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Two methods are being investigated for the separation and recovery 
of protactinium from short-decayea thorium fuel i n  nitric acid solutions. 
The Pa233, thorim, wid uranium may be coextracted from highly acidic 
feed solutions with sjO$ tributyl phosphate, or the protactinium may be 
preferentially adsorbed on pulverized unfired Vycor glass or silica gel. 
Major effor2; has been on the adsorption method. 

Adsorption experiments with tracer concentrations of Pa*'3 in nitric 
acid solutions showed distribution coefficient maxima for protactinium 
of about 1000, 325, and 175 from 6 to 10 M HNO3 for laboratory-prepared 
silica gel, Wired Vycor3 and commercial-silica gel, respectively Un- 
fired Vyeor, a commercial, leached borosilicate glass containing %$ Si0 
and about 3% B203, was used for most of these preliminary studies. Fir& 
Vycor glass adsorbed little or no protactinium. 

The adsorption coefflcient of protactinium by unfired Tlyeor glass 
from nitric acid solutions increases as the contact time increases or 
as the particle sfze of the glass decreases and is Glependenz; on the con- 
centration of salt or nitric acfd in the solutfan. 
tactinium may be eluted with oxalic o r  tartaric acids. 
periments, as much as 10 me;: of Pa231 per gram of Wired Vycor was ad- 
sorbed from 0.50 M Th, 11 M HN03, 0.1 M Al, 0.10 g/liter Pa2s1, a d  
cQ.1 M F. Pa/g glass, more than 9% of 
the pFohctinium was adsorbed from a similar feed solution containing 
0.05 glliter of ~ 3 2 3 1 ~  % increasing the loading to about 5 mg pa/& 
glass, a total of about 9576 of the protactinium had been adsorbed. 
Greater t h n  99qd was eluted wi%h 0 ,s  M oxalic acid, *$ of which was 
eluted at a concentration of 4.1 mg/rds F'a231. The protactinium concen- 
tration in the feed soJ-u"&ions were stable, showing no change other than 
the klO$ analytical sraria%%an after etanding one month at room tempera- 
ture in plastic eontainers. Although the optimum conditions for col.umn 
operations have not been determined, decontamination factors of pro- 
tactinium from thorium, uraniwn, ruthenium, zirconium-niobfum, and total 
rare earths of 6 x 103, le6 x 104, 4 x 103, 3, and 5.8 x 105, rzspectively, 
hve been obtained in tracer experiments. 

The adsorbed pro- 
3h column ex- 

With a -co lm lzading of 2 

Batch caw%@rcwrent scout;ing experiments with tracer protactinium 
showed that about YO$ of the: protactinium was extracted wit%. the thorium 
and uranium from 5 M HH03-J M rU(N0 ) 
factor of: 70 fiom <thenium aiia abou? 205 *om rare ea;rt;hs. 
of the zircorxiwn-niobium extracted also. 
second solvent extraction eyele may be provided to separate protaetfnfwn 
from the uranium and thorium ana to increase decontamination from fission 
products. 

solu%ions, with a decontamination 
AWut 

A partitioning s t r ip  or" a 





INTRODUCTION 

The Consolidated Xdison Thorium Reactor fuel is to be irradiated 

to an average of 18,000 Mwdlmetric ton in a 2-year cycle. 
of discharge, the fuel will contain about 66 kg of uranium, 1 kg of 
protactinium, and 18 kg of fission products per metric ton of thorium. 
The protactinium in the feed represents only about 1.5% of the potential 
fissionable material, but it contributes about half of the activity of 
the fuel solution. 

to extraction of the uranium and thorium riot only provides a means of 
recovering the protactinium but also decreases difficulty in the solvent 

extraction cycle. 

silica gel is being investigated for this application. An alternative 
to this is the coextraction of uranium, thorium, and protactinium from 
dilute aqueous solutions with 3 6  tributyl phosphate (TEE”). 
experiments with simulated feed solutions have indicated satisfactory 

separation of products f roa the high-cross-section fission products by 
both these methods, but neither method has been sufficiently investigated 
that it nlay be recommended for processing actual reactor fuels. 
report will be concerned primarily with the adsorption of protactinium 

on unfired, pulverized Vycor. In addition, some preliminary silica gel 
adsosption and solvent extraction data will be presented, 

At the time 

Removal of protactinium from the dissolved fie1 prior 

Adsorption of protactinium on unffred Vycor glass or  

Laboratory 

This 

ADSORPTION OF PROTACTINTUN ON UEJTFm VYCOR GLASS 

The successful adsorption of Nb9* an pulverized, &ired Vyeor glass 
1 from zirconium nitrate-nitric acid solutions containing Zr-Nb tracer 

led to the study of the adsorption properties of this glass for protac- 

tinium from nitrate solutions. 

plastic, and metal susfaces w i l l  adsorb protactinium from nitrate solu- 
tions,* and that silica gel will remove protactinium from dilute3 and 

Other workers had shown that quartz glass, 

6 M mO7. 4 - 
Unf‘ired Vycor is a leached borosilicate glass mnufactused by Corning 

Glass Works of Corning, New York. This material, which is sometimes 



referred t o  as " th i r s ty"  glass, is  the  porous, unshrunk form of Corning8s 
basic 7900 Vycor glass.  
the surface area ranges from about 150 t o  200 meter / g .  

is  96% s i l i c a  with t'r:e balance mainly boric oxide (Table 1). 

The pores average about h- mp i n  diameter, and 
Chemically It 2 

Table 1. Specification of Unfired Vycor Glass No. 7930 

Apparent dry density, g/cc 
Average pore d i  y e t e r ,  A 
Surface area, m / g  
Void space, $ 

hTroximate composition (anhydrous): 

1.. 45 
4 

150-200 
28 

96 
3 

0.4 
t race  

Arsenic t race  -- 

The d is t r ibu t ion  coeff ic ient  of unfired Vycol- for  protactinium, t h a t  

i s  the counts per minute per gram of glass  divided by the counts per minute 
per m i l l i l i t e r  of: aqueous after contact, var ies  d i rec t ly  with the n i t r i c  
acid concentratioa and reaches a maximum of about 3000 i n  6 M HNO 
These data were obtained i n  6o-min batch equilibrations of n i t s ix  acid 

(Fig. 1). 
- 3  

solutions containing about 5 x 10 5 counts min-'ml-' of Pa233 wi%h 10 &iter 

o f  100 t o  200 mesh unfired Vycor. 

The adsorption of protactinium i s  greatly influenced by the presence 
o f  ot'ner n i t r a t e  salts i n  the solution. 
m r k s  i n  Fig. 1 and are the r e su l t s  o f  similar batch equi l ibrat ions using 
aqueous solutions containing 0.1 N I-DIO 

the  designated cation supplying the n i t r a t e .  
observed with n i t r i c  acid alone, and the minimum value, 20, with t h o r i w  
n i t r a t e .  Intermediate values, i n  descending order, were obtained with 
alullliiiw, sodium, ammoniu, calcium, and lithiuni n i t r a t e ,  respectively. 

This i s  shown by the tr.ian&ar 

and a t o t a l  o f  6 N n i t r a t e ,  with - 3  - 
The nmxirnum coeff ic ient  vas 

The effectiveness o f  thorium i n  decreasing the adsorption of  pro- 
tactinium from n i t r i c  acid varies inversely with the n i t r i c  acid i n  -the 
system. In  batch tests 10 &.iter* 100 t o  200 mesh adsorbent and 60-min 
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233 
Fig. 1. Adsorption of Pa on 100 to 200 Mesh Wnfired Vycor. 
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equilibrations,  0.1 14 hT0 

the coefficient by a factor  of 2, whereas 2 M 1II\FO 

about, 0.3 M Th t o  produce the sane ef fec t .  
the effect  o f  a d d i t i o d  thorium was approximately t'ne same for both 
ac id i t i e s  (Fig. 2) .  

required only &out; 0.03 14 Th(NO ) t o  decrease 3 4  I - 3  
solutions required 

- 3  
After t h i s  i n i t i a l  decrease, 

A decrease i n  the par t ic le  s i z e  of unfired Vycox- decreases the time 
required t u  reach equilibrium in the adsorption of protactinium from 
n i t r i c  acid. 
10 g / l i t e r  of W i r e d  Vycor o f  different  mesh s ize  with 6 .1  14 IWO 

A ser ies  of batch equilibrations were made by contacting 
con- 

- 3  
taining about 9 x 10 5 c/m.rd Pa233 fo r  5 t o  300 min. The resxl t ing 
dis t r ibut ion coefficients increased as the  contact tinie increased, or 

the pa r t i c l e  s ize  decreased (Fig. 3 ) .  

An increase i n  adsorption with %ime was observed i n  all- the n i%ric  
acid solutions examined, 0 .1  t o  10 M KNO An increase i n  the dis t r ibu-  
t ion  coefficients obtained i n  experiments using 10 g / l i t e r  of 100 t o  200 

mesh Vycor and 0.1 t o  10 M HNO con-tinued t o  be observed after if. hr of 
eqiiilibsation time (Fig. 4 ). 

- 3' 

- 3  

I n  the separation and recovery. of protactinium from short-decayed 
thorium fue l  dissol-ved i n  n i t r i c  acid, a major apprehension has been 
the s t a b i l i t y  o f  the thorium-protactFraium-nitrate solutions that T o d d  

'oe encountered. Stable solutions have been prepared simulating those 
which would be produced i n  acid. thorex processin2 short-cooled 18,000 
Xwd/ rtetrie ton  Tin Consolidated Edison Thorium Reactor Fue? ... 
dissolver solution equivalent to one tha t  would bc obtained. i n  the dis-  
solution of about 10-day-cooled fuel. was prepared containing 116 g / l i t e r  
Th, about 'lo rug/liter I n  
additi.an, a solvent extraction feed solution having xilore than twice the 
rmximum concentra4ion of protactinium obtainable with freshly dischrtrged 
fuel, vas made containing 40 g/liter of Th, 90 mg/liter o f  Pa2", 5 - M 
€?YO3, I M - A l ,  and 0.03-0.1 M F. 'These solutions were allowed t o  s%and 
one month a t  room teaperatwe i n  p l a s t i c  containers and analysed perfodi- 
cal ly  fo r  protactinium. 
i n  the analyt ical  values over the en t i re  geriod. Ftrthermore, these 
solul ions showed no change i n  protactinium concentrations aftw con- 

A s-yntlietic 

11 M IWO 0.1 El - Al, and O.O+O.l. M - F. - 3' 

There was no change other than a %1.0$ sca t te r  
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233 Fig. 2. Effect of Thorium Nitrate on Adsorption of Pa on Unfired Vycsr from Nitr ic Acid. 
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Fig. 4. Effect of Nitric Acid Concentration on Adsorption of Pa233 by Unfired Y y c ~ r  
After Varying Contact Times. 
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tatting w i t h  type $7 stainless s t e e l  surfaces w i t h  and wit3nout welds, 
for one week a t  room teq?eratwe.  
t ions  were 35% OS the or iginal  after mntaeting o and 2 m2 skaidess 
steeL/ml Tor one week. 

The F’a23L concentration of these solu- 

C Q ~ W  ~ U I S  Using Shula ted  short-coaled Consolidated Edison die- 
solver solutions ‘haye shorn that the  capacity of W i r e d  Vycor is greater 
than LO mg Pa/W of glass. A column 0.k cm &iam and &ou% 9 cm long 
containing l ,QJQ of 60 t o  80 mesh unflred Vycor adsorbed 10 mg 02 Pa2” 
from a solution containing 116 g / l i t m  of Th, 11 M TlHO-. 0.1 M - A l j  3-00 

nlg/liter of Pa231 and less than 0.1 M - F. 
tactinium w a s  adsorbed. 
1.8 d/min. em . 
column w a s  recovered at a concentration equi7i-alerat t o  12 tiraes the feed 
concentration by elut ing w i t h  0.5 M - oxalic acid (Fig. 5). Subsequent 
qua l i t a t ive tmts  have shown that ta;t.t;aJ-ic acidl I s  probably equally as 
effect ive as ttrr elut ing agent. 

6300 and an alpha analysis of the product showed that 2.1; was greater 
than 99% Pa231. In  the adsorption ?ortion of“ -the run, the  b t a  who-w 
that the adsorption ranged f r o m  abou% 90$ i n i t i a l l y  t o  abou% 50% at t he  

end o f  the TU. 

- 5‘ 
A t o t a l  o f  66$ of the pro- 

The average flow rate for  the en%ir.e rim. was 

Greater t‘m 9% of the protactinium adsorbed on the 2 

The Ghoriwn decontamination faetor  

The i n i t i a l  loss  will be discussed lateer i n  t h i s  report .  

 he ini t ia l .  pa2’’ concentration i n  the raffinate *om a larges 
c o l m  using a slower f l o v  rate was abou% 4$ of the Peed concentration 
and sea ined  fairly constant until the glass vas loaded to a h ~ t  4 mg 
pa23’/g of glass. Ffie co1im.n m s  1 cm i n  diameter, ~3.a cm Ian@;, and 
contained 5 ga of 80 t o  100 mesh m i r e d  ~ y c o r .  
tained 0.5 M Th, U.1 M HNO 
of Pa231 and w a s  passed through the cahmn at a f l o w  ra%e o f  0.22 ndl/cun .min. 
A t  about 4 mg/g of glass, the protact,inium concentration i n  the raf- 
ftnate sloxd-y increased t o  about 46% of t;he ini t l ia l  feed concentr~ztian. 
A t  t h i s  polnt, @$I of tSze protactinium had been adsorbed, or  n5oirt 7.8 

mg 
11 M XN0 , which removed 7.3$ of the adsorbed protactiaium, and then the 
column vas eluted with 0.5 M oxalic acid. The fimt 5 rnil of o.mlic acid 
rcmo~ed 95% of the remaining protactinium, yielding a solution containing 

The feed solution con- 
0.074 14 - Al, about 0.05 M - F, and 54 nig/liter 

2 - 3’ - 

of glass. The loaded calm was then mshed. wt-tln 80 ml 02 

- 3  
- 
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Fig. 5. Sorption of Protacfiniurn with Unfired Vycsr. 



231 6.4 m g / d  of Pa231, or about 120 times t h e  coiacentration of the Pa 
i n  the  feed solution. 
removed after a tot& of 30 ILL of & r i p  sal.ution had passed through the 

column (Fig. 6 ) .  

Greater than w'$ of the  protactinium h d  been 

The initial loss observed i n  t h i s  and the preceding column i s  due 
t o  the f a c t  t h a t  par t  of the protactinium in the feed aolution was i n  
an wadsorbable farm. 
the ra f f ina te  from the above meaztiancd column and passing it through an 
additional column I cm i n  d.iame6e-r and 8.64 cm long., 
tactinium adsorbed. 
i n i t i a l l y  adsorbed Tram a fresh feed solution prepared from the pro- 
tactinium contained In the s t r i p  s o l i ~ t i o n  of t h i s  run. 
acid solution was boiled down several times with coacen%,a-atetl nitric 
acid. 

was added t o  produce a solution containing 0.5 14 Th, 10 M IN0 
F, 0.1 M - a, and 56 mg//li-ber of Paz3'. 
a c o l m  of unfired Vycor similar t o  the last one. 
of 2 mg Pa/g of glass, more than 9% of the protactinium vas adsorbed 
from the  solution. A t  5 mg Pa/g of glass, a total of 95$ of %he pro- 
tactinium had been adsorbed. 
necessary t o  increase -the flomate from about 0.2 &/em2 t o  about 1*1 
m3. crn min , and this m y  h m e  caused 8. premature protactinium break- 
through. However the experiment did show that it is possible t o  achieve 
essent ia l ly  complete adsorption. 
determine methods fo r  ensuring tha t  sll the protactinium is  i n  an ad- 
sorbable form. 

T h i s  was verified by taking the first; 400 m l  of 

None of the pro- 
Hawever, mor8 than 99% o f  the protactinium w a s  

lvne 0.5 I 1.1 oxalic 

Then 0.8 M - HF, 2 M - Al,(HO3), and 'a t h o r i m - n i t r i c  acid solution 

0.04 M - 3j - 
This soLu-tion vas passed through 

Vp to a cobim loading 

About half way through -&he r u n  it 'was 

-2 -1 

An investigation i s  in. propess  to 

Although the optimum conditions fo r  colurrm opem%ions have not 
been detemined, decontamination fac%ors of protactinium f r o m  thorium, 
uranium, ruthenium, zirconium-niobiurr?, and total. rare earlihs of 6 x 10 , 3 
1.6 x 10 4 , I-C x 10 3 , 3,  an& 5.8 x 105, respectively, have been obtained 

i n  a. variety of tracer experin1en-b. 
values since 110 e f f o r t  has been made t o  enswe maximum decontwfiimtion 
t h o u g h  appropriate mshing solutions and techniques. 

These should be regarded as minfmm 
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Fig. 6. Sorption of Protactinium with Unfired Vycar. 



'The present proposal for  the  dissolution of Consolidated Edison 
Thorium reactor fue l  requires the use of 13 M HNO. containing about 0.04 

- 3  
M MaF as a catalyst  and 0.04 t o  0 .1  Id Al(N0 ) 
corrosion of plant equipment by the  fluoride ions. T'ne question i m -  

uediately a r i s e s  as t o  the effect; of the fluoride on the corrosion of  

the f ine ly  divided unfired Vycor glass, and the e f fec t  of t he  aluminum 
concentration on the adsorption of protactinium from fluoride-nitrate 
systems. 

t o  decrease the rate o f  
3 3  - - 

The corrosion of wafired Vycor by fluoride w a s  decreased by a factor  
of 50 by the presence of 2-1/2 moles of AJl/mole P. Solutions of 0.05 M - 
RE', 11 M I HN05 with and without 0.12 M - AL(N0 1 
columns 4 -mm d i m  and 9 cm long containing 1 g of 60 t o  80 mesh uufired 
Vycor a t  a flow rate of about 1 mL/mia.cm'. A f t e r  approximately 200 ml 

had passed through the columns, the mel-ging r a f f i m t e  with aliminvm 
contained only 0.006 rng/ml. Si,  whereas the solution withouc sluminum 
contained 0.32 m g / d  si (Fig. 7 ) .  

pr.. psent were passed through 
3 3  

Fluoride decreases the adsorption coefficient of unfircd Vycor 
glass for  protactinium. 
i n  a 24-hr batch equilibration between 10 M IiEJO 

1.7 x 10 

T h i s  coefficient was decreased by factors  of 10, 100 and 1000, res-- 

pectively when 0.01, 0.02 and 0.03 M - HF' was present, 
containing 112 $ / l i t e r  Th, the  dis t r ibut ion coefficient T J ~ G  reduced 
a factor  of 3 by the presence of 0.04 14 - F(Fig. 8) .  

The dis t r ibut ion coefficient was about 1400 
about6 g/litetr Th, - 3' 6 c/m.ml Pa-233 and 20 g / l i t e r  of 60 t o  80 mesh unfired Vycor. 

With solutions 

About 7-l/2 moles of aluminwn per mole of fluoride were required 
t o  completely complex the fluoride, so the dis t r ibut ion w a s  nol; affected 
i n  solutions containing only 6 g l l i t e r  Tn. 
t o  fluoride also produced the m a x i m u m  coefficients with feed solutions 
containing 112 g/l%-ter ~"h and 0.04 M _. F-, however, tine coefficient vas 
s t i l l  about SO$ l e s s  than the value obtained without fluoride.  
e f f i c i en t  decreased from 1200 w i t h  no fluoride present t o  345 r\rith a 
fluoride concentration t o  O O &  M. _. 

mole of f luoride increased the  coefficient t o  about 800 (Fig. 9 ) .  

T h i s  mole m t i o  of alumjmm 

The co- 

The presence of 7-112 molcs of aluminum/ 
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Fig. 8. Effect of Fluoride on Protactinium Adsorption. 
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Fig, 9. Effect of Fluoride and Aluminum on Protactinium Adsorption. 
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ADSORPTION OF PR(YTACTIN1[~1 BY SILICA GEL 

The dis t r ibut ion coefficient of laboratory-prepared silica gel i s  

about 3 times the coefficient obtained w i t h  W i r e d  Vycor and more than 
5 times the value obtained with commercial s i l i c a  gel. There is l i t t l e  
or no adsorption of protactinium by Sired Vycor. 
obtained by contacting 0.3 Q of 20 t o  40 mesh adsorbent; for  1 hr with 

These results were 

30 m l  of n i t r i c  acid solution containing about 5 x 105 c/m.ml Pa 233 

(Fig. lo) .  
b r g e  differences were observed i n  the surface area, hydroxyl content, 

and sodium content of the adsorbents” The surface area of commercial 
s i l i c a  
o r  unfired Vycor. The hydroxyl and sodium content, however, were much 
lower i n  the comercial  gel than i n  the laboratory prepared materia1 
(Table 2)” 

gel w a s  about 3 times tha t  of the laboratory prepared s i l i c a  gel  

Column runs indicated that the capacity of the laboratory prepared 
gel i s  higher than tha t  of the eomercialnlater ia l .  On passing a solu-  
t i on  containing 116 g / l i t e r  Th, 70 mglliter Pa231, 11 M - K”03, 0.1 - M A l ,  

and a t race  of F through a column 0.4 cm i n  diameter and 14 cm long con- 
taining 1 gm of 20 t o  40 mesh s i l i c a  gel, 95$ of the protactinium was 
adsorbed. 
s i m i l a r  conditions, 1 g of commercial s i l i c a  gel  removed on~..y 5775 of 
the protactiniwn. 
from 885 a t  the beginning of the rw t o  48$ a% the end. 
of s i l i c a  gel vas adsorbed (Fig. 12). 
w a s  about 1 d/min.cm . 

This was equal t o  a loading of about 3 mg/g (Fig.: 11). 1Jnder 

Tine amount tadsorbed on the comercia1 silica gel ranged 
About 1 .9  ng/g 

In  both experiments the fl-ow r a t e  
2 

Table 2* Pertinent Physical and Chemical Properties of‘ Vycoxs and 
S i l i ca  Gels 

Surface &ea OB “ Nn 
-- Adsorbent (m2/d (Ir,eglg) (wt $) . 
Fired Vycor glass 0.1.8 ea- --- 
Unfired Vycor glass 144.2 e”..- --c 

Laboratory-prepared s i l i c a  gel 196.0 0.12 0.55 
Cortm;ercial s i l i c a  gel. 567.5 0.005 0.07 

The fired Vycor glass was 100-200 mesh; the remaining adsorbents, 29-h-0 
n?esh. 
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Fig. 11.  Sorption of Protactinium with Laboratory-Prepared Silica Gel. 
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Fig.  12, Sorption of Profactinium wirh Commercial Silica Gel. 
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COEXTRACTLON OF URANIUM, THORIUDI, ANI PI?OTA@TINIW,*'I WITII TBP 

The extraction o f  protactiniuii n i t r a t e  with TBP has been extensively 
J+ studied a t  Harm1.1, OHNL,3 and other laboratories.  

t o  design a coextraction flowsheet for  high-burnup t h o r i m  breeder fuels. 
Since the recycled thorium from such fuels must be proceased i n  shielded 
equipment; because of t he  rapid growth o f  the U 232 ana 
it will only be necessary t o  separate the wauliwl, thorium, and protactinium 
from the high-cross-section f i ss ion  products pr ior  t o  recycling. 

The data was used 

daughters, 

The coextraetion process when tes ted at  t r ace r  leve ls  of protactinium 
i n  laboratory batch co-mtercurrent experiments resulted i n  the extraction 
of over 9% of the uranium and thorium and about 9 6  of the protactinium. 
The reminirig 10% of the protactinium vas essent ia l ly  unextractable and 
similar t o  the  adsorption studies, i s  l i ke ly  due t o  the methods of preparing 
the feed solutions. Decontajnimtion factors  of 70 and about LO were 
obtained f o r  the long half-life and high-cross-section mtbeiiiiun ruzd rare 
ear th  el-ements. About half of the zirconium-niobium ex%raeted. with %he 

product, but t h i s  would be of maLl concern du@ t o  i t s  l o w  cross section 
and 6 5 - b ~  half-life. 

the  large amount of aluminum i n  the high l eve l  aqueous waste (Fig. 13). 

5 

The principal disatt?rant,,zge t o  t h i s  flawslieet i s  

O f  par t icular  concern i n  the  extraction of protactinium from thorium 
fue l s  i s  the complexing 09 the protactinium by fliimide. 

shown, protactinium i s  strongly coraplexed by the fluoride t o  give a c o q l c x  

which is not extracted by TBP or adsorbed by V y c ~ r . ~  

AB previously 

As indica.t.ed by 
uiultiple extractLon and Martin technique6 experiments, i n  the alnse;lc~ of 
fluoride the protactinium is completely extractable from 5 E;I HNO 

a, dist r ibut ion coefflcient of about; 4 (Pig. 14). 
amount of fluoride, however, not only decreases t;he mount of pro1;actinium 
which is  extractable but a l so  greatly decreases %he dis t r ibut ion coef- 
f i c i en t  of the extractable species. In  -the presence of 5 M EZNB con- 

taining 0.02 M s HF, about 9b$ of the protactinium is unextractable, and 
the extractable species has a dis t r ibut ion coefficient of about. 0.07 

(Pig. 15) .  In these experiments the moun-t of protactinium which i s  mi- 
extractable is indicated by the  intercept of the extraction J . i m  v i th  the 
aqueous coordinate and the distribution coefficient of the  extractable 

species by the slope of the l i n e ,  

and bas 

The addition or' a sriml1 
- 3  

- 3  
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HN03 5.0 a 
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Fig. 13. Co-extraction of Uranium, Thorium, and Protact inium with Tributyl Phosphate, 

AQUEOUS WASTE 
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Fig. 15. Extraction of Protactiniwm from 5 I N HN03 Containing 0.02 N - :-IF 
with 38% TBP in  n-dodecane. - 



CONCLUSIONS 

Although there  are many unanswered questions concerning the adsorption 
of protactinium on urrfired Vycor, the results of t h i s  investigation are 
encouraging. It was shown that unf i red  Vycor w i l l  prefcrent i a l l y  mjlsor’o 

p;-otactiniwi from n i t r a t e  systems and has 8 usable capacity of n’c .least 

5 mg Pa/@ glass. 
wi. tb oxalic acid solutions, yielding a product decontaminated frorn all. 

3 contaminants except zirconium-niobium by factors greater tinan 10 . 

The protactinium m y  be easi ly  el.tal;ed from the glass 

Since a l l  experlments were made with eimula%ed feed solutions, .the 
amount of adsorbable protactinium tha t  would be i n  solution under actual. 
fue l  processing conditions i s  unknown. 
experiments w i t h  high-burnup short -cooled thorium solutions, which should 

define be t t e r  the process po ten t i a l i t i e s  as weL1  a5 limitations.  i n  ad- 
dit ion,  laboratory work w i l l  continue on c o l m  conditions necessary TOT 
inaximum effect, and the adsorption properties of unfired V ~ C Q P  and silica 

gel for  protactinium from other acidic solutions will be investigated-, 

Future plans cal.1 for  small column 

The countercurrent batch extrac-bion experiments with TBP show *,hat 

i n  the presence of thorium and a large excess of  alumixium, pratac-kinim 
can be sa t i s fac tor i ly  extracted. laboratory experirnftnts are continuing 
t o  determine the rainiriiwn mount of alwainuui that w i l l  be required. boor the 

proeess f 
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