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PART I 

RALA PROCESS RESEARCE 
C1,!R-10-10 

SlTlvlLIARY: 

A study of p rev ious "rork and c o n s i d e r e t i o n of chemicpl p r o n e r t i e s 

has l e d t o t h e p roposa l of n ine p o s s i b l e methods for seperRtion of l a n -

thanum from barium. Some of these methods are mod i f i ca t ions of p r e v i o u s ­

l y t r i e d p r o c e s s e s . Four methods have been given p r e l i m i n a r y t e s t inp ; end 

one i s under f u l l i n v e s t i g a t i o n . This o rocess of l i q u i d - l i q u i d e x t r a c t ­

ion has a l r e a d y £;iven t e t t e r j d e l d s than the p r e sen t method and i s i d e p l -

l y s u i t e d for remote c o n t r o l o p e r a t i o n s . A c s r r i e r - f r e e c h l o r i d e so lu­

t i o n of a c t i v e lanthanum and bariiim a t pH 3 ,8 -4 .5 i s ag-itated t e n ' m i n u t e s 

•r i th a l a r g e r volume of . 1 M s o l u t i o n of t h e n o y l t r i f l u o r o a c e t o n e in ben­

zene. The l a j ' e r s ere s eps ra t ed a u t o m e t i c a l l y and q u a n t i t a t i v e l y by meens 

of a f r i t t e d g l a s s p l a t e . The lanthemnn passes i n t o the benzene phase 

end i s recovered by r e - e x t r a c t i o n "^ith . 1 N hydroch lo r i c a r i d . Exposure 

t o 1000 R u n i t s of r a d i a t i o n did not a f f ec t the p r c ^ e r t i e s of +he c h e l a t i n g 

compound. A 25 c u r i e s run -^-ill be at tempted soon. 

I . ICTRODUCTION. 

The design .of a ne'" l a b o r a t o r y for the p roduc t ion of RaLa sources 

of 10 k i l o c u r i e s i n t e n s i t y has n e c e s s i t a t e d a rene^'ed s tudy of p rocesses 

for the s epa ra t ion of lanthanum 140 from i t s p p r e n t , bariiom. Although the 

equipment in the ne-^ l a b o r a t o r y f ' i l l be f l e x i b l e enough t o accommodate a 

v a r i e t y of p rocess changes , i t i s deemed ^"ise ^raft§Sff^«P'^ vf^^lw ^^973*°® 
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The method at present in use at Bayo Canyon has not proved complete­

ly satisfactory, and it is believed thrt a more efficient and reliable 

process can be developed in time for tooling deadlines of the ne"- lebore-

tory. 

II. Previous "JTork. 

Several methods heve been studied during the course of the RaLa pro­

j e c t . Among these -^ere the phosphate method, the calcium fluoride method, 

the strontium fluoride method, plat ing method, ion exchange methods, and 

the present hydroxide-oxalate method. The'̂ e methods m^y be b r i e f ly des­

cribed as follo''»''S: 

A. Phosphate method; This i s a one-step process depending upon the 

so lub i l i ty of barium orthophosphate and the inso lub i l i ty of lanthenur. or-

thophosphate under proper conditions of ac id i ty . In pract ice t h i s n°thod 

'-orked •"'ell, but renuired excessive f i l t r a t i o n times. Centrifugetion 

f a c i l i t i e s for active materipls '"-ere not available at the t ime. 

B. Calcium or strontium fluoride method; This method i s bpsed on 

preci '^itption of Ipnthenum on an excess of cplcium or s't'rontium fluoride 

by metathesis in a solution in -"'hich the CPF2 or SrFg i s s l i gh t ly soluble 

(pE=2) . This method suffered from dif-^icultie s '"ith impuri t ies , jneld , 

temperature cont ro l , and f i l t r a t i o n or agi ta t ion time. 

C. Plpting method; A long ser ies of pt tenpts to e lectroplate , or 

co-plate as a mixture, the lanthanum from aqueous solution resul ted in 

f a i l u r e . The T-ork of other invest igators h^s sho '̂n that lanthanum metal 

may be produced sa t i s f ac to r i l y only by e l ec t ro ly s i s of the fused anhy­

drous chloride or as amalgam by e l ec t ro lys i s of the s 

drous chloride in absolute e tharo l . l»one of these .-".e 

yields except on a ver-^ large sca le . 

UNCLASSIFIED 
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D. Ion exchange methods; The ettempt "'as made to separate barium 

and lanthanum by select ive ion-exchange on Amberlite res ins •'"•ithout suc­

cess . I t i s no^ knc-Ti tha t t h i s can be done, but high yields are not 

easy to obtain and i t i s necessary to use salted solut ions . 

E. Eydroxide-oxalate method; The present ly used method i s a tf'o 

step process involvinr the p rec ip i ta t ion and f i l t r a t i o n of gelatinous 

lanthanum hydroxide, barium hydroxide remaining in solut ion, followed by 

solution of the p rec ip i ta te in n i t r i c acid and reprecipita ' t ion as crys­

t a l l i n e lanthanum oxalate . Th:s prec ip i ta te can then be f i l t e r ed on a ̂  

smpll-area f i l t e r . Since the oxalate prec ip i ta te i s gradually peptized 

or decomposed under rad ia t ion , scavenging •"'ith E? i s recuired. The final 

p rec ip i t a te i s probably nearly P 1 1 Ipnthsnum fluoride, ret- ' ining, ho'^ever, 

the granular structure of the oxalate . A similpr procedure i s Tised in the 

indus t r i a l preparation of ra re-ear th f luorides , •'•hat the conversion to 

fluoride i s almost comple '̂̂ e i s evident from, the fpct thot ne"rly F 1 1 of the 

oxalic acid used can be recovered and reused. 
» 

Difficulties of the present nethod are uncertain yield, trouble '"ith 

impurities, mechanicl losses, and necessity for tT'o steps. 

F. Kinor methods; Llany other methods have been proposed and some 

have been studied. Among these are the silicofluoride method, ferrocyan-

ide method, sulfate method, ferrioxalate method, tartrate method, sxalate 

method, etc. Other methods considered may be found in an outline by 

Friedlander of October 29, 1945. 

III. Processes Kô ' Under Consideration. 

A study of previous v-ork and of the chemistry involved has led to 

several proposed processes, some of T̂ hich pr° 

methods. Since the process chamber in the ne'" 3pyo| 
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equipped for centr ifuget ion, several previous methods condemned for SICT" 

f i l t r a t i o n can be re- inves t iga ted . Follo-^-ing i s the present program of 

processes to be studied: 

A. Calcium fluoride method; This method, or i t s corol lary , using 

strontium f luor ide , wasabandoned p r inc ipa l ly beceuse of e r r a t i c resu l t s 

caused by iron contamination. I t i s Proposed to re- invest igpte t h i s meth­

od usinf^ various complexing agents to control iron and fluoride concentra­

t ions at constant l eve l s . The use of FeFg in excess ^ ' i l l be t r i e d . 

B. Phosphate method; This process ""as described pbove and "-ould ^ 

probably be sui table i f centrifugation "'ere used. Several modifications 

are poss ib le . 

C. Ki t r ic acid method; This method consis ts of p rec ip i t a t ion of 

Ba(l^02)2 *^ ^2^^ "^ith an excess of ch i l led fioning n i t r i c acid, Ipnthanum 

being poured off -rith the supernate after centrifugation and p rec ip i t e t ed , 

af ter d i lu t ion , as fluoride or su l fa to-f luor ide . The f i r s t step i s part 

of the standard radiochenicpl method for barium as used for determining 

f iss ion jde ld . Preliminary t e s t s hpve sho""'n t h i s method to be quite 

promising. 

D. Sulfate method; This method consis ts of p rec ip i ta t ing BaSO. un­

der conditions "'here lanthanum sulfr te i s soluble or csn be lepched out. 

A ne™ modification •rhich may be t r i e d i s the use of pyr op ho spheric or 

metaphospheric acid as leaching agent. Another possible leach:ng solu­

t ion i s potassixim carbonate. 

E. Ion exchange method; Improved res ins and ne"- techniques ind i ­

cate t h i s method may be reinvest igated "'ith greater promise. Nothing i s 

kno"Ti, ho"'ever, about the effect of high radia t ion levels on the res ins . 

F. Carbonate method: Since i t i s IOIOVTI tha t 

UNCLASSIFIED «« K S S ' ! ^ 
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has some so lub i l i t y in seturated potassium carbonate solut ion, "'hereas 

barium carbonate i s insoluble, another possible method i s indicated. 

G. Chloride method; The method of ether-BCl p rec ip i t a t ion of 

bariiom chloride i s used at Clinton Laboratories. Ether, however, i s 

e a s i l y polymerized by radia t ion to th ick gums. (This i s believed to be 

the cause of much trouble in some of the shipments received.) I t i s 

possible tha t the p rec ip i ta t ion of barium chloride in th<=! presence of an 

excess of anhydrous HCl gas may offer a su i tab le , i f d i f f i c u l t , method. 

I t i s not present ly proposed to study t h i s method. j 

H. Fluoride method; This method, used by V., Sugarmen in rpdio-

chemical separations of Isnthanum, dependr upon the so lub i l i ty of barium 

fluoride in solutions "'hich are 2 K in n i t r i c and 4 K in hydrofluoric 

acid. Lanthanum fluoride i s p rec ip i ta ted under these condit ions, giving 

a simple one-step process. Prelimint?ry t e s t s -aho"' t h i s method to be very 

promising. 

I . Solvent ext rac t ion; Last , but perhaps of greptest i n t e r e s t , i s 

the select ive ext ract ion of lanthanum from acueous solution into a benzene 

solution of thenoyltri-fluoroacetone, a beta-diketone having chelating 

po"'ers for verious ions -"hlch are a function of pE, This method "'as f i r s t 

suggested >-y A. Broido and P. Tompkins at Clinton Laboratories. Considera­

ble T'ork has been done here on the process, "iiich i s reported belcrf. 

IV. Solvent-Extraction Experiments. 

•*• Theory; The re la t ion between the Ipnthanum concentrations in 

the aqueous and benzene phases mpy be represented as an equilibrium reac­

t ion as follo"'s: 

La •/• 3 BT = LaTgV-SB , 7'here ET represents the 

enol fonn of the chelating agent, ^len equilibrium i s established 

UNCLAS;:>iriLU ir-̂ T-̂ -r̂ —rs=£=r 
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constent may be set up as K, = tLaTT;}' JH J *̂ . Assuming an excess of re-

[La-"i]-[ETj3 

agent the value of ET i s fixed, and the proportion of the lanthanum in 

the benzene phase becomes a function of the re la t ive volumes of the two 

phases and of the t h i rd po'^er of hydrogen ion concentration. The K for a 

divalent element such as barium " ' i l l be considerpbly different than the t 

for lanthanxim. Actually, t r i va l en t elements are favorably extracted at 

pB values above 2.5 end divalent elements at v l u e s ebove 6. Thus i t 

seems eas i l y possible to secure quanti tat ive seppration. 

Recovery of the lanthanum from the benzene layer rcpy be aocomplishfed 

by one of 2 methods: 

1. Direct p rec ip i ta t ion by pn agent such as BF in "-pter solu­

t i o n . 

2. Re-extrpction ".'ith acid into aqueous phase follo^"'ed by pre­

c i p i t a t i o n . 

3 . Re-extraction ps above follcr'ed by f i l t r a t u r e of the solut­

ion through a ne— very high capacity r e s in . Gome resins are stated to 

have sufficient capacity the t 0.1 gram can absorb about 20,000 curies of 

ca r r i e r - f ree radio-lanthanum. One such resin i s Amberlite IRC-50. A 

sample of t h i s has been ordered. 

B. Experimental method; The apparatus used i s i l l u s t r a t e d in f ig­

ure 1. The procedure follo"'ed "Ĵ as to agi ta te measured volumes of v'ster 

containing knof-n amounts of radio-barium end radio-lanthanum '"ith known 

volumes of 0.1 IL solution of T.T.A. in benzene. (T.T.A. i s the abbrevia­

t ion of thenoyltr if luoroacetone.) ^ 

The pE of the aqueous phase i s careful ly measured " ' i th P glass e lec­

trode before and after ag i t a t ion . Separation of the phPses.i^rtcrfcWEELV-tU 

Cl^SS\fWW^^^1973 
l i shed by venting the lo"'er chamber of the apppratu^^p'''fcsT|ft\igpptfll(ie''aque-

ous phase drains through the s intered plate but the benzene phase does 

= UNCLASSIFIED 
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not . The solution i s received in a counting bo t t l e and, a-fter r ins ing 

and di lut ing to volume, the gamma rey counting ra te i s obtained and com­

pared •rith tha t of the or iginal solution. 

The benzene layer i s then agitated "dth 0.1 N BCl solution, and the 

phases separated as before. The acid solution, conteining the recovered 

lanthanum, i s drH^m off into another counting bo t t l e and counted. The 

T.T.A. solution i s cleaned of a l l lanthanum by repePted acid •cashing, 

then restored to n e u t r a l i t y by d i s t i l l e d •f'ater t-ashes. I t may be re-used 

many times 'Without apparent change. ^ 

C, Results ; Â nong the process var iables studied or to be s^tudied 

are the effects of pB, time of agi ta t ion , concentrption of solut ions, car­

r i e r s , impuri t ies , temperature, sal t ing of solut ions , and radiosctive bom­

bardment. The "'ork done so far has had extremely promising r e s u l t s , but 

the deta have not been checked suff ic ient ly for quanti tat ive repor t ing. 

The re su l t s so far may be sunmprized as .follo'''s: 

1. At l eas t 98^ of the lanthanum may be extracted into ben-

zene-T.T.A. in car r ie r - f ree form by P ten-minute agi ta t ion period. There 

i s some uncertainty in t h i s ^.deld figure beceuse the proper correction for 

the gamma-ray counting efficiency of barium has not been accuretely mee-

sured. This measurement i s in progress. 

2. The optimum pE range i s 3.8 to 4 . 5 . 

3 . The re-extract ion of lanthanum from T.T.A.-benzene to BCl • '-

solution does not, at f i r s t study, appear to follo"' the theore t ica l r e l a ­

t i o n . 

4 . A sample of T.T.A. in benzene suffered no change in proper­

t i e s or ext ract ion efficiency after expo t̂-jVS t̂US'fWVJI? Wî Vs c^j^smma ra-•^SW^' 
diet ion. 

5. Preparations are nearly ready for an ectual milking of a 

r—n-r^'^ UNCLC.SSIFIED 
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