plete. The lenthenum pesses into the benzene phase
end is recovered by re-extrsction itk .1 K hydrochloric scid. Exposurs

to 1000 R units of rediestion did not effect +he prowerties of +he chelsting

compound. £ 28 curies run 7ill be sttempted soon.

I. INTRODUCTION,

The design.of o ne~ laboretory for the production of Rele sources
of 10 kilocuries intensity has necessitsted e renemed study of procsceses
for the seperstion of lenthenum 140 from its perent, barium. Although the
equipment in the re™ laboretory rill be flexible enough to sccommodete e

veriety ol process cherges, it is deemed wise msmgagé%‘\é 1}‘%‘%?}1‘-913118
specific orocess. PER DO :
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The method st present in use at Bayo Cenyon has not nroved complete-
ly setisfectory, end it is balieved thrt & more efficient end relieble
process cen be developed in time for tooling derdlines of the ne~ lebore-

tory.

II. Previous ‘Tork.

Severe]l methods heve teen studied during the course of the Rele pro-
ject. Among these ~ere the phosphete method, the celcium fluoride method,

the strontium fluoride method, pleting method, ion exchangs methods, end

¥y

the present hydroxide-oxrlate method. Theece methods mey be briefly des-
crited as follows:

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

solubility of berium orthophosphats and the insolubility of lenthenum or-
thophosphate undsr proper conditions of ecidity. In prectice this method
—orked mell, but required excessive filtretiorn times. Centrifugetion
fecilitiss for active materiels ere not eveileble at the time.

B. Calcium or strontium fluoride method: This method is besed on

precinitetion of lernthsnum on an excess of celcium or strontium “luoride
by mstethesis in 2 solution in »hich the CeFy or SrFy is slightly soluble
(pE=2). This method suffersd from difficulties —ith impurities, yield,
temperature control, and filtretion or sgitetion time.

C. Pleting method: A long series of ettempte ‘o electroplste, or

co-plate as a mixture, the lanthsnum from aqueous solution resulted in
failure. The vork of other investigetors hes shon that lanthanum metel
mey be produced setisfectorily only by electrolysis of the fused enhy-
drous chloride or as amelgam by electrolysis of the solutioﬁci%\éﬁecama_\_ED
drous chloride in sbsolute etherol. Ione of tlese *e%‘i%%%‘@eVRE\“EWd]AN 1973
yields except on a very lerge sceale.
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D. Ion exchenge methods: The ettempt mas made to seperete barium

and lenthanum by selective ion-exchenge on Amberlite resins without suc-
cess. 1t is no~ known that this cean be done, but high yields are not
easy to obtein end it is necessary to use selted solutions.

E. Eydroxide-oxslate mettod: The presently used method is e tvo

step process involvine the precip;tation and filtretion of geletinous
lenthanum hydroxide, barium hydroxide remsining in soiution, followed by
solution of the precipitets in nitric ecid e#nd reprecipitstion &s crys-
telline lanthanum oxslete. This precipitete cen then be filtered on s,
smell-area filter. Since the oxslate precipitete is graduslly peptized
or deconposed vrder redietion, scavenring »ith EF igs reouired. The finel
precipvitete is probetly neerly 11 lenthenum Tluoride, rete~ining, horever,
the granuler structure of the oxslete, 4 similer procedure is used in the
industriel preparetion of rers-earth fluorides. lhet the conversion to
fluoride is almost complete is evident from the feet thet nearly 11 of tke
oxelic acid veed can be recovered and reused.
L

Difficulties of the pressnt method arse uncertein yield, trouble *ith

impurities, mechenicel losses, and necessity for tvo steps.

F. !Miror methods: Lany other methods heve been pronosed and some

heve been studied. Among these are the silicofluoride method, ferrocysn-
ide method, sulfete method, ferrioxalate method, tartrste method, exalets
method, =tc. Other methods considered mey be found in en outlire by

Friedlander of October 29, 1945.

III. Processes Ho Undsr Considers=stion.

4 study of previous work and of the chemistry involved hes led to

LED
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methods. Since the process chember in the ne Pyofﬁﬂ%&“gco
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equipped for centrifugetion, severel previous methods condemned for slo~
filtration cen ha re-investigated. Folloring is the present progrem of
processes to be studisd:

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

strontium fluoride, wassbandoned principelly beceuse of erretic results
caused by iron contemination. It is oroposed to re-investigete this meth-
od using verious complexing sgents to control iron end fluoride concentra-
tions ot constent levels., The use of FeFz in excess =ill be tried.

B. Phosphste msthod: This process —es descrited sbove end would

probably be suitetle if centrifugetion »ere used. Seversl modific=ations
are possitle.

C. Nitric acid method: This method consists of precipitetion of

Ba(KOS)z .2 Hp0 =ith an excess of chilled fuming nitric acid, lenthenum
being poured off with the supernate sfter centrifugation and precipiteted,
after dilution, es fluoride or sulfeto-fluoride. The first step is pert
of the standerd readiochemicel method for berium as used for determining
fission yield. Preliminsry tests heve shorn this method to be quits
promising.

D. Sulfete method: This method consists of precipitating BeSO4 un-

der conditions where lanthenum sulfete is solutle or csn be leeched out.
A ne— modificetion which mey be tried is the use of pyrophosphoric or
meteaphosphoric acid es leaching apgent. Another possitle leesching solu-
tion is potassium carbonste.

E. Ion exchenge method: Improved resins and new techniques indi-

cate this method mey be reinverstigeted ith greeter promise. Nothing is

¥non, ho—wever, etout the effect of high radietion levels on the resins.

F. Carbonaste method: Sirce it is lmovn thet E[I!SE “QNUN%E‘%&E]%
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has some solubility in seturasted potassium carbonate sclution, »threreas
barium cerbonate is insoluble, esnother possible method is indiceted.

G. Chloride method: The method of ether-HC1l precipitation of

barium chloride is used et Clinton Leboretories. Ether, however, is
easily polymerized by redietion to thick gums. (This is believed to be
the cause of muck trouble in some of the shipments received.) It is
possible that the precipitation of barium chloride in'thq presence of an
excess of enhydrous HC1 ges mey offer e suiteble, if dif"icult, method.
It is not presently proposed to study thigs mathod. Y

H. Fluoride method: This method, used ty I, Sugarmen in redio-

chenicel separstions of lenthesnum, dependes unon the solubility of berium
fluoride in solutions ~hich ere 2 N in nitric end 4 ¥ in hydrofluoric
acid. Lantranum fluoride is precipitsted under these conditions, giving
8 simple ona-step process. ~rreliminsry testes 'shor this method to be very
promising.

I. Solvent extraction: lLeast, but perhaps of grertest interest, is

the selective extrection of lenthenum from ecusous solution into a benzene
solution of thenoyltrifluoroacetone, e beta-diketone having chelating
po~ers for verious ions "vhich ere e Zunction of pH. This method »as first
sugrestec *y A, Broido and P. Tompkins st Clinton Leboretories. Considera-

ble work has been done here on the process, mhich is reported below.

IV. Solvent-Extraction Experimsnts.

A, Theorx: The relstion between the lenthenum concentretions in
the aqueous and bengene phrses mey be represented &s en equilibrium reec-
tion as follors:

Laiﬁ 4+ 3 HT = LaT3¥'3Hf-, where ET represents the

nol form of thz cheleting sgent. "hen squilibri is esteblished
enol form o g ag 1 q ium S y (ﬁq%mm“ﬁilﬁﬂ
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constent may be set up as K = aT-l [-H‘t Y, Assuming en excess of re-
““—1’“3 G

sgpent the velue of HT is fixed, and 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 K for
divselent element such &s bsrium ™ill be considerebly different thsn thet
for lenthanum. Actually, trivelent elements are fevorsbly extrected at
pH values ebove 2.5 end divelent elements at velues etove 6. Thus it
seems easily possible to secure quentitetive sepsration.
Recovery of the lenthenum from the benzere layer mey be accomplishéd

bty one of & methods:

1. Direct precipitetion by en eger*t such es HF in =ster solu-
tion.

2. Re-extrection with ecid into aqueous phese followed by pre-
cipitation.

3. Re-extraction es stove folloved by filtrature of the solut-
ion through £ ne~ very high cspacity resin. OCome resins are steted %o
heve sufficient capacity thet C.1 grem cen ebsorb atout 20,000 curies of
carrier-free redio-lenthanunm. Oné such resin is Amberlite IRC-50. A
sample of this has been crdered.

B. Experimentsl method: The spparstus used is illustreted in fig-

ure 1. The procedure follomed was to sgitete measured volumes of wster

conteining knovm emounts of redio-terium end redio-lanthanum ith Xnown
volumes of 0.1 K solution of T.T.A. in benzene. (T.T.A. is the abbrevia-
tion of thenoyltrifluoroacetone.) -
The pE of ths aqueous phese is carefully meesured mith e gless elec-
trode before end after agitation., Separation of the php es 1«“‘ ED
QLA LASSIFIG qu 1973

lished by venting the lower chsmber of the epppratuPER que -

ous phese dreins through the sintered plate but the tenzene phese does
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rw -



415;: L # & eHE - /0

===+ UNCLASSIFIED

-8

not. The solution is received in s counting bottle and, after rinsing
and diluting to volume, the gamma rey counting rete is obtesined end com-
pered vith thet of the originsl solution.

The benzene lsyer is then egiteted =ith 0,1 N HC1 solution, 2nd the
pheses sepersted as before. The acid solution, conteining the recovered
lanthenum, is drewn off into snother counting bottle end counted. The
T.T.A. solution is clesned of all lenthenum by repeptéd acid weshing,
then restored to neutrality by distilled vater vashes. It may be re-used
meny times —ithout epparent chenge. y

C. Results: Among the process veriables studied or to be studied
are the effects of pH, time of sepitation, concentretion of solutions, car-
riers, impurities, temperature, selting of solutions, and radiosctive bom-
berdment. The work done so fer haes had extremely promising results, but
the dete have not been checked sufficiently for quentitetive reporting.

The results so fer mey te surmerized as follovs:

1. At least 98% of the lanthenum mey be extrected into ben-
zene-T.T.A, in carrier-free form ty s ten-minute egitation veriecd. Thers
is some uncerteinty in this yield figure beceuse the prover correction for
the pamme-ray counting efficiency of barium hes not been eccuretely meea-
sured. This measurement is in progress.

2. The optimum pH renge is 3.8 to 4.5.

3. The re-extrection of lenthenum from T.T.A.-benzene to KHC1
solution does not, st first study, eppeer to follo~ the theoreticel rela-
tion.

4. A sample of T,T.A. in benzense suffered no change in proper-
ties or extraction efficiency after expo%mgfmo‘%wu IAC«EL%.é‘E]D amma ra-
dietion. PER Doc REV

5. Preparations asre nearly ready for en acturl nilking cf a
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25 curis source by this method

R. P. Fammond
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