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ALPHA RADIOLYSIS AND OTHER FACTORS AFFECTING HYDROLYSIS 
OF TRIBUTYL PHOSPHATE 

M. H. Lloyd and R. L. Fellows 

ABSTRACT 

The primary purpose of t h i s  s tudy  w a s  t o  i d e n t i f y  t h e  prin- 
c i p a l  degradat ion products produced by Pu(1V) loading  in 30% 
t r i b u t y l  phosphate/dodecane (TBP-DD) s o l u t i o n s  and to determine 
t h e  formation rates of these  spec ies  as a func t ion  of tempera- 
t u r e .  

Experiments w e r e  a l s o  conducted t o  eva lua te  HNO3 hydro lys is  
of TBP as a func t ion  of temperature and to  compare the  e f f e c t s  
r e s u l t i n g  from plutonium so lvent  loading  wi th  e f f e c t s  due t o  
loading  wi th  uranium and zirconium. The resul ts  i n d i c a t e  t h a t  
four f a c t o r s  are of p a r t i c u l a r  s ign i f i cance :  (1) d ibu ty l  
phosphate (DBP) is  the  p r i n c i p a l  plutonium-complexing spec ie s  
formed at  temperatures of 50°C o r  lower, while  s i g n i f i c a n t  con- 
c e n t r a t i o n s  of monobutyl phosphate (MBP) a r e  a l s o  formed a t  
h igher  temperatures;  (2)  t h e  TBP degradat ion rate due t o  alpha 
r a d i o l y s i s  o r  chemical hydro lys is  is s t rong ly  dependent on tem- 
pe ra tu re ;  (3) plutonium promotes TBP hydro lys is  by two mecha- 
nisms, a lpha r a d i o l y s i s  and metal-ion-induced hydro lys is ,  and, 
of t hese ,  metal-ion-induced hydro lys is  can be the  major e f f e c t ;  
and (4) small amounts of an u n i d e n t i f i e d  plutonium-complexing 
s p e c i e s  are formed i n  experiments using plutonium of high 
s p e c i f i c  a c t i v i t y  1-4 x 108 counts  per minute per mil l igram 
(c/min*mg)]. 
Na $0 3 washing o r  o t h e r  solvent cleanup procedures.  

This species cannot be removed from 30% TBP-DD by 

The TBP degradat ion rates (determined as grams of plutonium 
complexed by degradat ion producte) increased  from 0.125 mg Pu/L-h 
a t  25°C t o  47.9 m g  Pu/L'h a t  80°C in 30% TBP-DD s o l u t i o n s  t h a t  
conta ined  only 0.68 M HNO3. I n  s o l u t i o n s  t h a t  a d d i t i o n a l l y  con- 
t a i n e d  -20 g/L of p l k o n i u m  ( s p e c i f i c  a c t i v i t y  = 9 x lo7 c/min*mg) 
TBP degradat ion rates increased  from 2.46 mg Pu/L*h a t  25°C to  
127.1 mg Pu/L*h a t  80'C. 

1 
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1. INTRODUCTION 

The o b j e c t i v e s  of t h i s  study were t o  i n v e s t i g a t e  a lpha  r a d i o l y s i s  and 

o t h e r  f a c t o r s  which promote hydrolysas of t r i b u t y l  phosphate (TBP),  and 

t o  determine the  concomitant fomatPon rates o f  d i b u t y l  phosphate (DBP) ,  

rnonobutyl phosphate (MBP), or o t h e r  degrada t ion  products t h a t  might form 

i n  30% TBP-n-paraffin - mixtures.  As i n  prev ious ly  r epor t ed  s t u d i e s ,  t h e  

DBP and MBP were measured by d i r e c t  spectrophotometric examination of t h e  

plutonium complexed species i n  the  TIBP-diluent phase. 

A t  p r e s e n t ,  so lven t  e x t r a c t t o n  from n i t r i c  a c i d  s o l u t i o n s  wi th  TBP i s  

t h e  o n l y  method used f o r  reprocess ing  spent  reactor f u e l s  to recover 

uranium and plutonium. It i s  widely recognfzecl t h a t  the  r a d i o l y t i c  and 

chemical decomposition of TBP and i t s  Q i l u e n t s  can adve r se ly  a f f e c t  pro- 

c e s s i n g  ope ra t ions ,  and experience has  s h c a ~ n ~ - ~  t h a t  so lven t  q u a l i t y  i s  o f  

pr ime  importance i n  determining process performance. A number of: labora- 

tory and p lan t  s t u d i e s 5 6  t h a t  address  t h i s  problem have demonstrated t h a t  

TBP decomposition can be shown as: 

and t h a t  t h i s  r e a c t i o n  Ps of  major importance i n  degrading so lven t  q u a l i t y .  

Adverse e f f e c t s  due t o  d i l u e n t  degradation and t h e  accumulation of degrada- 

t i o n  products i n  recyc led  so lven t  systems have also been recognized. 

Many of t h e  ear l ie r  s t u d i e s  concerned wi th  TBP degrada t lon  involved 

on ly  DBP o r  made no a t tempt  t o  d i f f e r e n t i a t e  between DWP and M8P; during 

t h e  pas t  s e v e r a l  yea r s ,  however, s o p h i s t i c a t e d  techniques have become 

a v a i l a b l e  for t h e  a n a l y s i s  of t r a c e  compounds i n  complicated mixtures,  

making i t  p o s s i b l e  t o  conduct d e t a i l e d  s t u d i e s  t h a t  were not  prev ious ly  

poss ib l e .  Examples of such s t u d i e s  inc lude  the  d e t e r d n a t i o n  of hydroly- 

sis c o n s t a n t s  f o r  TBP, DBP and MBP i n  3 L M HN03,7 the  in f luence  of tem- 

pera tu re  and a c i d  concen t r a t ion  on a c i d  hydro lys i s ,  and Purex d i l u e n t  

degradation. 

The primary emphasis i n  t h i s  s tudy  was t o  determine TBP and DBP decorn- 

p o s i t i o n  r a t e s  due t o  plutonium loading  i n  a 30% TBP-diluent phase as a 

func t ion  of temperature. S i g n i f i c a n t  decomposition a t t r i b u t a b l e  t o  a lpha  
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r a d i o l y s i s  and metal-ion-catalyzed hydro lys i s  was observed. This  s tudy 

a l s o  examined ac id  hydro lys is  of TBP i n  plutonium-containing systems and 

compared metal-ion-induced hydro lys is  of TBP by plutonium, uranium, and 

zirconium. Condit ions were confined pr imar i ly  t o  those expected for LMFBR 

f u e l  reprocess ing ,  such a s  3 -. M HNO3 feed  s o l u t i o n s  and plutonium loadings 

of 20-30 g/L. 

2. EXPERIMENTAL PROCEDURE 

Indus t r ia l -grade  TBP w a s  ob ta ined  from the  Ashland Chemical Company. 

A 30 vo l  % TBP s o l u t i o n  w a s  prepared by d i l u t i o n  of the  as-received 

m a t e r i a l  with reagent-grade, - n-dodecane (DD) (Eastman Kodak Co .) . 
mixed organic  s o l u t i o n  was then p u r i f i e d  by success ive ,  equal-volume 

scrubs  with Na2CO3 s o l u t i o n  (10 g / L ) ,  water, and HNO3 (3  - If). 

The 

Plutonium s tock  s o l u t i o n s  w e r e  p u r i f i e d  by anion exchange with 7 - M RNO3. 

This  t reatment  y ie lded  high-puri ty ,  americium-free, Pu(1V) products  i n  

-1 - M HN03. 

per iod ic  b a s i s  to ensure t h a t  plutonium remained i n  the  t e t r a v a l e n t  s t a t e .  

The s o l u t i o n s  were examined spec t rophotometr ica l ly  on a 

In a l l  experiments,  s o l u t i o n s  of  302 TBP-DD w e r e  e q u i l i b r a t e d  with 

3 - M HNO3, which produced an organic-phase HNO3 concen t r a t ion  of 0.58 M. 
The des i r ed  metal  ion was int roduced by con tac t ing  the  a c i d i f i e d  organic  

phase with an equal  volume of 3 M HN03 t h a t  contained the  metal n i t r a t e .  

This  

The organic  s o l u t i o n s  were aged i n  water-jacketed, s ea l ed ,  glass con- 

t a i n e r s  f o r  per iods  ranging from 7 t o  80 d. The des i r ed  temperature was 

maintained with a constant- temperature ,  r e c i r c u l a t i n g  water bath.  

- 
gene ra l ly  produced an organic-phase a c i d  concen t r a t ion  of 8.68 - M. 

Each s o l u t i o n  w a s  sampled p e r i o d i c a l l y  and analyzed using l o r a c i d  

s t r i p p i n g  and spectrophotometr ic  procedures t h a t  have been previously 

descr ibed.  Zn t h i s  procedure,  o rgantc  s o l u t i o n s  t h a t  contained plutonium 

were s t r i p p e d  with seven equal-volume s t a g e s  of 0.2 - M HNO3.  This  effec-  

t i v e l y  removes TBP-eomplexed plutonium, while  t he  plutonium complexed by 

TBP degradat ion products (e.g., DBP and MBP) is not  removed to any signi- 

f i c a n t  degree. Analysis of the s t r i p p e d  organic  s o l u t i o n  for  p l u t o n i m ,  

t h e r e f o r e ,  provides  a q u a n t i t a t i v e  determinat ion of plutonium complexation 



4 

by t h e  TBP-DD degrada t ion  products.  A d i r e c t  spectrophotometric examina- 

t i o n  of t h e  s t r i p p e d  organic  phase w a s  then used t o  i d e n t i f y  the  p lu ton im-  

complexed spec ie s .  

For o rgan ic  feeds  t h a t  do not  con ta in  plutonium, the  same procedure can 

be used by f i r s t  con tac t ing  the  organic  phase with 3 I M HNQ3 t h a t  con ta ins  

an  appropr i a t e  amount of Pu(IV) n i t r a t e .  This  i s  p o s s i b l e  even when o t h e r  

metal ions  are present  because, i n  n e a r l y  a l l  eases, Pu(1V) p r e f e r e n t i a l l y  

complexes with t h e  TBP hydro lys i s  products t h a t  are most f r equen t ly  

encountered. 

I n  each s t r i p p i n g  experiment, a l l  s o l u t i o n s  w e r e  analyzed f o r  pluto- 

nium by gross-alpha counting s i n c e  t h e  plutonium had been r e c e n t l y  p u r i f i e d .  

Material balances were c a l c u l a t e d  fo r  each s t a g e ,  t o  ensure  a counting 

aeeuracy of 22.0%. The organic  phase, a f t e r  each s t r i p p i n g  s t a g e ,  w a s  

analyzed using a Cary, Model 1 4 ,  record ing  spectrophotometer wit11 quar t z  

cel ls .  The abso rp t ion  s p e c t r a  were recorded from 410 t o  1200 MI. The 

r e fe rence  s o l u t i o n  was 30% TBP-DD t h a t  had been e q u t l i b r a t e d  with 

0.2 I M HMQ3. 

arnblent temperature. 

All experiments and a n a l y t i c a l  procedures w e r e  conducted a t  

For t h e  s o l u t i o n s  t h a t  contained plutonium, the  r a d i a t i o n  dose was 

c a l c u l a t e d  by assuming t h a t  a l l  t he  decay r a d i a t i o n  from t h e  plutonium 

disso lved  i n  t h e  organic  phase was absorbed by t h a t  organic  phase. The 

decay energy f o r  each plutonium s tock  s o l u t i o n  w a s  c a l c u l a t e d  from the  

r ad io i so tope  decay ene rg ie s  sho below and t h e  i s o t o p i c  d i s t r i b u t i o n  i n  

t h e  plutonium s o l u t i o n  used. 

___l.l-. Decay energy, W/$ 

0.570 

1.913 x 10-3 

4.06 x 10-3 

1.13 x 

7.047 x 

The r a d i a t i o n  dose is c a l c u l a t e d  as t h e  product of t h e  decay energy ( i n  

w a t t s  p e r  gram), t he  plutonium concen t r a t lon  i n  the  organic  phase ( i n  

grams per l i t e r ) ,  and the  i r r a d i a t i o n  t i m e  (hour s ) .  
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3.  RESULTS AMD DISCUSSION 

The primary purpose of this study was to identify and determine the 

formation rates of complexing species induced by Pu(IV) loading in TBP-DD 

solutions. Some of the results obtained were expected, e.g., DBP was the 

principal degradation product formed, particularly at the Power tempera- 

tures, and the rate of TBP hydrolysis increases rapidly with increasing 

temperature. Somewhat unexpectedly, Bt was found that plutonium promotes 

TBP hydrolysis by two mechanisms, alpha radiolysis and metal-ion-induced 

hydrolysis. Of these, the metal-ion-induced hydrolysis is the major effect 

for plutonium of moderate specific activity. 

3.1 ACID-CATALYZED HYDROLYSIS OF TBP 

Figure 1 presents the rates of TBP degradation due to hydrolysis 

for reaction temperatures of 25, 50 ,  and 80"C, as indicated by the total 

plutonium concentrations complexed by degradation products. These results 

were obtained by periodic analysis of the acfdified organic phase. In a l l  

cases, the TIN03 concentration in the organic phase was 0.68 M, to match 

conditions of the subsequent plutonium-containing experiment. The rate of 

TBP hydrolysis is definitely a function of temperature, increasing by a 

factor of nearly 400 as the temperature is increased from 25 to 80°C. 

- 

Our determinations of the plutonium-complexing species by direct 

spectrophotometric analysis of the organic phase, and of the total D3P and 

MBP concentrations by spectrophotometric and low-acid-stripping data, 

indicate that the plutonium was totally complexed by DBP at 50°C and 

lower temperatures, and that only trace amounts of the MBP complex formed 

at 8OoC (a% of the complexed plutonium). 
therefore be calculated from the data In Fig. 1, based on the rela- 

tionship (ref. 1): 

The DBP formation rates can 

moles DBP 
moles Pu 

The DBP formation rates determined 

of temperature) in Fig. 2. 

1.75 + 0.1 . - 

as mg DBP/L*h are shorn (as a function 



2.4 

2 .o 
47.9 mg Pu / L e  h (80°c) A 

3 
p. 
B 
op 
26 
CB - 

1.6 
0 
0 

8 
CR 

e3 
D 

z 
0 
I- a a 
4 
EIC 

w 
Q 
Q m 
I- 

rg- 

- 1.2 

- 

2.29 mg Pur d L * k  (50*C% a 0.8 

0.4 

0,125 mg Pu /L*h  (25OC) 

0 10 20 90 48 
TIME l;d) 

0 

F i g .  1. Tributyl  phosphate (TBP) degradation rates at 25, 5 0 ,  and 
in 0.68  I M HNQ3. 

80°C 
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20 30 40 50 60 70 80 90 
TEMPERATURE ( "C ) '  

Fig. 2. Dibutyl phosphate (DBP) formation rates  i n  30% TBP-DD that 
contains 0.68 M HNO3 as a function of temperature. 
from data reported by L. S t i e g l i t z  et a 1 . J 8  

[Oour data; Acalculated 



Deta i l ed  s t u d i e s  of acid-catalyzed hydro lys i s  of TBP have been pre- 

v ious ly  repor ted  by IC. S t i e g l i t z  e t  a1.7,8 They r e p o r t  da t a  from two- 

phase experiments (30% TBP-n-alkane; - 3 - M HNO3) wi th  organic-to-aqueous 

(O/A) phase r a t i o s  of 3/1 f o r  r e a c t i o n  temperatures of 23, 50 and 75°C. 

In t h e i r  s tudy ,  HDBP formation w a s  found t o  proceed almost l i n e a r l y  with 

t i m e ,  f i r s t  o rder  with r e spec t  to TBP, and f i r s t  o rde r  with respect t o  

HNO3 concent ra t ion .  They a l s o  found MBP formation t o  be below t h e  l i m i t s  

of de t ec t ion  (<3 x 

mation r a t e  a t  75°C (-0.5% of the  DBP formation ra te) .  Their data  on DBP 

formation rates are comparable wi th  our da t a ,  i f  a c o r r e c t i o n  i s  made f o r  

t he  d i f f e rence  i n  organic-phase a c i d  concent ra t ion .  

mg/L*h) a t  23 and 50°C and t o  have a very low for -  

The organic-phase a c i d  concent ra t ion  i n  t h e i r  experiments can be 

c a l c u l a t e d  t o  be 0.42 M when the  aqueous-phase HNO3 i s  3 M ,  t he  B/A phase 

r a t i o  i s  3 ,  and the  organic  phase i s  not  p reac id i f i ed .  When i t  i s  then 

assumed, as repor ted ,  t h a t  €IN03 shows a f i r s t - o r d e r  dependence, t he  DBP 

formation rates a t  0.68 M a c i d  can be c a l c u l a t e d ,  and these  r e s u l t s  ( s o l i d  

t r i a n g l e s )  are shown i n  Pig 2. The agreement between the  two data sets is  

e x c e l l e n t ,  p a r t i c u l a r l y  so when i t  i s  considered t h a t  single-phase experi-  

ments a r e  being compared with two-phase experiments and t h a t  the  DBP ana- 

l y t i c a l  procedures used were significantly d i f f e r e n t .  

- - 

-. 

3.2 THE EFFECT OF PLUTONIUM ON TBP HYDROLYSIS MTES 

The e f f e c t  of plutonium on TBP degradat ion w a s  eva lua ted  i n  s ingle-  

phase experiments (30% TBP-DD). Plutonium concent ra t ions  were va r i ed  from 

16.5 t o  26.5 g/L, us ing  plutonium feeds  i n  which the  i s o t o p i c  compositions 

provided plutonium s p e c i f i c  a c t i v i t i e s  of 8.9 x IO7 and 3.81 x 108 c/min*mg. 

The organic-phase n i t r i c  ac id  concent ra t ion  was 4 . 6 8  M i n  a l l  experiments, 

and r eac t ion  temperatures of 25 ,  50 and 80°C were used. 
I 

Figure  3 presen t s  our  da ta  on the  TBP degradat ion rates f o r  experi-  

ments us ing  plutonium of low s p e c i f i c  a c t i v i t y  (8.9 x lo7 c/min*mg) a t  

r e a c t i o n  temperatures of 25,  50, and 80°C; comparable da t a  f o r  plutonium 

of h igh  s p e c i f i c  a c t i v i t y  (3.81 x 1Q8 e/min-rig) a t  r e a c t i o n  temperatures 

of 50 and 8 0 ° C  i s  shown i n  Fig. 4. The da ta  are given i n  t e r m s  of t o t a l  

grams of plutonium complexed by the  TBP degradat ion products.  It should 
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Pig. 3.  Effects  of low-specific-activity plutonium (S.A. m8.9 x lo7 
c/min*mg) on TBP degradation rates  i n  30% TBP-DD that contains 0.68 M HNO3. 
[ 0 Pu = 20.18 g/L; Pu = 26.5 g/L; A P u  = 25.9 g/L.] - 
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Fig. 4 -  Effects Qf high-speciffc-activrty p l u t Q 1 1 ~ ~  ( S . A .  = 3.81 X l o 8  
c/min'mg) on TBP degradation rates in 30% TBP-DD t h a t  con ta ins  0.68 - M UN83. 
[ d Pa = 16.54 g/L; 0 Pu = 20.87 g/L.] 
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be noted t h a t  cons tan t  plutonium feed concent ra t ions  were not  used i n  

these  experiments; however, i f  i t  is assumed, as d iscussed  i n  the  

following s e c t i o n s ,  t h a t  TBP degradat ion due t o  a c i d  hydro lys is  is not 

a f f e c t e d  by small changes i n  a c i d  concent ra t ion ,  t he  da ta  can be nor- 

malized €or a cons tan t  plutonium concent ra t ion  by first subtracting t he  

c o n t r i b u t i o n  due t o  a c i d  hydro lys is  from the  t o t a l  due t o  both a c i d  and 

plutonium concent ra t ion .  The r e s u l t a n t  v a r i a t i o n  i n  t o t a l  grams of plu- 

tonium complexed for plutonium feeds of a given s p e c i f i c  a c t i v i t y  should 

then be due only t o  v a r i a t i o n s  i n  the  reaction temperature.  

summarizes the  r e s u l t s  ob ta ined  when the data  a r e  normalized for  a pluton- 

i u m  organic-phase coneent ra t fon  of 20 g/L.  

Table 1 

Table 1. E f f e c t s  of plutonium on TBP degradat ion rates 
a t  var ious  temperatures 

--- 
Plutonium TBP 

(c/rnin-mg) ("0 
s p e c i f i c  a c t i v i t y  Temperature degradat ion rate '  

(mg Pu/L*h) 
--I_ - --- 

8.87 x 107 25  2.5 

8.92 x IO7 
8.92  x IO7 

50 

80 

11.3 

109 e 1 

3.81 x lo8 50 24.7 

3.81 x 108 80 200.1 - - 
8Degradation r a t e  is i nd ica t ed  by the rate of complexation of plutonium; 

data are normalized for a cons tan t  organic-phase plutonium concent ra t ion  of 

20 g/d. 

As shown i n  Figs. 3 and 4, t he  temperature e f f e c t  is very pronounced. 

The TBP degradat ion rare is increased  by f a c t o r s  of -4 .5  and -9.5 as the 

temperature is increased  from 25 to 50°C and from 50 t o  8O"C, respec- 

t i v e l y .  
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~ h c ?  da ta  i n  

a c i d  hydro lys is  

a c t i v i t y  o f  t h e  

Table 1 suggest  t h a t  TBP degradat ion is not due e n t i r e l y  t o  

and alpha r a d i o l y s i s ;  s i n c e  an inc rease  i n  t h e  s p e c i f i c  

plutonium by a f a c t o r  o f  4,  with a corresponding inc rease  

i n  t o t a l  dose, causes  t h e  degradat ion ra te  t o  Increase  by only  a f ac to r  of 

-2. This  is v e r i f i e d  by t h e  da t a  shown i n  Pig.  5 ,  where the  degradat ion 

ra te  is p l o t t e d  as a func t ion  of t o t a l  dose (W-h/L) f o r  t he  experiments a t  

50 and 80°C. As shown, t h e  rate of TBP degradat ion is s i g n i f i c a n t l y  

greater f o r  t h e  experiments us ing  plutonium wi th  the lower s p e c i f i c  acti- 

v i t y -  This  is t r u e  even though the t o t a l  dose i s  much g r e a t e r  f o r  experl-  

rnents with  plutonium of t h e  higher  specifie a c t i v i t y  (2.9 and 3.7 t i m e s  

g r e a t e r  at. 50 and 80°C,  r e s p e c t i v e l y ) .  It i s  reasonable  t o  assme, there-  

f o r e ,  t h a t  a t h i r d  f a c t o r  a f f e c t s  TBP degradat ion,  and t h a t  t h i s  f a c t o r  is  

metal-ion-induced hydro lys is  of TBP r e s u l t i n g  from the  plutonium con- 

c e n t r a t i o n  i n  the  organic  phase e 

l a r  behavior f o r  zirconium, and both zirconium and uranium weye show in 

this study (Sec t .  3.3) t o  inc rease  the  ra te  of TBP hydrolys is .  

Other s tud ies lO have demonstrated simi- 

From the da ta  on TBP degradat ion rates for t he  four  experiments 

descr ibed  above, t h e  r e l a t i v e  c o n t r i b u t i o n s  from alpha r a d i o l y s t s  and from 

plutonium-induced hydro lys i s  can be determined i f  t h e  e f f e c t  of wid- 

ca ta lyzed  hydro lys is  i s  considered to be cons tan t  f o r  each temperature - 
t h a t  is, i f  t h e  rate of a c i d  hydro lys is  is assumed t o  be unaf fec ted  by 

v a r i a t i o n s  i n  organic-phase plutonium concent ra t ion  from 1-6 t o  24 g/L.  

Assuming t h e  t o t a l  TBP degradat ion r e s u l t s  from a c i d  hydro lys i s ,  a lpha  

r a d i o l y s i s ,  and metal-ion-induced hydro lys i s ,  equa t ions  can be w r i t t e n  f o r  

each temperature i n  terms of dose (W*h/L) , plutonium concent ra t ion  (g/L)  , 
t o t a l  gram5 of plutonium complexed by degradat ion products ,  and grams of 

plutonium complexed by degradat ion products due t o  HN03 hydrolys is :  

T ’  Pu f PUR*D f Buc-C = Pu 
A 

where 

PuA = Pu complexed by HNO3 hydrolys is ,  g, 

P% = Pu complexed by a lpha  r adbo lys i s ,  g(W*h/E)-l 

Puc =: Bu complexed by metal-ion-induced hydro lys i s ,  g/L 

PUT = t o t a l  Pu csnaplexed by TBBP degradat ion products ,  g 

C = concent ra t ion ,  g Pub, 
D = r a d i a t i o n  dose, W=h/L. 
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ACTIVITY 
OF Pu 
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3-8t x lo8 

8.92 io7 

TEMP. 
("C 1 
80 
80 
50 
50 

0 240 480 720 960 
DOSE (W-h /L )  

[ Pu = 25.9 g/L; 
Fig. 5.  Plutonium-induced degradation of TBP as a function of radiation 

dose (W-h/L) at 50 and 80°C. 
26.5 g/L; A Pu = 16.54 g /L . ]  

Pu = 20.87 g/L; 4 Pu = 
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For the  two experiments a t  80°C and exposure t i m e s  of 24 h ,  wi th  plutonium 

of low s p e c i f i c  a c t i v i t y ,  s u b s t i t u t i n g  i n  Eq. ( 2 )  gives:  

1.15 g Pu + P% (1.55 W*h/L) f Puc (25.9 g Pu/L) = 3.05 g Pu, 

and, wi th  plutonium of high s p e c i f i c  a c t i v i t y  

1.15 g Pu + FuR ( 5 . 8 2  W'h/L) + Fuc (20.87 g Pu/L) = 4.96 g Pu . 
Simplifying and so lv ing  these  as simultaneous equat ions  g ives  t h e  rela- 

t i v e  c o n t r i b u t i o n  of each f a c t o r ,  as grams of plutonium cornplexed: 

PuR (1.55) + Puc (25.9) = 1-90 g Pu, 

I?% (5.82) + Puc ( 2 0 . 8 7 )  = 3.81 , 

Pu = 0.499 g Pu R 

PU = 0.0435 g Pu . 
C 

S imi l a r  c a l c u l a t i o n s  w e r e  done €or the  experiments a t  50°C. 

The grams of plutonium complexed and the  percentages of t o t a l  plutonium 

complexed by each f a c t o r  are given i n  Table 2 f o r  each of t he  four  experi-  

ments i n  this series. 

These r e s u l t s  are a l s o  shown g r a p h i c a l l y  i n  F igs .  6 and 4 fa r  the  

plutonium of low s p e c i f i c  a c t i v i t y  and f o r  r e a c t i o n  temperatures of 80 and 

§O"C, r e s p e c t i v e l y .  The TSP degradation rates f o r  each f a c t o r  are given 

as mg of plutonium complexed by t h a t  f a c t o r ' s  TBP degrada t ion  products.  

The da ta  show t h a t  t he  r e l a t i v e  c o n t r i b u t i o n  from NNQ3 hydro lys i s  is  

s i g n i f i c a n t l y  g r e a t e r  a t  80°C than a t  50"6, i n d i c a t i n g  t h a t  temperature 

has  a g r e a t e r  e f f e c t  on acid-catalyzed hydro lys is  than on the o t h e r  mecha- 

nisms. If t h e  TBP degradation is cons idered  t h a t  i s  due only  t o  plutonium 

concen t r a t ion  and a lpha  r a d i o l y s i s ,  t he  r e l a t i v e  complex concent ra t ions  

from each f a c t o r  are e s s e n t i a l l y  cons t an t  aaith temperature ( e . g . ,  t h e  

c o n t r i b u t i o n s  due to r a d i o l y s i s  w e w  found ta be 40.5 and 41,OX €or 80 and 

5 0 3 C ,  r e s p e c t i v e l y ,  while t h e  c o n t r i b u t i o n s  due t o  metal-ion-induced 

hyar0iySi.s 59.5 and 5 9 % ) .  
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Fig .  6 .  TBP degradation rates  due to acid hydrolysis, alpha radio lys i s ,  
and metal-ion-induced hydrolysis a t  80°C (shown as m g  of plutonium complexed 
by degradation products for each factor) .  
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Table 2. Results of TBP degradation studies with plutoniuma 

Plutonium 
specific Acid Metal- ion- induce d Alpha 

Temperature activity hydrolysis, hydrolysis , radiolysis, 
( " C )  (c/min*mg) g pu g pu (%I  g pu (XI 

80 Low 1.15 (38%) 1.13 (37%) 0.77 (25%) 
80 High 1.15 (23%) 0.91 (18%) 2.90 (58%) 

50 Low 0.056 (17%) 0.17 ( 4 9 % )  0.12 ( 3 4 % )  

50 High 0.056 (11%) 0.10 (20%) 0 . 3 4  (69%) 

____I___-.--.-.__-__I__--___l__l__ I 

aResults are given as grams of plutonium complexed by degradation 
products for each factor and as a percentage of the total plutonium 
complexed. Calculation methods are discussed i n  the text preceding this 
table. 

A spectrophotometric analysis of each stripped organic phase in the 

five plutonium experiments indicated that DBP is the primary degradation 

product formed; however, the MBP concentration and the MBPJDBP concentra- 

tion ratio varied directly with temperature, specific activity, and aging 

time. 

Calculations were based on the evaluation of standard spectra of Pu(IV) in 

solutions of DBP and HBP in 30% TBP-DD. Two wavelengths (666  and 793 nm) 

were chosen because use of the ratio of absorbances increased the sensiti- 

vity of the measurements, making the use of molar extinction coefficients 

unnecessary and thereby increasing self-consistency. Unfortunately, the 

lengthy aging times altered the spectral characteristics of the solutions 

used in these experiments, which reduced the precision and accuracy of the 

measurements. The aging can cause, for example, the formation of nitrite 

ions that could alter the spectra. Nevertheless, the data were repro- 

ducible to 54%. The accuracy of these spectroscopic measurements could 

be significantly improved if additional experiments were performed. 

The details of these analyses have been previously described.l 

The results obtained after 20 d of aging are shown in Table 3.  

For each temperature and each specific activity, however, the MBP/DBP 

concentration ratio increases directly with aging time and, therefore, the 

MBP concentrations and MBP/DBP concentration ratios are much lower with 
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Table 3. TBP degradation products produced a f t e r  20-d aging 

of 30% TBP-DD con ta in ing  P U ( M Q ~ ) ~  and HNO3 
.l..l.~--._--_-.-_I. _....-. ..I-.I.- I__ ~ ~ ..... ~ .-_-. ~~.-.-.~-I--___..~.._.._.__I 

Spec i f i c  
a c t i v i t y  Temperature 

(c/nrin.mg) ("@I 

8.87 x 107 

8.92 x 107 

8.92 x 1 0 7  

3.81 x l o *  
3.81 x l o 8  

25 

50 

80 

50 

80 

96 

92 

40 

80 

60a 

4 

8 

40 

20 

4 Qa 
~- - - -  

Solu t ion  aged 10 d. a 

s h o r t  aging t i m e s .  

a c t i v i t y ,  t h e  MBP concen t r a t ion  i s  below the  l i m i t  of d e t e c t i o n  for the  

f i r s t  14  d of aging a t  2 5 ° C  and f o r  -4 d a t  50°C; a t  80"@, t h e  HBP con- 

c e n t r a t i o n  w a s  6% a f t e r  one day o f  aging. When plutonium of the  h igher  

s p e c i f i c  a c t i v i t y  was used, t h e  MBP concen t r a t ions  were 3 and 10X a f t e r  

one day of aging a t  50 and 80"C, r e s p e c t i v e l y .  

I n  t h e  experiments us ing  plutonium of low s p e c i f i c  

Apparently,  when the  30% TBP-DD s o l u t i o n s  con ta in  plutonium, the  MBP 

formation rate i s  a c t u a l l y  g r e a t e r  than the  DBO formation ra te .  This 

could  be due t o  a h igher  radia ' t ion exposure f o r  DBP than f o r  TBP, because 

as DBP is  formed it w i l l  p r e f e r e n t i a l l y  complex t h e  plutonium. 

A t  t he  conclusion o f  each plutonium experiment, the aged solvent t h a t  

had been s t r i p p e d  with 0.2 M NN03 was witshed t w i c e  wi th  0.5 M Na2C83 to 

remove t h e  plutonium complexed hy DBP and MBP. 

nium of low s p e c i f i c  a c t i v i t y  ( 8 . 9  x 107 c/min-mg), e s s e n t i a l l y  complete 

plutonium removal was e f f e c t e d  by t h i s  procedure. However, i n  t h e  two 

experiments with plutonium of h igh  s p e c i f i c  a c t i v i t y ,  a s m a l l  but s i g n t f i -  

c a n t  concen t r a t ion  of plutonium could not be removed by washing with 

N a z C 0 3  o r  hydrazine carbonate or by sorp t ion  on macrorec t icu lar  resins. 

The concen t r a t ion  of plutonium aemainina I n  the  organic  phase w a s  -0.0006 M, 

when t h e  i n i t i a l  concent ra t ion  sf plutonium i n  t h e  experiment w a s  about 

8.1 - M .  Spectraphatometric exmnlnstion of the  plutonium-containing organic  

t?xhibited a spectrum t h a t  was  ~ i g n ~ P f t c a n t P y  d i f f e r e n t  from t h a t  of DBP OK 

MBP plutonium complexes. The precise nature of the  species i s  no t  kncl 

- - 
I n  experiments wLth pluto- 

- 
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3 .3  METAL-ION-CATALYZED HYDROLYSIS OF TBP 

The r a t e s  o f  metal-ion-induced hydro lys is  of TBP i n  30% TBP-DD a t  25°C 

w e r e  determined using zirconium and uranium. These r e s u l t s  are presented 

i n  Fig. 8, along with comparable da t a  obtained f o r  plutonium and f o r  HN03 

hydrolys is .  The only hydro lys is  product de tec ted  i n  these  experiments was 

DBP, and i t s  concent ra t ion  could the re fo re  be d i r e c t l y  determined from the  

concen t r a t ion  of plutonium complexed by degradat ion products .  Even though 

the  metal  loadings and a c i d  concent ra t ions  t h a t  are compared are not iden- 

t i ca l ,  i t  is obvious from the  da t a  i n  Fig. 8 that plutonium and zirconium 

promote TBP hydro lys i s  f a r  more e f f e c t i v e l y  than uranium. 

The adverse e f f e c t  of zirconium on TBP s t a b i l i t y  i s  p a r t i c u l a r l y  

s i g n i f i c a n t ,  and i t  w a s  found t h a t  t he  TBP degradat ion rate due to z i r -  

conium inc reases  r a p i d l y  with inc reas ing  temperature.  The r e s u l t s  of our 

experiments on zirconium-catalyzed TBP degradat ion rates are presented i n  

Table 4 ,  a long with Comparable da t a  f o r  plutonium-induced hydro lys is .  

The da ta  i n  Table 4 i n d i c a t e  t h a t  zirconium promotes TBP hydro lys is  

-30 t i m e s  more e f f e c t i v e l y  than plutonium (on an equal weight bas i s )  and 

)lo t i m e s  more e f f e c t i v e l y  on an equimolar bas i s .  

Table 4. E f f e c t s  of zirconium and plutonium on TBP degradat ion rates 

Temperature 
Metala ("a b 

mg Pu/L*h 

~~ 

mg DBP/L-hC 

Zirconium 

P 1 u t  onium 

Zirconium 

Pluton 1 um 

25 

25 

50 

50 

3.45 

0.12 

19.40 

0.57 

~ 

5.31 

0.18 

29.88 

0.83 

aCalcula t ions  are based on a metal loading of 1 g/L. 

bCalculated a s  mg of plutonium complexed by a l l  degradat ion products.  
C 

Calcu la t ion  based on plutonium complexation due only t o  DBP. 
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4 .  SUMMARY 

The p r i n c i p a l  e f f e c t  encountered when HNQ3 o r  polyvalent  metal ions  

were e x t r a c t e d  i n t o  30% TBP-DD w a s  shown t o  be an inc rease  i n  t h e  rate of 

hydro lys i s  of TBP, according t o  the  equat ion:  

TBP + HDBP -t H2MBP + H3PO4. 

These and o the r  s t u d i e s  have shown t h a t  t he  rate of hydro lys is  i nc reases  

wi th  i n c r e a s i n g  HNO3, metal-ion concen t r a t ion ,  and r a d i a t i o n  dose, and 

i n c r e a s e s  very r a p i d l y  with inc reas ing  temperature.  

I n  t h i s  s tudy ,  t h e  TBP degradat ion rates due t o  a c i d  hydro lys is  (de te r -  

mined as grams of plutonium complexed by degradat ion products) increased  

from 0.125 mg Pu/L’h a t  25°C t o  47.9 mg Pu/L*h a t  80°C i n  30% TBP-DD solu- 

t i o n s  t h a t  contained 0.68 - M WQ3. 

t a i n e d  -20 g/L of plutonium ( s p e c i f i c  a c t i v i t y  = 9 x lo7 c/min-mg), TBP 

I n  s o l u t i o n s  t h a t  a d d l t i o n a l l y  con- 

degrada t ion  rates increased  from 2.46 mg Pu/L*h a t  25°C t o  1.27.1 mg Pu/L*h 

a t  80OC. 

I n  a d d i t i o n  t o  c o l l e c t i n g  da ta  on the  TBP degradat ion rate, our s t u d i e s  

have suggested four  f a c t o r s  of p a r t i c u l a r  importance i n  the  degradat ion 

process:  (1) DBP is  the  p r i n c i p a l  plutonium-complexing spec ie s  formed a t  

temperatures  of 50°C o r  lower,  while  s i g n i f i c a n t  concent ra t ions  of mono- 

b u t y l  phosphate (MBP) are a l s o  formed a t  higher  temperatures;  (2 )  the  TBP 

degrada t ion  rate due to a lpha  r a d i o l y s i s  o r  chemical hydro lys i s  I s  

s t r o n g l y  dependent on temperature;  (3) plutonium promotes TBP hydrolys is  

by two mechanisms, a lpha  r a d i o l y s i s  and. metal-ion-induced hydro lys i s ,  and, 

of t hese ,  metal-ion-induced hydro lys i s  i s  t h e  major e f f e c t ;  and (4)  mall  

amounts of an u n i d e n t i f i e d  plutonium-complexing spec ie s  are formed i n  

experiments using plutonium of high s p e c i f i c  a c t i v i t y  (4 x lo8 c/min*mg). 

This spec le s  cannot be removed from 30% TBP-DD by N a z C O 3  washing o r  o the r  

so lven t  cleanup procedures such as  washing w%th hydrazine carbonate  o r  

s o r p t i o n  on macrore t icu lar  res ins .  Formation of t h i s  spec ie s  was not  

observed i n  experiments which u t i l i z e d  plutonium of low s p e c i f i c  a c t i v i t y .  
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