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the plutonium were studiedo 

Effect of the ISTftrfc Acid Concentration of the Extraction of Plutonium (IV) 

Since rrmny solutions submitted f o r  plutonium analysis contain 

n f t r f c  aefd, a study of the e f fec t  of the nf t r fe  acid eoneentratfon in the 

aqneous solution on the extraetfon of phtonfum (IT) wfth O o 5  molar solutions 

of TTA fn benzene was madeo 

I n  a e s e  experiments a stock plutonium (IV) t racer  solution was 

evaporated t o  dryness and taken up wfth 16 a nf t r f e  acida Experiments fn  thfs  

laboratory have shown that no oxidation or  d%sproportfonatfon of plutonium (IV) 

oecum when heated in  eoncentrated n i t r i c  acid solu%fono Proper dilutions were 

made from thfs solutiono The procedure used was t o  mfx in a separatory funnel 

equal volumgs of the aqueous n f t r i c  acfd phase and O o 5  

two mfnute extrwtfon perfod was usedp no attempt befng made to achieve equi- 

TTA fn benzeneo A , .  
. I  

lfbriumo The aqueous phase wao counted f o r  the plutonium (IV) which was not 

extracted, The plutoafua extracted most readily from a nf t r f e  acid concen- 

tratfons of aftsio acid the hydrdLyefe of pLtanfusa (IV) l-te ths q w t i t y  

of plutonium vh%& can be extractedo 



T a b l e  I 

Percent PU (XV) Belaafnag in the 
Aqueous Phase 

100 
100 
100 
$00 
IO0 
100 
64.8 
2008 

ex%racted from a nftrfe aefd esncen%reatfon of' 1 - #, 

fore been determined a% this eoncentrationo The reaction f o r  the ehelatfon of' 

plutonium (IV) wfth TTA may be written: 

The extraction rate has there- 

for which the equfLfbrfm constant may be eqreased: 
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where P%Trr represents TTAB the paren%heses refer to ac t iv i t i e s  and $he 

subscripts '*B" a d  "A" refer %o benzene and aqueous phases respectivelyo 

The value of" the equilibrium eons$a% for $he chelating system i n  B 

acid we&$ found to be -1 x 103, This value is no% %he % m e  t h e m o d p a f e  value 

nf t r f e  

since the effect of fonfe s$rength was not eonsfderedo However, i% m y  be 

A study- of %he ex%rae%ism rate was made by preparing an aqueous 

of TTA in  %he benzene solution on %he ex%rgee%fon rate and on $he Bfstribu%ion 

coefffcfent was determine8 from the dates shown $am Table IPo A O o 5  benzene 

so%u%fon of' TTA was chosen for further investigation sfnee %he plutomfm wagP 

Bate of Ex%ractfon of' Pu (W) from 1 Bftrfe Acid 

Solu%fons by Different Concentrations of !ITA in Benzene 

T h e  Allowed fop F ' ~ m % f o n d  
Approach to EquiEfbrfum 

Percent PuBemfnfng in the Aqueous Phase 

2 mfn, 



Extraction of Plutonium (IV) from TTA-Benzene Solutfons 

The removal of' plutonium froan a TTA-benzene solution m y  be 

accomplished (1) by evaporating the solution t o  dryness and destroyfng the 

residual organic matter (2)  by equilibratfng the solution w i t h  an aqueous 

solution capable of reducing the p%u%ornfum %o the more aqueous soluble 

plutonium (111) valence state or  (3 )  by equflibreetfng the solution wf th  

aques-is sslutfona eontaintng reagents having a stronger aff ini ty  f o r  the 

phtoniuza ion than does'the =Ao 

organic m t e r f d  f a  a time-consuming proeedtnq, the principal ef for t  was expend- 

ed i n  exploring the Batter two possibf$ftieso 

extracted pPu-bonfuBa from benzene solu%fons of" a~e%$ltkifPuoPacetone ( W A )  by 

reducing the plutonium (fg)-WA chelate in benzene %O plutonium (111) in the 

aqueous phase wfth stamous chloride and by "reducing %he plutonium (IV)-TTA 

chelate i n  benzene t o  plutonium (111) i n  the aqueous phase wfth ferrous chlorideo 

The miters have performed experfagents whfch indicate that  stannous chloride and 

ferrous chloride reduce the plutonium (IT) too sfowly t o  be pract ical  f o r  use 

fn an analytical method. 

Since the evapora%fon and destruction of the 

Th~9ets and CrmdaIl(8) re- 

Studies of the extraction of plu=tornfwra f r m  TTA-benzene so'hutfons 

intm oxalic acid solutfops demonstrated that quantitative extraction e a  be 

achieved; however9 %he eoxleentra%fon of t h i s  magen% as w e l l  as the eoncen- 

tratfons of stamous chloride and ferrow chloride whfeh can be used fs limited 

by the quantity of' sol id  materid wkfeh e m  be mounted wfth the plutonium fop 

alpha countingo Strong n i t r i c  acid solutions (8 a and stronger) r e a i l y  extract  

the plutonium from 'ITA-benzene solutions; however., the use of strong n f t r f e  acid 

with organic solvents f a  hazardous, Sfnee hydroiluorfe acfd forms a strong 
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complex with plutonfuna and c a  be completely vola%f%ized, several errperfmests 

were performed fn  whfeh aqueous so%ut;fons eontafnfng different concentrations 

of hydrofluoric acfd were shaken in a sepa;pa%sry funnel wfth TTA-benzene solutions 

containing phtonium (fv) 

into so$u%ions containflag grea%er than O03 - M concen%ratfons of hydrofbuorfc 
aefd (See Table 1x1) 

effective reagent for the removal ~ f '  plutonfum from TTA-benzene so9hutfono 

While the fluoride ion is not present in %he usual samples submitted for analysts 

at this  ins%allatfon, it should be noted here that the fluoride ion must be 

The phtonfwn was extracted nearly quantitatively 

Hydroffuorfe aefd ( O e 5  e M) w a s  chosen as the most 

destroyed or complexed before attenptfng to extract plutonfurta from aqueous 

i 

Table Iff 

Extrwtfon of !&mer PLutonim (Ig) froan TTA-Benzene Solutions by Aqueous 

H$dP~f"luorfe Aefd Solutionso 

, (Vo~ume of organic phase volume of' aqueous phase) 

Hydrofhaorfe Acid, Time Allowed f o r  Percent* 
' Fr act; f o n u  Approach Plutonium 

per Ifter) t o  Egufllbrium Extracted 
COhCen%PatfOn (moles 

5 mfno 
5 mfn. 
5 mfno 
5 mino 
5 nafno 
5 g a b 0  

%e plutonium concentration in both the organic phase and fn the aqueous phase 
w a s  determined and theee values represent averages of the reeults obtained, 

Since the usud ~sampbes which are submftted for analysts may contafn 



plutonium in one or more of' I t s  several vdence states, In order t o  prepare 

a pure plutonium (Pg) solution, it is necessary ffrst t o  aehfeve reproducibly 

the quantitative reduction of the plutonium t o  %he plutonium (111) valence 

s.tat;e and %hen to add a reagent %mom t o  oxidize plutonium gust  t o  the (IT) 

vdenee  state a 

Five reagents were tested for the reduction of' p$utoniunn (W) or 

(VI] to -%ha (111) valence s%ate0 The nethod used was %s a8d a b o r n  quantfty 

of each reagent t o  an aqueous soIution of p~utonfum (IT) tracero m e  n i t r i c  

acid csneentratfon of %hfs solution was %hen adgusted %o 1 M and the mfxkure - 
st irred vfgorously f o r  f ive  mfnuteso 

funnel for two mfnutes wfth an equal 

(Thomas and &andad8'  and Greenlee 

The solution was then shaken i n  a separa%org 

voltme of a O o 3  ,W solution of' TTA in benzeneo 

and, W %mer( demonstrated that plu-bnfrma ( 111) 

does no% chelate a% %hfs acid eoncen%ra-bfon wf%h !ETA or WA0) Quantitative ~ e -  

duction was effected by hydroxylamine hydroehSborfde and ferrous chloride (TabIe 

IVI0 

these condftfons, hydroxy8mine hydrochlorfde was sereeted for  fur ther  worko 

Since an$ femfc ion produced by the oxfdatfon wouPd be extracted unaer 

Table IV 

Conparfson of Several Bedueflag Reagent8 foro the Reduction of Plutonium (IV) t o  

Plutonium (111) 0 

Rewen% Used Concentrat fan Percent Pu (IV) Reduced 
After Five MfnUts80 

H2O2 6% 2701 

%OH o HCP 002 ,M 100 

(%)e %SO4 0002 - M 33 0 6  

. Feel2 0082 M 100 

102% 2501 
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Qxfdatton of Plu%onfuan (111) to P'Putonfwm (fa) 

Thorns and Crmdala(8' wed ni%rous acid t o  oxfdfze plutonium (111) 

Oo3 - M - 1.5 H and re-extracted into the aqueous hydrofhorfc acid solutionso 

If it is desirable $0 recover the p3bu%oraim free sf zfrconfum actfvf ty  in a 

pa,rticu$ar case9 %hfs may be done by reducfng the plutmnfm to the non-extract- 

able p.1~1toniu9a (1111 v a ~ ~ n e e  state ma then extracting the zfrconfm out of 

, \ .  



the aqueous phase with Oo9 8 TTA solutfon %n benzene, The plutomfm can then 

i 

aefd solutione 

E a r l y  a,%%earrpts to apply the WA-benzene solvent extraetfon method fop 





The 8nalyticaL Procedure 

The ehobe ~f the sample size fs governed by the magnitude of" the 

concentration of pLutonfun activity md of the be%& and gamma ray e&t%ers fn 

the original solutiono 

must be considered because of the health hazard involved and aJso the fw% that 

The premnee of high Eevelcs of' beta eznd gamma ray eanftte~s 

a beta ray counting rate of" over BO 9 counts per mfnute w i l l  interfere with the 

alpha counting on %he Sfmpson propsrPtf0nal alpha countero 

of" the sample frs pipetted i n t o  a 100 voPumetric flask eontafnjlng 13 mfllf- 

Bfters of emcentrated nftpfe acido The solution fs e a j ~ e f U l y  heated to a BOW 

bofP over a hot p9ba%e and %he %emperatwe %s held gust under boflfng for  ffve 

anhu%eso 

A suitable aliquot 

"he solution, %s %hen made to V O ~ ~  wfth dis t i l l ed  watero The n f t ~ i e  
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organic ma%erfeb8, and counted fra one of" %he several types of" alpha eountfng 

devices, 

almost exebusively 

In this 4hab0ratof"$~ the Stmpson proport%ond alpha counter is used 




