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g.0 Abstract 

The r a t e  of hydrolysis of TBP and the effect  of the hydrolysis products 

i n  the Purex Process kin? been studied. Hydrolytic conditions m y  be en- 

countered in the process which would lead t o  formation of dibutyl phosphoric 

acid, causing significant losses of tetravalent plutonium in stripping. 

si tuation m y  be easily alleviated by reducing and stripping the plutonium 

This 

in the tr ivalent state.  
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The products of hydrolysis of t r ibu ty l  phosphate are known t o  have a 

marked effect  on the chemistry of plutonium i n  the Purex Process, the di-  

butyl phosphoric acid f o r  i t s  strong complexing action of Pu IV, and mono- 

butyl phosphoric acid f o r  i t s  tendency t o  form a precipitate with PU IV. 

Due t o  these circumstances, information was desired on the r a t e  of hydrolysis 

of t r ibu ty l  phosphate under conditions which may be m e t  in  operation of the 

Purex Process. 

2.0 summary 
- 

The relat ion between DBP concentration i n  a TBP-kerosene solution and 

. 

plutonium (IV) losses on stripping has been studied. 

centrations expected i n  the IIB column, the DBP concentration w i l l  have t o  

be kept below O.OOl$ unless the plutonium i s  reduced t o  the 43  state .  

A t  the  plutonium con- 

The s t r ippabi l i ty  of plutonium (111) from a DBP-TBP-kerosene solution 

has been demonstrated. 

tha t  plutonium m y  be readily reduced and stripped. 

A t  DBP concentrations up t o  0.01$, it has been shown 

The hydrolysis of TBP has been measured direct ly  and also in  terms of 

plutonium (IV) stripping losses result ing from the formation of the hydrolysis 

products. 

squeous phase (no organic phase), the hydrolysis appears t o  be f irst  order 

with respect t o  TBP concentration, with lo(;$ hydrolyzing i n  0.33, 0.55, m.d 

1.9 hours a t  8.6, 5.4, and 1.04 molar n i t r i c  acid, respectively, a t  the 

IJith only the amount of TBP present required t o  saturate -&e 
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* 
summary ( continued) 

boiling points. A t  6ooc with 5.414 - n i t r i c  acid, only 2 . 8  hydrolyzes i n  24 

hours. With two phases present, hydrolysis takes place largely in the or- 

ganic phase, and the t o t a l  mount hydrolyzing per unit  time m,d volume i s  

much greater than for  the single aqueous phase. 

Where the degree of hydrolysis was measured in  terms of plutonium (IV) 

stripping losses, the conclusion was borne out tha t  most of the hydrolysis 

occurs i n  the organic phase. Such conditions as organic phase (307 TBP in 

Amsco 123-15) i n  equilibrium with 6~ - n i t r i c  acid, a t  50°C fo r  two hours, o r  

a t  room temperature for  2 days, resul t  i n  significant and intolerable plu- 

tonium losses ( if  stripped without reduction). A t  l a t e r  acidi t ies ,  con- 

siderably longer time i s  requirsd t o  cause appreciable hydrolysis. 

hydrolysis r a t e  is  independent of the presence of an aqueous phase. 

The 

The amount of TBP d i s t i l l i n g  imchaged &en di lute  (IX) n i t r i c  acid is  

concentrated has been determined. 

fractions of the water, before the acid concentration r i s e s  t o  a destructive 

level. 

an acid solution by designing t o  avoid extended contact 3f TBP with concen- 

Most of the !FBI' d i s t i l s  with the f i r a t  

It appears feasible t o  limit the TBI' hydrolysis during evaporation of 

t ra ted n i t r i c  acid, or by operating at  reduced pressure. A big unknown i n  

the amount of TBP hydrolyzeC i s  the amount of entrained organic pliase carried 

into the evaporator. 

MBF, i s  not known f o r  acidi t ies  greater th,m 3 nolm. 

The rate of kjdrolysis of the intemediates, DBF and 

w 
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3.0 Discussion 

3.1 PU(IV) - DE? system 

Since one of the principal objectives of th ia  work has been the 

determination of the effect of T2P hydrolysis on plutonium lossea, the effect  

of pure dibutyl phoqArrric a c i d  (DP,?) on plu-boniurtl (FJ) lossea has been in- 

vestigated.. Tlie DZG uscG iz S11,ss expmjments, and elsewhere i n  t h i s  work, 

was prepared by W. E. Baldwil of the 85enis-I;ry Division, sccording .to the 

following scheme: 

Coqounfi 11, di3utyl chbmphospkomte, was purff'ied as an intermedigte 

by dis t i l la t ion.  

carbon tetrachloride. After removal of solvent, it wass assayed by t i t r a t i o n  

with caustic t o  be 99 +$I pure, containing no detectable mounts of N5T. 

The fin.i,l product, DE?; was purifiec? by extraction into 

The experiments w i t h  Pu(IV) were carried out by extracting plutoniwxl into 

purified TBP solution, add- s d 1 -  mounts of DSP (usually diluted w i t h  h c o  

or TBP-Amsco t o  f a c i l i t a t e  measurement), then stripping with water. The izcti- 

vity remining i n  the organic phase a f t e r  the fourth and sixth s t r i p  was de- 

termined, c s  well RS the act ivi ty  i n  the s ixth s t r i p  bolution. O d y  s smlI. 

change was effected a f t e r  the fourtk strip, indicrwting tkit w h a t  r emind ,  i n  

t3.e orgmic a f t e r  a i s  strip actuzlly represents loss. fko resu l t s  are given 

-p_m 
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. Pu(IV) - DBP System (continued) 

i n  Table I. 

well with the content of DBF. 

basis of the equilibrium theory discussed below. 

summarized by stating that plutonium losses are measurable and significant 

with as l i t t l e  as O.OOl$ DBP in the solvent, at  the plutonium concentrations 

expected i n  the Purex Process. 

are considerably higher. 

tent  i s  Eot very significant when the plutonium is reduced t o  the '-3 state  t o  

s t r ip .  

The distribution coefficient on the sixth s t r i p  does not correlate 

Direct correlation would be expected on the 

However, the results m y  be 

A t  lower L)u concentrations, percentage losses 

It should be pointed out, however, that  the DBP con- 

The relation of Pu loss with mr ia t ion  in  the DBF content may be eludi- 

dated by considering the complex formation as an equilibrium process: 

PU(IV)aq -t- n DBP = Pu(DBP), 

The equilibrium constant for  t h i s  reaction j.2 

If one asswnes that ,  i n  the experiments described above, the stripping operation 

(a) has not changed the DBP concentratim, and (b) has proceeded t o  the point 

where the Pu concentration in  the organic i s  largely tkt due t o  DBF cimqplexing 

( a t  high Pu conc, the "B?? complexing i s  inportant), then K may be w I i m t e d  

as follows: 

lower Pu concentrat ion, 

using the data, a t  O.OOl< DSP (h.8 x lo'? molar), we have, f o r  the 

5.03 x 10'' 
744 (4.3 x 10-5)" 

K =  
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Pu(N)  - DBP System (continued) . 

. 

c 

If n = 2 (as i s  believed t o  be the case i n  TBP complexing), 

K = 3 x 109 l i t e r s2  mols-2 

The Pu distribution coefficient i s  approximately the r a t io  of complexed Pu 

t o  uncomplexed Pu: 

A t  0.001$ DBP t h i s  is  found experimenkally to be 7. 

tained by assuming n = 2, the O/A m y  be calculated for  other concentrations 

of DBP. 

U s i n g  the value of R ob- 

Thus a t  O.OOOl$ DBP, E O/A would be 0.07, and a t  O.Ol$ DBP the coef- 

f ic ient  is calculated t o  be 700. 

3.18 150 a t  0.015 DBP, a d  a t  O.OOOl$ DBP, the r a t io  is essentially the same as 

The experimentally determined coefficients 

with no added DBP. 

If the complex involves only one DBP molecule (possibly with one or mare 

Tl3P molecules) the calculated values of E O/A are 0.7, 7, and 70 fo r  0.0001$, 

O.OOl$ and O.Ol$ DBP, respectively. 

A t  the higher Pu concentrations, the E O/A on the sixth s t r ip  does not 

correlate with DBP concentrations. 

TJ3P complexing a t  the higher Fu concentrations. 

This i s  most l ikely due t o  the effect of 

3.3 Pu(I1I) - DBP System 

I n  both the first and second plutonium cycles of the W e x  Process, 

the reduction of Pu t o  the +3 sta.te in  stripping i s  contermplated or under con- 

sideration, and for  t h i s  reaaon the behavior of Pu(II1) in the presence of DBP 
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. Pu(1II) - DBP System (continued) 

i s  of some interest. 

of Pu( N) , then contacted with TBP-kerosene-E6P solutions. In  one set  of 

experiments the distribution coefficient E O/A was 0.2 i n  the presence of 

0.15 DBP. 

stripping six times (before reduction of Pu N) the E O/A was 70; stripping 

with dilute sul9urous acid gave a coefficient of 0.01. 

performed t o  determine the ra te  of reduction of Pu(IV) by hydroxylamine, DBP 

was added t o  the 30$ TBP solution t o  emphasize the difference in  E O/A for 

Pu JY and 111 i n  l o w  acid systems. 

the E O/A was 0.008 a t  0.001% DBP, and 0.025 a t  O.Ol$ DBP. 

had taken place, the coefficients were 0.44 and 6.0 a t  0.001 and O.Ol$ DB?, 

respectively. In  another experiment, a plutonium (IV) nit ra te  solution i n  

3 6  Tl3P containing O.Ol$ DBP was stripped six times with 0.0414 hydroxylamine 

solution. 

of the original value. Further stripping had no effect (possibly due t o  a 

trace of Pu V I ,  as h;rdrop;yla;nnine is  not a rapid reducing agent for Pu vl>. 

These experiments prove that DBP has no significant conplexing action 

on Pu (111), and as mch as 0.015 DBP can be tolerated in a solvent extraction 

system where the Pu i s  reduced t o  +3 s ta te  fo r  stripping. 

In these experiments, Pu(III) was formed by reduction 

In  another experiment with O.OOl$ DBP i n  the argmic phase, a f t e r  

In  several experiments 

When reduction was complete, a t  0.4M - BX03, 
Where no reduction 

The Pu remaining i n  the organic a f te r  three s t r ips  was down t o  0.1% 

In some of the above experiments, where the reducing agent was  ferrous 

iron, considerable difflculty was encountered due t o  emlsif icat ion of ';he 

two phases. This has been traced to the interaction of' DBP and either Fe(I1) 
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or Fe(II1). 

the lB column may be fixed by i t s  interaction wtth the iron present. 

It seems quite p o s s i J e  that the max.lmum tolerance f o r  DBP in 

The effect of monobutyl phosphoric acid on seduced plutonium was checked 

i n  one experhent. 

mercial butyl acid phosphate (mixture of MBP md DIP, as well 8s ppophosphates) 

with concentrated n i t r i c  acid. 

sene. 

washes extracted with diethyl ether. 

crude monobutyl phosphoric acid. 

sene was contacted with TU(II1). 

be 0.25, indicating slight tendency of Pu I11 t o  be extracted by MBP. 

The MBP was prepare?. i n  crude form by hydrolyzing com- 

The hydrolyzed psoduct was diluted with kero- 

The kerosene solution was washed with water several. times, and the waker 

The ether was evaporated t o  yield the 

A one percent solution of t h i s  MB? i n  lcero- 

The distribution coefZicieart was found t o  

* 

3.4 

relied on 

Hydrolysis mer iment  s 

The procedure used to determine the extent of hydrolysis of TBI- 

the use of TBT c o n t a h b g  P-32. A U  of the hydrolysis products were 

removed from the TBP solution before the eyperhent us- several caustic 

washes. In single (aqueous) phase experiments, t h i s  ?!€E' was equilibrated 

with an aqueous phase of the desired c q o s i t i o n ,  then the aqueous phase was 

subjected t o  hydrolytic condition:;. 

separated into two parts, one being neu-tralized with an excess of solid sodium 

carbonate. 

of WCO kerosene. 

Samples were taken periodically and 

, 
The neutralized portion was scru3bect three times with cqwl  po r tbns  

- This nevkrzlized, washed scmple has Seen found t o  be v e r y  
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4 Hydrolysis Experiments ( continued) 

nearly f ree  of TBP, and contains a l l  the hydrolysis products of the unneutralized 

sample. 

porcelain cups before evaporation. 

a check on possible losses during the hydrolysis experiment. 

The unneutralized sslmple and the treated sample were then counted i -n  

The count of the unneutralized sample gave 

Since t h i s  procedure does not different ia te  between the intermediate (harm- 

ful) hydrolysis products and the  end product, phosphoric acid, which i s  not par- 

t icular ly  harmful, a second procedure w a s  used in some of the e-xperiments. 

'chis procedure, a f t e r  the orgmic phase vas subjected t o  the desired hydrolysis 

conditions, it was equilibrated with a plutonium (IV) nit ra te-ni t r ic  acid solu- 

tion, and the PU concentration determined. 

the organic was stripped s ix  times with equal volumes of water. 

organic phases were sampled and analyzed fo r  .F)u, and the Pu loss  t o  the organic 

calculated. 

hydrolysis products i n  the  organic, using the  data presented above on Pi1 l o s s  

versus DBP (dibutyl phosphoric acid) concentration (Table I) . 

In 

The aqueous phase was withdravn, and 

The aqueous and 

This t ype  of data may be correlated roughly with concentration of 

In the experiments on the hydrolysis i n  the aqueous phase, the concentra- 

t i on  was i n  the range of 0.01 t o  O.O@ !FBF. 

desired where only a small f ract ion of the TBP had hydrolyzed, F-32 labelled "E 

was used t o  indicate concentrations of TBl? and i t s  hydrolysis products. 

procedure is as outlined above. 

Figure 1, where the Traction of TBP unhydrolyzed is plotted against time, for  

hydralyses a t  the boiling point. 

of 0.7, 2.9, and ?.o$ in  6, 24, and 147 hours, respectively, i n  3 0 4 ~ 2  mttric a,ci<. 

Since re l iab le  measurementG were 

The 

The resu l t s  of the  experiments are  shown i n  

One experiment a t  60oc indicate6 2" hydrolysis 
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Hydrolysis Experiments (continued) 
* 

With a TBP-rich phase present, the hydrolysis appears t o  take place 

largely i n  the r ich phase, or a t  the interface. In  one experiment a t  70°C 

w i t h  one volume of 3 6  TBP ( in  Amsco 123-13) a d  2.5 volumes of 6 . 0 ~  n i t r i c  

acid, 0.4% of the TBP present i n  the system hydrolyzed in  three hours. 

this  hydrolysis were taking place solely i n  the aqueous phase about 5% of 

If 

the TBP i n  the aqueous phase would have t o  hydrolyze every minute. This i s  

much faster  than the r a t e  i n  the aqueous phase a t  the boiling point, so the 

major shsbre of the reaction must have occurred either a t  the interface or i n  

the organic phase. 

Several experiments have been carried out on the hydrolysis i n  a two 

phase system a t  roon t eaera ture .  Equal  volumes of TBP (30'6 i n  Amsco 123-15) 

- and 7 . 2 ~  n i t r i c  acid were mixed (continuous agitation) for  one day and f ive  

days (two separate systems). 

system had hydrolyzed. 

In  one day O.O5Z$ of the TBP present i n  the one 

In the other system, OO1@ hydrolyzed i n  f ive days. 

In  these experiments, the amount of hydrolysis was determined by washing with 

caustic several times, then removing m e a c t e d  TBP fromthe alkaline aqueous 

solution by three washes with kerosene, then counting the act ivi ty  remining 

in the aqueous phase. 

These experiments, with either one phase or two phases present, do not 
1 

show the prolonged induction period reported previously. In the above two- 

* phase experiments at room temperature, the r a t e  data follow a logarithmic plot, 

which extrapolates back t o  zero hydrolysis a t  zero time. 

of hydrolysis found i n  these experiments i s  much fas te r  than found i n  the 

Moreover, the rate  
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Hydrolysis Experiments ( continued) 

above-reported work.' 

with two phases present, with the extent of hydrolysis determined by analysis 

fo r  MBP and phosphoric acid, 

and 3N n i t r i c  acid, the r a t e  following an induction period of eight days was 

0.045$ per day a t  76Oc; a t  lO5'C, the r a t e  was 0.23% per day a f t e r  a two day 

induction period. 

acid i n  the aqueous, they report 0.33% hydrolyzing i n  two days, and 2.225$ i n  

six days. 

In  the reference work, the hydrolysis was carried out 

With equal v o l ~ s  of both phases, pure 'JBF 

In another equi-volume experiment a t  lO3OC,  with 6EI n i t r i c  

It i s  believed tha t  the analytical  methods used i n  the present work 

are more accurate for l m ~  concentrations of phosphorus and therefore more re- 

l i ab le  when only a s&l fraction of the TBP has hydrolyzed. 

A nmiber of hydrolysis experiments have been carried out, where the ex- 

t en t  of hydrolysis has been measured i n  terms of plutonium loss such hydrolysis 

causes. This had been done because of the fac t  that the primaxy hydrolysis 

product of TBP - dibutyl phosphoric acid - is  the only one which reall;t- matters 

from the stsurdpoint of the effect  on the Purex Process. Thus, i f  it were that  

the DB? formed by hydrolysis i n  turn hydrolyzes a t  a much fas te r  r a t e  than does 

the TBP, there would be very l i t t l e  DB? present a t  my time, and the YBP hydrc- 

lys i s  would be of no consequence, For t h i s  reason, the second procedure out- 

l i ne  above was used. . 
913 resul ts  of these experiments are given i n  Table 11. These results 

indicate tha t  the major share of the hydrolysis takes place i n  the mgamic 

phase, and in fcct, i s  indepz-dent of the presence of an aqueous 12mse. 
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The major importance of these results l i e s  i n  the fact  that ,  where the 

plutonium i s  not reduced in the second cycle, the losses may be quite serious. 

Thus IW, according t o  the CrRM; #1 flawsheet, w i l l  be i n  equilibrium. with 

4.5M n i t r i c  acid. 

contactor, may be warned t o  50°C and held there occasionally for extended 

periods. 

IIB bank. 

bank, but if  t h i s  i s  undesirable, the best method t o  avoid solvent hydrolysis 

and consequent Pu l o s s  is by keeping the temperature and acid concentration 

as low as consistent with the flowsheet, and t o  avoid any possibil i ty Tor the 

I W  t o  be stored for extended periods. 

This organic, if steam jetted t o  a feed tax& for  the IJB 

Under these conditions, the Pu loss may reach several percent in  the 

This type of loss  can be avoided by reducing t o  PU I11 i n  the In 

Several experbents were carried out in an attempt t o  estimate the relative 

amount of DBP i n  the hydrolysis products of TBP. 

ra tes  of hydrolysis of TBP and DBP are of the same order of mgnitude, the 

relative proportion of DBP w i l l  vary over a t  least  part of the hydrolysis 

period. 

quicker a steady s t a t e  is  reached, where (TBP/DBP) w i l l  remain constant. I n  

one experiment, a solution of 5.5M n i t r i c  acid w a s  equilibrated with 3% TBP 

i n  Amsco 3-23-13, then separated completely. 

and refluxed f o r  one hour. 

and contained 1.71 x 10 9u a c/m/ml. 

It i s  understood tha t  if  the 

The faster  the ra te  of DBP hydrolysis i n  relation t o  tht of TBP, the 

The aqueous was spiked w i t h  Pu(IV) 

The solution a t  t h i s  point was 5.OM i n  n i t r i c  acid 

b 6 It was equilibrated with a 308 TBP-Amsco 

solution, giving 

was stripped six 

6 an organic containing 1.64 x 10 

times at  which point 2.5$ of the Pu was st i l l  i n  the organlic 

Pu a c/m/ml. This organic 
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Hydrolysis Experiments (continued) 

phase. Referring t o  Table I, it i s  seen that  roughly 0.00176 DBP i s  required 

a t  t h i s  Pu level t o  result i n  a 2.5% loss. 

i n  n i t r i c  acid2j3, we estimate the aqueous phase contained roughly O,Ol$ TBP 

prior t o  hydrolysis. 

of the TBP should have hydrolyzed (see Figure I). 

hydrolysis products should be about OOOOl5$ 

figure indicates that  a major share of the hydrolysis products is 3BP. 

experiment i s  subject t o  large errors, especially i n  the original concen- 

t ra t ion  of TBP in  the aqueous (any entrainment of free organic phase iCL1 in- 

crease the TBP concentration greatly) * 

From the solubili ty of pure TBP 

Under the conditions of t h i s  experiment, roughly l5$ 

Thus the concentration of 

Therefore, the plutonium los s  

lkis 

In  another experiment (described above) a 7.2 molar n i t r i c  aced solutioz 

and 30$ TBF solution gave O.O$ hydrolysis i n  one day a t  room temperature and 

0.2; i n  five days. 

Since the organic i s  only 305 TBP, the concentration of hy&olysis produets 

is 0.3 x 0.15 = O.Ob5;5. 

system at 5.814 n i t r i c  acid gave a PU loss  of 3.85 i n  4 aa3-s. 

indicates 0.001 t o  0.005;!7 DBP. 

which i e  DE?, imder these conditions, is  1%; or less. 

I n  four days, roughly 0.13$ hydrolysis should occur. 

In  the first experiment described in  Table ITg a 

This Pu loss 

The percentage of the hyilrolysis products 

Since the relative importance of DB? ir-  the hydrolysis mixture m y  50 

expecte6 t o   nay with the teqer?,ture ( i f  32% mil !I232 b v e  different act im- 

t ion energLes for  hydsolyetr;), with aciditr ,  and with time, the resvlltr.  of 

these fetr e,qerSment? should be t&en 01Q.y as an iri&i-ca,-bLm of what -t 
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Hydrolysis Eqeriment s (continued) 

concentration might be, 

Table I1 definitely indicate the potential  danger, i n  terms of plutonium 

losses, due t o  TI3P hydrolysis. 

In  any case, these experiments and those shown i n  

3.5 TBP Hydrolysis During Dist i l la t ion 

Several streams in  the Purex Frocess which must be ev&poreteCi, ma> 

be affected by the behavior of TBP during the evaporation. 

present i n  these stseams ei ther  as the  amount dissolved or  as entrained Bepa- 

r a t e  phase. 

d i s t i l l a t i on  and hydsolysis. 

non-volatile, once a particular TBP molecule hydrolyzes t o  DBP, it w i l l  be 

held in  the l iquid under hydrolytic conditions3 so it w i l l  tend t o  hydrolyze 

f b t h e r ,  ultimately t o  orthophosphoric acid., 

a l l  the way depenCls on the time of exposure t o  hydrolysis conditions. 

the r a t e  of hydrolysis of‘ TBP goes vp as the n i t r i c  acid. concentration goes 

up, one would expect steam dis t i l l a t ioE t o  become l e s s  important as  the n i t r i c  

acid concentrationbuilds up, aa  i n  a batch acid evaporation. Therefore, since 

the  beginning of the dis t i l l a t ion  i, the  most favorable time for TBP ais;t i l-  
lat ion,  and since those molecules hydrolyzed t o  DBP w i l l  tend t o  hydrolyze 

further, it i s  evident tha t  the amount of phosphate retained an6 also the 

re la t ive porportioris of thc; tntemnediate and f inal  hydrolysis products w i l l  

depend on the manner in which the d is t i l l a t ion  i s  carried out. 

t i l l a t i o n  would be expected tqo d&stiL out more TBP, while most af the k~dxcslyzed 

TBP wousZd he present as  DBFe A slow d is t i l l a t ion ,  on the  o”cl;er liana3 would 

The TBF m y  be 

The two fac-f;ors at work during such a31 evaporation aye steam 

Since the hydrolysis products are essentially 

Whether i - b  actually hydrolyzes 

Since 

A rapid iiis- 
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TBP Hydrolysis During Dis t i l l a t ion  (continued) 

resu l t  i n  more hydrolysis, and with enough time, hydrolysis of IIBP and MBP 

t o  phosphoric acid would be complete. 

be expected t o  affect  the amount d i s t i l l ed  as well as the relat ive propor- 

t ions of hydrolysis products. 

would permit less  contact with higher acid concentrations until most of the 

TBP dis t i l led.  

The type of equipment used would also 

Thus continuous feed to a fractionating column 

Several experiments were performed t o  determine the  f a t e  of TBP d u r i n g  

concentration of an acid solution. I n  the first, carried out a t  atmospheric 

pressure, lM n i t r i c  acid saturated with P-32 labelled TBP-Amsco solution was 

d i s t i l l ed  for  1.7 hours. 

97.7$ of the TBP in the original charge had d i s t i l l ed  unchanged. 

which had not d i s t i l l ed ,  80$ was hydrolyzed. 

8 M  i n  n i t r i c  acid a t  the end of the dis t i l la t ion.  

the exception that the n i t r i c  acid feed contained 1 gm UNH/liter, yielded the 

same results.  A two hour d i s t i l l a t i on  a t  75 mm Hg, temperature ranging from 

47' a t  the start t o  71°@ et the end, gave the following results: l iquid dis- 

t i l l e d ,  85%; TBP dis t i l l ed ,  99.15; TBP i n  residue hy&obzed, 34%; TBP hydrolyzed, 

based on TBP i n  feed, 0.24$; residue acidity, 8 . ~ 4 .  

A t  t h i s  pobxt, 85$ of the l iquid had dis t i l led,  and 

O f  the TBF 

The s t i l l  residue was roughly 

A similar experiment with 

Fromthese data it is  apparent that  most of the TBP can be steam d i s t i l l ed  

without hydrolysis. Since i n  these experiments only the amount; of TBP as i s  

soluble i n  1M 

amount of TBP 

n i t r i c  acid was present, it i s  obvious tha t  only a very small 

was hytlrolyzed. Since the solubi l i ty  of TBP i n  the various 
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TBP IQdrolysis During Dist i l la t ion (continued) 

aqueous solutions tha t  w i l l  be cnncentrated i n  the Pusl.ex Process is  between 

0.005 and 0.02$, the amount of TBP from entrainment w i l l  most l ikely be of 

more importance. 

provide 20 t o  100 times the amout of TBP as that  due t o  i t s  solubility. 

t h i s  reason, then, we believe the coqpleteness of separation of phases t o  be 

of prime iqortance in  any situation where TBP hydrolysis during subsequent 

evaporation i s  l ikely t o  cause trouble, 

A separation of phases that i s  only 99.5% complete w i l l  

For 

In  the proposed three-stage evaporation of IIBP for  isolation of plu- 

tonium, a thousand-fold concentration is expected. 

i s  about 0.2M. 

acidity, and most of the TBP should d i s t i l  out before the acid concentration 

reaches a destructive level. 

subjected Lo very severe hydrolytic conditions (68% n i t r i c  acid, 120°C) for  the 

l a t t e r  part of the evaporation. 

MBP hold f o r  conditions no more severe than 3M i n  n i t r i c  acid a t  76Oc. 

t he i r  hydrolysis ra tes  a t  76'~ and at 25OC, the hypothetical half- l i fe  at 12OoC 

in  3M n i t r i c  i s  est-ted t o  be 2.8 days for MEP and 1.4 days f o r  DW. A l -  

though the effect of acidity on the hydrolysis of these acid eaters has not 

been determined it is  very l ikely that the r a t e  w i l l  change more w i t h  acidity 

than does the ra te  of TBP hydrolysis, 

and DBP are f a i r ly  strong acids , and it i s  probable that  the mechanism of the 

hydroJYsi8 reaction involves reaction of water and hydrogen ion with the 

Here the original acidity 

Megligible hydrolysis w d d  be expected t o  occur a t  t h i s  

However, whatever TBP does hydro lpe  w i l l  be 

The published data on hydrolysis of DBP and 

1 Using 

'Jlhis i s  due t o  the fact  tha t  both MEiP 
4 
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Tl3P Hydrolysis D u r i q q  Dis t i l la t ion (continued) 

the unionized form of the acid. 

order dependence of the reaction on hydrogen ion. It appears likely, then, 

that  under the conditions t a r a r d  the end of the t r i p l e  evaporation of IIBP, 

much of the DBP and MBP formed w i l l  be hydrolyzed further t o  orthophosphoric 

acid. 

of the hydrolysis of MBP and DBP i n  constant boiling canposition n i t r i c  acid 

a t  the boiling point. 

This is  equivalent t o  a second or higher 

More quantitative conclusions must await the experimental determination 
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Table I 

Effect of Dibutyl Phosphoric Acid on Plutonium Stripping Losses 

Solvent: 
Strip: demineralized water 
Equal volumes of solvent and s t r i p  batch- 
contacted for  two minutes 

30$ TBP - 7 6  Amsco 123-15 

DBP Plutonium Concentrat ion (c/m/d) 
Conc. ($ Organic - Organic Aqueous 
by Vol. Before Stripp- 6th Str ip  6th Strip 

0.0 6.5 x 10 850 120 
0,0001 6.5 x 105 565 50 

0.001 6.5 x 105 5.03 104 744 

0. 01 3.6 x 105 2.2 105 1.4 103 

0.01 6.87 107 5.33 X 10 2.86 105 

5 

0 0 001 6.87 x 10 7 6.14 x 1 9  8.76 x 103 

PU D.C. 

7 0.13 
33 0.09 

6.8 7.7 

70 61.1 

70 0.9 

18.5 7.8 



- 21 - a~mt-1138 

Table I1 

Two-phase and Organic Phase Hydrolysis of Tributyl 
Phosphate, using Pu Loss as Indicator 

(Equal volumes of 3@ lBP (in Amsco 123-15) and aqueous nitric 
acid; organic spiked to 5 Y lo6 Pu a c/m/ml after 
hydrolysis experiment) 

Aqueous phase* 
Temp . Phases Present M-HN03 Time, hr. Pu Loss, $ 

3.8 
0.3 
0.7 

Org. 1.0 168 1.4 
Org. 3.0 168 21.3 

5.7 

tf 
96 

f l  
24 Org; aq. 6.0 

I1 
24 * 6.0 

2 8 O c  Org; aq. 5.8 

I1 

Org; aq. 6.0 1.0 0.28 lf I1 

tl I1 2.5 2.8 
6.0 

I? 17 49 11 6.0 

tI  11 22 33 6.0 
1.0 21.5 23.6 

50° 

6.0 2.5 
tl 

Org. 6.0 1.0 0.36 11 

11 6.0 2.5 3.0 tl 11 

11 I1 3.0 21.5 40.7 
Control (no nitric acid treatment) 0.17 

* Where only organic phase is present, the organic was equilibrated three 
times with fresh, equal-volume portions of acid of the normality shown. 
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Figure I 

Hl!lX?OLYSIS OF TBP DISSOLVED IN NmIC A C D  
(aqueous phase at the boiling point) 
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I 1 I I I 
1 2 3 4 5 

Time, hr. 

0 1.04M nitric acid - 10l°C 
" 107.5 @ 5.43 

8.6 
11 

It 112.5 


