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ABSTRACT 

A nethod of separating the trlvalent aocinides, mainly An and Cm, 
from trlvalent lanthanides Is presented. This method eabojles the 
sequential use of two different solvent extractants; the first extrac-
tant would remove the heavy lanthanldea from the lighter lanthanides and 
Ant-Co, while the second would extract Am-Cra in preference to the lighter 
lanthanides. In this scheme, no additional conplexlng agents are 
required. Thus, waste disposal and corrosion problems are minimized. 
Overall separation factors for Am-Cm fron lanthanlde fission products in 
reactor wastes may be as high as several thousand. 

INTRODUCTION 
The proje.t. 

meet the power m 
d use if ri! sioi vie, utors 

tho UniLt-J ;jtalfs in the next 
sovern 1 decides poses the sorious problem of disposal 
of the highly i-.idlo.ifiiv.- w.isie products fron fission 
and neutron capture in the realtors. One of the most 
critical aspects of this problem is long-term storage 
of the waste, pecessitated by the need to protect the 
environment from the long-lived traitsplutonium ele
ments generated .is neutron-capture products of the 
nuclear fuel. Although the fission products from 
freshly-processed spent fuel element* present a more 
Immediate radiation hazard, this danger decreases at 

a conniderably faster rate titan that for the 
a-eoitting actinldes. Thus, while there 1 B a need 
to store the fission products safely for about a 
thousand years, the presence of the long-lived 
actinide elements in the nuclear waste doubles or 
triples the required storage period. 

Several solutions to this problem have been 
suggested; among them is to separate the 
a-emitting species from the fission products, 
storing them separately or returning them to the 
reactcva to be consumed by the (n, fission; reac
tion. This reaction has a considerable cross-
section for the actinide elements, and would thus 
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transform the long-lived ^-emitting nuclides into 
less dangerous fission producrs. 

Thi* chemical separation of transplutonlum 
elements from fission products generally fails to 
eliminate the lanthanide fission products (pri
marily La to Eu) because of similarities in Ionic 
radii and electronic structures between these two 
families of elements. Thus, the separation of the 
transplutonium actinides from the lanthanide ele
ments is crucial to partitioning the short-lived 
from tiie long-lived waste products. 

Current laboratory separation schemes rely 
upon the slightly larger coinplexation strengths of 
the actlnides over the lanth.mid.--s, followed by 
partitioning of the lnnthanides into an 
solution by ion-exchange or solvent extraction.' 
The most effective complox.mts for this separation 
are C ] ~ , SCN~, and certain .iminocarboxvlie acids 
such as K!)TA. However, each has drawbacks when 
applied to large-scale systems. High concentra
tions of CI must be used, ;ir.'duclng verv cor
rosive solutions and .iddtnc. significantly to tiie 
bulk of the wastes.* Thlocv.irate shows a tendencv 

specially In the 

1-3 

to polymerize In acid s o l n t i o 
presence of c i - rad in t ion . * The alio pro. 
esses employing amlnocarhoxvl [,- .icids . ,e., 
TAI.SPEAK and related processes)" "* leave large 
quantities of these compounds in their various 
waste streams, and also require a Inw-aeidltv feed 
solution In which hydrolysis or precipitation of 
some of the fission products and actinides becomes 
a problem. 

We are Investigating a solvent-extraction 
process for the separation of Aro(TII) and Cm(lIT) 
from the trivalent lanthanldes In which no aqueous 
cnmplexants are used. Instead, two successive 
extractions are performed. Kor the first, an 
extractant in which Am and Cm behave i ike the 
early lanthanides is used, and for the second, a 
different extractant In which Am and Cm behave 
like middle or heavy lanthanides is used. 

Numerous studies have shown that Am and Cm 
behave like Pr or Nd in extractions with di-(2-
echylhexyl)orthophosphorlc acid (HDEHP) from 
dilute mineral acids. * * The heavier lantha
nides are progressively more extractable, with an 
average separation factor SF_._ , of 2.4, where 
the separation factor is defined as the ratio of 

OH 
5-nitrox!ne h,7-d.1chlorox1r»e 

(HOCO) 

Kf>\. I . S t ruc tu ra l *,-rn-il M 
Hln-o and • -u i i r . ' xh i . 

the d l s t r i l u i l i o n c o e l f i c f e a t s (or c st.e, i. • 
between .m organic and in it|tit*i<uit phi-u>. H.-o. .-, 
Am and I'm can he separa ted i ron the heavier ! m-
than ides bv e x t r a c t i o n ui t l i HI'IIU'. 

To s e p a r a t e An and Cm i ron the Ughi.-r I m 
t h a n l d e s . which conta in the M)or I,IMI,.ITII. |C • i--
s ion p roduc t s , we a re invest tg.it inr. ievei M li-Hv 
a t l v e s o i S-h vdroxv.)ttin.. | Ine {o- .nel Incl.i.lln.-
S ,7 -d lch lo rox lne flinml .m.l W . 11 r . ^ im- n , , . M. 
Sekine and Hyrssen h.ivo repor ted \m'Ko -u-;-
a r a r i o n fac to rs of M lor e x t r a c t i o n Iron . l l lut . -
IH'10, s o l u t i o n s with n .us r \\\uo In ch lor - t ,.| r-. 
I! the l an than ide ext ract al.i 1 It ies in.-rea-e - i - l i 
.is expec ted . Am would behave roughtv l ike l b , m.l 
a c lean sepa ra t ion of An ami Cm fron the l u i t h a -
nide f i s s i on p toduets should be f e a s i b l e . Mir 
present work was . 'oncemed with tes t fur the v.il i.l 
i ty of ihe sepa ra t ion scheme and ded- rn in ln . ''..-
optimum cond i t ions for s e p a r a t i o n s . 

EXPKK1MENTAL 
The r a d i o a c t i v e t r a c e r s used In t h i s v i l lor 

de termining l u n t h a n l d e - a o t i n l d e d i s t r i b u t i o n 
r a t i o s wore J M A m and l **"*' ***F«. The En i r . c e r 
was chosen because of I t s immediate aval lab i 1 i t ' . 
and I t s i d e n t i t y . ™ a medium-heavy lanth uifde. 
The KIJEMT' and HDCO e x t r a c t a n t s were obtained com
m e r c i a l l y , and S-ni t roxlr te was gmciouBlv donated 
by Dr. H. (lerslmn, Hoyce Thompson I n s t i t u t e l o r 
P lant Research, Yonkers, New York, who Tlrst svu-
the s i zed t h i s compound in 1972. 

Stock s o l u t i o n s of the r a d i o a c t i v e t r n t e r s 
were added to the e x t r a c t i o n mixture immediately 
p r i o r t o e x t r a c t i o n ; the aquem.s phases for the 
oxine-df t r ivatfve e x t r a c t i o n s had previous ly been 
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p -I 

i-f . - . t ; ..-•. , . -i . ; • -I ; i i | ; i , -

t l i . - I • « , - t t .••,-,! ! it r ,t i •!, 

n l s t i t t i , . | . , | ' ,..•! , - n l r i 

••-I j.f ,•..•* . .•!•• . [ r . i w i . • • . 

IT- (.,.. ( In- -! l- i t t i t- i . t i 

Mir i ' x t r t . I li-R - I . ' i r h l M = r i r v IK .m»i r - 4 - . t : • !„• 

M t <n + *lHA i % ( l i =S JL\1<HA)n * 111 _ . (1) 

where M l:t ib.tr m-lal ttpvclcn ti- be exir.ieU<i anil 
ilA iti t l ic e x t r a c e w t . Thin iapl U** ch.it tiir e q u i 
l ib r ium intui t ion of t i l l s r e a c t i o n ITI lU'pcnuVnt 
upon tin- aquuous ac id •.•onci-ntr.itit<n t o thv t h i r d 

• i v v t i It .«r. '•«• »ii.««r. th.Jt i pi.-; .'f i!ir 

rliii'.'. - •• '.'.. J u t r l ' i t l . T r.it l.i il.%- 1>„\ 
till- [-41 -H ul -1 '-r .1 - t f j l r ih t ".IPli Uf1*i I • 

, 1 - r . - . . , l t . . : .ii» rml-rri?:«-r.t- ir<- ;. 
," l ' | , . .' . . ; . l . - : - . : I..,. Ii„ wfKui }'l< !•* 
'i:.|H:- I" • . i ; ' ! tin-, -."=•_} ItlHV ir . . l . - r ." 
>.n\ i --nsi j - , . > u v in . M>r«.r.>r?., T'.r j . . 

. iN. • i s i . t l . - v 1 !" I.iMc 1 -il.T.,- wii'i t -• 
rf«r''n«!lnf ! !t«-r.ii ur«- v i l n r * . ' .i'. '. •• 
rxtr.t .-l loti iir-.o* HK-.- ti.-vUl'.••!>. ;T.-B : . 

;...v..r i. U U-prnJ.-ti. % . - h l » "-> • • «• '»«••.••! 

.-,! .it I.' 
A.ll- . l l l .-w l:: . .!l. <i! UtHfi t»u- H< •. . ' • . ; .- . •-•' ! • 
In-, in-.- «! tlir r^ lhvr Mgh «. ' ! i i ' ! I [[• : * ' •• 
<Stiltl.it I n r - . lc r tv . tUvf cMf.1. t . m l . .n J^-..- , . . -
t l.-n. '.n v.wli v.mr. the r^«'r.- i x l r.i. t .»!>! r .-:«—i-n'. 
•ili.'WN tnv Metier a.-It! Jcpvnrfetu •• , • «• fi.it thv »<-;• 
.tr.it Inn f.i.-tv-i fm-ri-j.cit vlti-. ;•(!. 

n»- te/Ku »*i».ir4l Ion ;,Ht-*r» .*.' t'.''-. ; >*t 
Ulinif -iii.l i 0 f.-r ^ - n l i r ^ x i n r (rsplv tn . 'vcr-tit »«-<." 
.ir.it l.-n Cict .T of --VI for <•«*• J M - * tftro.tch ••-».-• 
t-xtr.t.-t.inc. .mil .i recovery of .ibmit "s pc r . ^n i *--: 
tin- An. Thl* SMV I»i* lncr«M»<pJ fn .IL-IU.II oxrcTf 
uncc , »lfii-tf fu in r,in -i n. i jcr i Union r r r i l i * t , •>••••-
itinco tlmur l lKh tc r KmthiKUtliJti tK.n . i r « . *!wu!.i 
hw nvcf. Ion* HUHctfpt i l t tc t*» cxtr-ictik*!' by t h r 
HDCO. 
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