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1.0 Introduction 

The purpose: of the  laboratory development work presented in %hie repor t  
m a  t o  es tab l i sh  chemical conditions required f ~ r  a plan% proceae which b s  
been design8ted a s  t h e  "Thorex procees," These condiSions would be designed 
to separate and decontaraias-te thorium-232, uranium-233, eind protac',lnium-233 
frcma short-cooled neutron-irradiated thorium, I ,e , ,  

m e  process was needed f o r  the f so la t ion  of the f i s s i p a b l e  TJ23 Isotoy;e 
f o r  power development, t h e  high1 m d i m c t i v e  ~s.253 f o r  

decsy t o  f so tcp ica l ly  ppure U 2 5 ?  and ( 2 )  the  natural 2 3 1 ~ 3 ~  f o r  re-  
use 8s 8 source i n  "breeder" Bype reactors .  The scope of  the la%osantory work 
included the  &velopmnt of (a) the  type of process and ~ P Z , F O ~ X C ~  t o  the pro- 
blem, (b) t h e  prltrary chemistry in-mlved i n  vaxiaus stepe, and ( c j  cer ta in  
cherafcal and physical data required f o r  unit  operation and/or p i l o t  p l a n t  
demonatrations of the  process. 

The type of procesa choeen was basically a solvent-extraction separation, 
invo lvhg t r i b u t y l  phosphate i n  an inact ive  d i luen t ,  and combining the  eesen- 
tid features  and knowledge of born the  Redox and Pusex procaeaee for  u r a n i m  
an6 plutonium separation,  However, the unique problew aesociated v i t b  t h e  
ttaadling of t h e  very a c t i v e  pa233 i ~ o t o p e  required the  addi t ional  study and 
w e  of (a) other  solvents, (b) surface adsorption, and ( c )  ion exchange. 

The prime respone ib i l i ty  of t h e  labarsitory group m e  the evolution of a 
final Thorex chemical flowsheet e i c b  would reprei3eat; the  opti9pt.m experience 
with respect  to: (a) a compatible system of chemistry f o r  t h o r i w ,  umniutn, 
and pro+actinium se-paratioa, (b) t h e  engineering f e a s i b i l i t y  of the process 
b a e d  on p i l o t  plant experience,and ( c )  the economic ine ta l l a t ion  and opera- 
t ion  of" proceaa plants .  Consultation i n  weekly Thorex Committee meeting5 with 
representative8 of the Unit Operations, P i l o t  Plant,  and kaesign Section8  hem- 
i-1 Technology Division) has been i m p o r t a n t  i n  guiding the  progreafi of flow.- 
sheet  development. Cbentlcal f'lovsheets of t h e  Interim-23, process a d  two 
a l t e rna te  approaches t o  a Tborex process a r e  presented i n  the Sum~sarg o f  this 
report .  

The aaaistauce of menbere of t h e  Analytical Chem. and Chem. Divisions i n  
%be various phases of t h i e  development 1s gra te fu l ly  ackaowledged. Special  
tttanks are due to L. T. Corbin, G. R,  Wilson, W. Laing, 8. W e  Stoughton, P, 
Ttror;ulaon, C. Burros, S .  Bey-nolds, and C. Feldman, 

The cooperation and ass is tance of o ther  members of the Chelnicd Techno- 
logy D l v i ~ i o n  are  a l s o  acknowledged. 



- Hetal dlsaolving, the  usual f irat considerat;lcn I n  s e p i r s t i o n  processes , 
has not been studied t o  date  by the  LaSorato~y group o ~ i ~  t o  the  adequate 
t r e a t r e n t  of t h i s  subject  In  earlier ORhlL work. However, t h e  Wait Operations 

- gratip, in parallel norex s tud ies ,  ha$ inveatigatcrl  t h e  feasibility of' simul- 
taaeoua dissolving of aluminum J a c ~ e t a  and thi~sl*m ~ l t g s  ic, ~ i Z ; x F c  aci.3 ccn- 
t s in ing  P' and ~ g ' +  ions. This procedme,  wit!^ oatct). OF c c n t i n c o u ~  operation,  
bss ctppeared to be an in tegra l  engineering concept ln. Thorsx process develop- 
ment. 

Three solvent-extraction process flow~lheeta { ~ l g s *  2,0-1, 2, and 3)  'nave 
been derived from the  laboratory deveiopment; t o  date: (1) the Interis-23 pro- 
cess, which has al ready received 'Unit @~era.atic.ns, Design, and P i l o t  Plan t  
testlag; (2) Thorex process go, 1, which has received t e ~ t i n g  onPy ia laboren- 
to ry  countercurrent contaetors;  and (3) Tborex process No, 2, which has pro- 
gressed only through laboratory study and i n l t i a l  Unit Operatioria demonstrations. 

me Interim-23 process, des l gned ouly for Tj233 recovery and decootanins- 
t ion ,  uae based. on a 1.5s TBP extract ion of $33 from a feed prepared by dis- 
solvfog both the aluminum jackets ard +,barium ellugs i n  U EX03 eocta ining 
f l u o r L &  and mercury c a t a l y s t s .  S i l i c a  gel at%orgtion is used f o r  f ins1 pro- 
tactinium decontamination, and Dovex-50 r e s i n  f o r  the  $33 product concentrs- 
t i o n  and i eo la t ion  (developed by D. C, Overholt),  P i l o t  Plant  r e a u l t a  have 
Indicated (a) o v e r a l l  $33 losses  of l e s s  than 0,5$, (b) thorim seprat ior? .  
fac tors  of >lo5 (< 0.003$ 7% i n  the  f i n a l  product 1, ( c )  overa l l  $3 and 7-deeon- 
tamination f a c t o r s  of  105-5 th~oug t ;  the solvent ex t rac t ion  s tep ,  ,107~r t'rirotigh 
the aillca gel step, and )107~5 t h o u g h  the r e s l n  concentrat ion step. 

The Thorex process No, I, a ten ta t ive  approach to t h o r 1 m - ~ ~ 3 3 - ~ r o t r ~ c + , i -  
nium ae ra t ion  and decontamination, fea t lxed the following stege,  i n  order:  
(1) Pa2E ex t rac t ion  i n  di isobutyl  carbinol,  (2)  lJ233 extract ion i n  5 - 9  TBP, .. and ( 3 )  m232 ex t rac t ion  i n  a 454 TBP-~S$ benzen,eybO.$ Ansco solvent ,  Although 
t h i s  process appeared poten t i a l ly  adequate from xhe ~atandpolnt of aegaration 
and decontamination, ce r t a fn  objectionable engineering and chemical f e 8 t m e s  - were evident.  

Engineering problems involved the  necess i ty  for: fa)  operat ional  control. 
of three dif ferent  solvents;  (b) th ree  s e t s  of eolvent vessel8 for storage,  
pumping, holdup, an& chemical t r e a t m n t ;  aad (c) e ix  first-cycle @cslun?ns, four 
of which would be d e f i n i t e l y  "hot." Chemical problem involved:: (d) t h e  in-  
complete 8t;ripping of protactinium from t h e  carbinol;  [e) t h e  need f o r  a r o m -  
tica, a - g . ,  benzene, i n  the  ex t rac tan t  t o  prevent two-phase organic layers when 
the TBP m s  sa tura ted  wfth thorium; (f) incomplete protactfniurn der,on%amination 
i n  the  thorium s t e p  owing t o  9 t s  TBP e x t r a c t a b i l i t y  i n  a c t d i e  system; and (g) 
the uncertain attainment of equilibrium, o r  steady atate, i n  the couiplicated 
TRP-Tb-HTJ03 smtem, 
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Step l. above provided Pa recovery of ,l$, vit?. thorium and L'?~ separation 
" d f a c t o r s  of >lg3,  About 854 of t h e  niobFm, 5% cf Yze z:scoaltr=i, - p  o2Che ru- 

b t h e n i m ,  and o,C$ of the  t o t a l  r m e  t p r t 2  f i s s ion  ~ r o d l ~ c t s  were e x q ~ c t e d  with 
the protactinium. Step 2 provide3 IF33 iseeea cf O 14, t a o r i u n - ~ ~ ' ~  separation 
f a c t o r  ~f 310 , and a 6-7 DF of 7105, S t q  3 ;-as not  proved sat.i&;'actory with 
r e a p c t  e i t h e r  t o  B-y aecontaznination ap t o  stesriy-sf,sts operation- Laboslstory - 
work on t h i s  Slowaheet has beea discontin;;%d a t t h e  present, 

Tbrex  process Noo 2 ,  the  favored precess clsl the balsls* of" englaeering 
f e a s i b i l i t y ,  m d e  uoc of a s lng le  solvent snd t ac  fcil~rrng tiucceasive atep8:  
(1) thoriinn and u233 ex+,ractlnn and sepsratlon from grotae2;intluo and f i s s i o n  
products by use of concentrated TRP ( 4 1  t:, 1_5$), [Lai p r o t ~ c t i n r ~ m  s 5 ~ o r p t i o n  
on s i l i c a  gel, (2) t h o r i m  partition from ~ ~ 3 3  by p re fe ren t i a l  s t r ipping,  wiog 
dilute B O j ,  and (3) u233 s t r ipp ing  i n  ver;; d l i u t e  nlsric acid,* 

A &astic etaage i n  the chemical beha~ior of p m r a c t i n i m  -3 a requierite 
i n  t h i s  procese. Protactinium, which w i l l  norrrrslly csntrlbute more -than W'$ 
of the  @gross B a c t i v i t y  ia Thorex feeds,  m e  obseryed to be mcrc than 9 6  rx- 
trac"&bla in the a c i d i c  thorhua-TGP %ystem, as Illu3+,ratea by the t k i r d  s tep  
i n  Thorex grocesa IJo, 1, A method f o r  con%*ertlng pxo+actini*m t o  an inextract- 

c i e s  vaa t h w  requlred t o  allow an initial step for separating thorium 
and $ 3 f r o m  protactinium and f fsafon prodacter, Such apprcsch w s  na tu ra l ly  
deatrable, if not >tman&tory, t o  peratit (a) a needsd rerluctlon lo t c e  nilsber of 
b ~ t  colunns and ('0) the use of a single planc so lven t ,  Sirce la7corat,ory studlesl 
of protactinium behavior tiad indicated an  ! o n l c - p o l > ~ ~ a ~ i e .  equi l fbr i lm which was 
subject  t o  rapid diaproportioaatfon with changing pa an acid-Clef i c l e n t  eyatem, 
similar t o  that u t i l i z e d  i n  the  ORNL Redox pmcess ,  -a8 chosen t o  s h i f t  this 
equllibriux toward tne  polymer species, 'Re desired e f f e c t  of decrea~ed ex- 
t m t a b l i i t y  was raallzed. 

Extraction conditions f o r  s t ep  l were thus  es tabl ished t o  m i n t a i n :  (a) 
a highly acid-def ic ient  alurniri-A? n i t r a t e  scrub sectlon to hold prctactinium - extract ion f a c t o r s  (O/A) below l,0; (b) a slightly acid-def ic ient  ex t rac t ion  
aect ion t c r  liait protac%inium and f i s s i o n  product extrsctsbillty aod prgvent 
thorium hydroxide p rec ip i t a t ion  o r  losses; ( c )  suff iczent  alumLntlm n i t r a t e  salt - s t rength  throughou% tr,e system t o  m l n t s f n  tbor i lm extractability, and (d)  
~lgpropriate 91ow m t i o s  and solvent capacity to prevent? %%thouti benzene addi- 
t ion ,  a two-phase organic separation, S t q  1s. require9 no aqueous feed adjwt-  
w n t ,  and the a i l l e a  gel bed area and eapaclt;; -$ere governed by process Plov 
r a t e s .  Step 2 lnaitlly required t h e  proper r.,iji&tiiisnt cf  flov ratios and s t r i p  
solut ion a c i d i t y  t o  remave thoxiurn and yet  m S n t a i n  $33 extraction in t'ne 
organic phase, Step 3 required p r i n c i ~ l l y  a f l c r  r a t i o  adJurt~ent  of the 
solvent and 8 very d i l u t e  n i t r i c  acid s t r i p  solut9cnx 

Step 1 was dewnstrated t o  prrovida an eaeily mintsiced steady state,  
4 tboriurn and/or u233 loases of less than O,L$, @o@s @ Q - F  '3 greater than 10 , 



and protactiniun L B .  $8  of 12. Step la: emit ted  s;@ protactinium recovery by 
T 8  g~&arpt fo t i~  Step 2 allowed a thorim-L 33 sep. ra t ioa  f a c t o r  of pea t a r  t han  

f0'> and any protactinium extracted i n  Step I, was observed to f c l l o x  tAe 
t ~ ~ o r i t l ; :  stream, BO thst a p t a c t i n i u n  D,F, of greater thRn 50 f o r  She ~ 2 3 3  
stream abtained. (Th2y" activity i n  short-cooled saford- i r rsdla ted thorium 
may li&t the f3 D.P. of the thorium stream t o  abclux 10f Step 3 allowed $23 
loasres of less than  Oar$. The degree of' the ~ ? ? p r a t i o n  i n  step 2 
%a vel l  a8 of ~ 2 3 3  losses i n  s tep 3 appeared tn be c l ~ i t i ~ a l l y  dependant on so l -  
vent treatment, i i ,e , ,  an f i n i t e  re-aoml of TE? hycholysia products. Operability 
of %fie iaalvent-extraction s tepe of tb fa  proeeas ZUow~heet  bas been denonatrated 
i n  2-in, pulse co1uns;na. 

Detailed diecweions  of these  three Slowsheets, and var4atioets, may be 
found in Sec. 5.0. 

3.0 Principles of  t h e  Separations Proceeu (9. 5"  S~volaSnen, A ,  T a  Gresky) 

The Thorex process is being developed Lo recover, in  high i t y ,  7!h232 
and t h e  products vhicb it form 03 neutron i r r a d l a t l o n ,  i .e . ,  ULg and pa233. 
Tne predamirtsnt nuclear reac t ion  which occla-g on neutrac frradiatiou of Ynor im 
fa ~ h ~ 3 ~ ( a , 7 ) ~ n ~ ~ 3 .  The ~ h ~ ~ 3  decays to $33 by the fol.Lowisg scheme: 

rn2233 B- , -233 B- , $33 

I 

The accoapanying nuclear reac-tions me shown in Fig, 3 .,0-1. 

f t h  iisotopee which are produced by the  accompanying reacsione are 
and $j2 Mixed f i ~ ~ i a n  roducta which are radloacti'lre ape also 

produced by the neutron f i s s ion  af $33. 

m e  presence of 5121234 l i m i t s  the radioactive decontamination of the ima- 
dia%ed t h a r i m  t b a t  can be a t t s l n e d  by chemical proceaalng, Uranium-232, ~ i c h  
will be one of the $33 impurit ies,  decays with a relatively short ha l f - l i fe  t o  
&aughters which emit high-energy 0: petrticles . meae high-energy a: psrticles 
can bring about (cr,n) react ions  with i m p u f t i e ~  j i v i n g  a low atomic nunber (Fig, 
3.0-2). The neutrons formed by theae react ions  my cause a n  e f fec t fve  
lowering of  the critical naae of the 

The f i s s i o n  of 'j?33 haa a yield d i s t r i b u t i o n  vhfch v a i e s  *om tht of 
$35 and pu239 ( ~ i g ,  3.0-3) .  Tbe chemical separa t ions  problem a e ~ o c i a t e d  
with u233 f i s s i o n  products ther  fore expected t o  he ~ome%atat clifferent 
f r o m  those associated with PU'~' o r  $55 a 
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FfOJRE 3.0-2 

IMWRETY TC&ERANCES FOR LIGHT ELELE)ApTS I N  u ~ ~ ~ :  
EFFECTS OF u ' ~ ~  CXWEHT 

Xhta fm Rrf. 4. Plot indicates relative aqiauri'ty tolerancas o f  the Irglnt 
d e a a t t m  tmdrr YSPLOUS c ~ n d ~ t i ~ r l q  of LSOCOPLC writ7 tnd S C O P B ~ C .  Toieta-~e*  
orr hJcd m p r o l b i l r c i s a  of [Q, n) reatticas r r &  rwrapea af thcse*=learmts. 
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FIGURE 3.0-3 

MASS YIELD CURVE FOR u~~~ FISSIaW 
OC)RPARED WITH OTfPER FISSI@NABtE MATHIIUS 

CZlrr*s+ taken £rota data  in NatrmaL Nucl ar k e r  Service Chv. IV. Vol. 3, BDDbcs 
2 a d  3, ehor f issta yreld  c u a c s  of hr '" U2'? md tJz?'. Gmes ~ f i d i a t e  i m t o p ~ c  
ahifr coward lighter mrsa numbers m the group of L$ lc  fissron fragaarta. Ihia h~Et 
i r  reflteted nn veriatimm of the finsim pmducr qectnr9 urd iurlring contammta of 
&a. marex &7233), Purcx (~u~~'), and 25 (u~") pmcccota. 



Tze yield of the bstal po%ent;ial of  fiissiombLe mterierl, i .e, , $33 and 
B~~~~ as a Emctim of the Irrsdiatlon t i n e  a ~ d  the neutron f1-a densi ty  is 
8bm Itl Pig. 3.0-4, Tl?e msa of gmtactinilm present in the  neutron-frradi-  
ated "Yriurn as a function of t h e  neutron-flu denaf ty  m d  the &radiation 
tint? is shorn i n  Pig. 3.0-5. Graphic ca lcu la t ion  my be: mde t o  &etesnlne t h e  
h233 Level after s&sel;~erat coolins by w i n g  the slope of t h e  protactiraltun 
Be-rmy c-=re. Figme ?,0-6 gives -the slaomt o f  $33 preeefbt In  irradiated 
t h a r i + a  as 8 function of the f l v !  acd t i n e  at t h e  end of +be i rsadiat ion ~ e r i o d .  
The amun% o f  pa233 and $33 produced by neu t~cn  i ~ r a d i a t i o n  of thorium for 100 
stla 15G days with s flux af 3.0~3 nfem2,/sec ie ahcwn in Fig. 3.0-d, T$e subee- 
quent decay of the pa2.?3 is also indicated,  Tne ammt of. f i e l i o ~  products 
fncrewes rapidly  aa  EL f'%~ct-ion 09 t h e  flux and lrradiatlna t i a e  (3'1~. 3 "0-7).  
A eotr~pmison of the  cur ie  productian a d  decay of ~ ~ 1 ~ 3 3  and khiiO l a  s h m  i n  
Flg. 3.0-3. 

me r e s t r i c t i o n s  wh%ch are placed on the  p r c ~ c e . ~ ~  are those c o m n  to gro- 
ce8sbn.g high levels of radf-oactiw na ta r in l s  which require biological shielding: 
(I) The equipment pequired ta 5e In  contact w i t h  the r a d l o a c t i ~ i t y  should M v e  
a minkan number o f  past3 wbich require servicing o r  repls~emen3;~ a f t e r  opera- 
t ions   tart, e .&, , valves, a g i f ~ t o r s  , centrifuges,  f i l t e r s ,  punnpe , and t rans -  
fer jete; (2) a f t e r  the  thorium lcetal has been dissolved, the radioact ive  pro- 
cess ~ o l u t i o n s  should not; require extensive analyses o~ treatment before o r  
sfterr entering t h e  process equipment; ( 3 )  these radioact ive  aoitxtlloner should 
be confined t o  a rninblmua! nmber of t h e  units of" the  total equipment; (4) the 
process should be operable continuously over a wide range of  condit ions w i t h  
s erlnlmm of externally amfled compensations for  them lraxfabLea* It is de- 
sirsble to have a mirainm nmber of eteps i n  the procesg, Waste volmea and 
tbe size of the  equipment; should be kept a t  a m i n i m  by operating at  aa high 
cancenlirations ss porsaib.ble. Sepsratiune psocesaee in the order in which they 
~ s a t l a f y  these requireuient~ are  : 

1. Solvent extract: on 
2. Ton exchange or surface adeorption (fixed bed) 
3.  Electro&eposi%ion 
4. D i s t k l h t i o n  a r  subIf?mtlon 
5. Coprecigitwtion 

Solvent extraction Lei crrnatdesed t o  have t h e  greatest, adve~ntages f o r  the 
=Jar separation s teps .  Ion exchange and adsorption a f fo rd  meaaa of i s o l a t i n g  
a cranstituent vith Large v o l m  seduetionrs after bulk  sepAsation from t'ne o ther  
consti tuents.  These eapa.rationa a r e  more adaptsbible than p rec ip i t a t ions  s ince  
no filtering ne&iwa is r e q u f ~ e d ,  h e  drawback, which is not fmumountable, 
is t h e  batch type opetation required at  the present t i m e r ,  Electsodeposit ion,  
although convenient, does not appear applicable, Dia t i l l a t fon  can be w e d  with  
only a ferv aubstanccs and is not applicable.. Subll;makim of one of the compo- 
nents of a as te rn  from the  others,  such as of p r o t a c t l n i m  i'rrsn thorium, re- 
quire~ t h a t  the  bulk thorium be i n  the  form of a compound auch as a WlicIe o r  
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oxide s o d t h a t  the p r o t e c t l n i w  hal ide  can be foraed a d  sublimed, The aepara- 
tlan of p rec ip i t a t es  is d i f f i c u l t  t o  carry out i r t  t ke  presence 31' high levels 
of rad ioac t iv i ty .  S e r v i c i n g  of tne  f i l t e r i n g  medlum or the  c e n t ~ i f u g e s  used 
i n  the separation of 8 p rec ip i t a t e  mimt be conlraldered as u e l l  aa rot thod~ of 
redissolving a precipitate and separating the  compo~ents of a coprecipi ta te .  

Solvent ex t rac t ion  was se lected f o r  the  T'nore-x precess since (1) opera- 
t ions  can be c a m I a d  out  conliauouisly, (2)  handll~g of  f l u i d  EEa,.va can be eon- 
t r o l l e d  readi ly ,  and (3)  pr io r  engineering sxperlence Indlcs tes  :is p r a c t i c a l i t y .  

3 -1 Solvent Extraction Pr inc ip les  J. E, Savclainen) 

I n  solvent ext ract ion of Ideal 801ut; io~s the  r%tio of the eoocentra- 
tiom, C1 and C2, of a component i n  the  two l iqu id  pkases is a constant  a t  
constant temperatwe: 

This constant  is ca l l ed  the dla t r ibu t lon  eonataat (D ,C, ) o r  pa r t l t fon  coeff i- 
cient. If more than one component i~ in.volve9 i n  idea l  solut ian ,  the  Nernst 
law of independent d i s t r i b u t i o n  appl ies ,  i n  tbat each component S f s t r i b u t e s  
itclelf independently of the  o the r s ,  Hovewer, the hewxior  of the sye tem which 
are used i n  t h e  separation aad t h e  p u r i f i c a t i c n  of the m t e r i a l s  vlth which 
this study i a  in te res ted  are nut Ideal  so lu t i ans  Some of t h e  components are 
present i n  such l m g e  amounts t'mt the  owle phase becone3 s s t lxa ted ,  which a l -  
ters the  d i s t r i b u t i o n  of the  other coapoaents, Evidence presented i n  5ec. 
3.2.2 ehows t h e  complexity of the  In teract ion wbich occurs I n  8ome aeolvent- 
ex t rac t ion  ays tem.  The observed nonideal behatrFDr of the systems prompted a 
cLsaeiPication of sol rent -ext ract ion s y s t e m  t o  a id  t h e  kievelopaeat of gro- 
ceesea i n  which these  system a r e  urted. 

The types of solvent-extraction sya tem i n  which a r a t e r i a l  is p a r t i -  
t ioned between an aqueous and an or&snic phase m y  be clarslffed according to 
the type of species  i n  vhlch the  ext racted material  e x i s t s  i n  the two phases 
and t h e  type of in te rac t ion  with t h e  organic solveot.  Four t e n t a t i v e  claeees 
of  eryetew can 'be considered; 

1, Carbon te t rach lo r ide  and other  nonpolar, water- lmfeeible  ~ o l v e n t s  
can e h r a c t  iodine, bromine, chlor ine ,  o r  chroayl chloride f r o m  
aqueous solut ions .  The colors exhibited by theae rcstariala are 
similar t o  those exhibited i n  the  gaeeom o r  v a p r  a t a t e ,  T h i ~  
Indicates that theae msterfals my e x i s t  as gsa - l i ke  molecules i n  
the organic phaseo The nonpolar carbon t e t sach lc r ide  m l e c u l e  is 
expected t o  have p r s c t i c a l l y  no interact.ion with these nroleculap 
substance8 . 

*. 8 . .  . . . .. .. . ..* C .". 4.  * . *  ..I ... . . *  C .  . e  * *  .. * . . . * . e 4 -  , I *  a *  
? , I  * L . I . .  I * I <  . .  ( 4  

I . .  r * <  r "  . & , -  , .  C . . . .  , , . .. . .  . .  . . .  



2 .  The extract ion of a ietal che la te ,  o r  inner ccmp~cx,  by a nonpolar 
aolvent, e .g,, benzert? 3- carbon t e t raeh la r id r ,  f e  ~deijr used i n  
analytical pmcedures, (73 I n  t h e e  csarg the  ext racted metal ion 
f o m  a canrpound the  cbela t ing agent 80 t h a t  e l e c t r i c a l  neu- 
trality i s  a t t a l n e a ,  co-ordinate poeit ions a r e  sceupied, and t h e  
m e t a l  5s enclosed in a p&'rtsicle 'having high solubibi ty  i n  an organic 
solvent.  

3 .  The extract ion of mta l  B A ~ S  by grjlveaie wbose rouleeules Luve a 
Large e l e c t r i c  maeat m y  be pictured as fallows: The m e t a l  fan i n  
solut ion conbines v t t h  alz'lir:ien% auir.ber of anlone t o  produce 3 

neu t ra l  complex, %<>"ich is crdinarlly expected t o  be l a b i l e  o r  urn- 
s t a b l e  i n  aa aqueoils so lu t ion ,  However, c e r t a i n  molecules, e ,go, 
an e the r  or t;rLbur,yl. phosphuat.., m t:1 la rge  e leec r l c  rcaments and EZ 

single point of  riegattve charge can f i t  fn to  the r e m i n i n g  co- 
ordinate posi t ioos  surrojmdiag the  @+,a1 l o o ,  The s a l t - l i k e  com- 
plex is  thus expected t o  be s t a b i l i z e d  and nray e-rhibit high solu- 
b i l i t y  fn the  organic phase. Xn this type of ~ o l v e n t  errtraction t h e  
polar solvent nrc3lezr;le i e  w e d  t o  3ta'ciLize a. ;salt-like molecule and 
give the  co-ordltzsted conipomd propert-les that permit s o l u b i l i t y  i n  
a nonpolar d i luent  ~crl.rent, ' F i l s  is preeumbLy exhibited i n  t h e  
aysterns i n  which tr ibutyl .  phosphat;e Is used 88 a  solvent t o  e x t r a c t  
uranyl n i t r a t e  or thorium nitrate Into a Silueat eolvent such a s  
carbon te t rachlor ide  or a l iqu id  hydrocarbon, The e f f ec t  of t h e  
dielec.t;ric conc7taPlt of the  clilueot, on the  e l e c t r i c  moment of the 
active so l ren t  11!0lecule i 8  expected t o  influence t h e  ex t rac t ion  
react ion equ i l ib r i za ,  

f c .  Another type of aolvent ext ract ion,  which i s  depenaent on the  exia-  
tence of  ions in both the  a.q.wom and the  orgszric p'mse, require8 
that the solvent w 3 e c d e s  hsve s u f f i c i e n t  dipole morrent so  t'mt 
the  bulk solvent exkibita a 'zodernte d i e l e c t r i c  conatant. An e lec -  
t r o l y t e  can be ext racted i n  an iorlSc state f n ~ o  the  organic phase i f  
the  ionic  r a d i i  axe a v f l i c i e n t l y  large t o  compensate for the lover 
d i e l e c t r i c  eonatearat- The in te rac t ion  of the solvent and the  ext racted 
e l e c t r o l y t e  is that which is cornin betweea an electrolyte and a d l -  - 
e l e c t r i c  mediumL 

The above c l a s s i f i c a t i c u  indicstes the  e-xtreme classee of solvent-extyac- 
t ion behavior. A spec i f i c  Frmtern my exhibi t  a ijrbrici behavfor when it con- 
s i e t s  of two o r  more of the  &fined c lasses ,  o r  of some o the r  class not des- 
cribed here. 

The matberr~ltical exp~eaefb~hs  depictfog t h e  sasctiow which govern the dis- 
t r ibu t ion  of a substance betveen a n  orgsnic  and an aquenus pkwe may be rela- 
tively complicated. This tbeoret fca l  Infornstion,  as we11 aa  empirical  data, 



i s  in a usable form vhen it predicts the enolmt of mi te r i a l  which can be t rans -  
Ierrea From one liquid p'naae t o  another. In t h i s  report  tke r a t i o  of the eon- - centration of a spec i f i c  rssterip~l In  t 3 e  organic phase over Ctie concentration 
in? tfte aqueou~ phase i s  the  dis t r ibu t ion  ccef  f i c l e n t  , D O C ,  (o/A) , of the  material .  
The extraction f a e o r ,  163' ( o ~ A ) ,  is t he  r a t i o  of the  t o t a l  amount of mater ia l  
i n  the organic phase over the t o t a l  azoiint i n  the agmo;a phase, The ex t rac t ion  
factor  is related t o  the  die t r ibutfon coefficienz: 

volume of o r e o i c  p b s e  = E "F ,  ( ~ 1 ~ 1  
D.c~('/*) volumt ii a w o w  phase 

Zn a cantinuow countercurrent extract ion system, tbe  r a t i o  o f  the  volulpe flow 
rates of t h e  two phases can be w e d  i n  the above expression, 

The decontmirration factor, DF, i a  the measure of the  increase i n  the pro.. 
duct puri ty  a t t a ined  Fn an overal.1 prccesa o r  i n  on& of its s teps .  This i s  
generrslfy calculated as the r a t i o  of tne amunt  of contaminan% per un i t  weight 
of product before and a f t e r  t'm process. The s a p r a t t o n  factor, S.F., i p r  cal- 
c\nlated on the sane basis as t'ce decontamination factor ,  but generally refers 
to  t Z z e  decrease i n  the contamination of a conatftuent present i n  macro concen- 
t ra t ions .  

(J. E, Sz~volainen) 

Several systems f o r  the  extraction of wanim, thoriun,  and protactinium 
P r o m  aqueow solutions have been studied f o r  t he  aeparatiorx and pur i f i ca t ion  
of these materials .  The extraction of thorium an ranturn from n i t r a t e  solu- PaP tions using diisopropyl ketone has been reported; however, decontamination 
P r o m  protactiniuo! vas poor. The puri f ica t ion of thorium n i t r a t e  by extract ion 
vitb hexoae fmrn an aqueoua 
acid  has a l s o  been reported. - centrations a epontaneous oxrdation reaction occurred w i t h  t h e  hexone and n i -  
t r i c  &cia, vhich coneti tuted a sa fe ty  kazard,  Solvents i c  my be used f o r  
the aepsratlon of uranium *om thorium have been and those show- 

- ing preferent ia l  ext ract ion of uranium over thorium were 2-ethyllaexy1 ace ta te ,  
ethyl Benzoate, 2-butyl e ther ,  and p, B-dfch o ,oeth 1 e ther ,  Trfbutyl phoa- 
pwte di luted v i t i  Sutyl e t k r  has been usedtl'$ 123 f o r  the  extract ion of 
thor im;  however, 'osxane sts a diluent was reported('3j t provide a e a t e r  so l -  
vent e t a b i l i t y  and appeared t o  be the  beat ex t rac tan t ( l e j  fo r  the r co cry of 
thorim and uranium, IIFgh nitric acid  con~en t ra t ions  were reported t157 t o  be 
required t o  salt the thorium and the uraniunl in to  the  organic phase, 

3.1.2 TEIP Extraction (5, E. Sa.volainen) 

Tributyl phosphate vae judged the best  available solvent f o r  the Thorex 
pmceea, which required pr incipal ly  the extract ion of thorium n i t r a t e .  



Ear ly  s tud ies  of TBP extract ion of h e a ~ ~ '  metale were discouraging oGting 
to  the plqjaical problem of rn:xing caused by high viecosi ty ,  To br ing about 
separation of two l iqu id  phases a f t e r  they %re coof,acr;sd,it is a&rmtageoue 
%r the  densi ty  d i f f e ~ e n c e  between them t o  be as great  as tpractical. For t h i s  
purpose a d i luen t  having s densi ty  e i t h e r  greater  o r  Zeve than Yoat of t h e  
aqueous solut ion was needed, and hydp.ocapS9n eolvents  containing no unsaturated 
coqolmds appeared t o  o f f e r  t h e  pec t t e s t  a2vactsges 

3.2 Thorlum Seperation - 

Thorium f o r m  only one s e r i e s  or" salts, i - e , ,  those of the t e t r a -  
valent  s t a t e .  The thorium ion ? o m  ins~olz-uL,o salss with carbonate, phosphate, 
and oxalate ions and b s  a tendency t o  form complexes with excess carborate,  
oxslate,  s u l f a t e ,  o r  phosphate ions i n  ~ a t i l i c  o r  neutra l  solut ions .  Complexes 
m y  be formed with f luor ide ,  th~ocyana ta ,  and n i t r a t e  tons, Thorium a leo  has 
a 'tendency t o  form double salts and bas ic  salts. 

Prec ip i t a t ion  methods f o r  t h e  separation of t h o r i m  from uranium and pro- 
a c t i n i u m  haw been re2orted,  T%iorium can be se~pirated from uranium by preci- 
p i t a t i n g  t h o r i m  oxalate from ac ld  eqlutions;  however, protactinium f a  ca r r l ed  
Prom eolution by t h i s  (lb) A t  2.5 so  1.8 M ID403 concentrations 
dense p rec ip i t a t es  are obtained and can be Filtered o r c e n t r i f u g e & ,  while at 
lover acidl concentr t ions  e,g,, 0.4 to 0,5 Hi, - the volumes of the  p r e c i p i t a t e  
are twice aa large 1') 

Thorium can be p rec ip i t a t ed  from aqueous s o l ~ t i o n s  by hydrogen peroxide. 
Uhen nrsde i n  a lka l ine  o r  neutra l  solut ions ,  the  p ec pi ta tea  a r e  g e l a t i n o w ,  
while i n  acid so lu t ions  they a r e  i n  a dense form, 7191 Peroxide p rec ip i t a t es  
made i n  s u l f a t e  solut ions  are s t a b l e  and do not peptize on being washed v i t b  
water. The composition of the  peroxide pyecipi ta te  mde i n  moderately concen- 
trated s v y i c  a c i d  solut ions  is presumsbly T ~ ( o C ) S U ~ + ~ ~ H ~ ~ ;  however,, it is 
reported 20 that the  composition var ies  w i t h  the dtulfuric ac id  concentration. 
me compoeition of the  p rec ip l t a t e  a l s o  depnd~c on whether the thorium o r  hy- 
8mgen peroxide i s  present i n  excess a t  the  tine of precipi ta t ion.  

Thorium may be separated earn both pro"&ctiniun and uraniniurn by precipi -  
tating t b o r l w  f luor ide  from ac id  solut ions  w i t 3  hydrofluoric ac id .  These 
conditions, however, would introduce severe corrosion problems to t h e  procees 
development program. 

For procesa comiders t ions ,  p rec ip i t a t es  vhicb require  fupt"neF processing 
by dissolving and reprec ip i t a t ion  m e  not desirable,  s ince the  r a d i m c t l v i t y  
pFesent In the  supernatants o r  f i l t r a t e s  require t h a t  t'ney be s tored u n t i l  the  
rad ioac t lv l ty  decays t o  a to le rab le  l e v e l .  Aleo, separation of a p r e c i p i t a t e  
*om radioact ive  mi te r i a l s  i n  solut ion f e  generally not completely e f fec t ive ,  
since t r a c e  quantities of these materiala tend t o  become embedded i n  the pre- 
c i p i t a t e  o r  to w e t  t h e  p rec ip i t a t e  a f t e r  f i l t r a t i o n .  



Sttldiee o f  ion-exchange methoda f o r  t h o r i m  eeparation have bear, 
i n  vhich an A ~ b e r l i t e  If?-1 r e s i n  column vsa used, ,173.e thoriun a b ~ o r b e d  by the 

,- colum waa eluted with a potasaiurn ac id  sulfat'ste solution., The te t rava len t  
t h o r i m  ion is held by a cat ion exchange r e s i n  very t i g h t l y  and is usually e lu ted  
vi th  a cornplexing agent. 

" 

In general ,  solvent exWaction c h e m i ~ t r j  and techniquee appear to o f f e r  
tfie bes t  procedures f o r  separations processes" 

3 2.1 Solvent Extraction of Thorim (J. 2 .  Savolaircen] 

The extract ion o f  thori tm n i t r a t e  i n t o  an organic aolvent Pron an aqueous 
p b s e  has been proposed i n  process de7relopr0ent gtudies. Extraction of thorfurn 
i a  similar t o  that; ilf ursnluol, although aranium tends  t o  be extxactea more 
readfly then thorium by organic solvents from ~oi? : t ions  containing a i t r ~ t e  ioaa.  
A solvent,which e x t r a c t s  t h o r i  n i t r s + e  w i l l  tkerefore  a l s o  ex t rac t  uranyl 
n i t r a t e .  It has been i n P e n e d y 2 2 '  237 from the ex t rac t l an  behavior of thorium 
i n  the presence of solveat-soluble n i t r a t e  s a l t s ,  t h a t  tile ex-traction neckaxism 
may be dependent on the  existence of a thcriwn n i t r a t e  complex anion. 

Tbe w e  of methylisobutyl ketone bas been raported117j 243 f o r  t h e  extrac-  
t i o n  of tboriurn from aqueous s o Z u t i ~ n s  win& n i t r a t e  s a l t s  ss s a l t i n g  agents; 
however a spontaneous oxidation react ion of the ketone at  h thorium n i t r a t e  
and n l t r i c  acid concentrations const i tu ted a s a f e t y  hazard, i9y Also, p r o t a c t i -  
n i u m  is t o  be extracted by methylisoblrtyl ketone, which liaits t h e  
thorium decontamlnat ion. 

Extraction w i t h  T B P  

The use of t r i b u t y l  phosphate a s  a solvent f o r  the  recovery d p u i f X -  
cation of thorium a s  vell as uranium baa been '33 2v Pure Zgp 

con*ining thorium n i t r a t e  has a density nearly the same as t h a t  of aqueous - 
solutlone; therefore  t h e  separation of phaeea was slaw when highly concentrated 
TBP m e  used as t h e  organic p h s a .  Variom organic diluenta have? been wed t o  
increase the  densi ty  di f ference between t h e  mi? and the  aqueous pha~le i n  order 
6;a e lh i ina te  t h i s  phaae separat ion problem* Carbsr? t e t rach lor ide  hars been used 
to make the organic phaee more dense than t h e  aqueous phase; and hydrocarbon 
d i l u e n t ~ ,  as well  as bu ty l  e the r ,  have been used t o  mike t h e  organic phaae l e s e  
&ewe, 

3.2.2a Nature of the TBP-Thorium Co~plex  

The nature of t h e  mechanism of the  extract ion react ion has been atudied 
by using d i l u t e  (7.5$ by volume) ?Z1P solut ions  i n  hexane. The r e s u l t s  indi-  
cate that the overa l l  ext ract ion react ion ie 



me cowlex T"J(SD )4*4T3P is thw considered aa eiag the  primary complex 
which 16 er_P-cte$. It b e  been 23y that aane of the  t h o r i m  
nitrate my elrc-ct In to  methylisobutyl kecone as a complex anion amlogow 
ta the  wtrangl i ~ n  behavior; however, q l a l i k t i u e  measur mn ta  a' car that, i n  4 the dilute a? sjstern, conductivit ies are l eas  twin ohm/cm , and the 
eontrlblitiioxl si" the ionlc coxqonent t o  the  e x t s c t i o o  niec5anl3m vould be 
negligible i n  ztia case. At higher Tap concendrotf9ns iontc mite r ia l  nay 
nonetheless t e  ?resent, owing t o  t h e  existence of 'nigher dielectric constants. 

The co?zplex irSich ie extracted i n  dilute TSP is a s s m e  3 ' o  have a co- 
ordination zi&.or of 8 and a cublc configmatian, w i t h  the  TBP and the ni- 
t r a t e  ions oc.=l;>pA",ng alternate corners of the  cube. With a l l  the co-ordimte 
positions oi t h o r i m  ion occupied by t i t h e r  nitrate iona a s  the  TSP d i -  
;?ole@, xhe cciz;lex is asswed to be stabilized. The Ti3P 'in t h e  complex per- 
n i t s  its soliit:ili',y i n  an organic solvent. A t  hlgh thoriwn and/or TBP concen- 
t = t + i W U  other reactions are essmed t o  take place, and w i l l  be diac~lseed i n  
the following sect  ions. 

The general reactions governing the  extract ion of  both n i t r i c  acid and 
'thorium aitra",e by dilute TBP were s-Ludied i n  order Go furnish a bac:igrolmd 
for the more o q l i c a t e d  process eyateaa. 

The extse2tion of n i t r i c  ac id  is expected ta follov the  sequence of 
react ion$ 

giving an overall  reactlan,  

I =& + *QiaP + TBPOrg -- [4iP03 *TBP 

Studies indicate that the- composite equation holds In  the  region of d i l u t e  
TBP, e.g., 7.52 by volume i n  hexane, and a t  moderate n i t r i c  ac id  concentra- 
tions in  the aqaeous phaee, e .g, , 1 to 2.5 PI. A t  higher equilibrium acid 
concentrations, e.g., >8,0 - PI, apparently unFomplsxed n i t r i c  acid e x i s t a  i n  
the organic p'DL23e. 



At; higtrer T3P concentrations, e . g , , )lo$ by v o l m e  , the eimple reac t ion  
of EQ. (4) becones more complicated, me dis t r ibu t ion  cseff i c i e n t  as a Pmc- 
t i o n  of the  aquetsua n i t r i c  ac id  concentrasicrn is not a smooth curve bu t  showrs 
de f in i t e  inflectionti. Th.eae In f lec t ions  occur at organic p b a e  canceritration 
r a t i o s  of BNO~/TBP equal t o  114, 112, and 3/4, the  l n t e g e l  m t m e  bf which 
auggests pre-complex er a w e g a t e  s t ruc tu res .  'This t.e;lavlor introiluces an 
unce~ainty i n  the  predicted behavior  a t  high T?3P coacelstsstions, not only of 
the n i t r i c  a c i d  extract ion hut a l s o  of any organic-soluble n i t r a t e  salts pre- 
sent ,  auch as thorium n i t r a t e  an3 many1 n i t r a t e ,  which would be tx"r,xacted 
e imt i tUously  (Sec . 7) . 

I n  a ~ya tem of three txt,ractables, e-g. ,  HN+, T$(~0~)4, u ~ ~ ( R O ~ ) ~ ,  
it may generally be consfdered t h a t  the  components c o q x t e  f o r  TBP, aa follows: 

EIowev~r, i n  t h e  T3P-thorium system at equilibrium with aqueous concentrations 
above 2.5 PJ Eq, i t  was evident thti a change occurred I n  the  nec'mnirnrn of 
Ith(~~a3)~ ex t rac t ion .  This change has been postulated as a mechsnlem of poly- 
rcerizat ion. 

3.2.2~ Polymerization of TBP-Thorium (J. E, Savolerinen) 
4 

A t  high thorium n i t r k t e  concentretion8 i n  the argaaic  phase, a t a S c h  the 
TBP/& r a t i o  becomes l e a s  than  4, and when a norm1 hydrocarbon diluent I s  wed, 
twz2 orgariic p'nases my appear. Tfie dense organic gbaee contains practically 
all the TBP and the t h o r i m  n i t r a t e ,  while the l f g h t  organic phaae contains 
only smll amounts o f  TBP and tboriunr n i t r a t e .  

To account for a TBP/T~ r a t i o  of less than 4, t h a t  o r  the p r i~rasy  corn- 
p3ex a polymerization react ion is assured ts occux. The co-ordinrption nun- 
ber 6 of the  thorium ion is expected t o  remein constant i n  t h i e  react ion.  Tuo 
of the primslsy complexes, having a cubic ~ornf"igusation, are  apparently coupled 
together by n i t r a t e  ions a t  two adjacen% comere of each cube, l i b e r a t i n g  two 
TBP raolecules, as follows: 

2 [ T ~ ( N + I ~ ~ ~ T B P ]  &=Z [ T ~ ( N ~ ) ~ ~ ~ T B P ] ~  + 2TBP 



me polymerization react ion m y  continue, forming p o l p e r s  of a higher 
order. As the polymerization nwber  t ~ c r e a e e g ,  tke TBP/T~ mtio approaches 
2.0 sit s l i m i t .  The tetmmer,  4 ~ h ~ ~ ~ ) i ~ ~ l 0 ~ ~ ,  has appeared as an obeerved 
l h f t .  

Pol- chains whlch are cloere to each other  i n  a normal hydrocarbon so l -  
vent m y  exert a t t r a c t i v e  forcea analogous t o  van aer Wsala' forces.  These 
forcgs m y  overcone the  831-vation by the  n o m r i  hybrocarb~n diluent and bring 
about the f o r m t i o n  o f  a &nee phase by a process analogous t o  the condenrra- 
t ion af a vapor, 

If an aromatic solvent such as benzene is present i n  the dilllent, an in-  
duced dipole can be i'o"onaed i n  t h e  r ing  s t r u c t ' u e  of" the  a r o w t i c  a ~ l e c d e .  
?%is ammatic molecule with i t s  induced dipole can then be attrac.ted along 
the thorium nitrate-TBP plyner chain sod solubi:ize the polymer chains, pre- 
venting the formation of  a dense p b e *  

Uranium exhibitsr valence states of 111, IV, V, and 11' only the I'T 
and .TI e ta tea  are a tab le  in aqueous eolutions. me e x i s t s  ce Yz6) of t h e  0% 
loo i n  aqueous solut ions  and its optimun a t a b i l i t y  p3 2 to 4, 
hav been reported; however t h e  concantrat ion of t h i s  ion is very low, e . g . , -8 l r 3  41, when a t  equilibrium with U ( N )  and U(YZ) .  The hexavale;nt, uranium ion 
i n  aqueouff solut ions  f o r m  uranates with a l ' a l i e s  and ursnyl cornpounds wlth 
acidt3. 

The most ef fec t ive  method o f  seprating uranium from aqueow ~ o l u t i o a s  i s  
by solvent extractSon sf' uranyl nf t r a t e  . Coas ideratione of  other  methods of 
separation show t h a t  direct prc i t a t i o n  of urp.snium from solutions with d i l u t e  
concentratione are ineffect ive .  t2ai 

V o l a t i l i t y  methods have been ed a a am11 scale f o r  m n l m  and pro- 
tactinium separation *om thorium.Y'g, 30) The thorium is converted t o  an 
oxide o r  f luor ide  from which rrohttle p r o t a c t i n i m  and mmim fluorides can 
be remved by a stream of hydrogen flwrfde a t  an elevated temperature. 

Ion exchange methods are useful i n  the  f i n a l  i so la t ion  and volume reduc- 
tion s t e p s  In t h e  recovery o f  uranium; however, the  separation oi uranium from 
large amunta of thorium by use of f ixed rectln beds does not offer advantages 
over that by eolvent extraction. 

3.3 .I Solvent Extraction of $33 (Ja E* ~ a v o l a i n e n f  

A coanoon method of sepsratfng and purifying upsnium involves eolvent ex- 
t r a c t i o n  of ux-any1 n i t r a t e  by d ie thy l  e t h e r  from aqueoug tsolutioms. Manp other 



solvents have been found t o  extract U02(N03)2, (3x1 e .g . ethers,  akcohola , ke t~nea ;  
and eetere.  Alcohols which are i m i s c i b l t  w i t h  water ten3 t o  haye the property 

- of preferential  extraction of pmtac t in im i n  the presence 09 maaim and 
thor im,  indicating t'iat er different  type of extraction occwa v i t b  pmtac t l -  
n im.  

- Reeulte of dietby1 etber  extraction of uranium from aqueaw thorium solex- 
tione ahov the  influence of rag iow inorganic oit.ratce med as ealtlng agents, 
The data indicate tha t  upmlum extraction decreases when t h o r i a  ie present as 
comparca with a system having no thorium. This m y  be interpreted 8s indicat- 
ing thorium and uranium c a q x t i t i o n  for  Llity i n  the  organic phaae. H i g h  
n i t r a t e  ion concentrations inereane the  extractabi l i ty  o f  thorium st tbe ex- 
pense of uranium, which Indleatea a higher o~Ser of dependence of the thorium 
extraction mecbnflsa on n i t r a t e  ion concentration. 

PShe eolvent which hssl the greatest  promise i n  regard t o  stparration f r o m  
impurities, case of opemCion, and cheaicerl a t a b i l i t y  i a  t r l bu ty l  pbospfiste 
dlemolved i n  an inactive solwent euch 88 a hydl~carbon OP cmbotl tetrachloride. 
To exploit t b s  extraction properties oi" the TBP, uae is wde of a s ~ ~ t u r a t i o n  
effect;  i.e., the p r e f e ~ e n t f a l  extraction 0% urmim is wed t o  reduce the 
amount of impurities whfch are extracted with the uranim. When t h e  araount 
of TSf l a  eufficient t o  ext;rac't only the most extractable m t c r i a l ,  the con- 
tamination by other materials vlll be reduced, I n  soajwction with %hi81 
eatmation effect ,  the n i t r a t e  ion dependency of the tbrium extractioa resc- 
t f a a  a n  be used t o  reduce the amount of thorium which is extracted with the 
Irranlm, thus enhancing sepalrrtions , 

It ha. been reported(32) tha t  diluente with low dipole mmente a l lo r  bigh 
&iatrlbutlon coefficiente f o r  the TBP extraction of uranium. The extraction 
reaction of uranium can be writtea as - 

and has an equ i l i b r fm confitant o f  K = f7,7 st 25% when the organic phase con- 
s i s t ~  of 2% TBP in carbon te tracUoride,  By ccmpgirfeoa, the reaction by 
vhich n i t r i c  acid is esrtracted, 

hae an equilibrium c o n e t a t  of K = 0.177. 



3, b Protac.tinium Separation j ' ~  + E . Savolainen) - 
Pretactinieun-2 i a  an intermediate i n  the nuclear react ion by which 

332 produced From 7% : 

Thls protactfnl?nu ieotope w i l l  constitute the  bulk of the rad ioac t iv i ty  pre- 
sent fa ~Rort -cooled irradfstcd thorium, I t s  presence w i l l  const i tute  s pro- 
blem i n  t h e  recovery of u233 eusleaa it is sliowed to- t ranafora  $0 w a n i w  
dwing a long decay period, The recovery of the  pa29 w u l d  serve aa s source 
af high levels  of rad ioac t iv i ty  and also sa a aovrea OP ~ m l 1  amounts o f  Leo- 
topically pure ~ 2 3 3 .  

Protactinium exfats i n ,  two valence stastee, IrJ and '?, ~ r o t a c t ; i ~ i t ~ m ( ~ )  
appears to be the more atable  a t a t e  and pl-otactinf~m 18 expected t o  be in t h i s  
state i n  the process solutiosa. It l a  consfdersd t o  be a h~mologue of 'tantalum, 
reatrubling the l a t t e r  in many of its chemical properties,  e ,g . ,  its m e a t  tan- 
dency t o  hydrolyze in neu t ra l  and alfghtly acid aqueous solutioutj,  t o  precip-l- 
tate as a hydrous oxiae a t  high eoncentrat,ions, and t o  f o m  hydrated eollofda 
at l o w  ccincentration~. 

The conclusive i d e n t i f i c a t i o n  of Fa02, PaClk a d PaOS es"ca$l_irnbin@r the  IV 
valence stste for  protactinfum,has been r epor t ed133  me reduction of P Y 
salt;% to Paf l V )  by Cr@12, T9C13, and zinc amalgam has also been reported.  ?441 
It l e  s ta ted  that t h e  aqueous s l u  foe cheais t ry  of protac+,inim(lsr') resenibles 
z i r c o n i w  ra the r  than tantalum, ?351 

Tbe recovery of p r o t a c t l a f m  from t h o ~ i m  ni t ra te  solut ions  by cmopreclpi- 
tst'an w i t h  hydrous muga2eee dfoxfae a3d ulth thorim iodate ha8 been repast- 
ed.t3°) m e  e f f e c t i v e  separat ion by mangarieee c$; x jde dlminishee at high son- 8 centrstiona of n i t r i c  acid m d  thorium n i t r a t e  j j  9-37] 

.. 
The a r en t  exlatenee of two d i f f e r e n t  s t a t e s  of p~otsc t in iu rn  has been 

reported (38pd as a result of experiment8 ia s ih~ch a x 9 ~ c s a i u ~ n  foaate precipitate 
was found t o  ca r ry  t ha t  fraction of  the p r o t a e t i n i w  from s o l u t i o n  which uas 
laact ive  to  o ther  chernfcal reactiuna, Tb.e f'raetlon which m s  car r i ed  ~ 9 t h  t h e  
Iodate m a  not extracted into difeopropyl ketoneA This behavior s w e s t a  the  
existence of a polymerized OP eollol&al form o f  p ro tae t fo fw i n  solut ion.  In 
th i s  extraction the protactinium adhered t o  the  sur face6 of the apparatus, pro- 
bably became of the low acid conraat rs t ; iom.  

The absorption of  88 t o  9b$ of t h e  p ~ v o t a ~ t i e i ~  prcseot,, ~ 0 1 ~ t i o n  
0.14 to 0.4 M n anyl altrrrl.tv., by I R - l  resin satuxetsd with =any1 ion haa 
been reporte~.i39y Ouc gram of I R - I  ion-excharge resin absorbed about 50s ! - 



- 29 - 

of tbe protactinium fram $3 XI of solution c o n k l n i n g  15 g of thoriiun nitrate 
snd  1 ?4 in n i % r f c  acid. The ;?rokactinl.m za.7 "ce 2reecnt a8 a radiocolloid 
since Tonic absorptfan f r c ~  n,ollut.L~~ns .if s:cL h;gz i on l c  s t rength  would be 
expected t o  be negligible, P~esible ~ s t h ~ d s  the atpara%iora of radiocal-  
lo ids  FPom ionic  mterials =e a~xgges'red, a -g.  , y d  t,rai"il-t;ration, d i a l y s i s  , 
o r  adsorption on large-ausface-area %oli.i,s frsz vhich the co l lo id  can bc 
removed by t h e  w e  of ccnplexlng 3pz?se The s b s i ? ~ p t i m  of" pro tac t in iu  
Ion-exchange resin8 st ioii acid eoccer,trati?ag ' ~ s  also h e n  observed, [ byY 
Under thees conditions carrying cn mngmess dloxlde precIpitates or ex t rac t ion  
with dfisopropyl ketone dld not Lake place, 

3.4.1 Solvent EK+,ractioa -- of P r c t  i ~ r l " , i n ~ m  (J, 2.  Savolainen) 

Inveet i  a t  one of t h e  solvent elctrcction o f  protsctfnium by various sol- 
vents showed b l f  that dlisopropy-1 corblnol gave the  bea t  d i s t r ibu t ion  cocf f i- 
ciente  fo r  the  extrasct.ion from n i t r i c  ac id  &ol1iiu~rjrns, and that the highest 
dietribut%ou coeff ic ient  occurred near 3 M 3883 concan t~a t ionr~ .  Righ fiuori.de 
Ion concentrations i n  the presence of t b o ~ l u n !  d ~ d  oat chmge the d i s t r i b u t i o n  
coefficient  materially, but high t e q e r a t m e ~  w r a  fclund to decreaee the dis- 
t r ibu t ion  coefficient, Water-fmmisc1bi.e %Tcoh~lfa appmently ex%rac$ed protac- 
t i n i u m  f r o m  aqueous solution5 quLte pesdlly- 

The extract ion of protactfniurn by TBF m a  wed  f a r  its i so la t ion ,  142) 
The distribution coeff ic ient  vasl dependent cn tne acid csncentrat;iom of the 
aqueous phase, aa i n  the  extraction with other ~(olvent,%. The var ia t ion  o f  
the  di8tribua;ion coeff ic ient  w i t h  ac id  ccnr-eotrtztion wsiie i ad ica t lve  t k t  the 
extract ion of protactinium into organic aolvents could be control led  by t h e  
aqueous a c i d  concent~a%icsa~ B e  TBP concentration was also an important fat- 
tor control l ing tbs dis t r ibu t ion  c o e f f i c l s ~ t ~  

3.5 Associated Problem in the marex Process 
--A 

The foUawing dfacmsion deals, wi+h g e t ~ r a i  l i m i t l a g  faaturea and 
associated problem whf cb have sf fected 1~5crrtory &evelopmxrnt of the extratc- 
t;ion procesa . 

3.5.1 Distrolution of Aluminum d%cke+~ci Ti;orium S l u g s  ---.. -. -->- - - 
( J. L o  SrPvokgline~) 

The thorium %a neutron-irradiated In  the matsl? fc a t a t e  i n  the fom of 
alutdnum-clad rods. The I n i t i a l  step in the  ~ ~ F . L L L " B ~ ~ C Q E I  pr"i9cess i t 3  t h e  d l s -  
aolving of the aluminum mLBb the thsr9urn In n l t r l c  w i d ,  To bring about t h e  
rapid dieealution of the two metals it i e  ne-ei;ewy 50 sad zstalyets t o  the  
n i t r i c  ac id ,  

Ia met previous separations prrceseert , the  i3Lmlnum Jsckets , l .e . , those 



bonaed to uranium slugs by A1-Sl a;Llap, have been raatolred in en i n i t i a l ,  sew- 
mts s t e p  by a caustic dfrseroPution; s&i*;un nitrate is i n c l ~ d e 9  '60 prevent hydro- 
gcn evolution: 

.s 

111 + 0 . 8 5 ~ 0 ~  + le05EMq - + 0.9 Hid$% + 0,15m3 + 0.2H20 

vheseaa f i  + RaOH + Hz0 ------+ K&P% -r- 'i .5E2, With ilnbanded dunintun jacketed 
tborfw slugs, sianultaneoue dissolrrt3.&s of both the aluzinum and thorfurn trss 
possible vLt4 tvo catalysts ,  ~ g -  anil H" %om. The reaction wit21 aluaainunt was 

'The H ~ *  ion is apparent.1~ reduced. by %ha alu;n9rsm metal. to Hg, vblc's mialga- 
mates the surface an& prevents the u a d  fo~eation o f  p ~ b a ~ i v e  alE1311nm oxi&e 
PUm . 

Rte prinrary thorium reaction h a  m% yet, been analyzed sccrrrsteliy, N i t r i c  
acid eonsuaptioa a t  about 5 mles -pr mie oQ thorium a d  @s ;production at 
shut 0.5. mole per m l a  af thorium ttEl;tB been indicated in hit Operation studies* 
The g a s  compoeltion in  one dissolving was 5i$ B2$ 325 IJOl 3s 8% t$0, 
and 65 Hz. the thorium &5#soP~fng procedure m e  based on earlier 
etwtles at ORNL. In ttze~Yejf in a bate& dLsaoiving s t e p  sufficient mtal vas used 
to aUov a 200% metal heel. Hitric scist 3% a ~oncedtr&tlon,~f 2 3  !4, with . 
0.05 to 0.13 M F' catalyst,vae used, Leer reacting far 7 hr t h e  dissolves 
so lu t im  uas &out 2.3 H in ThlcI and 1.5 H in free WNOJ The mle ra t io  of 
acid to m e t a l  i n  the rezction vae 4,7 a:a 7,8, w i t h  an average mtio of 5.3 
A.om sight  diarolvfnge . 

The decor~poeftion products of trlMyl phaaphatxz which are expected t o  be - 
present I n  the  extraction 04 thorium @&mite m e  t b s e  forned by hylmlysies 
reactions. The n i t i a l  h y d m l g a i ~  rae:-Z;iac1na of a l e 1  phe, 8: studied wing d- t o  trace the m c b n S s ~  of  t he  reactloa, 
eolutionrs e s s e n t i a l l y  100s of the by%mlpica follows the mechanism - 

X% autocatalytic hydmlysie arad acid lziJc*y~e)lyeis, 70$ of the reaction reaulta 
f r o m  sp l i t t i ng  of the 6-R bond of the  eer%ers 

I + ...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
. I  . .  E 1 "  e 1 .  . , * a  e . 1  . . . . . . . . . . . . . . . . . . . . .  



The p r i m y  hydrolysis of  a tsiallrfl phoaphrste apparently is cata l jaed by both 
hyiixqpn and bydroxyl ions.  

Results have bean r e p r t e d  which indicate t h a t  i n  baeic eolutions the  rate 
of f a r m t i o n  of the d i -  and tsfbasic ph.2ephoric acids from a trielkyl phosphate 
ia atuch Jess than t h e  r a t e  of fa rmt ion  of f h o  mon~bas i c  acid. Bowever, in 
ac id  solut ions  the  hydsolysie react ion cosltinues t o  Porn the  cli- and t r i b a e t c  
aciaa %180. 

Studies have e h w r 1 ~ ~ 5 )  that 0.004 M T3P i n  5 M - agueoug n i t r i c  ac id  solu- 
%Ions st 75OC w a ~  50s decoaipcae? in  40 To 50 hr. In a similar eolution w i n g  
hpdrochloric a c i d  50% decom;aotli",oa reqxfred only 10 hr. The diflfcreace i n  the 
reaction rate nvsy tie due t o  differences in t h e  hydrogen ion a c t i v i t y .  Theae 
deconrpoei.tion rates at 75% are  suba tamia l ly  grea+,er than those a t  roon tem- 
peratures . 

me decomposition products of tritjvtyl phospbste have been found t a  c a w e  
precipi ta tes ,  e .g., t h o r i m  mno-buty: 3'1: dibutyl  p'no~p'mte, In %he counter- 
current extract ion of thorim Decomposition products also form 
rtable organic soluble commds w i t h  tube urahlyl ion which arc: d i f f i c u l t  t o  
strip from t h e  organic phase with sq~eous nitric acid eoluticms. 

The behavior on thorium extraction indicates Chart these deconpoaltion 
pmducte sre ~ ~ ~ ~ ~ 3 8 t e d  within the countercurrent extraction s p t a m  so  that, - concentrations a r e  reached which are svfi'iciernt t o  came precipi ta t ion of 
thorium e a l t a .  To ensure the operat ioa of t h e  thorium extract ian  amtern and 
the t t r s~ i um s t r ipp ing  atop it vser desirable t o  e l i s i n a t e  theise decompoglition - products. 

Ysefiing with concentrated caustic: aolut f one, e . g . , 1.0 M KaOEI, causes 
the forreation and partial eactrac'clou oi sadXua butyl  pbospbatcs i n  the  organic 
phm#e. Further vsshing vith d i l u t e  (0.1 M) W O E  or  R q C O 3  allows a distribu- 
tion of these salts which f s ~ o r s  t'hs ague& phase. F in i t e  removal of the 
aubsltances spperently depends or? e a u n t e r c w e n t  washing procedures. Final 
waahfng vith water is usually required t o  ensure removal of entrained c a w t i c ,  
which v o d d  accentuate hydrolysis during so1ven.k atorage. Became o f  the auto- 
c a t a l p i s  of the  dscomposftion reaction,  it sppemed advisable in any case t o  
use the solvent 8s soon as poas2b;ble a f t e r  t reatment.  



3.5.3 Saturation in the T9P-Th~-U-XfTO3 Sywt.em 
(W. T. McDuffee, J, E,  avol la in en) 

Tbe ex%ractlon of nitric acid hss been fimd to follow the overal l  re- 
act Pan 

1 and that of the many1 nttrate 

&ifre t h a t  of thorium nitrate arppems t o  be 

v i t h  5uSsequen-t effects which e m  be explained by "pol;m;eriltation" reactions 
similar ta 

The effect8 Usst tho&uln saturation o f  the organic phase muld have on 
the dietributioz coefficients c m  be deduced fron the nitrate ion and TBP 
dependenciee. As the organic phase Secsraes saturated, the t h o r i m  d ie t r ibu-  
tLon coefficient w i l l  decrease, If the thariurna n i t r a t e  concentration i a  In-  
creased la the aqaqueous phase after the  organic pbaae! has been ea%ure.t,ed Kith 
a large mount of t h o r i m  and small amauat~ o f  wanyl nPt;rate, the dis t r fbu-  
t i a n  coefficient of the uranium can be expected to  decresae aomewtst, because 
(a) the uraniurn sxtrac.t;lon b e  a aecand-order dependency on the aqueoua nitrate 
ion cancentretion, while (b) the  t h o r i m  extraction hao s fowth-ordar depend 
deacg. 'fhe TBP depenbncy of the thorium extmctios i s  expected to vary, 
decreaaiag as t h e  thorium concentratioa. irtcse~ses. These effect8 will result 
in the "salting outw of a portfon of' the urrstnitm from the o r p i c  back into 
the aqueous phsae. 

The reactions by which nitric acid im extracted are expecked t o  be 
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At very high acid concentrations it l a  expected t h a t  a paior2,lon sf the  ac id  
m y  be extracted i n  aa ..mco!qlexed f o r m  In  tke organic phec;; hrjwevzr, it mldd 

-, generally eonsurne t h e  !l3P by the  f a m t f o p l  sf the FIH02"T,9_0 complex, A I&-ge 
J 

portion of the n i t r i c  acid -9,s thus extracted into the  organic pisase st the 
expemie of  thorium extraction.  

I Y o m  the point of -ziew of solvent cs-city it md.8 be of admatage i f  
the salting ef fec t  could be obtained with a n l t r a t e  which is not  extracted 
in to  the organic phase, Subsequent, strippkg o f  the  organic phase m u i d  be 
simplified by the  absence of high acid  concentratioas. 

3.5.4 Sal t ing Effects (W. T, McDuf'f'ee, J. E. Savolainen) 

A n i t r a t e  s a l t  affects  t h e  extract ion o f  thi-~ritun and wanyl n i t r a t e  by 
increaeing the  o i t r a t e  ion ccncentsation s d  5y changing the a c t i v i t y  c a e f f i -  
cient of t h e  s a l t s  in  the zcjueous p b a e  vihlth $;TW extracted by the o-ganic 
ph ae .  The extract ion reaction8 of  uranyl. an& thorium nifrate apt dependent, 
respectively,  on the eecocd and f o W b  power of" the n i t r a t e  I on  ccnzeeatratfou. 
The aqueozle ion concentration% of the propeed  pmuscess saLutiona ase in t ha t  
range where the a c t i v i t y  ccefficients Lncreage with increasing lonic  strength, 

If n i t r i c  acid i a  wed  as a aa t t fng ,  agect a l l   it^ ~ . o t e n t i a l  n i t r a t e  ions 
do not contribute t o  the n i t r a t e  Ion coneentratlon o r  t h e  ion ic  s t rength  sf 
the aqueous 8 0 l ~ t i ~ n  became a large  portion o: She acid is i n  an aesoclated 
Porn. Also, a portion of the n i t r i c  acid i a  extracted by the  TEP phase. 

Analysis of data A'on experim-nts shoving the  e f fec ts  of s a l t i n g  agents 
on the distribution of thorium n i t r a t e  between 30$ T9P i n  hydrocarbon solvent 
an& an aqueous phase gave an empiricsl esrpresaioc fo r  the ext,rac"cicra coeff i -  
cient r a  a function o f  the s a l t i n g  agent ( ~ i g .  3,5.L-1). I n  these e y s t e w  the  
concentration of n i t r i c  ac id  and t h o r i u m  ni trate were below the tza%wation 
limit of t h e  TBP phase. Plota nf t h e  l a g a r i t b  of the  distrlbutfon coeff ic ient  -. 
of  thorium as a function of t h e  n i t m t e  ion concentration have sXope~ which 
vary vith the charge of the cat ion of the salting agent. These slopes are:  

- 
Salting Agent 0 Slope of log BJ, Ratio of' Slopes 

vs. E o m l i t y  of NO< (~elsted t o  ~ n o d c n t ;   on) 



Fig. 3.5.4-1 Distr ibution Ccx?fi"icients of Thorim and EFiO1 
a Rmctlon of the S a l t i r ~  Wnts ?T&G,, Ca(N0 a ~ d  iipTf@$+ 

J 31,' 
x n i t i d  Conditions : 

43~~3~ phase: 0.1 M - Th(~0~)~, 0.2 H BBO 1.3 to 6.0 5 110- as - 3' 3 
Aa, Ca, and Al nitrate 

Orp3nnic phase: 1.0 g 'IIBP In Aweo 

Organic /aquecus rat to: l. 0 

Aqueoua SO Concentration (18) 3 

a. r * .  s.. . .  I. C . . . . . . . . .  
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Tb; lncreaae i n  the  r a t i o  of the sLope with Increasing cs t lon  charge of 
the salting agent is equal. t o  (V~)'"l, c 1s the cation charge. The 
saltine: e f f e c t  which thorium n i t m t e  h a  on ita-omm extract ion i a  ca lcula ted 
f r o m  t h i s  r t l s t i o n .  The following equation describes t h e  effect  sf "eslting" 
on the thorium diatriblrt ion coeffie%ent when ruing ( a )  30$ T 3 P  in  a hydracar- 
bon solvent, (b) low thorfan concentmtions, and "(c) greater than 1.15 
equilibrium n i t r a t e  ion concentration: 

*ere a ie the  n i t r a t e  ioti normality and 5 i s  the charge of the cat ion of the  
trallrte. Similar relations a r e  expected t o  hold for di f fe ren t  'TBP concentra- 
tZom3. 

3.5.5 Problew i n  Steady-State E q u i l i b r i u  
(w. T. HcDuffee, J, E. ~avolallncn) 

TBP extract ion of uranium, t h o r i m ,  and rnitsic s c i d  from an squeoua solu- 
tion takes place ;eimdtaneously i n  a comterewrent extract ion C O ~ ~ ~ I I Y ~ ~  and t h e  
re la t ive  solvent a f f i n i t y  i s  i n  the order l l e t e d ,  Thoae materials  which are 
extrscted by the organic phase and which a r e  present i n  hi& concentrations, 
e.g., thorium and n i t r i c  acid,  ell have the  g rea tes t  influence on the change8 
of the  column behavior 43% the  steady s t a t e  of the c o r m  operation is  approached 
o r  a t ta ined.  

Distribu3ion coeff ic ient  changes, owing t o  (a) varying degrees of solvent 
saturation and (b) varying s a l t i n g  atrength throughout the c o l w ,  permit an 
uuaua l  type of reflux operation, as followzl: (1) As tne  t w o  phases are con- 
tacted i n i t i a l l y ,  a large fkebetion of t h e  t h o r i u ?  and a axcaller Zractlon of 
the n i t r i c  acid  w i l l  be extracted from the  aqueow phase; (2) as f resh organic 
salvent contact8 this aqueou phase again l a rger  fmctiori of' t'ne n i t r i c  acid 

.. can be extracted; (3) uhen t h i s  portion of the  organic phase eontacte a new 
portion of' the aqueous phase and ex t rac t s  mare thorirlm,the n i t r i c  a c i d  From 
the  organic phase w i l l  pa88 back in to  the  aqueous phase; and (43 ew t h e  coluna 

- continues operktion, s h l g h e ~  concea-t;ration of n i t r i c  ac id  wL11 build up below 
t h e  region of bigh thorium concent;ration, which i n  turn  v f l l  increase t h e  
extract ion of thorium into the organic phase, Thfa const i tu tes  the  general 
~ c f i a a i s m  of "reflux" in the  TBP-extraction systew.  

By def in i t ion  the  steady state of the column is reached only when the 
consti tuent concentrations i n  the  two phases, along the  e n t i r e  cohmn, no 
longer vary Before the steady state in  reached, the  behavior of t h e  extrac- 
t ion  column may vary over wide l i m i t s  with reepeet; t o  thorium recovery and 
decontamination. Some of the  ff ssion products, such ss zirconium and the  rare 
earths, may behave i n  a mnner elrnlllar to that of nitric acid, eo that regions 
of hi& concentrattone develop below the region *ere thorium saturates the  



or-ic aolvent. ?&is cons t i tu tes  tbe wual w c b n i s m  of "decontamination by 
a a t m f i o n "  i n  the  TEP system, as exemplffled tmd u t i l i z e d  i n  t h e  Furex process, 

If thorium acc7m11*Sates i n  the  ~ 3 P 1 m  f t  dl1 farce t h e  region of high 
nftrlt acld c o n c e n t r a t i ~ n  towad the  bottosl of the col-crmn, -&ere it, v911 be 
meed by the  aqueous rer f f imte  leaving t h e  colaam, The rate aY thoslum accu- 
n d a t f o n  i n  the ~02x32  %y be slow, i,s., 1 OP 2 percent; of the Peed amaunt 
per v d w e  change. Ties t.he predict ion of colunn behavior from the  c o n d i t i o u ~  
lrrr the entering pqar? ex i t  ~ t r e a r n ~  'becom?~ very mcertaila, end dependent 03. high 
scclse~zy i n  anal$ i?sl d e t e m i n a t i o m  %ad f l o w - n t e  measmemenat, Theref ore the 
complete behavior oi as extract ion coluoin operattag v i th  the TS-EX03-TPJP system 
cannot be predicted a t  ",went with suf f i c i en t  accuracy from batch equ i l l ' a r im 
d a b  alone. The steady-state condition cailnot be read i ly  calculated,  in viev 
o f  the cowlex lnter6epndency of the  ext ract ion of the  i n d i v i d l s i   component^. 

Hevever, the  besizwios of  a coluun can be pietu~etd by a countercurrent 
*profile," i n  which (a) the  t o t a l  equivalents or (b) the concentrzstions of the  
extractable materials i n  each p'mee are plot ted  as f u e t i o n s  of the  d is tance  
along the " ' c o l w .  " A ~ l l c a t S o n s  wt.lich explain t'nfs method of  approach t o  
c o l m  behavior a r e  f o w d  Ln Sec, 4 , l .2 ,  Theee graphic p io t s  nlZ1 permit an  
empirical walysie of stage-by-etage d i s t r fbu t ion  a@d, it ie hoped, an approach 
to eventual mathemtfcal t r e a t m n t  of steed:{-atate problem in tine. XN03-Th-TBP 
system. 

3.5.6 The Acid-Deficient Syelen (A. T. Gresiry, 5. E. Savolaincn) 

dn "acid-deficSe2tt" aluminum nitra%e syatem *as ueed i n  the  DKYL Redox 
pxacesar t o  provide a degee of f i s s ion  product deeontaminatioa unatt&lnable 
in neutral or ac id ic  sys tem f o r  uranium recovery, In the  Thorets development 
use hm been mde of a eimflar  chemical device t o  provide optlmm protactinium 
and f iaaioa  prpduct decontamination, 

A mtbod bas bee= for  preenring aluminum dihydroxy n i t ra te  
solutions, i . e . ,  A1(@Zt2W3 o r  A10N03 *H20, by d i e ~ o l v i n g  aluminlm metal witn 
mercury catalysis in to  aluminum n i t r a t e  eolut ians ,  A typical. so lu t ion  has a 
r o ~ s l t i o n  of 4.62 Ma, ~ d f  5 NO;, and 8.35 M CWa,  and bas a PA of about 
2.0. It biw been r e s r t e d  t h a t  thorium bydroxtde precipitates f r o m  aqueous 
eolutions at pH 3.5. It is thug expected that thorium n i t r a t e ,  provided the 
t b ~ r i a  i s  in  equilibriuro v i t h  an ext ractabls  speclea, w i l l  renain  soluble  i n  
an aqueous solution of acirl-deficient a l u m f n m  n i t r a t e ,  the  use of which wodd 
afford icaintenance of a fairly eonetant pH ir, an extract ion system. 

3 . 5 . k  Hydrolysie of  TZl(~0~)11- and Al(M07b (J, E. Savolainen) 

The hy o yais  reactfans of the t h ~ r i u m  ion have been fnvestfgated and 
interpretedp9f from pi3 deta of di lu te-solut ion ions i n  perchloric acid, on 
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the basta of the react ion 

Equ i l ib r ium constante of these tw react ions  are 3.1 x 1gm8 and 2-7 x 
resgectively. Calculations indica te  t h a t ,  at a pH of 2 0 and a bulk thorizrm 
eoncentratio of 1 g, a subbatmtial f ract ion,  about  6 , 7 ,  cf the t h ~ r i u m  m y  
be i n  the The+ form. Since the Tborex pracese eolutiooe cootain l a r g ~  con- 
centrations of n i t r a t e  ions, the  f o r m t i o n  of intermediate thorium n i t r a t e  
complexes, which enhance the err t ractabi l i ty  of ",tie thorium, w i l l  reduce tne  
f ract ion of thorium which m y  be present as hydl-ory complexee. 

me re la t ive ly  high acidity of the  aluminum hjdroxy n i t r a t e  solut ions  
indicate8 t h a t  the  alminuol ion undergoes hydrol.ysis react ions ,  The type8 of 
slmlnm by&roxy ions and t h e i r  behavior i n  aqueous solution isill require  fur- 
ther  investigation - The extraction be'mvlor of t h o r i m ,  ruranim, an9 p m t a c t  1- 
n i m  from theee aolutlsoa m y  29 influenced by t h e  alllminum h y k o x y  Funs. The 
ionic strength of these solutioas and the degree of hydration of the aluminum 
hydroxy ion complexes are expected t o  influeoce the  ac.tivit,ies of she extrac- 
table salts. The mono- and the dihyd~oxy alluminm salts my behave as d l -  and 
mnwvalent ions. This wuld cause tine eff'eetive ionic etrength t o  be Zmer than 
that ctilculated i'rorn the bLilk concentratiom by a e s ~ i n g  the alwninm t o  be 
prieaeq as the  s i ~ l e  t r i v a l e n t  ion. The effecte of the  s a l t i n g  agenta (Sec. 
3.5.4) presumably cannot be extended ae yet t o  predic t  the s a l t i n g  effects of 
the alminun! hydroxy n i t r a t e  salts. 

3.5.7 Bec i f ic  Gravity as a Function of Tfaoriuii, Alm-lnm, and 
Hit r i c  Acid ConcentrsGiona (J. E. Savolai nen) 

An equation was developed f o r  ca lcula t ing t h e  spec i f i c  gravi ty  of t h e  
feed solutlone f r o a  t h e  concentrations of the  cconrstituents: 

The concentration range i n  wbicb t h i a  equation can be usea is 1.2 t o  2.0 g Th, 
0.2 to 0.8 g A l ,  and 0 -75 t o  1 a 5 M 9N03. The spec i f i c  gravity calcula ted front 
this egwatlon msy vary by ~ O . C C ~  units, o r  about, 0,5$, from the  experimentally 
determined value. A temperature var ia t ion of f3 f rom 20% cames a var ia t ion  
of a b u t  0.002 units, An e r r o r  of 35 i n  t h e  thorium analys is  Introduces a 
larger e r r o r  than the e r r o r  inherent i n  t h e  eqilatfon, The t h e r m l  coef f i c ien t  
of expansion i a  apparently dependent on the  composition (a l so  see Sec. 7.3). 

The equation can be expressed i n  gram o f  tho~ium and aluminum per l i t e r :  



3.5.8 ~ a r i m n - 2 3 4  a s  a Limiting ~ o z r t s ~ i n a n t  (J. g4  a m l a i n e n )  

me thorium, after neutron i r rad ia t ion ,  is  expected t o  contain some of 
the 'l'h23' ieotope. This isotope bas rad la t i an  properties somewhat s i m i l a r  t o  
pa2j3, and my Unit the r a d i o a e t i w  decontamination of the thorium product 
aner chemical p m c e ~ s i n g  . Thorium-2)b is produced by t h e  following react ions  : 

subrequent decsy reactions are 

4 

m23' B- 0.2 ~ e y ,  ~ $ 3 4  p- 2.32 Hev U234 a 
24.1 d 

, m230, e t c .  
9t38 1.14 m 2.6 x 105 y 

A wll h c t i o n ,  i.e. 0.12$, of the  decays by y em salon to OZ,Mich t h a  a 6.7-br ha l f - l i f e ,  tnursforaing by B emission t o  $3 

!Rae lrtc of production of ~h~~~ 2. proportianal  to the s w e  of t h e  
nautmn-flux density, while the  rate o f  production of the  PP% i a  pmpor- 
tiom1 to a corresponding f i r s t  power. Since t h  l i - l ives  o f  these two 
radioactive species are comparable, the P~i~33/Th'~',.tio a t  the reac to r  
equllibrlum vi l l  be msinteined during decay. Thua t h e  6 and y decontamination 
factors, W c h  can be achieved by chemical processing of the abort-cooled irra- 
diated t h o r i m ,  w i l l  decrease with increasing neu t ron- f lu  d e n s i t i e s .  Ullcu- 
la2$y Sgrn reported nuclear coos tmts  have indicated, f o r  nstance t the 
Fa /!I% r a t i o  w i l l  be (a) 105 f o r  a ld.3 flux end (b) 1& for a iO"flux, 
and eo B and y D. 3'. 'a f o r  processed !h232 ueceesari ly v i l l  be limited t o  
~ a l u e s  corresponding t o  these r a t i o s ,  

I n  =st solves%-exta%ction aysteee ce r ta in  impurit ies and ampended s o l i d s  
ban  a tendency to adhere to the  l iquid-l iquid interface. These .alias and 
impurities scclrmulate i n  those parts of the  pba~e-contacting equipment where 
the phases u e  separated, and i n  such amounts ea t o  create  semirigid masgee of' 
elupended sol id  par t ic lee  and emulsions. These accumulated mas~es of uodesir- 
able material, of widely variant chemical and phyaical propertie., are general ly  



called "cruds ." Since ttiese cruds m y  becow dierperaed in  t h e  product atream 
end. contaroinate the  p r a & ~ c t  with ionic and radioactive rcaaterirrle, elitnfaertiolrn 
of them by chemical o r  wc'nanical means i a  a neceesity. 

Spectrographic aaaityses of ce r ta in  cruds which form I n  t h e  T~orex i l x t ~ a c -  
tPba show high csncent,wtiona of' chromium, Iron, and silica aa well as phas- 
pharus and thorium. It my b e  expected t h a t  organic acid decoxnpo%ition pro- 
ducts, organic acid sa l sa ,  and silicie acid  can accumulate at l iquid- l iquld  
interfaces and cauae cr*d fo rmt ion ,  Solids which can be wetted by both Liquid 
p h a e a  can s t a b i l i z e  eau981ons sihich cawe cruds. Surface-active agents vhich 
bring about t'he p a r t i a l  vet t ing of sol id par t i c lee  msry be a f a c t o r  i n  t h i s  
latter problem, 

Chemical aaethodrr of reducing t h i s  crud problen m y  be found, i .e,, corn- 
plertng of the  ionic coaotituenta vbich w e  found i n  the  cruds. Surface ac t ive  
or t d s i o n - i n h i b i t i n g  agents, which will aid i n  the  p ~ e f e r e n t i a l  rolvent-  
vetting of the  suspended sol ids ,  m y  alao be of value, 34echanfcal mans of 
aact.r;mzuleting knd rewving the cruds fomtd 19 &he equipment, t o  prevent t h e i r  
uury-ovcr by the  proauct stream, m y  be s necessrity. 

3.6 Isola t ion (J. E. savolsinen) 

After the  i r radia ted 
232 $!3y=:::333 

een processed tbrougb t h e  primary 
repasation s teps ,  the  Th , products will be present ia rela- 
t ively large vol w e e  of aqueous solutions, and t h e  uranium and prdtact  i n i m  
viU be preeent i n  very d i l u t e  concentrations. Theae require insolation from 
the bulk eroLutions of the  primary separstione proceeraes and decontermiaation 
&om cer ta in  irspuritles , e .g, , corrosion p~od3xt;s, which may have been in t ro-  
duced during processing. 

lrwrporatlon of t h e  M t e r  can be used as a volume reduction s tep,  but no 
increaaa i n  product purity will r e s u l t ,  Corrosion products and degradation 
paducts from diaaolved organic mitepiale remaining from the  a e p u a t i o n  rsteps 
msy a l s o  be formed and/or concen-t;ratcd i n  auch a s tep.  

- 
Precipitations of d i l u t e  consti tuents generally require carrier. and 

necessitate fu r the r  manlpulationa i n  the  i so la t ion  astep. Eowever, pracipi-  
U t l o n  of a concentrated consti tuent , such as tho~ium,  my be advantageous. 

Irra exchange affords  a ready man# of isolating a d i l u t e  const i tuent  
frost an aqueous phase, Elution can be carr ied out so as t o  bring about sub- 
s t a n t i a l  volume reductions as well as increased puri ty .  

3.6.3. Uranium-233 Isola t ion (J, $, a v o l a i n e n )  

The feasibility of $33 i ~ o l a t i o n  by an ion cxehange process ha8 been 



demnstra ted  during plant operation 09 the Interim-23 Process. sub- 
sLeticsl deconhr?lioatIon al;d concentration of t he  product are obtained by 
greirrerent l a 1  e l u t l o  a.  

m general t h e  proceas haa iavolved: (3 . )  absorption of' 7?33 ;by Dovex-50 
cat ion exc'nange r e s i n  from a feed of 0.05 X TINO3 containing abeut 1.0 g of 
uranium per l i t e r ;  (2) e lu t ion  a t  40 t o  l i~ '?? with  2 .O M arrazonilun acetate-0 - 4  M 
ace t i c  ac id  at pK 5.85 t o  produce a ~lo lu t lon  containing about 130 g of ursaium- 
per l i t e r ;  (3 )  prec ip i t a t ion  of upanim pe~oxLde by addi t ion of 30.g B202, fo l -  
lowed by f i l t r a t i o n ;  and (4 )  f i n a l  conversian to the  product UQ2(:Kl2j2 by addi- 
t ion of nitric acid,  Tne absorption step was complicated by t h e  pr$sence of 
alminum, thorium, o r  i m n ,  which were able t o  e f f e c t i v e l y  displace t h e  varnium 
fro= the  res in .  

3.6.2 Protactinium I so la t ion  jS. S. Brandt, J o  E, h v o l a i n e n )  

In the pmposed Thorex process, protactinium remains i n  the aqueous s03.u- 
t i o n  a f t e r  t h e  separation of t h o r i m  and .mr~ni?.m i n  the  f i r a t  ex t rac t ion  s t ep .  
The sub8equent seprn 'c ion of t h e  p~.otac"tnim from th ia  aolut ion containing 
the fielsion products can be e i t h e r  a solvent ext ract ion o r  a 8wf"ace ~ ~ d s o r p t i o n  
process. 

The so lu t ion  containing p r o t a c t i n i m  m y  be a c i d i f i e d  with n i t r i c  a c i d  
and the  protact in lux ext racted with a TBP-diluent p'nase. Subeeguent; a t r ipp ing  
in to  an  squeoua phase, followed by p rec ip i t a t ion  o r  e-r8paratLon, m y  af fo rd  a 
raeasls o f  concentrating t h i s  conet i tuent ,  Extraction in  car'oinals, e . g . ,  D m ,  
&so offera  a feae ib le  nnet;hod (see  Secs . 3 .,4,2 and 4,3  .I) . 

Another method of separating the  g m t e c t i n i m  depends on its surface  
adsorption proper t ies  In  solut ions  with r e l a t i v e l y  l a w  hydrogen ion concentra- 
tions. A t  a hydrogen ton concentration ae low as pS r ~ 2 . 0 ,  the  protactinium is 
present mostly as a radiocol lo id  and ad'nercbs t o  the surfaces of s o l i d s .  S i l i c a  
gel o f f e r s  a l a rge  awface f a r  adsorption,  and resolut ion of the  adsorbed gro- 
tsct iaiura by complexisg agents a f fo rds  a meana of obtaining high cconcentratione 
of t h i s  consti tuent .  Cotcplications of an adsorption syatem f o r  protactinium 
itlolation include procese crud and/or thorium contamination of the  bed. - 

Prirtlary limitations on the product have been t e n t a t i v e l y  associa ted  
vith tbe  raass o f  s o l i d  impurities; i . e . ,  the  t o t a l  weight, of t h e  product should 
not  exceed twice the  wefght of t h e  protactinium metal present ,  Ellanination of 
bulk contaminante, such as thorium, uranium, rsflka, o r  corrosion products, is 
thusl a necessity a n d w i l l  l i k e l y  require  a final laboratory-scale p m i i i c a t l o n  
step, s,g., f luor ide  d i s t i l l a t i o n  o f  Per. 

3.6.3 morim Isolation ( 3 ,  E, Savol~einen) 

The thorium i n  solut ion a f t e r  separation by the  solvent extracteon proceas 



m y  be e i t h e r  &ewdrated andlor deni t rs ted by e-iaporation, o r  ieaolanted "5y pre- 
cipi'&tio.n as% t h e  oxalate from n i t r i c  ac id  s o l r ; t , f ~ n ~ .  Conceaatsstiosa of the 
Th(l+/~.+ product solution by evaporation ie coneislered mdet3lmble awing to 
n i t r l c  ac id  d e g m a t i a n  of entraine.3 8 p e n t 4  but can be mae adaptable by 
p m p r  a a f n g .  Reported iniorm5LonPi7r 161 i IIdiCat~8 t h a t  thorium o r a l a t e  
;;reci?i+ated i n  a 3 t o  4 M n i t r i c  acid uolution i s  freed of mat 1.eapw'lLlee, 
espec%sillg i ron acd uraniG, U a o ,  "the precipitates trade a t  1.6 t o  4 
n i t r i c  acid are readily i 2 l t e r e d  aa9 ha-re a high denafty, ??he thorium oxalate 
precipitate,  a f t e r  being vaahed, rnay be dr ied a t  220 t o  130°C.. 

A possible a l t e r n a t e  i so la t ion  procedure involving ion exchange I s  being 
considered aa ta c a n c e n t r ~ ~ t i o n  and c?ecootamInatIon s t e p  lor the I'borex develop- 
mrit.. Such a s tep  would be especia l ly  des i rable  as a second deconlaminatlon 
cycle, +,hue eliminating comi;rlitated feed-pre*pamtion problem inherent i n  t h e  
usual tuo-cycle sclverpt-extraction syeterne. 

k.0 Pmceae I)evelopmen+, Studies (A,  T. Greaky) 

%Is  sect ion presents a compflatioo of experimental &ta and concluePons 
vSlich have evolved during the r?lorex process deve.elopwnt. Specific s tud ies  
cdl varbb lee  affect ing the w i o u a  proceas phases, l imi t ing  features  of t h e  
system, and problem of s general nature are discweed. These details of 
mderlyiag problem are intended t a  c l a r i f y  ox: supprt  choices of process con- 
eepta, conditions, and flovsheets aa presented I n  Secs. 2.0 and 5,0. Since 
t b r i l m  was the  '4ulk"  product involved l o  t h e  pmcess as const i tu ted,  and 
thereby govtrried the basic  ptinclplea of o p r e t i c n a l  technique, d iacws ion  of 
Its process cheai~try are considered first, Studies of the raceso chemirrtry 33 of uranium, protactinium, and certain f l s s i o n  prorluctb of $ are then, c o n ~ i -  
dered t;o fur ther  define t k e  scope and lirnitationa of the Taurex problem. -0- 

blems of aesociated nature, and which a r e  in tegral  p a r t s  09 important Inci- 
dentals of the bmad development, a r e  discussed as a separate  mtfp, 

... 

4.1 Thorium Extrsction i n  TBP f W e  T. McDuffee) 

* Solvent extract ian  processes r e l a t e d  to uranium or  thorltm separat ion 
have to date been concerned p r inc ipa l ly  v l t h  the ni tpa te  sy~tear ,  oving general ly  
to chesicsl engineering requirements; aluminum-jacketed thorlrnn metal, oxide,  
or axycarbonate slugs ?nuat +herefore be eonoerted t o  this system by n i t r i c  ac id  
&issolu%ioa, &ether the alurninuaa jackets 8re to  be dissolved (a) separately 
by 8odir.m hydroxitie, o r  (b) together with the  thorium by n l t r i c  ac id  ( f luor ide  
aad mers7wy catalyzed) is an  engineering consideration r e l a t e d  t o  economic8 
land Seaa ib i l i ty  ol" hot m a t e  solut ion atorage,  W t  18, aluminum n i t r a t e  i n  
hot m s t e s  l imi te  volume raduction, whereas n f t r l c  ac id  alone &@a not. This  
canaiderratlton bas appeared important i n  the developent of the Tbo~ex  process 
as presently conceived. Tentative processes uaing (1) 8 Th-XN03 8yBtem and 



I 

(2) a Th--acidkdef icient Al.[E+ J3 ayste sgpm aa possible alfei-ate8 an& thus 
cappha?ze a choice of waste ecomay ver~aa p m c e ~ s  03erabi l i tyr  'Plas rallowiw 
&iscutre ion e o n c o w  principally t h e  .tribut;yZ phoep'tresta exix%ct;ion of' 7!&(3!% 14 

wgi%% ~01&40~48. fmn aqww n i t r i c  acid &adlor aldalxm ni 

principal products of hydrolysis of TBP me dl- md naanobutgl phoa-, 
plate .  The thorium n i t r a t e  reaction prad~xcts 3f  DBP and M3P me both =ore 
etsble t b n  the azl~slog~*~a product or coerpfer sf' TBP, m e  m(1[303)4-mP product 
is apparently mt extracted strongly f'roa &ha tqueo?tg phase and. u s ~ l a f l y  reraains 
8s an em~ilsifykng, collofdal precipicudfte, &meas t'se 733(E03 )b-ZlaP product 
appears also as a colloi&l precipit i t te b ~ %  %mid8 t o  follow the organic ph .~ee . { '~ )  
Tbest p r e c f p i b t e s  wt3uld represent a prscess t&zorim lost3 since (a) )139(15D 34-WP 9 i s  not reecrved f r o m  the aqueous m a t e  atr-, and (b) the Tn(Z;iQ3)!.+-DBP, a thaugh 
fo'oflowfng the organic extractant, is not  reaFPX1y strfpgsd iYorn the organic p h e c ,  
The presence o f  certain cofloidal raterials La el thep or both phases in a sepa- 
ra t ion  pmcese ordina~ily premtes (a) the Saxzatfoe ai ernulsisns, (b) the phg- 
e ics l  car*Pg-over of solids into product strema.%, &ad ( c j  poorer o ~ e r s l l  decon- 
adi loa t lon  efficiencies.  This IB object iomble in the deconkasllnatlon of' thorium 
frcm protactinium because of the tendency of procac t in im frrsctiona to seek and 
ts &ere t o  alltast any solid surface It ~81stacts.. T h l e  mans that the !l!BF KUW% 

be free& Prom its hydmlphs products  lor to I t s  w e  as an extractant, 

MBP a d  DBP m y  be removed from diltxtad T W  solvents by wa~ilhiag wlth a 
one-fifth v o l ~  of 1.0 N_ Ham solut ion foll3mad by three one-f i f i h  wL-8 of' 
0.1 X 91a~C9 or ZJaOB solution. The functioa ai the latter vrnarhee is to progide 
a 10; salt-strength, essent ial ly  nuntmul.~if 'ying~ washing meditirs fax. removing 
the sodium aalte of the I3BP and formed by the sodim hydroxli&e. Countex- 
current rash columns w e  recornended for pla& operation. 

M n g  to the s i g n i i i e s n t  r a t e s  of TBP by~%rol~sis(~~) and the deleterious 
properties of the  products, it vas r e c o ~ b e d  that only fresh twnted solvent 
be uaed in Thorex processing. 

4.1.2 Solvent Satura t ion an& t k  .Fim-P"lreaee Qrgebztir: Prablem 
(8. 8 .  Branat, U. T .  ~ c ~ u f f e e )  

'PBP alom 10 miecible in all proportfans v i th  Amco 123-15 dlluemt, s 
kemsc~e i e f r a o n  which i n  referred to a~ "Aaaeo" in the remin8er o f  th in  
repart. Up to the point  a t  vhich extract& thori3m is at~saciated a e  4TaPbTh(R03)4 
in the! Ameco-diluted "SBP (20 t o  54s by vcllwx?), the connple~r i a  also miscible Ln 
d l  praprtf,ons vith the diluent, Howewr, aas t?w 'FBP/T~ patlo is lowered toward 
3.5 thy Further saturation, the cornplex beccasa only .;3a~tiallg miiacibla; the m i s -  
e i b f i i t y  becresses with decreasing T B P ~  rat3or~, apprmching coaplete imiael-  
bFTitr at  about 2.5. This inrmiacitsility w s  m%nlfeetad i n  diluted T1SP ao1.vents 
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dg a two-phaee org&nic sya%em, i .e . ,  a 1Pgh% p b s e  of diluent depleted of T8P 
and a heaqy phase mde up p r i n c i p s l l g  of  "polymerized" complexes, e .g , , 
~ O O ~ ) ~ * ~ ~ S P ,  ~ T ~ ( B O ~ ) ~ ~ ~ T ~ P ,  ~ T ~ ( B ~ ) ~ ( " ~ o T B P ,  or  5 T h ( R O 3 ) 4 . m P  (sac .  3 . 2 . 2 ~ ) .  

Thla solvent separation would create? unual~a2 dcneity o r  v iscoei tp  effects and 
vodd be expected t o  corsrplicate queow-organic mixing, e ,g,  , i n  pulse-column 
opmt ion ,  This effect  would thus esacntially ifmit t h e  operab i l i ty  of a 
"saturated" "P system, which is a a o r r d  requirement for ef fec t ive  15 and g 

All t h e  TBP-thorium complexes were completely miscible i n  benzene. It 
~ 8 ~ 8  a l s o  possible t o  prepare a benzene-AGco dilllent mixture which m d d  'be 
mfsclib1.e i n  all prapor t iom with aay TBP-thorim complex by proper choice of 
",he h c o - b e n z e n e  r a t i o  (aee Pigs.  4.1.2-1, 2, aild 3 ) .  It was determine& that 
if  the di luent  mixture contained 15% by volime of benzew, t h e  mixture was 
miscible at  room temperature w i t h  a l l  t h e  T3P-thorim complexee b ~ w a  t o  date  
(see Pig. 4.1.2-4). Tbus, s y s t e m  containing this aromatic votald become oper- 
able emd~r any canditiona of TBP a a t w a t f o n  w i t h  thorium, and any degree af 
thuriunr re f lux  waul& be all~-+mble. 

Benzene is mre v a l a t i l s  t han  Amsco, has a m~nch Lower flash point ,  and 
its w e  introduces fire, toxicity, and. explosion hazeras. Tbese disadvantage% 
lWt, i f  not nuliify, the use of benzene in plant  The Plash point 
of 306 TBP, 15% benzene, 5546 Amco w a s  3 8 3  aa opposed to 149 P fo r  309 TRP, 

Rrasccr. Use of  o ther  mona t lc  s i n g  c a m u n d s  would a180 be U n i t e d ,  'beeawe 
of the earn disadvbntagea , a8 well  ae Pow a t a b i l i t y  t o  n i t r i c  acid and probm:ble 
imadlatloa-decompo~ition . 

Effects of other  organic compounds on t,hc two-phee f o m t i o e  are abom i n  
P Z ~ S . .  b.r.2-5 and 6 .  

.. 4.1.3 Solvent Capacity i n  t h e  TEP-Th-U-HpI03 Sge%em (W. IP* ~cDuFfcc) 

EIA* *TBP, 9 ( B C ~ J ) ~  *2TBP, and Tb (q 34.4TBP have been coaeidered aa the 
"norn;alU TBP complexes of these  th ree  inorganic substances (See. 3 02.2 1. h 
%be foar-coraponent system, i .%, , TBP-T~-U-HE&J, t h e w  eub-8hncetl mad be en- 
peckxi to cotqete in the s b o w  molecular ratios f o r  thk TBP "capacity" ' the 
proceee solvent on t h e  basie of t h e i r  relative 'bond s t rengths  and ionic  con- 
cen t ra t iom in the squeaw-orgmic ayatem, Eowever, the gradual "palynerizer- 
tion" of the  thorlum complex t o  the  tetramer, ~ T ~ ( R o ~ ) ~ * ~ ~ T B P ,  i e  observed as 
high nitrate e q u i l i b r i a  are approached. Tbie points t o  a azore probable r a t l o  

)4*2.5TBP for fts solvent sa tura t ion or capacity c o n ~ i d e r a t i o n a .  
avaetig%tors have favored a 3:L colrrplex for TBP:!Rl f o r  such conei- 

deratim.8. 

Table 4.1.3-1 and f i g .  4A.3-1 record d.istr ibution dsts obtained i n  a 

, . 
h ,  















- 5 0 -  Dwg. 15890 

Fig. 4.1.31 Distr ibution Coef f i c ien t s  (o/A) of ThciriUm and Zjitric Acid 

in 27.3 (or 1.0 M) TEP, 155 Benze~e ,  57.@ &co. 

Cum8 indicate a fairly constw2t r a t 2 0  of Th D.C ./Z?O, 
D .GI of abo1l-L 2.0, between 2.0 J and 7.0 R equilibriumJ 
no3 aq. Colrrpare vith curves In Fig. 4.lT3-2. 

Canditf ons : Aqueous phases containing eqaimohr mxlos 
of T)l(IJO ) and. HNO contacted vizh equal voiilnes of 

f 
the 1.0 d b P  snolvegt ( ~ h o r l m  and Ei aralyses recorded 
in ~able3.1.3-1) 

~0~' ( ~ q )  After EquLlibration (N) 



Table 4 .I .3 -1 

Extraction of Thorium and Ri t r ic  Acid i n  1.0 N (27.3%) TBP--ZS$ ~eazew-57.7$ h c o  

Conditions: Aqueous phases having a I%mo3 w l e  ratio o f  1,0 at varying total con- 
centrations were contacted v i t h  equal volumee of solvent; equilibrium 
9 normality in wueom phase calculated from thorium aod nJ03 analyaea 



!TBP-aqwow eystern containing equinolas. r a t i o s  of =(!TO )$  aod 2?T03 a t  vlssginq 
total coocentrations . D i s t r i ~ ~ i i t i a n  coef i i c i e ~ t a  ( C  .(A) J u r  ?%(TF+)~  ?em about 
s factor of 2 higher than those for nitric a.cid. P-?im1 sa%~mtion, conditions 
attclfned in  t h e  1.0 f*I TBP solvent,  8ccowt.ing Icr  a iLJb volmc hacrease, was 
calculated as o .la4 mo /0.104 M TIP and c .308 t.i m(~03)4/0,776 M TZP, which 
correspond t o  complexes o 2 and ~ . ~ ~ T w * T ~ { P o  j4, resgecti?ely. l l l e  
l a t t e r  r a t i o  compares mughly t o  t e tetramer lu~h:T3~7~vlOTBP. 

Table 4.1.3 -2 and Fig.  4 -1 "3 -2 record almilaz d i s t r i b u t i o n  data obtained 
i n  a syatepl containing egulmolar r a t i o %  of W2 j p ,  "I[?ljRdiO 14, arid 1~x03.  me 
n t i a  o i  tk a i s t r i b u t i o n  coefficients (o/A) for ~ G 5 o i i R 0 ~ ) ~ & n ( p i 0 ~  l 4  in 2.0 H 
TBP was observed t o  increase from 19 t o  35 as solvent  sa tu ra t ion  vaa! apprwched, 
and the uwnium ef fec t ive ly  "aalted-out" the t b o r i ~ ~ 3 :  Z'roa the o ~ g a a S ~  p b a e .  
Thls e f f e c t  i a  evident ly  r e l a t e d  t o  t h e  marked Increwed i n  f iea ion product 
decontfamination ars a function of percent s a t u r a t i o n  fa uranium-TBP s y s t e m ,  
e .g., as In the  Purex proceas . The &a+& a l s o  reflect & lmqe d i f  Perence .fn 
KFiq equ i l ib r ia ,  solvent capaci t ies ,  and er"ficiencie?s o f  deconlarnimtion by 
satura t ion in  the  uranim-BN03 and thorium-m03 systeaa  of TBP elftractton. 

Although t he  U233 concentrations i n  T'horex feeds a r e  megl4,gibl.y 6 1 1 ~ 2 1 ~  
the pmblem of con t ro l l ing  TI3P sa tu ra t ion  and capactty Yn fa counterc-*rent 

-TBP system become exceedingly ~ 0 ~ 2 i t a % e d ~  Control of Ei03 re- 
flu, tMr'""? with ts a t tendant  e f f e c t s  on t b o r i l a  d l a t r i b u t i o n  and recovery, has 
appedtred t o  be very d i f f i c u l t  Ln m d t l s t a g e  high-s8CaratFon s y s t e m ,  Use of 
large  solvent excesses, i.e., lov-rraturation syatew, m d d  perhaps railow an 
operable process but would certainly provide for pm1 fi~ia ion.  product sew- 
rations. 

The above-mentioned problem and their effects  on "steady-stratefhxtsac- 
tion conditions, as w e l l  as the problem assoc3.ated wkth  the  two-phase organic 
Porn t ion ,  were f a c t o r s  lesding t o  a choice o f  aluzxlnura n i t r a t e  s a l t i n g  and 
acid deficiency as Tborex procese concepts. 

4 .l .b Distr ibut ion Coef f i c ien ta  and Countercurrent Studies 
(W, T. McDuffee) ' 58,59) record extensive batch Pmgreae reports *om Bs te l l e  Memorial Inst i tuke  

e q ~ i b r i ~  data f o r  t'ae TBP-T~-HW-.J system, and YaSs work was nat duplicated 
by #e ORFlL Laboratory group a Eowever, the  a ~ p r e n k  f 'u t i l i ty  of predicting 
countercurrent ex t rac t ion  behavior i n  the TBP-ZB03-E?, slystem, on the baais of 
simple batch e q u i l i b r i a  alone, l e d  t o  the choice of asli ennpirical approach Lo 
procese development, which was based on batch c a w t e r c u r r e n t  " p m f i l e s . ' ~ e a e  
profilea,  which a r s ?  essent ia l ly  plots of Th(NO3)4 a-zzd EFl83 dis t r ibu t ion  a t  
various contacting stages, revealed t h e  impirtance of accurate adjustrzent of: 
(a) aoluent capscity, (b) thorium and n i t r i c  acid conceEltmtions of f'eeda, (c )  
aqueousl salting etreagth, and (d) flow r a t i o s .  Conversely, the Th-A1 (NO3 )3-TBP 
agetern ~ n a  shorn by this method t o  be very easily ctmkrolled In c o m t e ~ c u r r e n t  
operation. Figure8 4 . ~ ~ 4 - 1  and 2 show gi sketch of the countercurrent equipment 
and a diagrammntic explanation of t h e  laboratory  opemition as used in  various 
Tharex s tudies .  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
I .  a .  " " l  . e . r  * . a , *  . "  - *  * A "  < O t  r s s  r r r  . . . . . . . . . . . . . . . . . . . .  



Fig. 4.1.2-2 D i s t r i b u t i o n  C n e f f i c i e n t s  (o/A) of Uranpa. 
Thorium, and N i t r i c  Acid ia 54. $5 ( 3  .O H,; 'iF3Pl i,$ 3danze;el 
and 30. j$ WCD. Curves  i n d i c e t e  a rirked 2e~rassw.t ef%..zt 
of rtrani-um s a t u r a t i o n  on tiaoril:im extmctian and s szzalbr 
effect an nitric a c i d  extn'2,ctiou. T~hr imi -n i t r l e  acid c.lrres 
should be cclnparec with those in Fig* 4.1.3-1. 

Canditions: Aqueous phases conta in ing equimolar ratica or' 
U:Th:BiT0 contacted w i t h  ecq3m1 rsohu[pes of 2.0 M scivent. 
~raniuia,~ihoriim, and B* amlyscs are recairled-in Table 4.1.3-1. 

.. .*I . . . .I .* . ..* . 9.. .* . * *  " I .  * . a  . . *  . .  . .  
I t *  s . e *  C * . * I  * V .  . .  
= * a  I ( r * +  r r n n  6 , .  * r  
? f i e  6 ' r  r % ? .  % 1 



Tabla k.1.3-2 
A 

Coacfiticms: Aqueous p b s e a  containing a u/T~/EX+ ratio of ahout 1/1/1.25 at varying 
total i%ncentrations were contacted %-ith equal volumes of solvent; equlli- 
brim '1omsllty in aqueow phaae calculated from maim, thorium, 
and BHQ3 analyaea 



Pig. 4-1.4-1 Sketch of the Laborator-f Countsrc31ment Contact o r  
and the Lead Shft lde Ueed vlth Radiuactive &zerials 

4 k- 112" Diameter 

Interface Stirrer Pyrex. C l a s s  
(stainless Steel) C onkact ar  

Laad Shields 



Fig. 4.1.4-2 D-iagramczstic Sketch of a Batch Cmatercilvnt 

&traction Procedure 

*g- 

aclw- P r d .  
Waste - 

+ One Volume Change 



4.1 .ha Tbe 'I%-Ktf*-'PBP - Gystear (Prof i l e s )  
( i f .  T. McDuffee, A .  T, G r e a b ,  J, E.. Ssrmlainex) 

- 
Close corre la t ion of batch countercurrent data with e x t r a r r f m  column 

data ha8 been sbom i n  prevfoua d e v e l o p m t  work, Such data am? mful i n  
predicting column behavior with respect t o  the re f lux  of ex.trarcixtrle coarpa- - mats and to eteerdy-state operation* The complex and unusual natme of  corn- 
@trig reflux o f  thorium n i t r a t e  .and nitric acid i n  TBP rsymtenns mquired 
cloae h s p e c t i o n  f o r  an e e t i m t f o n  of  it^ behv ior . ,  There m a  a geed for a 
mrfgue organization of a m l y t i c d  data lo  order t o  a i d  I n  deterrnlxi-ing wbea 
d f 6 ~ n i t e  equilibrium vao attained i n  variaua systems, 

Repreeentation of the  condit ions e x i ~ ~ t i n g  i n  an extract-ion mlmm at  any 
fmhat is best  show by a p l o t  of t h e  equilibrfurn &tta taken fmm batch 
m u ~ t e r e u r e n t  rune (see  Table 4*l .4-1  and Fig, 4,1,4.3], Such plota have 
trcern referred t o  as "column proffles.'"n these p l o t s  the  oerotiersl block d i a -  
gnsnr i n  the center  repreeente tbe vmiaue stage8 and, by contr@crtion, those 
subered  upward represent the  scrub atagea vhile t'nose numbered c k w n m d  r e -  
present the extract ton stages* The feed is introduced rat t h e  firat extract ion 
stage, the  organic extractant  at  the bottam extract ion stage, and the  scrub 
sol~rtton at  the  top scrub s tage,  Eathods of p lo t t ing  the  ana ly t i ca l  data were 
tvafsldr: (1) as concentrations of t h e  coneti tuents i n  equivalents per l i t e r ,  
irom which by inspection the  d i s t r ibu t ion  coef f i e len t s  (D,C.) could be observed, 
and (2) aa individual eoncentratfane of t h e  consti tuent8 times the  flow r a t i o s  
(total eqt l ivdents)  , f'rora. which overa l l  mater ia l  d is t r lb t r t ion and extraction 
fartors (E.F.) could be observed, 

The ordinate8 vere taken at t h e  midpoint of each stage a& the abeciatlaa 
dorig tht horizontal  axie i n  order t o  represent either the concentration ss 
equivalents p a  l i t e r  o r  ae t o t a l  equivalents,  Since the re  are tvo p b a e a  t o  
be considered, the aFLta taken from t h e  organic phase were plot ted  t o  $he r i g h t  
of the block reprelsentine; t h e  stages and those taken from the  aqueom p W e  
were plot ted  t o  the  l e f t .  Since tboriumt and nitric acid both combine with the  
SIJP, tbe reprersentation of the  content of these  eubstancee, by eonvention, 1s 
plotted so that t b  Wee nitric a c i d  concentration is shown along t h e  hori-  
mtal axis  of t h e  eolunm stage i n  question and the  t h o r i m  eoacentm.t;ion on 
the same axis ,  but added to t h a t  of the n i t r i c  ac id ,  so t h a t  two CWUTVGB a r e  
obtained. Then t h e  t b o r i m  content is represented by t h a t  diatanee along t h e  
bor i roata l  axla  between the n i t r i c  a c i d  concentration curve and the  thoriunt 
concentration curve, In those eyatem which make must? of acid-deficient  scruba, 
tbe b a s i c i t y  o f  the  p b a e  i~ represented oc. t h e  a p p o ~ i t ; ~ !  haad o f  the v e r t i c a l  
aria of the  phezae concerned, Tbe thorium concentration of the phase i n  these 
Wtancea  is represented by t h e  horlzontaL distance between %he v e r t i c a l  axfa 
of the phalre and the  thorium curve, Thie mthod of repre~entatforl. is jus t f f i ed  
f o r  the aqueous pbsrse on the baaie that t h e  extract ion by TBP and t h e  s a l t i n g  
strength of the aqwous phaee of" the aystem w e  relzs.t;ed t o  both the eoncentpa- 
tion of the  R$ i n  t h e  aqueous ptkase and the  molar concentration of t h e  f r e e  
TBP i n  the  organic phase, 





Pig. 4.1.4-3 Extraction Factor Profile of a h t c h  Countgrcur.mnt Extraction oP Thorium 

P l o t  shawsaxt~tio~factors of b&h thorium and HBO thrvvghaut; the countercurrent system. 
The date indicate that 2U$ of the tborium irr remini& i n  the column, and, therefore, steady 
s t a t e  b e  not been reached. 

Feed: 2.&yTh(pl0~)~; l . 0 z s R 0 3  
Scrub: 1 . 5  1 HNO 
Organfa phasg: 113s TBP, 1% Benzene, k4j6 Aaaco diluent 
~ced/ecrub/organic = 2/3./8; 7 extraction, 8 8cmb stages 
Data taken after 7 voL ceca ( ~ e e ~ ~ a b l e  4.1.4-1) 

10 
~ 1 1 1 ~ 1 1 ' 1 1 1 1 ' 1 ~ ~  

0 

Scrub: 1 Vol of 
1. 0.2 n ma /0.2 H_ TBP = 1/i 

0.35-M ~h71.36 M TBP 
~~uuil~brium ~ a l &  

2. 0.1 M BNO /0.1 M TBP = 1/1 
0.58~~ mh.l*g I m - i p . 5  - - 

3. 0.52MHNO/0.12MTBP=1/1 
0.54 @ - 'Ph/2.u* 5 %F = 11/2.61 

4. o*l ; ,MmO/0.12MTBP~r/ l  
B e d :  2 Vole. of 0.49 in ~ h / 2 . 4  H 1% = 1/2.0 - 

5 %  0.2 M HNO /a,z M_ TBP = - 0 . 3 4 ~ ~  - ~ h E . 3 4  H_ TBP . 1,4 
6 .  Thor iw  Loss 

7. HB03 ,2856 excesls over input 

8. ~ h ,  5D;Q excess wer input 

%ue 0%' 10 0 Basic 5 5 0 o&ganic20 30 
Phase Phase 

Total Equivalents 



Tht comrpoa1t;ione of the feed,  ecrukl, and organic ext;rsctant were plot ted 
aei b l o c k  on t h e  erne scale 8s t b ~ t  of the contents of the sta%es, so tkt the 
degree of reflux or e q u i l i b r i m  could be obtained by fnepection, W n i m  
which is present i n  r~olutioaxa o f  irmdPated tborl~m i a  mually present in too . 
low concentrations .t;a be asignfficmt i n  t h e  plots.  

With respect  t;o thorium-TEP ~syatcm t he  suns plot ted m y  be broaetly 
c lasoif ied  fn the  following m e r :  

1. Aefdie feed8 

8 .  Acfdic scrubs, using EFl? 

i f ,  Ueing Hz0 

c .  A c i d d e f i e i e a t  itilcrubs wing acid-def i c i e n t  A ~ ( N o ~ ) ~  

2. Acld-daficlent feeds 

01 thew, only t h e  runs using acfdic  feede w i l l  be dfeeursse fa r e .  Acid- 

f P I 8eficient feed5 we e used i n  the, o ~ i g i m l  hexone 23 pmoceas 52 and i n  t h e  
OIWL Redox process 531 o r  the e x t m c t i o a  of uranium. Because of the loeager 
dissolving cycle required f o r  the preparation o f  acid-BeFicfenrt; feeds, -these 
processes vere not given ser ious  consideration in  the  Tborex proceee. 

Nitric Acid Serubblng (w, To McDuffea) 

Thia eystem is slow t o  come t o  s steady &ate  and i s  d i f f i c u l t  t o  operate 
(see Figb).4,1,4-4 sad 5, fn which tiae effkcta of vsrylnsg %be flow rates are  
ehovn) , Tfie prof i l e a  vere taken at, tkse end of the  f t ~ s t ; ,  thf rd, f l f t h ,  seventh, 
and t en th  volume change, In each pun, refluxing of the n i t r i c  acid was seen, 
b e g h i n g  at the feed p la te  and eontfaulng mtiJ the, nitric acid concentration 
increased i n  the extraetfon sect ion t o  8 higher concentration than exis ted i n  
the feed. The tho~fum concentration remined  esisentlally constant a t  t h e  feed 
dtage, but,  as t h e  pun continued, the %thorium concentration roae i n  t h e  extrac- 
t ion  aectfon, forcing the  point of mRxlmurn n i t r i c  acLB cocbcentratiort daw the 
extract ion sect ion ugtfl at the end of the  t en th  volume change t h e  n l t r i e  a c i d  
leaving the sptera sxceeaed the  feed concentmtion. 

fa Control Run 76 the  sgatem was nearly at A, ~tesdg atnte w i t h  respect t o  
both nitric acid and thorium a f t e r  t e n  v o l m  c b n g e e ,  Flow ersodftions were 
calculated to produes an equilibrium O F g m l c  product B t r E l $ m  8% a TBP/T~ rat10 of 
3 .?/L, neglectirag any TBP csneuuaptfosn by ECtdCQ. The thorium lows t o  the  aqueous 
m t e  stream was low (1-24) . 







Fig. 4.1 "4-6 Extractlcr? Factor Prof i le  cf Cow. tercmnt ,  
Extract ion of Thorium Sh,c~iw :he E f f e c t  c f  Using iv'arer cis Scrub 

Organic: 4@ mp, 40$ hscr7, 2@ ZJerizenn? 
Flow rate: ~eed/scr&/orgmic  2 i1 /3 .75 ;  4 scrub, 10 ext;raction 

atages - 
3 Vaf. changes 

Scrub: 4.p 
2 Vols. 

Feed 1.52 M 7% 
4 Voltr. - 3 



In Bm '77 the organic/feed flow ratio m s  reduced Ifram 5/41 t o  4 / l ,  cslcu- 
h t e d  on 9 ~ 2  equilibrium basis of a TB?/TZ~ ratlo = 3/1, as oppaeed to that in 
Run 76* The aysten progressed In the same laanaer with respect  to Zhariun and 
n i t r i c  a c i d  but  cam t t a  8 steady state w i t h  about 30s of t h e  thorium paasirg 
out with the aqueoua waate stream. 

In Bun, 78 the effect of decreasing the feer?/serub r a t i o  frcn 2/1 t o  111 
is shown. In this run the n i t r i c  ac id  uaiiiiatm rsppewed a t  the feed plate, 
moved &ma the extraction section,  and finally &tapped out of t h e  la& extrac- 
t i o n  atage, A t  the  sam t i n e  t ha t  t h e  n i t r i c  acid wimm droned  out of the 
b o t t o m  of the c a l m ,  thor im appearetl i n  the aqueous m e t e  stream, and at  t h e  
tenth volume change about 2% of the t h o r i m  -ma passing from the c o l m  wfth 
the queaus waste stream, 

U'aLer Scrubbing (W. T. McDuffee) 

This clyatenr offered little aOvantags o r e r  n i t r i c  a r i d  ecrubbirag,aince tihe 
nitric acid in the feed rtfluxeq as before and low extract fan fact-orar were 
obhlned because of the low salt strength l a  t h e  system (sea Fig. 4,1.4-63 . 

4.l.kb "Ilhe T~-A~.(?JQ~~~-T~P System (56% T. McDuffee) 

In order ta (a) supply an inextrerctak~le salting agent and (b) allow a 
combimtian Q a c k e t - s e m ~ a l  and slug-dissolving scheme, Al(l0 j3  was included a Ln both %he feed and scrub 8;yeteme. This afforded (a) high horlm ex%ract- 
crbility, (b] cif ictenf scrubbing, and (c) e a s i l y  controlled TEP s a t m a t  ion. 

Effects of Acid D e f l c f e n c ~  (V, T. McMfee) 

Tbis  system offered the  greatest advantage l f n  p r o t a c t i n i m  decont;amim- 
t lon ,  and no d e l e t e r i o u  effecte on thorium extract ion -were appred.  The 
pmtac t in iun  decontamimtiou to be obtained in t h e  process depended on hold- 
Lng the acrub section highly acid  de f ic ien t  with respect- t o  A.I(HCI ) . 9%c3rim 
u ~ 1  prec ip i t a te  a d i l u t e  solut ion a t  the ac id  deficiency 02d(08)2N03;  
homver, in more concentrates nitrake s o l u t i o w  no prec ip i t a t ion  occurs. 
Therefore, i n  the  extract ion sect ion of t h e  column w h e r e  t h e  conce-ntration of - 
thorium %I( low, e s s e n t i a l l y  neutral o r  slightly acid-deficient  conditions are 
necessary. It has been found that acid  def ic iencies  of the order of O .L-0.2 H - 
In an extract ion sect ion containing 0.5 M A 1 ( X q ) 3  represent the optlmurn con- 
ditierna rrith respect. t o  protactinium and- f i s~fob  product decon.tebmlm-t;ion and 
the recovery of thorium. k l ( H 9 )  soP'ttions mag be made acid def ic ien t  by t he  
aimolut ion oi aluminum metal i n  2g-- o r  xg-A1(rq03)3 t o  form iil(m)2A+, 
which nray be w e d  as a neutra l iz ing agent. The highly acia-def ic ient  scrub 
solut ions  m y  maintain the  scrub eectfon bss ic  wfth respct  t o  M(B0 l3 and 
at the same t i m e  be used t o  neutralize free acfd In process feeds, t d us  pro- 
vidkng a neu t ra l  o r  only slIghtZy basic extractian seetion, The latter cofidf- 
t i o n  ie necessary in  order to  maintain high thorium DOC. ' 8  (o/A) . The s a l t i n g  



atrength of A ~ ( O H ) ~ W O ~  Be less t h n  ti.at of n o r z s l  Al (PZ9 '~1~5~;  hence s l i&tig  
higher cmeentratdons of t h e  f~arixer a-e aecesssr j  i n  ?racesf conslderationa t o  
reproduce s a l t i n g  prapestics of the I a t d e r ,  SemraEizicg the n i t s t s  acid cn- 
t t r i n g  with t h e  feed r s i a e s  the  aqueom salt streagth i n  the eS=ct ion  sec t ion  
%?bile at  the same time semving the from coqeti-i;ion with thorium f o r  tbe  
TEP cawci ty .  

Tbe scid-def ic ient  syeten permite goad daeontaminatfoa of the 2% from both 
f i s s i o n  products and from Pa i n  a s ing le  colusrm* The c r h t i c a l  condition l les 
i n  the  ac id  def  iciency 02 t h e  scrub sect ion where t h o r i m  E ,F. %~(o/A) eronePrhat 
greater  than 1 .0  must be maintained. Eesul ta  obtai9ed in  a typ ica l  run are 
shown in Fig. 1.1.4-7. I n  t h i ~  run a Pa D-P* o f  19.3 STEQB demnatrated. Figure 
4.1.4-8 shows the e f f e c t  of increasing the number of s c ~ u b  tn~~-bagt?~ wand lowering 
the  number o f  ex t rac t ion  stages. 

Sal t ing  g f f t c t a  

The e f f e c t s  o f  ac id  deficiency of the  A ~ ( E ~ " Q ~ ) ~  acsubab, with reapact  t o  its 
s a l t i n g  effects are sthorn In Figs. 4.2.4-G and 20,  As the acid d e i i ~ i e n c y  of 
the scrub m a  increased, the  losa i n  sd t$ng  atrnngtki indicated by %be in- 
crease in t h e  thorium content of the  a q ~ e 3 1 a  atream, due &o Poidered t h o r i m  
D.C. k .  Colnpsrison of the runs represented i n  Figs. &,1.4-7 w d  6 with those 
in P i g s .  4 .P .k-9 and 10 show the e f r e c t  of varying TBP concentrations, s a l t  
rtreagtb, and acid-deficieacfee in  countercurreat iayatsms, The acidities of 
the feeds in  Figs.  4.1.4-7 ernti 8 were a t  1,0 Z Bi+, with the  reerult; that 
higbtr salt s t rengths  were rnaintaioed tkcr*<ue' .the spfern &ad high thorrltiin 
D.C.'s vere obtained. 

4.2 Uranium-233 Extraction (A. T. Grsaky, M. R, Bemett ,  S. S. Brandt, 
W. T. McDuffeef 

The d i s t r i b u t i o n  of uranium observed Zn the m i o w  solvent aystema 
studied during the  Thorex develop~ent  is reported below. A f a r w i z e d  ~tudy 
of all  var iables  a f fec t fng  dicstributian coefZfc3ents i n  these d i l u t e  uranium 
sptw hae not  ye t  been ca r r i ed  out. Errapiricaf a8 re la ted  ta required 
condltione o f  the Th-U-Pa seyxrations, are nonetheless regortea in order to 
detrcribe the general behavior of $33 i n  various proctsa s tep@- 

4.2.1 Extraction i n  Carbinolrt (S. S, Brandt, A, T. Gresky) 

Ertrac-tiability of $33, as well  as thorium, i n  ditaoprogyl carbinol and 
diieobutyl carbinol vss low enough to allow good separation from protactinium 
fn t h e  systems used for ps233 extraction, Table 4.2.1-1 sunnneuh?x?s the dgita 
from the countercurrent runs, vhich i l l u s t r a t e  the eseen t fa l  bebavfor of $33 
and thorium tn carbiaol system. 
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Fig.  4.1.4-7 Ext rac t ion  Tactor ProfTle of &itch 

Countercurrent EAract ion o f  T h o r t u  from an Acid-DePieSenr, Syntem 

Feed: 1.47 M - T ~ ( ~ T o ~ ) ~ ,  1.W H ~ 8 0  0 . p  &i &(KO ) - 3' - 3 3 
Scrub: 1.0 M U ( B O  ) OH, 1.4 A Acid Def ic ien t  - 3 2 - 
QTg;aaic PDslile : 54.446 TBP fn Arnaco 

Pe&/ecrub/organic flovrste : 1/1/3.75 
7 extraction, 8 ecmb stages 

Data taken after 5 vol. cbsqea 

1 1 1 1 1  
20 LO 0 .s 5-40 

Ban ie 
organic 

Phase Phase 

.. I.. . ... . .. .t . . . ... .. 
. #  - 1  . t  . . . I  
4 '  a .  * . r  . . ... * 
. I  * *  I . ,  * * . a  . . . . .  
. I  C *  . C * .  L \ .  . a *  

* ,  4 .. , A ,  '. < ' 



Fig. 4.1.4-8 ExtractLon Factor P ro f i l e  of a Batch 

Cauntercurrent Eeracticn of 2:.;rLm from an Acid-Geficlenf Syljten 

h a :  l . h g T h ~ ~ ~ ~ ) ~ ,  l . @ ~ ~ ? O ~ . Q . 5 2 M u ( ~ o ~ ) ~  - 
Scrub: 1.0 M A ~ ( A O  j OH, 1.4 A Acid Def ie ient  3 2 
Organic Phase: 5@ llBP la Amsco 

~eed/scrub/orgsnic f lov rs t ios  : 1/1/3.75 
3 extraction, 12 scrub stages* 
Dsta telrtn after 5 vol. chrenges 
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Fig. 4.1.4-9 W m c c i o n  Factor Profile of Batch Countercurrent 

Ektraction of Tharim In rm Acid-Def-fcfen? System. Data t d e n  
aft;er ei&t ~d.lurne changes. 

Peed: 1 . 5 2 H ~ h ( ~ ? O ~ ) ~ , 0 . 5 1 X B i i O  - - 3' ~ . & M A ~ . ( H o ~ ) ~  - 
Scrub: 0.5 M - Al(1~0 ) OH, 0.p E Acid de f i c i en t ;  2 Valmee 3 2 
Organic: 4 1 . 9  'f3BP i n  b s c o  dlluent 

7 Extraction, 8 Scrub Stages 

Scrub : 2 Vols. 

a 0.5 I1'. f i  

a 0.72 B A c i d  
kf icxen t  

Pet?&: 2 Vole. 
o 0.51 xp mo 

FFa3 
0 .b  g ~l 

Organic : 10 Vals. 

P i 
0 

(%SIC ) 
Aqueoua Organic 
P b e  P h s t  

T d a L  
EquiWent s 



Fig. 4.1.4-10 Extract I on Fact cr P r o f i l e  of 

Batch Caunfxrcilmnt Extraction ~f Ynmi In frm en Acid-kf  i c l an t  System 

W d :  1.52 H 'I%(~PO~)~ 0.51 11 &90 0.4 M AI(NO~)~ - 3' - 
Scrub: 0.5 M_ Al(~0-,,)~011, 0.411 N AeL.1 Deficient - - 

7 extraction, 8 scnib stages 

Data taken after eigbt v o l m  changes 

4 u e  oua Batl ic Organic 
Phase Phsso 

Total Equivalents 
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mble 8.2.1-1 - 

Dietribution Coaiiirients of $33 

and Tboriuma In Carb%aolar 

Coosditiom: Jhta are auanaarized fmm a nmber of countercurrent ruds which 
demonstrated protactinium extraction processes; started equilibrium 
conceatrations verc characteristic or extracting and scrubbing 
rrtagea of the wit 

1.2 g Tb, 2.0 11 mckJ 

- 

.. 

, 
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4.2.2 gr tract ioa i n  Dilute TBP Systcza ( A .  T. Gresky) 

The higher extractabi l i ty  of uranium i n  'PE?, r*i%h respect t o  thorium 8nd 
n i t r i c  acid, made p~oesible the use of very d i l h ~ e  system for eepar&tioe: the 
~ ~ ~ 1 1 1  conceatrationa of $33 from bulk %horim,  e,g., as i n  the O R i i  kterirp1- 

23 proceaar . Eorever, the conpetition 09 T % ( E ~  l &  and/or HfdO for the "Freon 2 'TBP -5 observed to be marked,snd in 5 o m  cases cirtveighed t, e effects  of t'heir 
sal t ing strength on uraniua distr iS~rbfon coeif i c i ea t .~ .  Table 4.2.2-1 re f lec ts  
th ie  behavior, ae observed during the in te r im43 clevelopnent (also see Fig%. 
5 - 1 - 1 9  2, 33 7, 6, 9, 11). 

4.2.3 Extraction i n  Concentrated T2P Systems 
(w. B. Bennett, V. T. Mc3uf"feei 

"Phe dietr ibut isn coefficients (o/A] of uranlm, in  the 30 t o  5C$ T13P 
ertssctioa of the relat ively e r d l  concen5r&tio;la of $33 found i n  Tlmrex 
eolutfona, were found t o  be strongly dependent an: (a) the squeow sa l t ing  
strength of both extractable and insxtracbble s115stehacesj such ae ~b(140 j4, 
H B q ,  and Al(~oj)~, and (b) the  rclat:ve "saturation" of t he  TBP by the sulk 
extractable substance8 i n  the aptem, e .g., TI;(:iG3)1; and/or HH03. Figure 
4.1.3-2 and Table 4.1.3-2 indicste the  relat ive nature of these effectta. 
Wnera;Uy, oving t o  its t h e  high eirxtrcactablllty .sad/or complex bona-strength 
of $33, problem i n  i t e  ertraet lon by concentrated T3P were associated v i th  
at~lpping conditions vbich w u l a  allow auff iclemly low aal t ing strength to 
permit distribution into aqueous phases . Empirical atate,  taken from counter- 
current studies of v a r i o u  process atep8, are  r ec~rded  irm Table 4.2.3-5. 

k .3 Protactiniuan Separation (S . 5. &aadt') 

The suc~errsful remval o f  protactinium f r o s  ?Emmx feed aolutlons h a  
been accompliehed by aeversl: methods. These se tbd~,  deecribed i n  the follow- 
ing; piarsgraphs, by no means cover all pos~t ib i l i t i cs  . However, they do repre- 
sent the scheme% which are f e l t  t o  be the most c3mpattble v i th  the proposed 
eolvent extraction processes. These wthnds f u l f i l l  the requirenaents of (a) 
gwd separation of protectlnium from the ather ??lorex feed constituents a d  



Table 4.2.2-1 

Distribution Coefficieo-t~ of $33 in Dilute TBP 

Conditions: Data are s-ized from a number of countereurrerst runs 
made during the develop~ent of the Interim-23 process; 
stated equilibrium concentrstiona represent aqueous ex- 
tracting, scrubbini?;,or atrip;?ing condit ion8 ; data indi-  
cate general effects of salting and/or solvent aatura.t;ian 
by fi(R0313, Th(N0314, and 3903 

1.0 Z A l ,  0.0 - I mo3 
1.0 g Al, 0.0 I - fB'03 
1.0 &Al, 1.0 - H mi03 
1.67 AI, 1.0 - R amj 

0.73 g Th, 2.6 g B M O ~  

0.71 M_ Th, 3.4 mo3 

3.0 g lIHQ3 

2.0 - n mo3 
0.05 - x awo3 

................ . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . .  
I . .  I e .  . , *  * # I  

e ,. -. ., v * .,> . , a . *  
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Table 4.2.3-1 

7 7 DiatrFbutioa Coef f icienttl of u~>-J 151 Concentrated TBP S:ptem 

Conditions: Data a r e  sumaxized frax a number of coun'iercurrent 
studies vhlch d e ~ o n a t r a t e d  Thosex proceas steps; 
equilibrilua con:entraticna o f  the aqueaue phase 
were charscteristic of extracting, acrlipbing, a r  
stripping atagea of the anits 

0.26 g Th, 0.17 g E X 3  

0.17 4 Th, 0.19 5 HEaq 



(b) mstntensnce of protactinium in a read i ly  accee~aibhe fonn f o r  ieols t ion.  
The Lattes condition allows the p m t a c t i n i m  t o  be e a s i l y  collected an3 

a l l o T a d  t o  decay to $33 and 
subsequently recycled, thus bolat tz ing the overa l l  $33 yield  fron; t h e  irra- 
ctiated thorium. 

4.3.1 Extraction i n  Casbinolw (S. S. Emndt, A =  To @ r e s b )  

Previous work had indicated t h a t  carbinols provided a h i g h  D.C, (O/A j 
for protactinium while, under t h e  sane conditlona , allowing co*s1pmati-;ely 
l o w  dis t r ibu t ion  coaf f icienta f o r  thori WL and $33 Much of the  laboratory 
work on protactinium extract ion by cmbinole was done with D B C  (diisopropyZ- 
carbinol ) .  This c a r b i m l  ws% chosen because of Lts favorable ~ r f o m n c e  i n  
cianrparieon w i t h  va r ie ty  of other alcohols tested, An investigation of t h e  
effect of various prprameneterre on t h e  d i s t r ibu t ion  c a t f f i c i c n t  of protactinizm 
i n  DrPC-aqueaus eysrtens produced the b t a  plot ted i n  Fig.  4,3 ,l-1 and 2.  
Supplensnting t h i s ,  the  data given i n  Table 4,3,3.-1 chrsracterized %he be- 
ZLthvior of t h e  main control l ing eo?aetitueslts fn T h ~ r e x  feed eolut-fons Zn D E C -  
sq.wc~us ayateme, These data indicate  t h a t  in the  case af a i % r l c  acid,  thorium, 
and t$33 the D.C. ~ B ( o / A )  were d i r e c t l y  proportional t o  the .thoslum coaceatsa- 
t i o n  and inversely proportional t o  the a c i d i t y  of the  aqueom feed. me 
reverse s i tua t ion  beld f o r  protactiniura, This behavior ma q u i t e  favorable 
for t h e  separation of protactinium from t h o r i m  and uranium i n  !Emrex feed 
rolutiuns . 

An indication t h a t  t h e  a f f i n i t y  of DrPC Par protactinium wss not due to 
a coarplexing act ion l a  shown i n  Table 4*3.1-2. It was concluded 3hat CrPC 
extracts  protactinium Prom aqueous solutions by means o f  a solvatin$ act ion,  
the eff ic iency of wbicfi i a  more than p~oportiontstely reduced by d i lu t ion  with 
an inert aolvent. 

While DIPC uaa q u i t e  spec i f i c  for p r o t a c t i n i m  exkraction, it wxie consi- 
dered to be somwhst un~tsible i n  %he premnce of n i t r i c  ac id  and it uaa not  
c o m r c i d l y  ava i l ab le  i n  high purity or g u m l i t y o  A subsrtitute f o r  DLPC was 
found fn DIBC (diisobutylcarbinol) .  A cornparison of the  protactinium and n i -  
t r i c  acid  d i s t r ibu t ion  eoefficiente ( ~ i g .  4.301.--3] ehova an equivalence of 
profsvtinium extract ion in D I E  and DPC, The n i t r i c  ac id  a i s t r i b u t i o n  co- 
e f f i c i e n t  i n  DLBC was lower tbm in D E C ,  vbich would a l l o w  f o r  a mare coa- 
eerPative o r  optimum use of n i t r i c  acid i n  an extract ion procees, Other advan- 
tagee o f  DIBC over D m  are: 

1, Higher flash point 
2 .  Greater trtxibllity in the preeence of n f t r i c  acid 
3.  Greater availability fn higher purity 
4. Lower coat 



Pig. 4.3.1-1 Dis t r ibu t im  of Prctac~l~iirn Ln EPC-Aqilecus System: 
Effect of Xi t r ic  Acid 3 s r i  LIZ ;ti 2rc'zacrLzI.x ZSis t r f  5ut icn 
Coefficient (CI;A). Il'he t~2r i . a  I s o j o r s  are t i t e  lines, the  ends of 
vhich are designated by numbers that ,~?pmsr?nt ?he Z'choriun 
n o d i t y  of the respective isobms. 3 e  keilvy llne represents the 
protactinim iX: ( 0 1 ~ )  as a Fmct-ion cC 3itr.i~ a c i d  concentm-ation %lone. 
Bate: This fig- shows %hat (I) the presence af thorium La aqleocs 
solutions of protacttni;m tias a &presaa~% effect on the protaci inPm DC 
(D/A); and ( 2 )  the p r o t a c t i n i n  DC Jc/A) is  more sensitive t o  changes 
i n  ni t r ic  acid. concentration than Fn chages  of thorLurn concentration 
at equivalent %ot&l n i t r a t e  ion Levels. 

Ga~it lons:  Equal  v o l m s  o f  aqueous so la t iao  and DOPC equll ihrstei l  
in a batch cmC&etor; phases separated and azlalyzed. 

. I. .. ... . L C .  I.  
. a .  . P I  1 .  * -  
* a  C * . e .  e t a  I *  
r r r  I r r  " *  E I  
/ ,  1 I ) , *  < "  s .  



FLg. 4.3.2-2 D i - s t r i ' o ? r t i i c ~  ,-f Pr;.+,ecti.ni3m 5x1 D E C  - Aqueous System : 
Effect of N i t r i c  d c i i  iz?; .:d7.zkx.z ex ; ? rc t%~t l r . I~m DC(O/A). %e heavy 

P 

fine repreaerits the _ = ~ c i % - - ~ - '  . .,L.-I& DIi:{O, i1.j 9s 3 f .~%ctio:). 3f nitric acid 
cmcentrat ion alone. igSote: 2 s  light CIL~-E s h v a  tht, in a HN02-iil-Pa 
solution at a gi~iven,total BC7' concentration, the =ircr.m inemas& im 
%.be protac t in t7m K \ O / A )  is zbtainad with 1.G 8 a; a .g., at 4 N total 

G l ~ t i o n s :  

- 
Tota l  NO3 aq (E) 



Fig. 4.3.1-3 Distribution cli P r o ? x i c t P n i ~  and F-litric Acid 
in Carbinol-Aqtueoua System. S P C ;  3 

Equal ~ 0 1 ~ ~ s  of p m t a e t i n i m  a o h t i c n s  o f  vary2ng 
a c i d i t i e s  and of  carbin01 ec,uilibrsted in B batch 
contactor; p ? x s e ~  separa*d w d  anaLjlzed 

mo3 sq. AFTm EQm-OLP (If) - 



-. . " . *  . .  Table 4.3.1-1 

Extraction of Aitric Acid, Thorium, 0233, and Protactiniutu i n  D m :  

Effect of lM03 and !L'h(ACk& Concentratton on D.C . ' 8  f #/A) 

ConBitiow: equal volumee of aqumue eoluttone and DIPC contacted for 30 min; the pbses 
eeparated and analyzed 

Bubheadings in tab1.e refer to concentrations i n  aqueoue soXution8 prior to contact 
with DIPC 





ISo uork WAS done t o  give a apecit'ic conpariaon of  the thorium and clistri- 
bu%h,sn coeff ic ient  i n  DBC and D"m-qzeous sptew;  however a, few bstch corn- 
termmeat suns u i n g  DIBC were carpied out to evaluate o v a r s l l  Tnorex p r o c s ~ s  
coc3itions. Results indicathted t'mt sozetrt~at higher thoa?3tPim an& $33 separa t ion 
factare were feas ible  (see Table 4 .2  +2 -1) . 

The ef'fect of' fluoride ion 30 protactinium digt r tbut ion eoeff"ieient8 i n  
c~vbinol-aqueous s y s t e m  was inves t iga ted  t o  dct~rmlne -&ether the f l*mride  
csWgst ,  added during t ho r fw  sl>q dissolut ion,  exerted any influence i n  
stbsequent operations. The dsts collezted i n  $hi8 etudy fndicatsd tha% f luo-  
r ide  ion depressed the  pra tac t in iua  extrac:ticn markedly except i n  the presence 
of tbozim, k l : ~ i n u m  inhibited the  effect of fltmride to aome extent .  The 
&*a are given i n  Table 4,3 .I-? 

W B ~  of the mrk concerned with the extractfon b e b v i o r  of  protactinfum 
i n  'E??osqueous sys tem has been of an  empirical riatare, The behavior of gro- 
tac%i=lfum i n  &flute  TBP-EN03 aysteros f s  & e s c ~ i b e d  l a t e r  i n  F iga ,  5,1-10 an& 11. 
The d i s t r i b u t i o n  coeff ic ients  of u233 were sr l~ff ic ient ly  d i f f e r e n t  from thoae 
of' tborim and protactinium to permil good separation of u233 from t h e  c the r  
P;va* 

The e x t r a c t a b i l i t y  of protactinium in wre concentrated (30 to 50$)  TBP- 
BY+ ~lystew was considerably higher as ahom i n  Fig ,  4,3,2-1, The die t r ibu-  
t ion  coeff ic ients  of protactin:un were of t h e  same order of magnitude a5 those  
of thorium under s i m i l a r  coadit ions,  Extraction of both const i tuents  From tbe 
~ J . E Q Q S  phase vas  possible,  but subsequent i3epration of the tm compaents by 
selective s t r ipping vas not feaeible since changes i n  the  d f s t r ibu t lon  coeffi-  
cients were essen t t a l ly  equivalent. U s e  of acld-deficient  alumia~m ni t sa te - -  
T)3P aystems has presented the  only feaeibls approach t o  thorium-protactinium 
e e ~ a r s t i o n e .  In tb ia  case, d e r i n i t e  f r a c t i o n a t i o n  of  protact in i lm fop= v a e  
observed, and the ~ o s t  eeractzrble  specfes exhibited s u f f i c i e n t l y  low dlistri- 
butisn coefficients i n  highly a c t  d&ef i c i e n t  ecrubbfng so1ut;iona to permit 
goad separation of protactinium f r o m  the thorium and uranium, 

Adsorption on S i l i c a  Gel 

The r e m v a l  of p m t a c t i n i  urn from aquecaua solut ions ,  e ,g , , the  Pa-F .P . 
etrem f r o m  Thorex Flowsheet go , 2, has been studled by a d s o q t i a n  methodsl. 
This mrk has indicated t h a t  pmtsctinium is readfly adsorbed and e luted when 
silica gel ia used as the adsorben.t;, Feed condit isas s tudied t o  data  have been 
(a) 0.3-M - AX, 0.1 - I K N 3 ,  and (b) 0.5 g A l ,  0 , 1  5 BF19 def ic ient .  

Sil ica gel was chosen a% the  ad~orbent; because of 
sare earths, zirconium, nioblura, scd r c l s t e d  elemate. 





Ffg. 4.3.2-1 Distr ibut ion o f  Protactintun in  TI%?-kqueods Systems, 
In &her e q r i w n t s  h i& tthori.m saturation of the TRP In thor',;ul3-~10,- 

systems was no* effective i n  deczas ing  the prvtrzctiniwn GC (O/A).  
Cerium, rdthenium, zirconluia, m d  fission product E 3 s  ( 0 , ' ~ )  are 
rmarkedly reduced by high thorilun-T5T saturation. 

Ccdi t fona:  Bpual volurnee of protactinium ao lu t ims  o f  n r f i n g  
acidities and of organic 801vent ( j W $  TB~-50;): Arnseoj) 
equilibrated in a &itch contactor; phases se-parated 
aad analyzed- 



shows t%e effect of flcx r a t e  on re teat ion of protactinium on a e i f f c a  gel  
e me c o i m  di~ezeasicns aad/or f low ra tes  were not optimum, and only 
555 of the  protactiaiurrr me retained. A colllnn of i,D cm diameter and 38 
cm leng",h, used i n  a 8-&st uent test, %,eaosbed >953$ o f  the protactinium a t  a 
flaw rste of 1.3 &izin/e 2 

&st af the  protactfniun Peed sc r l~ i fons  whd i n  evaluating the  aciaorp- 
t i on  condition&# have been acid deficient ; bowever, a compafffeon of ad801p- 
t i o a  an3 e lu t ion  ~ W r a z t e r f e t f c a  lu;a~r bota acld-deficient  eand acidic eondi- 
t l a m  uss mde, %fls no dffferacce wals n3t2IZd l r l  ~dsc3rptiox, &a m a w r e d  by 
r e b n t l o a ,  there  -as 8 wrkerd diffsrcraee I n  t h e  e lut ion of protactinium with 
4s ara3i.c acid solution, Figure 4,3,3 2 described the compfisstfve elu%iorn 
b e b r i o r  of protactinirta which hiid baea admrbed frool (a) acidic  %ad (b) 
acid-deficient feed s=lutions.  The ciut lon curve  of the protactfniurn which 
was sdscrbed from an acid-deficient  feed Indicated that f t  vwas adsorbed i n  a 
mre! ais2inct  bans t b a  t h a t  adsorbed fmrn an acidic  feed, This observation 
rse f u r t h e r  evidence of the sxistence of two di3t;iraet form of ppo-tactlnium, 
w 6deacribed in Sec , 4.3,4, The coapriacan thus favored a procerse system i n  
vbich protactlniun uould.be adsorbed frcrtn an acid-deficient  feed, e , g , ,  the  
Pa-F .f . stream of Ttirrex F l ~ w ~ h e e t  Bo , 2 ,  

Osle t e s t  run was obade t o  determine the  p~otsetinfizm capscfty a d  break- 
through character is t ics  of  a s i l i c a  g e l  column= The test  was run long enough 
to give results which were qu i te  optimistic for process y ie ld  considerations,  
The data a r e  plot ted  in Figo 4.3.3-3. The bres:kthpougb point at about 68 IdZ 
of feed per m i l l i l i t e r  of adsorbent my be explained as the  breakthrough of a 
p&rticu.lat" species of p ~ o t a c t i n i u n ,  tkqught to be "ionic ," The 4$ csxallc acid 
elut ion curve f r o m  t h i s  capacity t e s t  shcm i n  Fig ,  4,3.3--4 9s aimilsr t a  
curve Bo. 1, Pig, 4,3.3-23 which depicted th* elut ion o f  protactinium adsorbed 
f r o m  an acid-deficient feed, Mcre thin 9% of t h e  protactinium m a  e lu ted  i n  
a tot& volurrje e q d  t o  1/16 of thst of the or ig ina l  feed solut ion.  Excluding 
t h e  difcplacenaent tn37m.e and tail, 9% of the pm%actinierm m a  eluted i n  a 
mime equal. t o  1/40 of that of the  feed. 

Thc effects  of Tilorex feed constituents, e.g., F-, *13+, &ad ~ h ~ '  ions,  
an  protactinium adsorption behavicr were b r i e f l y  fnvestiga%ed, Exploratory 
teats indicated no adi.eree e f f e c t s  of f luor ide  o r  a l m i n m  ions, Although 
twrium did not a f fec t  protsetinium adeorpticn, i t 8  prenence was observed t o  
complicate the elut ion s t e p ,  ~ o r l u n :  remining In t h e  column at  the end of 
sdsorptfon and/or subsequent 7sa3hing was obserr-red to form occluding prcclpf-  
t a b s  when contacted v i t h  the 44 oxalis acid  elut'ing solution.  Protactinitrm 
recovery and i so la t ion  fk.om the  PtamF,P, fitream - a u l d  then parhapa be l imi ted,  
o r  &peadent on e f f i c i e n t  and c 9 n ~ t a o t  ramval of  thorium I r a  t h e  extract ion 
cycle.  Agothtr practical conoiderat Ion poeelbly limiting the use of a i l i ca  
gel colutrms involves the Zlandling of cruds vttfcb w i l l  be p r e ~ s n t  i n  Pa--F.,P. 
streams. Pulse colulane have ~ L o w I ? ~  the eliminatlcn of undesipabXe f iltra- 
t ion or eontrifugatian stepa far feed elaxiffcation, so f k s e  f s t r r ! ~  will 
n o m U y  contain the cruds pmduced dwlng  s lug  d ~ a e o l u t l o n  (see &c, 4.5.3, 
ps rasaph  a). 





Big. b.3.3-2 E h l t L o ~  0.t' Pr0tzct:si3;n frm S i l i c a  ?el. 
mote: Curves are a2parentl;r in_c?ieaz-lve ( a )  of varying 
eq~lilibria of ion ic  -pof  z r i c  prc tac  ticiim spectes i n  
t h e  adampt ian  feeds, and L,:?tls {t: of' a a h a ~ r  and 
later b r e & t l ~ o i a ' I  of the ~ o 1 : ~ z e r i e  f r a c t i c n ,  suspected 
at  nigher Levels io t h e  a c i d - d e f k i e n t  feeds. 

Conhitions: Pr3tact ia ium eluted fron col1m9s vh'ich had adsorbed>g@ 
of t h ~  ~ r c d u ~ t  from e q d  v a l u m s  rf (1) tm acii-deficiexlt 
feea a;?d (2)  an ac id lc  feel.  

2olm.: 1 cm i .d. x 33 cm rille& w i t h  50-zesh s f l i c s  gel. 
MsolprLon &ae: (1) 0.5 24 a, 0.1 3 af03 tiet.irisZt, l9> P a  @ c/min/ml; 

( 2 )  0.5 iu, 0.1 P ~ ~ O g ,  5 0 ~  Pa I! c;min/d; f lm raze 1 d / h i n  - 
Elu+,riant:  4$ oxalic acid; r"l& r a t e  .L zL!./mFr. 

Texperetxm: 25% 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
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Fig. 4.3.3-4 Elut ion o f  T r o t s z t l n i m  fron Silica Gel 

Calunur: 1 em i.d x 38 cn 
Adambent: 20-uesh silica gel on WfilcS was ads~rbed 3 ~ $  of the groLactlnlum 

taken frm 9 l i te rs  of a feed having an a c t i v i t y  of spprox"scelg 
4 x 105 c/min/kl. (see Fig. 4.3.3-3)'" 

Elutriant: 4% oxalic acid; f l o w  rats 1.3 ml/'?iin/cn? 
Teaperatwe: 30% 

VOL. OF ELUTRIAE3T PASSED TEIiOUClH COLUMPJ (ml x 100) 

m e  sharp breakthrough was cansidered cF&cacteristic of the adsorbed p o l p r i c  
fraction of mo%actinium. 



In tbe Interim-23 plant  procese, a s i l i c a  gel c o ~ ~  inaerted i n  the BP 
($33 product) stream me ai'ftctFve in s e m v a l  of the c o l l o l b l  protactinimi 
of tb% stream. The effectiveness of this calm i a  shorn i n  the  following 
tabulation : 

Column: 1 by 36 in., =-mesh srilica gel 

Flax rate ai solution: 9 ml/min/cai? 

b c s t i o n  o f  Samplirq Cmss 6 Decontamlnstion Factor 

BP etream above silica gel. column 1-57 x lo5 *.. - 
BP strema below s i l i c a  gel co1w.n 6*82 x 103 23 

4.3.4 Observed ehemicaL h h a v i o r  (So  S . Brandt, A .  T. Creaky) 

Durlng the  course of protactiniwn s tudies ,  evidence waa obtained which 
indicated the existence of two d i a t t n c t  f o m  of the  s leaen t ,  presumably ionic  
pndlgotyp#rr$c bpecfes . T'nese f o r p  a ~ a r t n t l y  e x i s t  i n  an e q u 5 l l b z - i ~  which can 
be ehif ted  i n  e i t h e r  d i rect ion by proper choice of pH conditions. The ionic  
Porn, apparently hfghly extractable i n  T W  01- arcmrbfnols, ie Pavored by acidfc  
conditione and exia te  almost c o q l e t e l y  8% ntq concentrations higher than  3 g. 
The p o l p r i c  form, which i a  probably a radiocolloid and- is  generally iaex- 
t ractable ,  1s favored by conditions of low a c i d i t y  o r  acid deficiency. 

In a br ief  experiment to characterize polgmerization of protactinium, 
solutions conducive t o  polymer f a m t i o n  *rere allowed t o  stand f o r  several 
weeks t o  assure equilibrium and were t;hen extracted with DLPC, Other portions 
of these solutions were aciaified t o  3 EEOQ and a l s o  extractes. The pro- 
tactinium tracer used i n  these experimente had been previowly stored i n  a 
7 solution to maintain the  ionic species. Resate  indicated t h a t - t h e  
p o l m r ,  i f  f o m d ,  can e a s i l y  be shifted t o  the  iopic epekiee by facreasing the 
a c i d i t y  as follows: 

I 1 I 5 27 7 23 I 



15 another erper iaent ,  Thdl-Pa eolutione at varyfng a c i d i t i e s  were each 
exOracte3 with s Pomf~Ld volume of 45% "*"BP, 158 benzene, and 405 Amco. 
IPaUaulng this, each aqueous la-fir ma inzmedfateiy extracted a second time 
a h  an addit ional fourfold value of t h e  TBP s o l u t i ~ n . ~  The result% art? 
Pieted i n  tbe %llowing tabulation: 

a ~ u b t f u l ,  not  rechecked. 
%ecfpitatlon occur~ed i n  squeoue p b s e  , 

The data indicate tbat (a) the  f irs t  extraction removed the ionic  species 
t h e  squeoue phase, and (b) l e f t  an unbalanced equilibrium i n  the  aqueous 

~Wlee. Xn acidic conditions the equilibrium m e  rapidly regained, as shown 
by the equivalent d ie t r ibu t ion  eoefficisnta for the second extract ion of the 
acid  aolutione. I n  neu t ra l  or acld-deficienx coaditfona, a f t e r  reatova1 of 
the  ionic ~pecies, the  equilibrium msr not regained. The lower protactinium - e r t r e c t a b i l i t p  o b ~ e r v e d  st 0-5 g Hm03 m e  not recb.ecked. The data a l s o  in-  
dicate that, i n  ac id ic  sys tem,  the  p ~ o t a c t  inium d i e t r i b u t i  on was not mrkedly 
affected by thorium saturation of the. TBP ., 

- 
4-4 Piasion Product Seprrjnation ( A ,  T* Gsssky) 

ThP pri-y problem in £3-7 decontsul4aation of the u~~~ and T?h23* pro- 
d u c t ~  i n  the  Thorex procem has been asaociat&l with the uaually Limiting nature 
of the: p r o t a c t i n i m  s c t i v i t y ,  aince i n  short-cooled i r r ad ia ted  t h o r i m  the high 
levels of pa233 errsentisfly minimize t h e  f i e ~ i o n  product a c t i v i t y  levels, The 
protactinium eeparation techniques and growe 0-7 deccantarninat;fon have therefore 
s e ~ e i v e d  the greatest par% of lepberatory study t o  &ate, The bebavfor of i ad i -  
*dual f iaa ian producte b e  been invetstigated to  only s lPmlttd extent  In 
~ % ~ i o u a  proceaa steps,  owing in wt; to the tediow and d i f f i c u l t  ranalyticsl 

. ~ 



problem of radiochenicttl sepsmtione of the  e l e ~ e n t s  gro%actiniunn, ntobium, 
and zirconium as found i n  ce r ta in  process streams. A typ ica l  radiochemical 
d y e i s  of a c t i v i t i e s ,  a f t e r  &out three  months' cooling, va% 87.3$ fa, 
10.7s totsl r a r e  earths, 3 . 6  Ru, 0-55 FD, 0-38 Zr,  

4.4.1 Exbraction i n  Carbinc3.L~ [ A .  T. Grea'qy) 

Problew i n  radiochemical analyslar ha* l imi ted  precise doteminatione 
a i  f i s s ion  product d ie t r lbut ion;  however, Table 4.4.1-1 Padica-t;es the order 
of e r t r a c W b i l i t y  of the l i m i  i g f i ~ e i o n  products t i n  d i ie~opropyland d i i so -  
b u t j l  csrbinoolas . In general ,?la the . i - ~ i o a  products zirconium and rutheniun 
were moat extrsc table  i n  diirsopropyl carbinol, and (2) apparent f ract ionat ion,  
t s p t c l d l l y  of ruthenium and zirconzum, was observable by co imtercment  eeps- 
ra t ion  (see etages E-1 through 8-6 i n  Table 4.4.1-1). Bta on niobium were 
queetionable. Total  rare eaxltbs, ruthenium, and zl~eonlum vere less extnpc- 
table in the di isobutyl  carbinol,  and niobium appeared a8 t h e  met extractable  
speclea. Tht data i n  Table 4.4..1-1, taken *om the protactizllum extract ion 
step of Thorcx Flowshoot No. 1, %bow the observed F .Pa D.C . 's(o/A) i n  the 
extract ion (E) ana acrubbixg (S) s e c t t o w  of the comtercllrPtn% ml t ,  

4.4.2 Extraction i n  D i l u t e  353 System (A. T, Greaky) 

The d i s t r ibu t ion  of a l l  f i s s i o n  products in to  1,5$ THP =a very low, a8 
observed in  comtercurrent  sttraies of tfre Interim-23 proces8. Emever, cer-  
tafn s d l  Fractions of Zr and Fib, apparently entrained i n  the  d i luen t ,  were 
observed t o  contamiaata the product stream and the  v a s t @  solvent. Obeesved 
D.G. 'a (o/A) i n  tbe  extraction,  scrub'wing, and s t r ipping sections of the 
countercurrent un i t  are given i n  Table 4,4,2-1. 

4.4.3 Extraction i n  Concentrated TflP S p t e w  T, ~realry) 

Fiseion product extraetfon i n  concentrated TBP is  considerably dependent 
on solvent sa tura t ion,  aqueous salt strength, and n i t r i c  ac id  concentration. 
me t o t a l  rare ear th  and ~uthesium dfs t r ibut ion eoe9ffcients were m e t  mwkealy 
reduced by thorium satura t ion of the ~olver i t  - The d i s t r ibu t ion  coef f i c ien t s  
of zirconium appeared to be m s t  strongly affected by  n i t r i c  acid, in the  
absence o f  ealvent saturation, and vill probably constitute the l i rai t inq f i s -  
sion product contaminant i n  tbe Thorex process, Efobiua! appears t o  be essen- 
titrlly nonextrsctable. The dis t r ibut ion data f r o m  ext ract ion and scrubbing 
sect ions  i n  countercurrent f lowbeet  demonatratf ons are shorn Pn Table 4.4.3-1. 
The high extractability of tots1 rare earths, ru tben im,  and zirconium i n  %he 
absence af thorium or TBP satura t ion ( s t a ~ e  E~s-5,  45% TBP! should be noted. 
Variations i n  a c i d i t y  enre seen t o  have a negllgiSle e f f e c t  on t o t a l  rare ear th  
d i s t r ibu t ion  (stage 33-5)- Table 4,4*3-1 records dla.tribution d a t a  from extrac- 
t iaa and scrubbing sect ions  io countercurrent i'lovahect demomtratione, 
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4.5 Associated Problew i n  the  Development (M. R. Bennett, A .  T. Gresky, 
ir ' .  T. ~ c D u f f e e )  

Certain general fea%ures and probfems aseociated with the  concept of  
the '%orex process are presented i n  t he  following paragraphs. Some of  L'nese 
problems have received curaorg labo,mt>ry study,  and da ta  are presented. 
Others are discussed t o  indicate  the  degree of p r io r  a t t en t ion  by other  groupe 
or the necessity f o r  future laboratory 8%-dy, 

4.5.1 B i t r i c  Acid Dissolutisn of Fuel. (M. R, Bennett) 

The disso lu t ion  of thorium f u e l  m i t s  f e  the  I n i t i a l  step of the Tfsorex 
process for separa t ion and recovery of ?J233, ps233, and thorium, Tke thorium 
metal, normally in the form of aluminmi-jacketed cyl indr ica l  slugs, i e  hra- 
d i s t ed  acccrrding t o  the  nuclear reaction 

After a cooling period,  781"ying from 313 t o  130 days, the metal 9s ctiarged t o  a 
dissolver ,  and t h e  d issolut ion is carr ied  out. on a b t c h  basis  - (A more unmual 
process f o r  continuous d i s ~ o l u t i o a  of t h o r i m  roetal, and/or Jacketed s lugs ,  is 
oow under study by the Unit O p w t i o n a  group and appears t o  o f f e r  v o ~ t h w h i l e  
engineering advantages .) The present nethods POP slug dissolution include: 
(a) a two-step procem for (1) r"emo~al of the alminum jackets i n  a 105 RaOH- 
204 Isalp3 so lu t ion  and (21 d i s s o l l r t i ~ n  of  the  thoril;;;: metal fn 13.0 M m 0  
containing O . O E  TC, 2'- ian: o r  (5) a one-step process in which the jackete i  
stugs are  dis~ la lved  b3iiuultaneously i n  t'ne m O ~  aoLutton containing 0.075 M F- 
and 0.005 g Iig2+ ions.  m e  l a t t e r  x t h o d ,  which allows u t i l i z a t i o n  of the  
dFasoLved aluminurn as a "aaltfng agent" i n  t h e  Tharex process and p e r n i t s  
simpler diseolving techniques, i a  t h e  procedure c m e n t l y  i n  use, The s lugs  
axe charged into the dissolver  sad reacted at  t h e  boi l ing point f o r  about 8 
hr before dissolutiion is complete, the product solut ion being approximately 
1.0 g in BPJCkj, 2*0 g i n  Th(ET03)4, and 0 , 7  % i n  AL{No~) . It is ' then Wans- 
ferred t o  another tank f o r  f iml  adjuetment t o  Thorex 3 eed apecif fca t ions .  
The gaaes evolved durLng the  thorium d%ssolutfon eonaist  arafnly of B2 and R0, 
with smller smgunta o f  I@+, B20, and H2. The t o t a l  o f f  -*a volume is about 
50 l i t e r s  per kilogram of thorium+ Moat, of tine N% evolved i e  ~ e c o n v e ~ t e d  t o  
HBCkj and HE% eartion with H20 i n  a domdraft coadenrier snd ia refluxed t o  
the dfaeolver . Pf 5 1  

4.5.2 Dist r ibut ion of Beryllium (M. R ,  Bennett) 

The dia t r fbu t ion  of  b e r y l l i m  i n  the Thortx separation process was of  
cons ide rab~e  i n t e r e s t ,  s ince  beryllium become$ s neutron source by t h e  react ions  



7 Greater than 10 overall  beryllimn deeontainim-tion Prom $33 was sonaidered 
to be of prime i q p s a n c e ,  and a sapmatioa fac.t;ar GS. a t  l e a s t  10' over the - e;nf;tre solvlent extraction flowsheet was :onsidered mandatory- Tolerance 

limits ibr light element inpurities I n  IF33 products were pointed out i n  Sec, 
3.0 and Fig. 3.0-2. 

,. 

Feed eolutions vere spiked with 0 , T O  g 4f fberylfiuia per liter ( i , e 4 ,  
abti% 2 g per kilogram of thorium), and fta d i ~ t ~ i b u t f o n  m8 followed over 
w h  of the ateps i n  Thorex proceas Bo. 2e Sipectsographic acalysea of organic 
and aqueous pbasesl at the feed plate  of the tbopiuna axtraction cycle ind-fca- 
teif a beryllfm D.C. (o/A) of about 1.0 x ZO"', Eo beryllium m a  deteciable 
in. the organie product fmra th ia  step. Besylliura i n  both the aquebus aad 
organic atteams of the "prefe s a t i a l  stri .pmnstep ma repopted a% t'ne ainimm 
d n e d a  c l i m i t  of 3.0 x 10-5 g / l i t e r .  Pais same l i m i t  uae found i n  the 
find. $43 product aolution from the stripping s tep  before and a f t e r  a fifty- 
fold PoZume reduction. This allowed quotation of an  overall  separation fac- 
tar f o r  beryllium of 5 x 105 or  &Pester, (An additional separation factor of 
20 was reported from the pepexoxide ptecipi ts t ion i n  the ~ i ~ 3 - i s a l e r t i a n  step, 
which indicated that  an overall  D.F, of 107 or higher i s  possible ia the  pro- 
p s e d  process. ) 

4.5.3 C r u d  'Problem (A.  T. Gresky, M. R, Bemett,  S, 5. Brandt, 
W. T* XcWfe'ee, J. E.  avol la in en) 

Several types of cruO problems have been eccountered dur ing  development 
of the Thorex process, e .$, , thoae associated with the' (a) dissolution of aetal 
slugs, (b) decompositfon of Amco, (c) deconrpogition o f  TBP, and (d)  use of 
e o m r c i a l  Th(NOJ)4*bli20 salt In process studies. TSe behavior of these cruds 
an2 the manner i n  which they af fec t  %be proces~ are gives in  the following, 
par-~ha. 

( 8 )  Fil tered cmda from metal dissolver solutions contain s i l icon,  
thorflms, and corrosion products* The mterial i a  made up of pay crystal l ine 
en& ~ U l c e o u s  matter, which tends t o  plug f i l t e r s  eaaf ly,  The eourcee of 
the~o insoluble6 are probably both metallurgical contarniwnts and corrosion 
pmducts. Fi l t ra t ion  of avch "hot" soline is an undesirable process feature 
aad is not proposed for  plant operations using p d a e  columns, so the bulk of 
tb.,es+ cruds will go v i th  the 'hot aqueouhl waste &ream folloviag thorium ex- 
traction. Certain coLloida?L, surface-se.tive fractions will psrzbably contr i -  
bate to tbe usual column interfac9al cnas  obsewed In ~ o l v e q t  extraction 
processing. The cruds i n  the aqueow waste w i l l  contribute t o  problem in 
a psopoaed s i l i c a  gel adsorption s tep for  pmtactinfum recovery, and the 
Znterfacial fractions w i l l  l ike ly  require o p m t i o w l  column control and w e  
of as-entrainers o r  phase separators. 

(b) Organic addikion compounds and decomposition products of t h e  ali- 
phatic-aramatic diluent, i .e , ,  Amseo, may be formed in the  process by oxi&tr- 
tion, nitration, and/or nitrite addition in the presence of n i t r i c  and n i t r o w  



acids. Subst i tu ted branched-&bin =onrstic cols;pounds m y  be awpected as bhe 
most lanata*ble &iP.ut?nt Tractions which wydd contribute t o  eb rao.2-cs of Lbeee 
crud formers. Sam of theee a t e r i a l s  can p r e e m b l y  Oom melah-orgmiie corn- 
pounds, dye-like c a q o u n d ~ ,  and ssaga, which c m  ba mmsed fran the organic 
phase by m h i n g  Vith C ~ W ~ S C  s ~ 1 ~ i ~ f ~ B  oz by B ~ B O ] T ~ ~ ~ ~ Q T I  on esilics gei. Coa- 
eiderable ammtes of i n t e ~ f a c i f t i ,  eeeuls",~ C X U ~ B  h 8 ~ ~  been ~ b s e t ~ o t d  t o  
c o l l e c t  during caus t i c  zrcsahing of used 'STjP-Am8co solvent.  J i t r o  comp.&s 
of  h s c o  were found to contribute t o  the extraction retentian of a c t i v i -  
ties, as re11 as t o  crud f ~ r s l a t l o n ,  so a preczmdltfonlng of the di luent  to 
islcrelase its e t a b i l l t y  ~ O U I E K " ~  p r a c e ~ s  ~ 0 n d f t i ~ n 0  has been proposed (see Sec. 
4-5.51, 

(c )  Tbe cruds meactatled wtth TBP decomposit hra products %ere discweed 
a t  length ia S e a ,  3.4.9 a& 4,1,1. Studfee o f  these cruds have emphasized 
the necessity for judicious conefderatlon of solvent handliag v i t h  reapect t o  
(1) ef'ficient solvent clean-up procedures, m d  (2 f hyamlysi~ rate effecta 
during TBP hold-tq, e i t h e r  in i n t e r i a  s torage,  in process, or in emergency 
shu%dovn of columns. Crl& of t h i s  type are f o m d  from strong compounds o r  
complexes v i t h  the h a v y  netdiis, e,g,, thor imno,  and ran eon'cribute t o  process 
emuleion formit ion and proauet losses .  

(d) Csuds aaeociated with the commercial thorim nikpate t e t r a h y b a t e  
aal t  (mantle grade "TB'I?") =re obssnred to create dras t ic  problem during 
ear4 UtaZt Operatiom s tud ies  of p d e e  calvrnn operation, "fbe d i f f i c u l t l e e  
were trrrced t o  t h e  use of ce r ta in  batchea of the 8alt which contained exces- 
allve ImpurPtiea, eepeeiaD$ v i t h  reapect t o  s i l i c a t e s  and phoaphtea.  In 
thew2 atuaiesr, whieih were eoncern~d vith testfntug t h e  "ac id -def ic i~n t"  CirrJOrex 
flowaheat, It appeared tht eoluble or colloidal s i l i c a t e s  cawed ernidslow 
and the phosphate8 cawed an amorphous precipi ta t ion of thorim salts .  The 
difficulties were m i f e e t  i n  the extract ion aection, *ere low aqueowi thorium 
concentration and a pH of  about 2.5 were characterfa t ic ,  a d  contributed t o  
early column ZlooUr~g or Snoperability, li3veatfgatian of th ia  problem revealed 
t ha t  the  pmce?ss would " tolera ten t h e  w e  of WT's w i t h  s i l i c t t t e  at  about 280 
ppm and phosphate a t  about LOO ppa. Analyses of a auftahle and an unsuitable 
a m p l e  sre s h m  below: 



Reatoration of the  poor-grade KG-B uaterial ,  for feas ib le  use in process 
s tudies ,  was accoq l iahed  by iiua differen?. cetk3C7,8: (',) heating the  di~aolvedl  
salt at U 3  t o  3.20"~, i n  the  preeence of hi& ;& and/or B O j  coacentrs- 
t i o m ,  to dehy&ate the soluble s l l i c f c  acid  eatee and thus elhmimde 
the i r  eauZ.aiFying prctgertiee; it ie pointed 012% that proposed d.ie~olution pro- 
cedures muEd duplicate ",his conditiogl acti thus reduce the delatertou.8 eTPects 
of any such materials from metal diseolvlngs; aad ( 2 )  extraction of ts,xp~I- 
n t e s t a l  feed eolutiona (1,5 5 Th3, 13,T g RI , O ,5 23 illJQ3) m t h  about one-third 
uoltze of di isobutyl  crarbinol-l,0 9NO srss g e n e r a ~ l y  sufficient to ram= 
the e ~ ~ l s t t g l l l g  s i l i c e ~ u s  material. A d t i o n  t o  the feed of f e r r i c  ion, i n  s 
f ive-to testfold exceea of the phosphate concentration, was found t o  cowlex 
the phospb*s a d  prevent fhdrium precipi ta t ion i n  t h 2  process stream. 

The philosophy of waste disposal ,  with conaideratione of heal th ,  s a f e t y  
and economy, necessarfly a f f e c t s  al1,approaches t o  chemical separations pro- 
cesaes sesociated with radioactive m s t e ~ i a l s .  Pmiag  the  Thorex process 
developaent the problem of dispaeing af "hot" liquid waste cnntalnlag srolids 
m 8 e .  A comprotnise has seamed aeceaesry between storage of large  volumes 
of "cold," coating-reaaval, wastes vtth smll volu~x!i?~ of' radioact ive  
waste cacceotratea, and (b) no coating-reaaval wastes with large volumes o f  
rsdioactiqre, ~o l ids -con ta in ing  wastea. m i a  cozpromise is f l l u a t r a t e d  by (a) 
an a l t e r n a t e  gropciaial o i  %orex Flowsheet Yo. la, sa ehown in Sec. 5.2, para- 
graph d ,  Which used n i t r i c  acid alone f a r  "eait ing2" aLa opposed t o  (b) Thorsx 
Plouaheet Xo, 2, arhtch required a l m i n u n  nitrate s a l t i n g o  31 cmtiafactony 
balance of mate 'hanilling features ,  v i t h  chemical and eaglneel-Lag feasibility, 
waa thus a f i r s t -o rder  problem i n  choosing a f i n a l  proeesa approach. 

The chemical concepts which af fec tea  "ho t 'Y iqu fd  -mste disposal i n  
Th&l%x procesa La =re involved primarily v i t h  the disoolving method, which 
would require separate dis%oLution of t h e  alminurn iackets, e o g Q ,  in  a sodium 
hydroxide-sodium n i t r a t e  aolutlon,  p r i o r  t o  n i t r i c  %cia dissolving 09 thorium 
metal for the  proceea feed p ~ e ~ a r a t i o n ,  A rather volumiaow i%ceo~llt of cold 
alwninun-sodim aqueous %metes spvould thus be produced; however, w i t h  exceas 
nit;ric acid supplying the needed sa l t fng  rctrength for subeequenthot  ex t rac t ion  
steprs, final volme reduction and n i t r i c  ae ld  peeovery would make poaaible the 
production of r e l a t i v e l y  smsll atorage volumeer of ffasion product wsstes, as 
in the Purex pmcess. 

The norex Ho. 2 process, on the ofher hand, muld make w e  of B simul- 
taneoua dissolution of alumfnm jackets and thorium sltzga In n i t r i c  acid, t;huo 
elSminating the volminous cold aluminum-sotlim wastes but requiring s torage 
or processing of hot  aluminum nitrate w s t e e  - 

Wing to the mre favorable chemical ~ q d  o p e m t e o r ~ l  featwee or t h e  go. 
2 process, as d i ~ c u s e d  in See. 2 ;.a, the poaafb i i i t i ee  for decootarninsbtion and 



recovery of alWnurn n i t r a t e  a r e  bein& considered as process adjuncts i n  order 
to dllevisr te  t h e  hot waste problem. Xethods my involve (1) sltermte! 
pmttaetiniura recovery s t e p  i n  which a d d i t i o m l  P i a s i o n  product ac t iwi t i ea  
wuld be extracted from the  U V  atrean, e , g , ,  with T9P, 12) an ion-exchange 
step far aluminum s e p r a t i o n  and %econtanimtlon,  (33 a2 t a l m i n ~  c r y s t a l l i -  
zation and c ~ n c e n t r a t l o n  s t e p ,  e .$ ., from coacentrated i?N?, o r  (4) a, com- 
bination of tm or three theere rneS;hoc?s+ 

In addition ta  the  problems of l i q u i d  uaate dfapssal, the removal of 
gaatoue f i aa lon  product and nitrogen oxides from dissolver off -@%see may 
require some study.. A u n i t  t o  perform t h l a  type of function in the  Pwex 
pmcees v i L l  be t e s t e d  and m y  be adaptable t o  1Pt?orex regufrersenls. 

4.5.5 Preconditioning Diluent A m c o  ( W ,  T .  ~ l c ~ u f f e e )  

Prtcondit ioning of  the  d i luent  Awco, using n i t r i c  s c l d  and s i l i c a  gel 
treatment, has been found a d v a n t a q e o ~  i n  o b h i n i n g  a diluetat which 1s more 
@table torard n i t r i c  a c i d  i n  process s t r e e m ,  Such t r e a t m a t  a lao  offers 
advant&ges i n  reducing the tendency of P a c t i v i t y  t o  enter  the  d i luen t  and i n  
rendering the organic aolutiona more eaaily s t r ipped f r e e  of i3 s e t i v l t y .  

Durtng the p l m t  operation of the  Interim-23 process, which w e d  a 1.5$ 
TBP-Amco rrolution as the ex t rac tan t ,  the  organic phase was ob~errrd t o  B ~ B -  
color during runs. Aleo,  a f t e r  s t r ipp ing  out  the 6 3 3  the ex t rac tan t  was 
fotrnd to r e t a i n  p and 7 a c t i v i t i e s  t o  an ob jec t i amble  elctcnto In another 
instance, vhen pwre Alnsco di luent  was wed aa a disalacing mdium Tor a hot 
fee& of high and 7 a c t i v i t i e s ,  the dl luent  quickly became strongly cantarnin- 
ated, dthough very l i t t l e  mixing of the organic and agueow phases had 
o c c m d  . 

b c o  di luen t  Is a complex mixture consis t ing p r inc ipa l ly  of a l i p h a t i c  
hydrocarbons, with small percentages of' a r o m t l c  and o l e f i n i c  coapcmnde. 
The latter compounds are quite react ive  toward n i t r i c  acid aolutiona, e . g . ,  
!L%orex feede,  which my a c t  ae oxfd lz lw,  o l t r i t l n g ,  OP s r l t~at l rag  agenta. 
!&? producta o f  the  react ion of n i t r i c  ac id  d Amsco have been fomd to  be 
nitrogen compawds (R-N%) and organic sc ide  f e 5 )  when accelera ted  teats were 
cnn&ucted with 6 Ii - P I N 3  at 7 0 ~ 6 ,  

There was evidence that the preeence of nit-ro eoupcmdrs i n  the  Amaco 
diluent increased the ex t rac t ion  of B aczivity, The d9f f l cu l ty  of s t r ipp ing  
the a c t i v i t y  fron the  d i luent  %is also enhnced,as eho-a fn Table 4.5-5-1. 
This table shows tha t  p~etres tment  of h s c o  di luent  with 8 g EEC) caused 
increases in t h e  amount of 0 a c t i v i t y  picked up and held through $he scrubbing 
and s t r ipp ing  operatione. 

Certain data(56! have Indicated that washing uesd l,5$ TBP extractant 
ulth 0.1 5 Na$03 improved the B D.F, 's ob.t,sined i n  t h e  subsequent run. This 



Preconditioning o f  Am~co Diluent: EfZect af  ;Mi%ric Acid 

and/or S i l ica  -1 Treatment on Extmetion and 

Retention of l3 Activity 

Conditions: Amco YP. pretreated by: (A) one-f i f l h  volmes of' O .O 2, 8 R, 12 El, or 
16 n HE*, followed by vaahing vith ma-f i f th  voluses of %O, 1.0 H BaOB, 
and-0.1 BJ UsCO3; and (B) portions o f  the above were thm passed t&ough 
45s. mluuma of 20-mesh a i l i c s  gel at a rate of about 2.0 d../.in/cnr?; 
r UMW feeds, 1.5 M_ Tn-0.5 5 A l - l  .O 3 Hli03 containing about 109 B 
eTmin/ml., were then (1) equilibrated vi?h the h c o ,  which was then 
scrubbed with three passes af (2a) 1.0 H A l ( ~ 0 ~ ) ~  or {2b) 1 M AI(S03)3, 
1.4 acid-.ddeIictent, and then (3) stripped with one pas3 of-0.05 
Wo3; gmss B ac t iv i ty  in the organic phase n s  determined after {I), 
(29, and 13) 



w u l d  indicate presumably tha t  soae cerarpotmd was re~oved which interfered vith 
the  Q Oecontrsrnination. P re l idaa ry  data indicate tha t  t h e  prersence of EDZ02 
accelerates the s t tack  of solutions on AWCO, Treatment of Amco ~ L t h  

i n  the presence of e~rgll amounts of and 0.55 eulfamic acid ~ n d i -  
t auff"anic acid vas not an effect ive inhibitor of t"ne fEU3 attack. 

Si l ica  gel exhtbits a parked ttaaency t o  ss lect ively adsorb the olefins 
and aromtice.  Awco which hati been pawed through a bed of e i l fea  gel showed 
much fnrproyed cWacterfs t ic ls .  Qn contact with $-active feedar, the diluent 
absorbed less activity,  snd acrufib iog and stripplug were mare ef flcieat (eee 
Tfbble 4.5.5-1) . The? data show that, regardleae of v b t  acid g r e t r e s t ~ e n l  the 
diluent received, the siL:clo gal treataent improved it atill far ther .  Bowerer, 
the &st resul ts  were obtained with diluent which had received only t h e  8Plics 
gel treatment. 

Thus, it appears tbt the best method of preconditioning A.mco uray con- 
sist of' treatment with eFlie8 gel. The mat econonical s f l i c e  iplf~msco ra t ios  
ha%! not yet been determined, bat it $.a f e l t  tha t  effective result@ can be 
obtained with low ratioe. (The &at& in Table 4.5 -5-1 indicate tha t  the detario- 
ration products of the Alnsco resu l t ing  from ftIg03 attack fare also remove8 by 
silica gel. It apparrs that a more s table  and effective extractant can be 
obtained by preconditioning t he  dilwlmt with  s i l i c a  gel  prior t o  eslvent mke- 
up and thereafter t rea t iag  the used TBP-Amco solutions with 1,0 HaOH con- 
tain?Lng a a d 1  quralstitg of silica gel (about g of 8-v s i l i c a  gel per liter.  
of sodim hyc3roxide), 

4.5.6 Corrosion Problew ( A .  T. Gresky) 

CMng to  the necessity for fluoride catalysis  in thee n i t r i c  acid dissolu- 
t ion  of currently used thorium h e l e ,  def ini te  problem of corrosion associated 

i t i e s  vitb the very active fluoride ion i n  proceaaing equipmnt and latorage fael, 
sre ant$cfpated. The extent of the problem with rermrpect t o  fluoride distribu- 
t i on  and concentrations In the  process eyeltem xill be investigated by the 
Isbratary p u p ,  while materials and e q u i p n t  corrosion teat8 w i l l  be carried 
out by the Unit Uperatione group. Corrosion-dapreraaant effects  of thorium ion, 
8lurninum ions, andlot. acid-def ic icnt  conditfom i n  the process solutions rare 
variables expected t o  b t  studied, 

5.0 Discussion of Chemical Flaweheeta (A. T.  Greeky, W. To McfXlffee, 
6 .  S. Bmndt, M. R. ~eaaet;t) 

Tfie primary features, present stesturr, and diagrams of the three flowheeta, 
5 .a*, Interim-23, Thorex Ha. 1, and Ttzo~ex So. 2, were ~ e s e n t e d  and di~curraed 
briefly in Sec. 2.0 of this report. Further c r l t i e a l  detxf la  and comnente, eon- 
caning each of the process etepe me presented below, i n  outline, 
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5.3 Interim-23 Proceea ( s e t  Fig. 2,8-1) ( A .  T, Gresky) 

(a) Purpose: 

An interim developwnt t o  provide recovery and decontamim%ian o f  
an a-rgescy requfrement of apgroxfrcstely 4508 g of $33 irorn short-cooled, 
'EIdord-Prrsdia.t;ed .thotorim sl3ugsl; thorium and protac-tinlua (%a aqueoug metes) 
were  to b stored f o r  fukupe recovery., pending d e ~ e l o ~ m e n t  of a Ttsorex .pro- 
C r B 8 .  

(1) A eimple, rapid  slug diafsolutlon ma feed g p e p r a t l o n i  (2) Pre- 
f e r e a t l a l  extraction and decont-aminatios 09 $33 fro= tho~iurn, protactinium, 
anit f i s s i o n  produc%s by use of an ac id ic  t h o r f m . a l m i n m  feed with vide apeci- 
fl.catFon l i m i t s ,  a d i l u t e  TIP extractanti, s neutra l  alumiplvn nfks'ate scrub 
wolution, and a aystem o p e r ~ b l e  i n  g d e e  column coobctore;  (3) ef"ficfen% pro- 
&uck s t r ipping and concentration by a d i l u t e  n i t r i c  acfd strip eyetern; (4) 
~ i t f o ~  protact ln iua  and f i s s i o n  pmduct dacontamimtfun by ellPca ge l  ad- 
sorption; and (4)  addi t ional  thorium d.t3cantmi~nat1on and product irsolation by 
ion exchaogt on Dovex-50 res in .  Cather prfixay features of the process involed  
(6) a preconditioning of t h e  Awco di luent  with n i t r i c  acfd;  and (7) wed- 
solvent recovery and decontarnimtiou by treatment wfth sodim hyd~oxide and 
all ica gel 4 

(c) Process Details: 

(1) Solveat: 1.55 !EQ i n  an Ameco 12-23-15 diluent,, &ich ma found 
optimum f o r  recovery and separation from thcrium. The Amco us8 
preconditioned f o r  higher s t a b i l i t y  t o  process acidities by i n i t i a l  contact 
with 10 EY HE103 i n  o r d ~ r  to reduce crud formt ion  in e:&ractfoc coluana aad/or 
solvent &covery steps. m e  TW-Ansco solvent was pret reated and recovered 
thy washing with one o n e ~ f i f t h  volume o f  1,0 N Ram (to form sodium s a l t s  of" 
the decoarposrition product8 MBP and DBP) contzlning 0.5 g of 8-@ s i l i c a  gel. per  
liter (to adsorb n i t r a t e d  o r w n i c  compounds and/or c o l l o i d a l  a c t i v i t i e s  ) and 
three one-fif th volumes of O , l  M RaOH o r  H%CO3 ( t o  s t r i p  MBP-DBP salts, s i l t -  
ca gel, and f f s e l o n  pmducta fr'i;rn the  organic phasra), ktermimt ion  of the 
pcrcen tqe  of TI3P involved a H+ e i t s a t f o n  of the crganfc p b e e  previously 
saturated t o  TBPeHH9 by equi l ibra t ion with 8 IT03 [see Figs , 5 *I.-1 through 
6) 

(2) Peed solution: 60- to %-day cooled neutron-irradiated unbnded 
alumlnm-jacketed thorium aluga (about 3 moles of t h o r i u ~  per mole of aluminum) 
were charged i n  20@ thorium excess and diesolved a t  120 to llroc in 13 N HNO3 
( 5  moles per mole of  thorium and 3 moles per nole of elurnbum), 0.075 g F" 
(thorium react ion c a t a l y s t ) ,  m d  0,005 _M H ~ ~ +  (aluminum react ion c a t a l y s t ) .  

.. ..* . . . .. .. . ..' . ... .. 
4 . .  . . ,  . . . *  a .  a '  
. . e s  . , L *  " r r.. C P S  .. 
1 . C  r . * , * I '  E U  4 .  
a , , >  . . .  B I  I a , , ,  P .  a -  . . - . . . . . , . \ , . .  . .  



Fig. 5.1-1 DSstr ibut ion Coefficients (o/A) of Uranium and Tkoricim, 
in Dilute 3,'TP-Thorium S:rstern, .b fine tlms cf Percentage of Y E .  
Sharply decreasing uranilm mu t!~oriuin e-utrsetion 3 .C. ' s i O / A )  
b e l w  I.$ TE'? may be a resul t  of slcrtrer i cn i c  d i f f l ~ s i o n  rates. 
Cantact times vere standardized a t  about 3 min. 

Feed: 0.75 MTh, - 0.75 M U ,  0.33 EHNO 1.05 2; of U per l i ter  3' 
Scnib: 1.0 A ~ ( ? ; o ~ ) ,  0.0 moj 
Organic m e :  0.5 to 3.@ TE2 in h s c o ,  neutral  

Feed/scr~b/organic countercurrent e?xtractloa flow 

8 &raction, 6 scrub stages, 2.5 Vol. changes 

Ursnium 
o Tborium 
E Extraction Sectlon 
S Scrubbing Section 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . a a .  a ,  o r .  n r r  



Fig. 5.1-2 $33-~h  Separation Factors snd Recovery and/or 
Loss, as E'unctlons of Percent "fBP and Contset S t s e s .  

' .  

TA) s.F. at s-mb stages 2,4, m d  6 ( 5  = proauct stream); 
(3 )  $ of feed U (aq) at extraction $tams 1, 3, 5 ,  and 7 (1 = feed plate); 
(c) $ o f  feed U (org) at scrub stages 2,4, and 6 ;  these show 25% reccvexY 

with solvents 1.5 thrd 3 . 6  TW, high losses 111 0-5 arid l.U$ TBF". 

tkmtercurrent extractions, 6 separai;e ~lms; 2.5 vol .  c b g t i s .  
Feed: 0.75 g Th, 0.75 M_ Al, 0.38 5 ILHO?, 1.05 y o f  U per l i ter  
Scrub: 1.0 M AI ((m0, ), , neutral 



Fig. 5.1-3 Distr:but:on Ccefficient ( o h )  of $33, pa233, 
!l%oz%~un, and R i t r i c  Acid in Dilute 235. 

Aqueous phase: 9.2 M a, 0.45 K Al, 0.8 M El70 0.8 g of U per. liter, and 150 Fa p c / m i n k  3' 

Organic phase: 1.5 to 3.0 $ TBP in Umsco, w u t r a l  
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Fig. 5.1-4 Beta Deeontmiria%ion of Ueed 1.5% TIP ty YasSir-q 
vith Ha CO -Si l ica  pal. Procedu-re adopted t o  ~ ~ n v i u e  solvect deeon- 
-=-"for the I?2%@rit~-23 prrxleea was as f o l l m s :  h e  ~/ ' j -va l .  
uaah with 1.0 Yam c o a t a l n i q  0.5 g of a l l i c a  gel per i lcer ;  
three subseqmat; washes r i t h  0.1 FJa,CO aliine. Cmplete remval 
of si l ica gel and activities r s s  g e n e k d y  attafned. 

Gondltiona: B, y - e ~ n t d m t e d  1.5s ZZiP washed with eq?&2 v 0 1 ~ t 8  
09 0.1 M 1Pa CD coritaining varying w a t e  of 931 

2 3 si l ica gel; @, 7 a c t i v i t y  in orlgizlezj, and washed s q l e s  
counted in Geiger-MuelZer tube. 



5.1-5 Solybilf.ty Losa at" T3P on ' inshine 1.55 TBP-Amco 
Solvent w i t h  0.1 .lzs,CD . cr-3- 

Cmilitiona: Solvert washed with ~ a r y i r l g  v c 1 m e  of 0.1 N_ Xa,60 L. 3 
solution. 
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Zlhe react ion @sea were ecruVoeCZ with eodium hflroxide !e& filtered; dissolu-  
tion was essentially cgzplete is about 7 brl ieavbg e, aolu%ioa o$' th.0~1-~LL 
nitrate, aluminum n i t r a t e ,  and n i t r l e  acid a t  a spec i f i c  gravity of about 1.9. 
me dissolver soi~~ti-tian me coaled t o  90 t o  ~W'C and t rans femed  to s Peed 
prepration tank and adjlnatcd vfth =%ex- to  ck s p e c i f i c  ga~a~%%y o f  about ;l:68. 
"1Phe ffnal, feed conditions were 09 the order of 1 .$ H Th, Q .S M A9, 0 . S  t o  1.8 
Y 839, ~2 r 1013 p c/nin/ml (11% gaoaetry), and ~ 2 - x  lo6 $33 a +/min /d  
'152s ~@os~€K& j feed 8ci.dit.y arzd thorium ron3en-k were scmewhzat c r i t i c a l  with 
respect  to d i s t r i b u t l c n  tn. the  extract fan system, oviag t o  TBP-saCwa- 
t ion  affects  of Ttn(N@3)4 and mQ3 [see F i g s ,  5,1-7, 8 ,  and 9 ) .  

(3) Scrub acrltxtion: 1 ,CJ ,ki alumfnum nltra+,e, neutral.  Acld d e l i -  
cicncy vse obeewedi t o  decrease protactiniunr and fission product extract ion 
in the solwnt; however, pulse r 3 0 1 u m  studies lndtcated d i f f i c u l t  mixing of 
auch a solut ion v i th  the l.5$ TBP-Amco, Conditions were such as to maintala 
$33 extract ion and permit good separation from Ynorf tm, protact  lniuza, and 
fission products in the fscrubbing operation (see Figs, 5,1-2 ,, 10, and 111 . 

(4) Strip selut:on: 0.05 R B B O ~ ,   he $33 D.C. (o/A) o i  about 
0.02 permitted good product at,-ipping-and cesncentration i n  a r e l a t i v e l y  shor t  
colrpma. Organic -8P;able C O ~ ~ O  f dZLk f r a c t i o a ~  of p a t a c t  inim and/or f i s s  lea 
products were observed i n  the  strippi% ~operstioa; hc~wever, @ and 7 D.F,'s of 
only 2 to 10 were obtained f o r  the product, stream. 

(5) S t l i e s  g e l  columa: 20-mesh SIE~CR gel packed i r n  a 9.0-in.- 
high s t a i n l t ! ? ~ ~  steel  c o i m  for %me in thg 75 ta 100 kg of  t h o r i m  per day 
plant. Tbie column MU placed i n  t h e  ~$jj product ~i t resm from the atsip 
col& t o  adsorb the p r i n c i p l l  co l lo ida l  a c t i v l t l e a  and permit add i t iona l  

C 0 l ~ .  

5 & and 7 d~c~ntmill~sL:on- No @ 3 v ~ 8  gemsne~tly atsorbed or loat in %hie 

6 FrotactiaPum-thorlua aorption be<: 0,2 liter of Dowex-50 (60 
to 90 wab, 8$ croas-llnkedj In a 3- in , -Siaaeter ,  2-In.-hlgh col-urnn, This vaer 
placed i n  the product atream, precsbirrg the  product colunrzl, t o  a&eorb prefer- 
entially any tracer8 of t h o ~ l u n ,  p~o t sc t in iu ra ,o r  slumlnm not reraved o r  da- 
entsalned i n  previous steps. As the rung pr~g;ressga, these elements were 
expected t o  displace! t h e  te;r?ptirax=ily adsorbed $33. Tais permitted consider- 
able ionic and active decontamination of  the product and simplified subsequent 
elution Prom the product column, The bed ma calcula ted  a t  200 t o  200s exceae 
of' that required to hold all the thoriurn expected in 1509 g of $33 product 
and remine8 i n  place POP the durat ion of' the i n i t i a l  Interim-23 prcgram; the  
adsorbed u233 uas firzally t o  'be p r e f e r e n t i a l l y  e lu ted,  permitt.fng complete 
product recovery. 

(7) $33 P ~ o d u c t  catfcm-exchange eolunul: 2*4  litere of' Dowex- O 1 (86 to 9 =ah, 6% c r a e s - m ,  calculated at LOO$ excess 04 deeired @ 3 
capacity (aboui 320 g?, in a water-jercke'ced, 3- in .  -h~ameter ,  24-in ,-high glass 
colunoa. Thi &as place? f:rz~:ly in the p ~ o d u c t  &ream t o  acborb and concen- 
trate the  IF?!^ f r o m  t e n  to thl l tecn ext-mction c o l a  rune. The light-yellow, 

.. .'. . *.. . .. =. . * . ..* .I . . *  * .  . * . I  . * .  . + *  . ... L . .  . . . * . . I * .  
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~ t g .  5.1-7 Dietrib~%ion ~ a i f i e i e n t s  (o/A) o f  $33 mi. a ~ i ~  in the 
Dilute T8f-5% System, as F'wctions of N o ~ z . l i t : i  of ZG.3, ir? Pee'l Sob.lt"uiotls. 
*creasing mi= ac.d thor im extractiaa D.C. ' a  (O /A )w tb  in:ma~i3g 
acidity w a s  due to e a p e t f t i ~  o f  firaO f o r  W satu-%tion. ~cereeslng 
wax~1.a scrubbing D.C. @/A) uae due 30 Lmr sat;i.atian ul' TaP by thorlum. 

Countercurrent extmctf on 
Feed: 0.75 M Th, 0.75 % X I ,  1,08 g of U per l i ter ,  
Scrub: I.OE-U(EIO ) 0.OIY-EKO3 
: 3% in m c o ,  ceutml 
Feed/Scrub/or@e f lw ra t to :  4/1/4 
8 extraction, 6 ecmb stages; 2.5 Vol. changes 



Fig. 5.1-8 Uranim-233 R e ? ~ - ~ - e r y  .-cdjcr Loss in t21e I. 5% ?:%eP- 17aystcm. 
~s a ,Paction ~f Z I G ,  Co2c;ctra:ion i3 Fee4s. 3rms 8% (3.0 sna 0.75 
fOd0, gave c a q l r f , e  :~&niurr: ~ c o v z r y  an1 *.ere at e q ~ ~ i l i b r i u n .  B u s  at 
l.lJand 2.0 N DT02 @m i n c o ~ l e t e  umrilun recovery or  had not attained 
cctaplete equy l ib r l . a  in 2.5 ..rsl:me ckmges .  'JrsnilM D .C. ' 5 were apparent ly 
redseed euEic ien t ly  5 - T%F-,'(' i."hd3 sstuai*stion co decrease stage efeleiency 
arid to increase u r a n i m  lasses. 

Countercurrent ex t rac t ions  (4 r ~ n s  ) 
Peed: 1.5 Ei Tfi, 0.0 t o  2.0 3 X?;iO 1.0 g of U per I t t e r  - 3' Scwb: I.. 0 s .U (KO ) , neutmi  
m n i c  phaG: 1.%% i n  A e o ,  n e ~ t r a l  
&ed/acr~b/osganic E l m  r a t lo :  41115 
9 ASrac t ion ,  6 s c n b  stages; 2.5 Vol. chnttges 

mo3 Is FEED (2)  

(A) Organic streams a t  c m t e r c u r r e n t  scrub s tages  2,4, and 6 
(6 , u233 prcduct);  

(B) Aqueous streams at countercurrent extraction stages 1, 3, 5, 7 ,  
9 (1 = feed  late). 

* 



Fig .  5.1-9 Percentags of $33 Eec~vereii an2/ar 10st i f i  15% 
TBP-T'h System, es mcticn of EZr3lsrity of ' E ( X r j + j ~ ~  La 2nterzm-23 
Feed Solutiocs. mote : ' c1u3reee inaFcate js) a c ~ ~ t :  9 . 5 %  me~.',:m 
recovery in nine stages with 1.5 M_ t h o r i l s  Bed; (b) &pit d 9 . e  
uranlLum recovery I n  seven stage8 with  1.25 M_ thi7rilm Ee05; 
( c )  abaut w.6 uranium recoyem tn seven stages with 1.75 5 
thorium feed. The l o s s  in{@ c m  be aacri'ced to ~ e c r e s s e d  
extraction D.C .. s @/A) ?or uraniun; avicg t~ dacreased aqutoca 
salt strength, whereas loss in ( c )  w a s  di~e t o  thorium eaturntlon 

Countercurrent E x t r a c t  ions 
Feed: 1.27 to 1-75 M- '111, l .0  M EX3 1.0 g of ~129nium ys?r liter 
Scnib: 1.0 A ~ ( N o ~ ) ~ ,  IEl?tm~- 

3" 
Organic: I.5$ YEP lo Amsco 
8 extraction, 5 scrub ssages; feed/scrub/orgmic f lm ratio: ti/l/5 

T ~ ( I ? Q ~ ) ~  I3 FEEXI SOL~"JTION (M)  - 



Pig. 5.;-10 Protactioim 2.C. (0f.4) :'=+a 1.55 TSP-1-0 3 ELl(m9 1 
System as a Function of 3 Conc.?n.tration. 3 4- 

Aqueous phase: 1.0 &J .41(430 ) , -0.4 to +1.27 BtQO 
3 3 3 

Organic phase: 1.59 TBP in ftmsco, 0.13 1.1 %YO - 3 
Organic /aqueous r a t i o  : 111 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . 1 .  * .  . 9 " C I  . . 1 1  1 
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Fig. 5.1-U Distiibutlon Coef?icienta ( 0 1 ~ )  a? $33, pa2339 , 
Tb, ia the D i l u t e  TW--1.0 & sll (?iO,i, +-atem, sa ,%ctions of 

Rontoslity oi m ~ ,  a d  ~escen~%~^r?  or' sp. 
J 

Organic phase: 1.5 to 3 . 6  TBP in Amsccl, rralch ha3 h e n  used 
in a prior extraction of a feed. 1.2 5 $, 0.8 ENDJ, 
O . t 5  5 Al, 0.89 of w i u n  per l i ter ,  10 i)a 
B c/min/mt 

Scrub solution: l . C l M ~ l ( l X l )  0.0 t-, 4 . 5 g ~ i G  - 3 3' 3 
~rganic/aqwow rat lo : 5 / ~  



Table 5.1-1 

Typical. Analytical k*xi from Cauntercmrent 

Btudiee of the Interim-23 Pracees 

Conditiom o f  Countercumant Run: 

~esd: 356 mg a/&, 0.29 mg u/&, O.4 - x A l ( 8 O 3 I 3 ,  0.88 ABtP?, 6.7 r lo8 8, 7 
c/min/ml (in B-1, out 2-71 

I&: 1.0 M_ A ~ ( X & J ) ~ ,  neut. (in 8-6, out E-7) 
Organlc: 1.534 YBP i n  Anrsco (in E-7, out  ~ t - 5 )  
Strip: 0.05 311 EHO (in S t - 5 ,  out st-1) 
lLovratios:-F/S~/St=4/2/~.5/1.25 Yal .changess2 .5  

a 

Determinations: Th ( m g / d ) ,  U ( m g / m l ) ,  8- (c/nin/niL) 



sbmply defined adsorption band of $33 was d i s t i ~ g u i a h a b l e  and t raceable  dm- * the progress of the  plant  operation and ma s o a e t l m s  -mrked by SL thin 
blue band which was a t t r ibu ted  t o  nickel:, accu2-B+ue ea t imtes  of adsorbed pm- 
duct weight were possible 'by 8 measwe of t t i e  >and length. The column me 
loaded downflow a t  a rate of about 1.2 nil/min/cu2 t o  within 2 to 4 In, of t h e  
be& 'bottom, and it was posaibls t o  hold 1osecs of $33 t o  less tban Q.c~$. 
Mterna te  columns were rarnoved from the plant  proauct-cubicle t o  the laola- 
tiou Laboratory f o r  f i n a l  product e lu t ion  ir i th 2.0 M aolmoni:m acetate-9.b M 
ace t i c  a c i d  solut ion a t  40 t o  SO'G, and final i sohZion  by peroxide precipf'r: 
ta t ion,  f i l t r a t i o n ,  aab n i t r l c  ~ c i d  dtgeatio-8. 

(8) Mrscellaneoue: Since aluminum rn8 found t o  desort; $33 s t rongly  
from Doxex-50 res in ,  s p e c h l  precautions iovcrlving the  m e  of a p'mse separator 
in the product stream from tbe extrract;ion column were i n s t i t u t e d  t o  forea+&ll 
inadvertent contarnixstion by scrub aolntions. And, w i n g  t o  p o s a i b k  ~ e c h a n i -  
c&l a d  chemical d i f f i c u l t i e s  inherent lo  adsorption techiq2;es, ample s o l ~ e n t  
de-entrainment and a phase separator vere provided i n  t h e  q u e o w  ertrip s t r e m .  

Aurtber d e t a i l s  of t h e  plant operation of t h i s  proccsrjl arz t o  be reported 
by the P i l o t  Plant  Section o f  t h e  Chen?ica,L Technolagy Di-cision. 

5.2 Thorex Process no. 1 (see Fig. 2.0-2) (A,  T. G r e s k y ,  S. S. Branat,  
W. T. McWfee , J. E. Savolainen) 

(a) Purpo~e:  

A long-range development t o  provide ( 1  an altesnatle p ese for the  4 86 aepswtian,  deeonksmimtion, and recovery of pa2 3, $33, axid Th from ehort-  
cmled neutron-irradiated thorium, and (2 )  la prinary study of vnique pr inc i -  
p l e ~  and methods of solvent extraction as re la ted  t o  chemical seprurations of 
the three elements and f i s s i o n  products. The general approach f o r  t h i s  pro- 
ccb~s, as out l ined below, was originally considered mandatory i n  the  TBP s y s t e w  
owlng t o  an  i n a b i l i t y  t o  p a r t i t i o n  protactinium from thorium. 

(b) Bsaic Features: 

(1) A simple, rapid slug diesolution and feed prel>aration. (2) An 
i n i t i a l ,  high-degree , pre fe ren t ia l  ext ract ion of the very ac t ive  pa233 (>%I$ 
of gross 6 and y a c t i v i t i e s )  from ti233 and T!h2-?r2 by ufle of the  carbinole, D35C 
o r  DfBC, t o  permlt a separation unattainable by subae uent extract ion s teps .  4 (3)  Prefe ren t ia l  ex t rac t ion  and decontamination o f  @ 3 Prom the  tharium solu- 
tion by uae of a dllute  TBP extractsnt  (sonrev?mt s i m i l a r  t o  the  Interim-23 
pracedure). (4) Thorium extract ion and decontamination by w e  of a m r e  con- 
centrated TBP mixture o f  the  hydrocarbon Amglco and an  aromitic, e.g., benzene 
{to f o r e s t a l l  two-organic phase formation at ~fjharium "saturat'fonJ'l) l ' ( 9 )  I n d i l  
vidaal etrip$ing o l  4akh o f ' t b e  three  proilucts by appropriate aqueous solutions. 
0th- primary festures'in.mlued (6) preconditioning of the Amco diluent; and 
(71 a bigUy ~Smpoxtant ' t i ~ k ~ m t  trpeataent to eliminate decomposition products 
of TBP. 

.. ..* . 4 * .* I *  L ... . .." .. ... . . L  O . .  " " .  t .  * .  
L . . C  * * * *  . . * " *  * E l  .. 
a d ,  , **I . e n  I *  e *  
* a .  1 . .  . >  L I . , .  * .  C .  



( c j  Process Details: 

(I) Solvents: DIBC, i n  relation t o  DIPC, was considered tho opt i -  
m a  eolwnt for  high pro tac t i a iw  specif ic i ty ,  n i t r i c  acld s t ab i l i t y ,  f lash-  
gob%, availability, and purity. Five percent TBP for  $33 extraction p r -  
att ted eufficiently high D.C.'s (oJA) tc: allow use of n i t r f c  acid eerulc solu- 
tione far p r t i t i o n h g  from thorium (Interin-23 conditioae of 1.54 TIlP and 
neutral a l w i n m  n i t r a t e  ~ c r u b  solutiaas were pcaaible a l te rna tes ) .  Forty 
to f i f ty  percent TIE' solutions, containing a rainimum of' 158 benzene, were 
camsidered optintlpt for  the bulk thorium extraction and decontamination, t o  
allow eufficient salt capacity, reasonable f low rat ios ,  and operable vlsco- 
a l ty  rmgea. Solvent traatnents uiaualized were occasional water washing 
and cfistQttlation of tbe used D m ;  preconditioning o f  the Amco di luent  v i th  
10 H BXq, caustic washing, and s i l i c a  gel adsorptioh; aod careful treatment 
a f  TBP eolutioas i o s  MBP, DBP, and F . P .  renova by contacting with 2.0 M NaOH 
containing 8- p s i l i c a  gel and coun%ercurren% washing with 0.1 g HaGH or  Na2C63. 

(2) Feed ~ o l u t i o n :  Prepared, i n  gerseral, ae outlined in the pre- 
vious discussion of the Interim-23 proceee; s r d j ~ s t e d  I n  tbe  l a i t i a l  s tep  to 
permit protactinium extraction and t o  afford cascading cocaitlone operable i a  
eubreqwnt steps. 

(3) Scrub solutions: vae  suff icient ly h gh i n  the p s o -  4 tactinilrm step ta permit its extraction a w t i t i o n  from $3 and thorium, 

psrtitioaing; 0.5 Al(18Ck~)~, or 1.5 Fd03", was essentially required i n  .the 
44s TBP-thariu18 step t a  provide fission product scrubbing, t o  prevent high 
tborllrra reflux, and t o  permit a t  least 1.5 g r1Q3- in  the  extraction section, 
thereby ensuring low thorium losses; proper adJustmnt  of flow rat io~a,  t o  
v i t h l n  operable Limita for  p u l s e - c o l w  operation and t o  provide opti~liuan 
salting strengths for  a cascading antem,  was considered desirable, i f  not 
prurdartory. 

( b )  St r ip  Solutlona: Very d i lu te  (0.02 t o  0.05 g) n i t r i c  acid was 
wed i n  sll product streams t o  permit low salt strengths aiad dis t r ibut ion 
ZaVUriag sgueoua pfraeea, y e t  t o  provide suff ic ient  ionic strength t o  allow 
goad phase nrixiag. Flow m t i o s  were adjusted t o  proviae low and mar-optimum 
"ertl9ction factors," alloving a maximrpln volume reduction for tach product 
& t e a .  

( 5 )  Isolation steps: Though not considered i n  detail. t o  date, &ag 
m early alxm3cment of t h i s  process reppraach f o r  operations w e ,  simple 

tvapration and/or ion-exchange procedures were contemplated. 

.a .., ... . .. .. . 
t .  . .  ,. . ..I .. I . .  " I .  . r . -  
I .  ,. . * r  r . * a  
+ . l i . .  I . I  - ,  9 ,  f r  .. . ,  
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Table 5*2-1 

Tgpicd Analy-tf cal Data from Co~mt,erc~xran% Studies 

of the Pa233 Extraction Step of Tharex Prol Peas Ro. P 

Feed: Tbositrm, 351 %/oil; ut;anim, 0-295 %/&I; 0.5 K Al(60~)~; 2.7 BB03; 4.3 x 
$/a/&; 4,2 X 40 Pa @/?n/d ( i n  E - i ,  out g-7) 

scrub: 2.0 B H N ~  (in SC-6, out E-7) 
&-.LC: ~ i ~ a : a o b u t ~ l .  ~ a r b f t f ~ l  (3m) , neut , (in E-7, out st-5) 
Strip: 0.02 BFiq [in St-5 ,  out S t - 1 )  
~ e t a , l ~ c ~ / o r g m i c  strip PIOW rat is : 5/1/2/2 
2.5 ml. c-ee 
Deteraimtionan Th (w/ml.), U ('ng/bl), l'B03 @), Ek ( c / n i a / d ) ,  $3 (cbinfml) 



Table 5 -2-2 

Typical Awlytieal k t a  from Gomterc~xrent 

Studies of the u~~~ Extraction Step of Thorex Proce~s ?lo. l 

Feed: Tborium, 255 rn(r/&L; msnium, 0.29 aig/ml; 0032 EAl(LI0?)3; 2.6 1( - mi3; 7.0 x lo5 
~ / a / d ,  4,0 x 103 Pa @/m/mf (in E-1, out 3'-7) 

Scrub: 2-0 E3 EnvO (fu S-6, cut E-7) 
- 

Organic: S ~ T B P  -2mseo (in E-7, out St -5) 
Strip: 0,05 PJ BPO3 (fr: St-?, out 5%-1) 
~eed/scr?s~/o~&ra.ic,/ strip flow ratio 2 12/3/~0/2 
2.5 wl . c2aages 
~tcnniaations: ~h (mgfjl3, u (wjd) ,  ~ 1 0 3  4 ~ 3 ,  B fc /min/d> 

4 

* 

...... - 
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Table 5-2-3 

Typical Analytical h t g e  from Cauntercmrent 

Studies uf the Thorium E~,t,raztion S t e p  of Tcorex Fracosfi I o .  1 

Feed: Thorium, 235 trig/&, u r ~ n i m ~  <0,0003 %/d; 0.26 A L ( ~ a j 1 ~ ;  1"35 mO3i 
3 x 103 Fa p/rn//rnZ; 6-0 x 10- $3/m/ml (in E-1,  o u t  E-7) 

A Scpub: O,5 M A ~ ( R  1 , 0,2 ERG3 def ic ient  ( i n  S-6, auk E-7) 
Organic: 45$TeP.?53 benzene, 406 Awco,  neat. (in E-T1 out 5%-5) 
Str ip:  0.05 I lIH0 (in St-5, out St-1) 
~eed/scrub/or&tlicfst,r"lp flow ratio: 2/1/5/5 

- 2.5 i ~ l .  , ~ h ~ l g ~  
Detemht iona : Th (rng/ml), HBO3 ( g ) ,  B (c  ,/&a/&) 

.. 

zHm vss not at equilibrium with respect to nitric acid-  
*fhcsessing a c t f v i t i e e  in these stages due to total rare e-h, zirconium, aad 

ru%beniua extractior, . 



(d) Alternate Pmeess - Thorex go. Isi W n g  t o  ta Late soglevht 
better m6erstanciing of ",he ""ateshy-state " prorJislesa m l "B-~h-E7O~ s y s t e m ,  
as df scuased i n  Sece . 3.5.5 snd  4 .l .h, an alter-aase proce&xal flow d9amam 
(F ig-  52-1) was dram t o  indicate atrother pasi ' s le  &@roach t o  a ??norex pro- 
cess = The! principal adan tage  v i s ~ a l i z e d  i n  this ~ c h e ~ e  iinvolved elimination 
of the alminum n i t r a t e  salt *on the "'hot" =eke atream, thereby permitt ing 
st0ral;e of low voluzes of Elf+-ewporated f i s s ion  product 8o2ut ion~. .  Disad- 
vantages would include (I) a more compJlcated feed p r e ~ r a t i o n  step invoIving 
caust ic  jacket-di~aolut ion,  arid ( 2 )  associated storage of b g c  -mlmcs of 
semi-hot sodfu~l alurnimte wis-tes, as well  a s  thaee enumerated i n  Sec. 2.0. 

5.3 Thorex Procehis Plo. 2 (see Fig. 2.0-3) (A. T, Greeky, V. T.. McDrtPfee, 
M. B. Bennett, J. E. ~ a v a l a i a e n )  

{a) Putpose: A long-range development t o  provide a proceso f'ea lt? 
f o r  h t  o p e r a t i ~ m ,  t o  separate, decontaminste, and ieo1sfe h 2 9 3 ,  $j5, a d  
Th238 *om short-coaled neutron-irradiated t h o r i m .  Use of' a single plan t  sol- 
vent, a smU number of unit  processes, and s i n p l i c i t y  09 opemition were de- 
s i r e d  goals. 

(b) %¶sic Featwea: (1) A simple, m p i d  s lug  dlsaohution and feed pre- 
p u a t i o n m  12) an i n i t i a l  extraction of t h o r i m  and $33 from f issf  on product8 
and by use of s 41 t o  551: T9P-0.0) benzene solvent and acid-def ic ient  
qwoua  conditioea, pr incipal ly  designed t o  exploi t  unigue effects of pEi on 
pwtwt in ium dis t r ibut ion;  (3)  se--tion of protactinium Prom 9racess a o l i h  
snit prtial,  separation from f i s s ion  producta by s i l i c a  gel adaor t fon o r  TBP 

3J extract ion fmtn acid mer?ia; (4) par t i t lonlng of thorium from '$ by prefer- 
e n t i a l  etrfpping from, the TBP solvent by w e  of a eelect lve  n l t r i c  acid s t r i p  
solution; and (5) etrippillg 09 u233 Prom the hel? solvent by use of a wry 
d i l u t e  nitric ac id  solution.  The e ract lon process i l g  very depenaent on f" good a m l y t i c a l  control  s f  Tb4+, Al +, and B' concentrations, a posi t ive  pro- 
Ce88 f o r  solvent puri f ica t ion,  and good operational ccant.rol of flow rzrtfas o r  
mtes for process strearsa. me need f o r  additioartl solvent-extractton cycles 
has not been positively eertabli#bed, I so la t ion  steps f a r  the  three products 
me: conrtempbted to invalve evaporation Par pr 4 ctinium, e v a p r a t i o n , o r  pre- 334 c ip f ta t ion  f o r  t ho r im ,  and ion exchange For U * 

{c) Process Details:  

fl) Solvent: 4146 (1.5 M) TffP Fn Amco 123-15 di luent  wss chosen 
originslly, i n  a sornevbt a ~ b i k r s s y  mnnes, aa a reasomble  range for. pulse 
coltmm operation, based on past experience of phsee-mixing properties as 
functioas of apecif ic  g rav i t i e s  and viscosi t ies ;  benzene, owing to its mde- 
s irsble  properties,  vaa deleted froa t h e  ~ a l v e n t  s ince  the acid-def ic ient  
chemical system remved the  etr ing2nt necessity f o r  decontamination-by- 
sa tura t ion and permitted process operatton at  eguilfbrium T B P / T ? I ( E ~ ) ~  r a t i o s  
of >4.0 ( e t e  Seen. 3-2.2b tiad 4.1.2); operating f low rat ioe i n  the extract ion 
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calm were ra the r  c r i t l c a l f y  established t o  min+&fn an equilibrium r e l a t i o n  
of 5.0 mles of !BP i n  t h e  solvent phrrse t o  1.0 m l e  of thorium i n  the raqueotre 
iced; e.g., the  flow r a t l o  of  a 1.5 M m(H )4 feed t o  l..f g TEF' solvent vas 4: a e t  a t  l/5; with no free n i t r i c  acid-presen In the aystea, it w w  poaaible 
t o  consider solvent ' k 8 p c l t y N  essentially on t h e  basis of thorim alone (see 
Sece, 3.5.3 and 4 , l J )  ; al tbmgh flow r a t i o s  l imi ted the  efflzent organic 
stre- t o  a Y ~ P / T ~  e o ~ l e x ,  n o m l  %borPlun refir= i n  the scmbblng operation 
petwitted r a t i o s  approaching kTBP/T2 t o  +xist mar tbe  feed plate; s i m i l a r  
systems using 54.59 (220 N) TBP at. O/F flow r a t i o s  of 3.75;$ sr TBP/T~ = 5.0, 
have been hmonst;pated aa-m?c&nlcally and chemically operable fo a O .?-in. 
18,boratory pulse columa; solvent c o ~ d i t i o n i n g  and recovery step% were %fie samrt 
am those outl lned in Sec. 5 2. 

(2) Feed $elution: Eabentisl ly the same feea prepmatton s t e p  ae 
oatlined in 8ec. 5,1, except t h a t  control  of f inal  ac id i ty  i n  dissolver solu- 
t foas  is mre c r i t i c a l ;  alminurn n i t r a t e  concentr&9on# I n  t h e  feed can w y  
fm~a about 0.4 t o  0.7 without b s t i e a l l y  a f fec t ing  the extract ion ejretetn; 
n i t r i c  acid concentrations i n  feeds should no% vary too far from O w ?  20.05; N; - 
w i d  deficiency in the scrub solution ahimld he high and of  in order, e .g., 
0.8 9.05 Fi, to produce an equilibrium acid  deficiency, on mixing wit& an 
equal volme o f  feed, of 0.15 Lo 0.2 1 a t  the feed pla te  and I n  the excractian 
stctfon; feed a c i d f t i e a  higher thaa 0y5 3 can be to lera ted fn the  p ropeed  
aptem, but an  upward adjustment af the! c r u h  solution with reapect to alu- 
minam concentnationrr aad acid  deficiency roulci be necea-y, 

(3) Scrub solution: 0.6 A A1(Bqf3  0 -8 20.05 IO H?I? Beficicnt ,  
or 0.6 M A ~ ( E C ~ ) ~  +61(~a)l , 33 ,  pmduc';d by a a$'-catalyzed-dieso~.ution of' alu- 
minum m&?il i n  n i t r  c acid and/or alumlnm n i t r a t e  solutions;  high ac id  de f i -  
ciency vas require6 t o  allov preferent ia l  rernalral of protzretinim and f i s s ion  
products froar. the organic phase containing thorium and $33. 

(4) S t r i p  solutions: 0.2 H HFJ+ so lut ion vas used a s  a preferen- 
tfal stripping agent t o  p a r t i t i o n  t h o r i m  from u233 i n  the  organic phase i r ~ n  
the i n i t i a l  extraction s t e p  and t o  pennit a r e l a t i v e l y  low extmctfon of FlH%; 
O/'A flov ratios were adjusted t o  allow e m e n t i a l l y  coarplete r e ~ o v a l  of thorium; 
a !KW-Xmsco solution,  at the  same eancen-tres'clon a8 the general process 801- 
vent, was wed i n  t h e  p re fe ren t i a l  s t r ipp ing  s t e p  t o  permit complete recovery 
of the  $33 from the aqu?oLle t h o ~ i m  stream; 0 -02 t o  0,05 N EX 
Tinally uaed t o  a t r i p  $33 from the organic stream; very low 
is mmdatory i n  t h i s  l a t t e r  step and necess i ta tes  an e f f i c i e n t  separation of 
tblr?ium 8al te  i n  the  previous par t i t ioning s tep .  

( 5 )  Protactinium eeprsxatian: Alternate p~gosals include ( f ) adsorp- 
t Z m  and cancentration i n  a column containing 20-mesh i l l c a  gel  (see Sec. 4.3 .3) ,  
or (ti) extxaction by 'PBP solvent cascaded Prom the ~2~~ s t r ipping s tep (see 
Fig. 5.3-5)  . The co l lo ida l  f r a c t i o a  of the f i s s i o n  products zirconium and nfo- 
bfum a r e  expectea t o  be associated with protactini;lm i n  a l t e rna te  (i), and large 
t r ac t ions  of the ffssion products rape aasthrs, rutbeaim, aad z i reonfm a r e  
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extracted with the protactinium i n  a l t e rna te  (it); the protactiniwm can be 
eluted from silica gel. with 4s oxa l l c  acid o r  str ipped e o n  the TBP solvent 
vith 3.02 to 0.05 H EEN03, thereby facilftatfng further cancentratioa and/or 
isolation steps byevsporation. 

Figure 5.3-1 i a  a procedural flow diagrsac showing tentatdve concepts 
as outlined above. Tables 5.3-1 through 4 gfve typical analytical data froa 
Thorex process runs. 



Studies of the ~t~oriurn-$33 Extraction Step of T3orer Process Wo. 2 

rcea: mrim, 358 W~UI~W, 1.0 rng/al, 0.5 - M A I ( ~ ~ ) ~ ,  0.52 - 1 m%, 2.9 x 107 
0+/mfml (in 2-1, out 33-73 

Scrub: 0.5 M Al(go3) 0.65 I4 deficient ( in  S-1, out F-3') 
Organic: W TBP i n  rtkico, nzut. (in E-7, out S-8) 
~eed/ecrub/organic flow ratio : l / l /5  
5 -0 w l ,  cbgnges 
htembtions:  ~h (rng/nil), 9 ( I ) ,  B (c/m/&), u (wdml) 

*f3 r 974 protac-tlnim, 2.58 total rare earlb, 0.1% z i rcon iw,  0.035 nicibieun, 
0 .Dl$ ruthenium. 

*8 = 994 p r o ~ ~ t i n i m ~  0.2591, total rare earth, 0.258 zirconium, 0.02$ niobium, 
0.0028 ruthenim. 

-8 x 9% p r o t s c t i n i w  
{lb) r baaic, or acid-deficient 



Table 5 3-2  

cal AmlytlcaJ. hta A.oa Counterc.a;rrrenP; 

Studica of the ~ h o r i m - @ ~ 3  P a r t i t i o n  Step of Thorex fiocese No. 2 

Urgaalc Feed: 41s TBP l a  &co; tborlm, 58 ~ / m l ;  uranium, 1.29 rnp/ml; 0.2 ]1 m03* 
(in E-I, out st-8) 

Scrip: 0.25 m0 (in 8% -8, out E-6) 
Organic scrub: 413 TBP in Amseo, neut. 
Organic f e c d / a t r ~ p / o r ~ i c  scrub flow ratio: 5/5/1 
4 .O ml. changes 
DetemWtions:  Th (=/a), FIR03 (9, U (mg/d) 



Typical Anslytical D3ta from Cowtcrcmrent 

Studies o f  the S t r i ~ i n g  Step 02' Thoiex Procaas Ao. -2 

Feed: kl$ !l%P in h c o ;  uranium, 0.138 g,/litsr; 0.03 g ElH03 (in S t - 1 ,  out St-8) 
Strip: 0.025 H_ E#I? (in 5%-8, out st-1) 
~eed,fetrrip flow rat ? o :  2 J1 
htemiaa t iane :  Wo3 (R), U (%/&) 

.* ..I . . . .. .- . r . .  - .". r .  
I . .  . . .  * . .  * . .  .. "" . .  . * " I  . * 1 1 .  m . l  . *  * n o a r  n a n -  r n  r s  
L I B  . a *  . . C I  Y . -  



'Fygical Analytical Ilgta from Countercurrent 

Studlea of the Protactiniuua Extreaction Step o f  Thorex fmctsa Ilio. 29 

rr~a:  0.75 11(~03)~, 0 ~ .  8 m+, 4.1 r 107 B c/min/d (3.98 I 10'7 ~t B/%/&) - 
(in E-1, out E-€3) 

Organic: 41% TSP i n  b c o ,  0.1 g m03 (in 8-8, o u t  st-8) 
Strip: 0.05 i~ ~ ~ 0 3  ( in st-8, out S t - 1 )  
~etd/organic,&tri~ f l o w  ratio: 1/3/1 
3.0 ~ 1 .  C ~ W E ~  

Ceteminationa: gross 9 f'c/udn/ml), B (c/min/ml) 

.. .=. * .." . .. .. * . * I.. ." 
I *  . .  .. . . a .  ... . . *  . E . I  I .* * . . * r . . .r r . . *  . E  I * .  . *a. r . . . I  
* < . I " *  * ( I  I n ?  n e .  
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7.0 Appendix 

Cefiain dsta an8 fitadin@ obtaimd duping l&bomtory developmnt; studies,  
but tat (liecussed in detail within the body of t h i s  report, ape presented in  
this &ppeadix, 

"fl. The Prirt~ary Extmetfon 24echmism of Ef t r ic  Acid m d  Thorim 

Hgtrate by T23P (J. E. SsvoZsi~en) 

These expex'fment.sn rere carried out to elucidate the reactions by 
W c h  tb r im i e  eJrtxvrctsd by TBP fmn agu~oue eolutfonlp, Since it m e  anti- 
cipaitt4 t'nst n i t r i c  acid extxlactioa. m y  influenee the thorium exWactien, the  
n i t r i c  acid extmctlofoa reactlora was alao hvestigated. 

7.1.1 leitrfc Acid Bctrsclioa by TBP 

The o lex of nitric ar id  that i a  extracted by TElP ia reported t o  be 
*'5"53- f5V In the follouing work, tbe sxtmction ayetern TBP %n berane- 

esqueotrs n i t r i c  acid was investigated, 80 tbt the  behavtaz. 09 the s i t s l c  acid 
may be accounted f o r  i n  a system which also eontsfas t;hozium n i t r a t e ,  

The TBP wed in those ex;;ez"iaents was pwified by washing with d i lu t e  
caustic, dilute ealPuric acid, dilute eumonim easrbonste solution, and water. 
!I?& 'lZBP was then dirstllled under weurn, and the middle cut  comfst ing 04 SO$ 
of  the t o t a l  ox%gfnsl volume w a ~  collected f o r  we.  The hsxane used as the 
diluerrt me purified by washing with em11 gostions o f  cold 955 suXPulvie acid 
unt i l  no further colorstion of the acid phase ma o b ~ e m d -  The hexme vae 
washed Yfth r a t e r ,  dsied over sol id pots~slw fiydpoxid@, and d i s t i l l ed ;  the 
frtid-ion distilling between 66 sad 6 8 0 ~  ME collected. 

me data weax obtafnea for  the dllstslbutlon coefficients of n i t r i c  acid 
fn the falloving manner, WaaT~4 amam%s of n i t s i c  acibt were maawed l a to  
50-ml glam-stoppered gmduited cylinders dm3 diluted wStb water to the 25-d 
E O B T ~ .  hreaty-five-mi.llflitas poiz%on~ of s TBP-heme solution wxe pipetted 
in to  each cylinder. The cylLndera we% placed ila a water Baa,  *ich w a  
allowed t o  reach an eguflibsimm tempemtw with tfrst of the room over a period 
of 24 hlbl- The cylinders were agi ta ted int%.mittently, rr~d the phases were 
&lotred to settle at l eaa t  30 rnfn before sampling, 80 squaw px%icles could 
be eee5 tn t h e  orgpnfc phase at t h e  tine of' aamplfnag. Tfia pipetted sanrplee 
were t f i m t e d  utth staadardized soaf m hydroxide 80Lutf on t o  the phenolphthalein 
end point. The sampling was carried out fn such a m y  tha t  any ttarpe~atw 
chaagert vew rniairnfeed, The water bath ma equil ibmtaa at mom temperature, 
alao, i n  order tb minimize teaape-mtm changes. A check uafetabsned on the tern- 
geaature of the water bath s$ofld rm variation in tepnpemture greater than 



O;P% during the  period i n  uhich the samples were &awn f r o m  a s e r i e s  of 
egui l ib ra ted  mtxturea . 

The d i s t r ibu t ion  coeff ic ients  obtained, l i s t e d  i n  Tables 7.1-1, 7.1-2, 
an& 7.1-3, are plo t t ed  i n  Fig. 7,1-1 as Plnnctlorw of the  equllllbrittra aqueous 
acid concentration. The points using 1.0s TE? i n  k x a n e  were determined and 
plot ted f i r s t .  The posit ions of  the  polnta f o r  the 10$ TBP system preclude 
thn: goas ib i l i ty  of drawing a. sm3th curve through theae pointa.  The experi-  
ments were repeated m i n g  7.5 a ~ d  L2-5$ TBP Ir, b e a n @  aa t h e  organic phase, 
me data iL3;:ate t h a t  w i t h  7.58 TBP i n  hexane, t h e  extract ion behaves as a 
simple equilibrium reaction,  whereas with 10 and 124s TBP another phenomenon 
1% Buperiqmsed on the simpler reaction.  

Figure 7.1-2 show the plot o f  the dis t r ibu t ion  coeff ie lents  as a Pmc- 
t i o n  of the HNO /TBP molar concentratfon ra t io  i n  the- o ~ g a n i e  phase. There 
are f l e c t i o n  polnts at BN%/TBP r a t l o s  of l /4,  1/2, and 3/%, vith probable 
flectfons at  other pointe.  This regular f l ec t ion  of the d i s t ~ i b u t i o n  coeffi- 
cient  curve as a function of t h e  bulk  ~Bo~/TE, p concentration r a t i o  m y  be -the 
result of the dipole-dipole int.e~aet;ian forces i n  the organic phase. The dia- 
t r ibu t ion  curve v i t h  7.5$ does not show tlzia behavior beeawe t h e  greater d i s -  
tances between the dipoles i n  this Bore d i l u t e  solvent reduce the dipole i n t e r -  
action. 

Wlth 7.54 TBP i n  hexane, the extraction is apparently the r e s u l t  of the 
formstion of the  Blil9 Q3P coaplex, The extraction reaction can be expressed 
in  three s teps  ae: 

Ii%030rg + TBPorg GZZ £?XI3 .T8P 

ComSrinbng the th ree  reac t  ions gives the  overal l  r eac t  ions 

%r which the equilibrium constant may be w f t t e n  a8 

rmq "mposg3 
SL = * 

CB&J t ~ % ~ ~ l  C T B P , , ~  (2) 

where the brackets r e f e r  t o  s e t i v i t i e s .  



!Pable 7.X-1 

Extraction of Nft r i c  Acid from Aqueous Solution 

by LO$ TBP (0.367 M) in EIelrsne at 20'6 

Ecp.ilibriutn Concentrations Dtatributlon Coefffcienta, I BXO3 org - 
'R_ (o/N mq W - rnP org 



Table 7 .I-2 

Extraction of Nitric A c i d  Prom Aqueoue Solut ions  



ExtractPon of E i t r f c  Acid from Aqueous Salutioaa by 



Fig. 7.1-1 

E i t r i c  Acid Distribution Coefficients as a Function of BIO, Coneentrstton 
pa_ 

Solvent: TEP in Hexane Temperature : 20% 



Figure 7.1-2 

Ritr ic  Acid Distribution Coefficient ae a Pwct ion  - 
Q r  E E C ) ~ ~ , ~  9Pfi,.Joucentrat ion Ratio 



'I%% tofh3i !bBP be dis t r ibu ted  as f o l  L ~ W S :  

where the parentheses r e f e r  t o  concenkmtion~~ (TBP)t is the t o t a l  TBP i n  the  
organic phase, (BNO *TSPQp ) is the TBP complexed w i t h  t'ce nitric acid in %he 
organic phase, end IT~P,, 7 is the  f i e e  T3P i n  the organic phase. Ts simplify 
the a-ralurtion of the equklibriu. canatant, the 5 o f  E q  (2) is calculated on 
the basle of molar concentratione by combining Eqa . ( 2 )  and ( 3 )  ta give 

It i s  assumed that the a c t i v i t i e s  are proportioaal  to the conceutrationie within 
the range of the experfaeat. The n i t r i c  acid is aesmid t o  be eaeentlally 105$ 
ionized 80 tha t  the product, (XI, ) , is aimat equal to (BNO~,~)~, where 

$8 the nitric sciz condn2ration in the squeaua ptsss .  m e  
apui88rium constant, &, baaed on molar concentrations for tte n i t r i c  acid 
extraction reaction Is plotted in Fig.  3 ae a fimction of the aqwous n i t r i c  
acfd c0ncent;ration from the data in Table 7.1-2. The? plot ahaws tbat between 
1 and 2.5 M nitric acicP in the aqueous phase the vslue 09 3 does aonot vary 
appreciably with  changes of the aqwou9 n i t r i c  acid concentration in  t h i s  range. 
It was therefore decided to stu3y the thor im n i t r a t e  extrsctlon aeehanism in 
this range of nitric acid concentrations. 

7.1.2 Thorium Nitrate Extraction by T3P 

The extraction of thorium n i t r a t e  m y  be expected to follow 8.  aerie^ of 
reactions : 

These can b e  combined to glve the overall react ion,-  



Based an concentrations, K = m 0 3  ' TBPmI;) 

1 ( ~ o j . ~ )  (mFerg) 

Solvent: 7.5$ TBP in Bexane 



for vhich the equi l ibr ium constant m > d d  be 

The n d e r  a of TBP molecules aaaoclated with the  thorium nitrate nrolecule 
can be determined grspbically . 

Equation (2) is rewri t ten  as 

Cmorg 3 .TBP*~~I] / CB&I C ~ O j t q 2  El, 

and is combined vith  IS^. (8) to give 

me thorium dia t r ibu t i an  coefficient, ( o / A ) T ~ ,  ia equal to 

&nd thb n i t r i c  a c i d  distribution coeff icitnt , g (o/A) &TO3, 1s equal t o  
(HBo T B P , , ~ ) / ( ~ ~ ~ .  Aesuming that the  t h ~ r i u m  n i t r a t e  is present almost 
enti& as the Th + and RO- ions in the aqueous pha~t at low tharilao concso- 
t r . t ioas ,  and that the actiJities art propartienal to the coocentretione 
within the l iml ta  of the experiment, then the logapsrithmie equation csn bt 
vrftttn on the b a t e  of molar concentrations an app~sximtioa, givfng 

log i& + g log $ ( o / A ) ~  &=--"23 = log - E(O/A)= 
5 (xQjaa) ( R O ~ ~ I  

plot oi the lag to/*) ~ h / ( i V ~ j , q ) ~  as a function of log (o/A) H N O ~ / % ( R O ~  1 a q  

. . I  ..*.... *. r .  . . . .a* .. .. I .  e .  . . a *  i . .  I.. , B a * .  5 - .  . . . 1 0 . % > .  I 
" v  * *  , < *  * A r. . * *  
* "  0 -  - > .  . . ,  d > .  . * ' 



- 143 - 

ve a s l q e  equal t o  n of the  eqwt ioaa .  Figure 7.1-4 p l o t t e d  frola 
the bsts i n  Table 7.1-4 showfl t h e  plot of t h e  points  obtained from ca lcu la t iow 
mde from data obhined  by ex t rac t ing  an  aqueoua phase 0.05 M i n  thorium n i -  
trate and varying from 1 t o  2.5 M_ i n  mD?J with a n  organic g g s e  7.5s TB? In 
hexane. ?!he slope of the  p l o t  determined grapbicafly i s  3.9, vfiich indicmites 
t h a t  4 ie the most probable TBP/!?!~ r a t i o  i n  the conplex, The overall react ion 
i n  the extract ion of thorium n i t r a t e  can be sa id  t o  be 

The equilibrium constants based on m h r  conceatrationa for the n i t r i c  
acid and thorium n i t r a t e  extract ion react ions  with TBP are l i s t e d  for the 
determined points  i n  a b l e  7.1-4. In  an experfaen% m d e  t o  determine the  
w u n t  of thorium n i t r a t e  t h a t  can be extracted in to  100s TBP, a a s q l e  oi 
'l%P w e  equi l ibra ted for 48 hr with an excess of s o l i d  thorium n i t r a t e  and 
soillurn ni t ra te .  Anslyais ahowed t h e  l iqu id  p b ~ e  t o  have a bulk TBP/!l!b r a t i o  
of 2.48. 

7.14 Discuss ion: 

The equilibrium conatant, baaed oa mlar concentrations, for the  n i t r i c  
ac id  o r t rac t ion  by 7.5s TBP shovs fr vasia t ion between that calcufated Proln a 
system containing no thorium (Table 7.1-2, Flg. 7.1-3) and t h a t  of a aystem 
containing thorium (Table 7.1-4). The equilibrium constan% of the thorium 
n i t r a t e  extrerctioa react ion ahowa an increase aa the  n i t r i c  ac id  of t h e  syatem 
i a  increased. Tbese changes i n  the e q u i l i b r i w  coxnsWnt m y  be the r e su l t  of 
a c t i v i t y  coeff ic ient  changes i n  the  aqueoua phaae, 

'Phe lnnnnnr i n  which the  activity coeff ic ients  of e i t h e r  the  TBP or  the  
crtrnctea n i t r i c  ac id  complex vary i n  system with TBP concentrations 16% and 
higher is indicated i n  Figs ,  7.1-1 and 7-1-2 by t h e  d i s t r i b u t i o n  coeffieiellC 
cuvee.  This apparent var ia t ion of' ttbe ac-bivity coefffc ients  may be r e l a t e d  
to dipole interac.tlons. The influence of t h i s  behavior on t h e  thorium nitrate:  
ext ract ion ie indicated i n  Sec. 4.1.3. This behavior may be a n t i c i w t e d  In  sol- 
+an% extract ion syatecna in which t h e  energy aeeaciated with dipole in te rac t ion  
or coupling is comparable t o  the  energy of t h e  cornpLex foxamtion. 



Pig. 7.1-4 Graph Shwing TBP Dependesey of Thorim Extractixi  (1.03 SC&Z) 

*dmctlon of Kitric & c i C  and Thcriun iJitra+;e I s m '  LI~ueo'is S ~ i u t f g ~ l ~  'D:J 
"7.55 ,%P in &mne 

.. I.. . ..a . .. .. . . I ... .* . . .  I .  * . . . . 0 1  t * .  
C . * I  . * "  ' . . "  . * . a  . *  . I  * .- . . L  . * s . .  
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7.2 lhpiricel Expreeeione for the MecbanZem of thgP -BiO,O 

The cquatione were rterllved from data plotted in Fig. 7.2-1 and u-rees 1M03 D .C . ' 6  (o/A) arr Ptvlrctioas 
of the TBP concentration and the !l%P'EN03erl product. Several sxpreaslons were ~equired to ituplicate obeerved 
"peak behavior ir l  curvea . 
Range o f  HBOjaq HHEN D.C. (o/A)- = 

*The tebulated TBP-EHC~J ratio w e  obeerved at the peab fotmd i n  the experiment using 12.58 TBP. 8 

The following eorreLations were ~bta ined  using Eq. ( 5 ) :  



Fig. 7.2-1 Dfsts ib l~t ioa  Coef f ic ien t  ( 0 : ~ )  of T:t',ric Acid i n  TBP-3exs.x 
,Wures as a FLuic3tf0n of X!I0? kq R o m l i t y  a: Eouilibritrx. Bote: Tae 
EKO, D.C. [O/A) DeZueen 2.0 anid 8.0 M Z i O ,  aq may be expressed by - 
0.29 TBp(1-0.063 WO, aq). .i 

Canditfons: H?lO solut ions contacted w i t h  7&5 to 5@ B$-kexane 
so&nt and resulting phases analjrzec? f u r  H (g) 

*. 111 . . . .. .. r C . *  . .** .. ..- ... * . .  f * *  L .  ,. 
" I *  . * * .  r . r r n  e r a  . ,  ... I . % , "  C I * ,  * I  e ,  
e . < *  * .  , P 
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7.3 Specific Gravit ies of Synthetic Diesalver Solutione* 

*Ueo see Pigs. 7.3-1, 2, 3 .  



P5.g. 7.3-1. Stx-cific Gravities of Synthetic Dissolver SoLuticns 
at 204= a) 
~irut'C.373 sp. gr, U n f t ~ / g T h ( 8 O ~ j ~  (see Sec. 3 - 5 . 7 ) .  

n .  ... r . . t. .. r.. a .  r r n  r.  
n . .  r * r  r s a  , . *  . r  4 .  
* * r e  - 6 * r  * b ..* * J *  r *  
S O L  . r X l *  * E n *  n r  r ,  
4 . 1  . 0 .  I *  O F r "  , . , , 



Pig.  7 3 - 2  S ~ ~ i f 3 . c  Gmvl t i e e  of $+~;nth~tlc DiasoLvar Soluttiom 
at 20% as s W c t i o n  of .Almi1;'m XiLmte Ccr;csntration. Sic-pe = 
about 0.u6 sp. gr. 1.mitsjM  NO - 3)1 (see Sec. 3.5.7). 



Fig. 7.3-3 *eiZil: Gmdtfees of S p t h a t t c  Dia~alver Salutloas 
0 

at 20 C, as a Paotioa af XFtr:: Acid C~ncert~r-atisc.  

S1qe = rbmt 0.0195 ip. g. &ta& &"lD3 (see See. 3.5.7) 
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