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1,O ABSTRACT 

Gram amaunts of americium were separated 
quan"cta.t ively from kilogram quantities of 
lanthanum to f ie ld  an americium produet approach- 
ing 90% p u r i t y ,  
ch ie f ly  yttrium. 

The remaining impurity was 

Elution of americium from a 2'5$ loaded 
Domx 50 resin column with O,l5 M e i k r i c  acid- 
0,10 M diammonium e i t ra te -0 ,3  H-amonium n i t r a t e ,  
pH 3.7, gave a product containizg 99% of the 
americium with a L E ~ / A ~  r a t io  of X/IUO o r  lese  in 
one four th  of a column volume, i n  t h i s  case about 
a lOQ-fold volume reduckion. 
of americium was pwif fed  by t h i s  method. 

Approximately 9 g 

Elution with 12-8 M hydrochloric acid from a 
20 to 30$ loaded colum-gave 90% of the americium 
in two eolum v01mes of product with a La/Am ratio 
of about 114. 
by this method. 

About 1 g oP americium was pur i f i ed  

The americium recovered fmn Banford s lag  and eruefb le  waste by 

%he Amex process was concentrated and pur i f i ed  by an ion-exchange 
method 

SOOS Q of ~ ~ ~ t ~ a ~ ~ ~  smaller amouats of corrosion products and other 
i anp~r i t~fes ,  and large amounts of ammonium ace ta t e ,  a c e t k  acid, and 
amonium nitrate, Because of" a commi.t;ment Lo send I g of arnerieiua 
w i t h  B La/Arn ratio of less than 10/1 t o  another laboratory in  a short  
t i m e  the experiments were concerned w i t h  finding a Satisfactory 

procedure for separat;ing ameriefum frorn lanthanum ra ther  than with 
stuaying the separation under varying conditions,  It is not known 
whether the condltions used in the two procedures developed are optimum. 

The Amex progrem' was carried out  in eonJunction w i t h  8 program 

The 215-",i%er Amex praduet contained EO g of americim, 



2 for seeove~irmg plutonium from the Hanford wasLe. 

eonslsted of  t r i b u t y l  phosphate extraction of t he  anericium from 
Vie neta%rabized aqueous waste from t he  plutonium recovery papo@es:o , 
sorptinm on Dowex 50\? r e s in ,  and. e l u t i o n  w i t h  3 - M amoniurii acetate.=- 

l,? - M ace-tic acid and ni t r - lc  acid.  The presence of large amounts of 
lan%hanulx, ~&isse chemical, properties are very similar t o  those of 
americium, was not indicated i n  preliminary considerations of the  

Ranford waste, and %he resin colunopm used i n  the Amex process was 
eqee- ted t o  hold all the americium from the en t i re  program, 
Panthanm i s  sorbed on Dowex 50 resin somewl~at bet ter  than americium. 
umder Amex isola%iom conditions and after a f e w  days' operation the 
eoli.rnm becars loaded. It ~ 3 3  necessary t o  e lu te  the Amex columaa 22 

times during the program. 
eBualat, aboue 2 l i ters  of n i t r i c  ac id ,  and large volmeo of wash water. 

Eecsnsmie considerations made it desirable  t o  @amy out t he  americium 
par i f lea t ion  and concentration from this large-voburne Amex product; on. 

8 Pabnratary scale. 

The Amex prcreesa 

Actually,  

Each e lu t ion  used 6 to 10 liters of acetate 

Because o f  i t s  l o w  energy, the americium gama radiat ion is  not  
readily detected by s tandard  hea l th  physics survey i a s t r u m a t s  e There- 
fore ,  special preealAtions, such as surveys using f i l n a ,  w e r e  tak@n to 
prevent personnel overexpoawes i n  handling gram quan t i t i e s  of americium. 

M&ny persorne contributed Lo the work reported here, particularly 

14, W, Crane of the TJtaiversity of Cal i fornia  Radiation Laboratory a t  
X , ~ W F ~ I I B P ~ ,  who interrupted his vacation t o  work on the problem; 
J. To ,?oP,e:r-&a of the Chemical Technology DivFsion, Oak Ridge Matioml 
Iaboratory, who invest igated the ci t ra te  e lu t ion  method; 
of the Universfty of Cal i fornia  Radiation Laboratory a t  Livemore and 
Go E. Boyd an6 G. D, O'Kelley of the Chemistry Division a t  Oak Ridge 

R'akionaB Laboratory, w i % h  whom consultations were held; 3 .  B. Cooper 

nrxd h-ls g ~ ~ r j - p ~  Go W e  Leddicotte and his  group, and. M. M, Murray of 

%he AnaBfiic3P Chemistry Division a t  Oak RFdge National Laboratory, 
who mde %he numerous americium determina-kions lanthanum determinations 
and spectrographic analyses. 

program am3 R. I,, IdXckey the operator ,  

P. C. Stevenson 

e.  W e  Green@ w a s  the  technician on the 
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3.2 Hydrochloric _I Acid Elution of Cation-Exchange Resin 

Prom an Amex product feed with a La,/Arn ratio of 3E5/1_, 80% 

o f  %he americium was obtalned w i t h  a -&/Am r a t i o  of  9.2/J_ by 

concentrated hydrochloric ac ld  e l u t i o n  of a Uowex 5;C r e s i n  coluxm 

?$ loaded with lanthanum and americium- 

h / A m  ratio w a s  17/1 and with 55% loading it, 'icrsts 3O/l. 
recov@ry, f o r  all colvman loadings the E,a/An r a t l o  was lover,  v i z - ,  

307/1, 7e7/1j and 20/1 (Figs ,  1-31. The product k / A m  r a t i o  was 
decreased when the r e s i n  p a r t i c l e  s l z e  was decreased from 50-100 

t o  100-200, but at; -the flow rates used the percentage of  cross 

l i n k i n g  i n  the resirs ('A, 8, and 12$) had l i t t l e  effect. 

With 30% loading the 

With 50% 

 he d.istribut3on coef f ic ien t  (resin/aqueous) OT lanthanum on 
Dovex 50 is larger  than tha t  of americium at all aqi~eous phase HCl 
concentrations *6 

increases above '7 M. I 
the separation or" s,mericLum from lantbninm increased as the eluant 
ETeb concentration was increased from 6 to 12 M. 

The difference increases as the RC1 concentratton 
As was expected, with h e x  product solut ion 

- 
In  a l l  run3 %he arnericiunr product concentration reached a peak 

near the ea?d of t13e ffmt volume change ZhlloTfiing one d isp laeewnt  
volume, 
W ~ B  sharper than in %ha% w i t h  the TO-K-00 mesh realn,  probably because 
%he sm3le-6. resin size permitted equilibrium conditions t o  be more 
nearly approached, There w a s  evidence of  a sm%bl. ltzn-khmwn peak, 

but th-ls m y  have resiilted from the Tomatfon of lanthanum from 
plutonium during the neutxon ac t iva t ion  anaXysin (footnote, p.  h )  and 

not from laathxmn in the  columpl e f f l u e n t -  

#. In the m n  with I G O - 2 0 0  mesh res in ,  the americium peak 

*The displacement volume could be observed vIsm11y by the P i r o t  
appearance of mixing I.a the product caused by the higher re f rac t ive  
index of the hgrdrochlorlc ac id  solutloan 
a3 am half the apparent volume o f  r e s i n ,  

A vollune change i s  defined 
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30 5 90 I40 
I -..-- -__I- - 
70 

E L U A N T  VOLUME (ml )  

Dswex 5QW ve~in,42~/'cross-linked, 50-400mesh; 26rnl,0.57cm2 cross 

Feed: 74 mg of  L a ,  8.65 X4OBac/m/rnl of Am (La/Arn ratio =315) 
sect ion 

H C I ,  0.5 mI/m!cm2 f l ow  rate 

Fig. I . Separation of Americium froin lanthanum by Elution w i t h  Hydrochloric 
Acid f r o m  5"/0 Loaded Resin. 
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/ LANTHANUM 

UNCLASSI'IED 
'iN L-LR-DWG 1005 

r 
L 

U 

..... 

I 

1 25  

ELUANT VOLUME ( m i )  

Dowex 50 resin, 8°/0cross linked, 50-100mesh; (Om1 ,0 .57cm2 cross section 
Feed: 2 2 5 m g  of La,  2 . 3 9 x 1 0 9 a  c/m o f  Am ( L a / A m  r a t i o = 3 1 5 )  
Eluant :  (2.1 M HCl ,0.5 m l / m / c r n 2  

Fig. 2 .  Separation o f  Americium from Lanthanum by Elut ion w i th  Hydrochloric 
Acid f rom 30% Loaded Resin. 
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UNCLASS I F I ED 

- 

AMERICIUM 

20 40 60 80 too 
ELUANT VOLUME ( m l )  

Dowex 50 res in , l 2  cross-linked,100-200mesh; ! 5 . 3 m l , 0 . 5 7 c m *  

Feed: 820 mg o f  La,2.17XiO'0ac/m/ml of Am (La/Am ra t i o= '137 )  

E luan t :  42.4 M HCI ,025 ml/m/cm2 f low rote 

cross sect ion 

Fig. 3 .Separation o f  Americium from Lanthanum by Elution with Hydrochloric 
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The columns used were 6 cm high. by 0.5 cm‘ i n  cross-sactjonal 
The Amex product vas ac id i f i ed  t o  0,l-0 2 3 - R* ar*d d i l ~ L ~ : d  area. 

until the atmonium ion concentration was less than  8 5 M I t o  improve 
the sorp2;ioni The res in  capacity was less tharr the t h e o r e t i c a l  
value of 106 mg/niLn 

trat-ion after an average lanthanum ~ o a d t n g  of 54 ~ ~ g / n i ~ ,  and the 

amount oP americium i n  the e f f luen t  reached the f e e d  COncenti”a’r,;on 

(lan-t’nanuen was about h a l f  tile feed concentraLi.on) at a lanthanum 
Loading of about 75 mg/d 

about 3000 g of lanthanum, would therefore I.0rzd over $0 l i t e r s  of 
res in ,  hu t  m~xh  more than 40 l i t e r s  voulil be required because only 
partial loading would be used.  

a4m~r jc i~mi  broke through at I-$ nP f e d  coricen- 

The e n t i r e  h e x  g r o d i x t ,  containing 

Tn experiments w L t h  lanthamm n i t r a t e  solut-ioa and c o l u m  
loadings o f  5 t o  55%) e lu t ion  with 13*4 M - hydrochloric acid i n  
water gave no 3 anthaninn elut ion peak Instead , the lan-thanujii came 
off t h e  cobmn a t  a nearly constant ra te  of 2 -to 7% of the  rolupllra. 

loading p r  volume chmge, the higher peseentageo bejng obtained 
w i t h  the hisher loadf-srgs If The eluatc l^anthanum concentration 
generally did not va-%y by m o ~ e  than R factor of  2 dur ing  Yne first; 

10 volume changes I The eQlamati.on of t h i s  i s  probably that 

equilibriun; was no% at ta ined  i n  the column and t h e  concen%rGtion 
of lanth.m-m i n  the product vas controll&. by the rate a t  which 
it left t h e  resSn, 

TII 20% ctlzenol gave an elua.te lanthanum coneentrntioa about half 

that obtained i n  an e lu t ion  with 12 8 M - hydrochloric aci-d s o l i ~ t i o n  

i n  vatel- These experlments were car r ied  out  with Dovex 50 r e s in ,  
12$ cross l inked ,  100-200 mesh, i n  a 10-.IJ33- column, 0,gI an2  i n  
cross sectioa.. 

Elution with a 12  8 14 - hydrogen chloride so lu t ion  

2 ~ ~ i e  eluant f l o w  ra te  was 0.5  o~~,/rn/cm 

It has beea reported that  i n  the p re sen~c  of high concentrations 

of L i t h i m  chlor ide,  amricim sorbs on anlon-exchange r e s in .  Lanthanum 
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4.0 PROCEDURE USED 

As a. ~ 8 ~ 1 %  oQ the laboratory studies, citrate elution from 
Dowex 50 resin wits chosen f o r  pu r i f i ca t ion  of moat of the americium 
required f o r  the progrm. Considerable concentration w a s  achleved 

in this step. Further purification w a s  achieved by passing t h i s  

product, i n  concentrated hydrochloric acid, throtlgh a Dowex 1 anion- 
exchange coluann. The f i rs t  gram of americium prepared for s h i p a n t  
t.ras pur i f ied  by hydrochloric ac id  elution from Dowex 50 followed 

by f luo r ide  precipitation. Purification was satisfactory, but the 

ion-exchange product w a s  d i l u t e .  Since c i t r a t e  e lu t ion  gave a better 
separat ion and a more concentrated product, it w a s  used t o  process 
the remainder of the americium. 

4 , l  Citrate Elution 
I_ 

In laboratory s tudies  the Z;wo-col~unta c i t ra te  e lu t ion  method 

gave better separat ion and used 133s~ eluant than the one -co$m 
method, but was cumbersome, For the actual separat ion work, e1u"cion 
from a s ing le  p a r t i a l l y  loaded column w a s  used, w i t h  the eluant 

ammonium ion  concentratLon increased Prom 0.2 t o  0.5 - M, With 

t h i s  s o l u t i o n  the hydrogen-form res in  was converted to the ammonium 

form by only  40% as rmch eluant ,  
6-in,-diam. glass pipe with 176 cm2 cross-sectional area. 
ms Dowex "j, 1 8  cross l inked,  1_00-200 mesh, with %he fineti: removed, 

The work wag capried out i n  one bench hood and one floor hood o f  a 
laboratory, PolyethyJ-ene b o t t l e s  up t o  50 l l t e r s  fa volume were used 
f o r  containers,  Tygon tub ing  for  connections, and a f inge r  pump f o r  

puraping thz solut ions.  

The colmm was E 8  l i ters  i n  vol~me, a 
The resin 

Prac t i ca l ly  a11 the americium was obtained in less than one 
volime change  able le 21, in one case 99% in less than 4 l i t e rs .  
Collection o f  this mlddle cu t ,  while the column effluent line 
( l /bin,-dians,  Tygon tu'oing) read greater t h n  10 m/hr w i t h  a 
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Victoreen survey med;er, gave most of t'he americium a t  a eoncentra- 
t i o n  of about 1 @;/liter, In a subacyuent run (Pig.  4), 984 of the 
americium was obtained i n  5.3 l.i%era of product s o l i ~ t i o n  waith a 
h / A m  ratio of l / S .  
higher loadings the combined products from several e lu t ions  being 

recycled with only a small fraction, of t h e  r e s i n  loaded in this  

final e lu t ion ,  The cu t s  containing low concentrations o f  americiun? 
could be recycled after a c i d i f i c a t i o n  to 0.1-0.2 M E+. 

.# S t i l l  g rea te r  economy could be achieved by 

- 
The product, was purri$i_ed by ac id i fy ing  with hydrochl.oric acid 

t o  a pH of 1, reloading on a Dowex 50 e o l m ,  and e l u t i n g  with 
concentrated hydrochloric acid.  The americiuiii chloride solut ion 
w a s  then run through L 30Q-mk Dowex 1 anion-axcbnge r e s i n  column, 
Iron (about 0 - 5  g )  and plutonium were successful ly  removed, 
t h i s  chloride sol-utlan approximte1.y 5 g of americium vas precipi-  

t a t e d  8 s  the hydroxide, Analysis of t'ne material gave the  following 
data : 

From 

A qumlitatj-ve spectrographic analysis of the product gave Yne fOllOk7ing 
estim.+,eo f o r  irrpurities (accurate t o  about 8 fa,ctor of 2 ) :  

Y /v 100 
Eu, N d ,  Sm N 10 
AX,  @a, E r  -3 
Mg, S i ,  S r  4 3  
others (ilrcl udi.ag Ce @r, 
Bo, La, zu, MIL, Mo9 Ni., 
~ r ,  S i ,  ~ 6 ,  ~ m ,  m) No l i n e s  found 

~ - - - - -  
*These zEl/Arn r a t i o s  are probably accurate.  Plutonlwo T ~ S  remved 

from the samples before t i l e  neil.t.roa-aetivation ana ly3is  (see footnote 
Po 4) .  
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UNCLASS I F1 E D 
ORNL-LR-DWG 7007 

-1 

I I 

L 
VOLUME ( l i t e r s )  

\ 
4 30 

D o d e x 5 0 r e ~ i n , 1 2 ~ / ~  cross-linked, 400 to200mesh; 18 liters, 6-in.-diom.glass pipe 
Feed: i . 4 5 g o f A m , 4 7 0 0 g a f  La 
Eluant 0.iOM diammonium citrate -0 t 5 M  ci t r ic  acid - 0 . 3 0 M  ammonium nitrate, 
~ 1 0 0  ml /min  flow rate 

Fig, 4 . Separation of Americium from Lanthanum by Citrate Elution f rom 5 0 %  
Loaded Resin. 



4 * 2  Hydrochlor-ic A c i d  E l u t i o n  
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concentrated. hydrochlor Fc acid %, 



Table 3. Separation of Americium from Lanthanum by Hydrochloric 
Acid Elution from 600-ml Resin Column 

Displacement 
I 
2 

3 
4 
5 
6 
7 
8 

2 Colwnn: 2-ine-diam. glass pipe, 20 cm cross-sect ional  area 
Resin: 
Eluant: 

Dowex 50, 12$ cross-linked, 200 mesh, 600 ml i n  water 
12.8 - M hydrochloric ac id ,  5 m l / m i n  f l o w  rate 

c 

Run A: feed, 6.93 g of La, 54.4 rag of Am; about 15% columu loading 

"c- 

500 
1000 

1300 
1550 
1800 

2050 
2300 
2550 

Run B: feed, 10.6 g of La, 87.6 rng of' Am; about 25% column loading 



Rurs D: feed, 481,5 mg of Am, 67.7 g of La; about 30$ c02.w.m loading 

0.02 
12.9 
62.5 

gr 00 
98.1 
99.3 

9947 
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Volume 410 mP 
Gsoaa c1 a c t i v i t y  1.04 x IOao c/m/ml 
Americium* (by TTA ex t rac t ion)  9 . s  109 CY e/m/ml = 

Plutonium* (by TTA extraction) 
1.11 g ota , l  

3-70 x 10 8 a c / m / r d  = 
2.14 Q t o t a l  

Lanthanum (by neutron ac t iva t ion)  2.77 mg/d = 1.13 g t o t a l  

The amou.t;s o f  plutonium and americium were cetlcexl8ted on the 
bas is  of a specific a c t i v i t y  o f  7.07 x 107 and 3.64 x 109 c/m/ml, 
respect ively (52$ geometry). 
w a s  higher because of the presence o f  some P u ~ ~ O ~  

.x 

The spec i f i c  activity of plutonium. 

The americium was then prec ip i ta ted  again with PO M s o d i m  
h-ydroxide, washed, and fi l tered o f f .  The p r e c i p i t a t e  was dissolved 
with a miniirim amsipnt of concentrated hydrochloric acid and transferred 
Lo a 250-ml polythene b o t t l e  which served as the shipping b o t t l e ,  
amerpicim w a s  precipi ta ted i n  t h i s  b o t t l e  with sodium hydroxide, and 
the produc% WBS shipped as 8x1 awrieiwn hydroxide 3 l u f f . y ~ .  

- 

The 
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Appendix 

Americium is generally considered t o  be an alpha emitter, but 
it  also emits low-energy garma radiation, whZeh introduced problems. 
in the amrielurn sepezrat;ion work, 
survey Ins%rmen%s t o  a mueb smaller ext;ent than on film badges, 
;3,nd, unless preeau-Lion3 are taken, personnel exposures may be Ez5gher 
by a Factor of about 10 than would be e.xps@%ed from cutie-pie s'hlwey 

readings e 

Th.1~  How esmergy is recorded on 


