
DP-808 

Chemical Separations Processes 
for Plutonium and Uranium 

(TID-4500, 21st Ed.) 

URANIUM(IV) NITRATE AS A REDUCING AGENT 
FOR PLUTONIUM(IV) IN THE PUREX PROCESS 

by 

Carl S. Schlea 
Myron R. Caverly Hugh E. Henry 

William J. Jenkins 

Approved by 

C. H. Ice, Research Manager 
Separations Chemistry Division 

April 1965 

E. I. DU PONT DE NEMOURS & COMPANY 
E X P L O S I V E S D E P A R T M E N T - ATOMIC E N E R G Y D IV IS ION 

T E C H N I C A L DIV IS ION - S A V A N N A H R I V E R L A B O R A T O R Y 

A I K E N , SOUTH C A R O L I N A 

CONTRACT AT (07-2) • 1 WITH THE 

UNITED STATES ATOMIC ENERGY COMMISSION 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



ABSTRACT 

Practical procedures were demonstrated for 
partitioning plutonium from uranium In the Purex 
process with hydrazine-stabilized uranium(lV) 
nitrate as the reducing reagent for plutonium. 
Typical partitioning results were 0.04-0.2^ loss 
of plutonium to the uranium product and less than 
1 wt ^ uranium in the plutonium product. With 
uranium(rv) nitrate as a replacement for ferrous 
sulfamate, most solids in wastes from the Purex 
process can be eliminated. No undue hazard is 
expected from the use of hydrazine as the 
stabilizing agent. 
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URANIUM(IV) NITRATE AS A REDUCING AGENT 
FOR PLUTONIUM(IV) IN THE PUREX PROCESS 

INTRODUCTION 

The recovery and purification of plutonium from Irradi
ated natural uranium by the Purex process Involves first 
coextractlng Pu(lV) and U(Vl) from nitric acid into diluted 
tri-n-butyl phosphate (TBP) and then selectively partitioning 
plutonium Into an aqueous stream by reducing the Pu(rv) to 
Pu(lll). The most commonly used reductant Is ferrous 
sulfamate, Fe(S03NH2)2, which is effective because Fe(ll) 
rapidly reduces Pu(lV) to Pu(lll), and because the sulfamate 
ion stabilizes Pu(lll). Ferrous sulfamate has the disadvantage 
of introducing nonvolatile constituents, iron and sulfate, 
into the process wastes. These constituents increase the 
volume of radioactive wastes to be stored and may accelerate 
the corrosion of evaporators. 

The disadvantages of ferrous sulfamate were recognized 
early in the development of the Purex process. Attempts to 
use U(lV) as the reductant began at Chalk River. Since then, 
uranium(lV) sulfate has been successfully used in the French 
adaptation of the Purex process'^', and the use of U(IV) has 
also been studied at Harwell'^'^'. The advantage of U(rV) is 
that It introduces no nonvolatile or corrosive constituents 
into the process. 

Uranium nitrate can act as an effective reducing agent 
only if it is stabilized by a chemical, such as hydrazine, 
which will rapidly and completely destroy the nitrous acid 
that accompanies Pu(rv) in the organic product stream from 
the first coextractlon contactor. If the nitrous acid is not 
completely destroyed, it will reoxidize Pu(lll) to Pu(lV). 
Since both the hydrazine and the uranlum(lV) are introduced 
simultaneously into the partitioning contactor, the destruction 
of nitrite must be very rapid to prevent excessive consumptions 
of U(lV). Hydrazine is particularly advantageous since the 
reaction products, N2> N2O, and H2O, do not contribute to the 
volume of stored wastes. 
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SUMMARY 

Procedures for partitioning plutonium from uranium in the 
Purex process with hydrazine-stabilized uranium(lV) nitrate as 
the reducing reagent for plutonium were developed, and 
practical applications of the procedures were demonstrated. 
Typical partition results were 0.04-0.2^ Pu loss to the uranium 
product and less than 1 wt ^ U In the plutonium product. 

The flowsheet for partitioning with uranium(rv) nitrate 
is a substitute for the original flowsheet with ferrous 
sulfamate as the reducing reagent. In the original Purex 
flowsheet ferrous sulfamate was converted to ferric sulfate, 
which Is a solid in waste storage tanks. With the revised 
flowsheet U(lV) is converted to U(VI), which is extracted by 
the organic stream, and hydrazine is converted to gaseous 
products by reaction with nitrite normally present in the 
process. Hydrazine-stabilized uranlum(rv) nitrate Is added 
as a side stream near the center of the partitioning contactor. 
This stream also contains enough nitric acid to provide 
salting strength for the extraction of U(IV) by the organic 
stream, thereby preventing gross contamination of the 
Plutonium product with unreacted U(rV). The U(IV) follows 
the route of the U(Vl). Hydrazine is also added to the usual 
aqueous extractant stream to react with the nitrite In the 
system. 

The minimum quantity of U(lV) that gave adequate parti
tioning in miniature mixer-settlers was three times the 
molecular equivalent of Pu(rv). The major variable affecting 
removal of plutonium from the uranium product was the degree 
of agitation In the contactors. The major variable affecting 
the amount of uranium in the plutonium product was the salting 
strength in the aqueous phase of the partitioning contactor. 
Partitioning in a centrifugal extractor,'*' in which residence 
times are lower by a factor of forty than in a conventional 
pump-mix mixer-settler, was similar to partitioning In a 
mixer-settler and indicates that the rate process Is controlled 
by mass transfer. 

Dilute solutions of hydrazoic acid, HN3, are generated 
by the chemical reaction between hydrazine and nitrous acid. 
With the dilute solutions of hydrazine used (less than 0.2M 
N2H4), hydrazoic acid does not reach hazardous concentrations 
in the process. 
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DISCUSSION 

CHEMISTRY OF U(IV) 

OXIDATION-REDUCTION 

The U(IV)-U(V) and U( IV) -U(VI ) o x i d a t i o n p o t e n t i a l s (Ej.) 
a r e - O . 5 8 v and - 0 - 3 3 v , r e s p e c t i v e l y . N e i t h e r of t h e e l e c 
t r o d e s i s t h e r m o d y n a m i c a l l y r e v e r s i b l e , and t h e h a l f - c e l l 
r e a c t i o n 

U*+ + 2H2O *- U02^"'' + 4H"'" + 2e~ ( 1 ) 

Illustrates the stabilizing effect that hydrogen ion has for 
U(IV). Reduction of metal ions by U(lV) is believed to take 
place through hydrolyzed ions, which allow electron transfers 
in a single collision. An example is the reduction of Fê "*" by 
U(lV), ' for which the following mechanisms were demonstrated: 

Fe^+ + U(0H)2̂ "'" *- Fê "*" + UO2"'" + 2H"'" (2) 

U*+ + Fe(0H)2"'' *- Ee^+ + UO2+ + 2H+ (3) 

The few U(lV) reductions studied and a study of U(IV)-U(V)-
U(VI) exchange'^' infer that many reductions by U(lV) proceed 
through the U(OH)^ ion, and thus the reaction rates are 
faster at low acid concentrations. Depending on whether a 
one-electron or two-electron reaction is involved, the primary 
oxidized species may be either UOa""" or U02̂ "''j if U02'^ is 
produced, it dlsproportionates rapidly to U**"̂  and UOa^"^-

The reaction of Pu(rv) with U(lV) has been Investigated 
only slightly. Reduction of Pu(lV) by U(rv) is very fast In 
1-2M acid solutions.'"^' 

The stability of U(rvl toward air oxidation has been 
investigated in both TBP'®' and aqueous solutions'^ »•'•° ' . The 
reaction in TBP was found to be quite slow (a half-time of 
several days). Oxidation by oxygen in perchloric acid 
solutions follows the relation'®^: 

d[u(lV)] k[U(lV)][Op] , . . 
dt ~ [H+] ^^' 

where k = 10"^ sec"^ in IM HCIO4. In IM HNO3, the half-time 
is about 1 hour in an oxygen-sparged solution, and about one 
month in a static system with only diffusion to transfer 
oxygen through the solution. The stability toward air 
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oxidation varies with the acidity and degree of contact with 
airj increased stability is achieved with higher acid concen
trations and with minimum exposure to air. 

In nitrate solutions, U(lV) is unstable toward HNO2-
catalyzed oxidation by HNO3.'®' The reactions are 

U*+ + NO3" + H2O *• UOâ "*" + HNO2 + H"*" (5) 

U*+ + 2HNO2 *• U02̂ "'" + 2N0 + 2H''" (6) 

2N0 + HNO3 + H2O M " 5HNO2 (7) 

Reaction 5> the net reaction for the oxidation, is chiefly 
important as a means of producing HN02- Once sufficient HNO2 
is produced, U(IV) is oxidized via reaction 6, and the NO 
produced by reaction 6 produces more HNO2 (reaction j). Since 
1.5 mols of HNO2 are produced for each mol of HNO2 consumed, 
the reaction proceeds faster as the HNOg concentration increases 
and is autocatalytic. The reaction rate is proportional to the 
first power of the U(rv) concentration and to the square root 
of the HNO2 concentrationj the rate is Independent of HNO3 
concentrations from 0.8 to 5.7M.'®'^' Oxidation in JO^ 
TBP - "Ultrasene"* ' is slower than in aqueous solutions. 

Oxidation of U(lV) in nitric acid solution can be 
decreased to a very low rate by adding a stabilizing agent. 
A stabilizing agent reacts with HNO2 and prevents oxidation 
by the autocatalytic mechanism mentioned previously. 
Hydrazine, sulfamate ion, and urea have been used; of these 
reagents, hydrazine is most effective.'^' Ondrejcln'̂ •'"' 
found the average oxidation of U(lV) was about 0.5^ a day 
from solutions that originally contained 0.1-0.2M U(rv), 
0.5-lM HNO3, and 0.1-0.2M N2H4. The oxidation was 
linear over a 90-<iay period and more rapid on exposure to 
light. The decrease in hydrazine concentration was about 
O.O5M per month. Long-term storage of uranlum(lV) nitrate 
solutions required periodic additions of hydrazine to maintain 
an effective concentration of stabilizer. 

SOLVENT EXTRACTION 

Like other quadrivalent actinides, uranium(lV) nitrate 
is extracted by TBP. The extraction reaction is 

U*+ + 4NO3" + 2TBP ~t " U(N03)4(TBP)2 (8) 
aq ^ aq org ^ ^^*^ ^^ org ^ ̂  

*A refined kerosene product of Atlantic Refining Co. 
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The increase in U(IV) extraction with increasing acidity Is 
shown in Figure 1. U(lV) is about as extractable as Th(lV), 
is about one-fifth as extractable as Pu(lV), and one-tenth 
as extractable as U(Vl). As a result of the lower degree of 
extraction of U(rv) relative to U(Vl), the presence of large 
quantities of U(Vl), such as in the partitioning contactor 
of the Purex process, would decrease the extraction of U(IV) 
considerably. 

0.1 1.0 10 

Nitric Acid in the Aqueous Phase, M 

FIG. 1 EXTRACTION OF URANIUM (IV) NITRATE BY TBP 

COMPLEXES AND HYDROLYSIS 

Only limited investigations have been made of the complex 
ions formed by U(IV); in general, complexes would be expected 
with anions that are complexing agents for other quadrivalent 
actinides. Relatively strong complexes with sulfate, phosphate, 
oxalate, and fluoride are predicted and would decrease the 
extraction of uranlum(rv) nitrate by TBP. 

Studies of the hydrolysis of U(IV) have not been as 
extensive as studies of other quadrivalent ions, but they do 
Indicate that the U*"̂  ion is predominant in noncomplexing 
acidic solutions. The hydrolysis behavior of U(lV) resembles 
that of Pu(lV); the equilibrium constant for the reaction 

U*+ + H2O *- U(OH)^+ + H+ (9) 

- 8 -

y 
/ 

/ 
/ 

r 

/ 

A 
/ 

/ 

/ 
/ 

/ 

/ 

/ 

/ 

* 
/ 

/ 

/ / 
/ 

/ 
/ r»r 

' J 
/ 

V 

A 
J 

/ 
/ 

^ 

/ 

/ 
• / 

/ 
/ 

/ 

in 

/ 
20 

MM 
s.r\ % TRP* 

vol % TBP'2' 

*' Calculated assuming squared dependence 
on 
1 1 

rhe TBP concentration 
1 1 1 

S T I . 4 4 S 



is about 0.21, and for the same reaction of Pu(lV), 
K = 0.18 (zero ionic strength). ' ̂ ^' U(IV) will probably 
polymerize in weakly acidic solutions in the same manner as 
Pu(lV). 

DESCRIPTION OF THE PROCESS FLOWSHEET 

The Purex solvent extraction flowsheet with uranium(iV) 
nitrate as the plutonium reductant is shown in Figure 2. 
There are four input streams and two output streams associated 
with the partitioning contactor (IB bank). The organic 
product (lAP) of the coextractlon contactor (lA bank) is 
introduced near the center of the partitioning contactor. 
The aqueous extractant (iBX), which contains hydrazine, is 
introduced at the end of the extraction section and flows 
countercurrent to the organic stream. The organic scrub 
(IBS) is introduced at the end of the scrub section and 
removes uranium from the aqueous stream containing the 
plutonium product (IBP). Uranium(rv) nitrate is introduced 
in a side stream (IBX') near the center of the contactor, is 
extracted by the organic scrub, refluxes In the extraction 
section of the contactor where it reduces Pu(lV) to Pu(lll), 
and finally accompanies the uranium product (IBU). Excess 
hydrazine in the plutonium product (IBP) is destroyed by 
nitrite, which is normally added to oxidize Pu(lll) to Pu(rv) 
as a part of subsequent processing operations. 

130% TBP 1 
lAX 

( 
lAW 

LS-MUNH, 
1 - 2M HNO3, 
.02-.60gru/l 

1AF 

1A Bonk 
16 Stoges 

Fission Product 
Waste 

> Denote 

•Dene 

5 Organic 

U(IV), 0.2MN 
1.5-2.0MHNO 

30% TBP 

Streams 

|1BS= 

tes Aqueous Streams 

IPU 

lAP 

4 IAS [ 

2H5M 
? 1 

IBP 
Produc 

^ 
3M HNO3I 1 

IBX' V 

i 1 r 
Partitioning Contactor 

IB Bank 
16 Stages 

T] 
0.06-0.20MN2Hs+, 

0.IMHNO3 

nr 
IC Bank 

12 Stages 

IBX 1CU 
lU Product S T I - 4 4 6 

->| 

ICX 
0.02M HNO3I 

FIG. 2 SOLVENT EXTRACTION FLOWSHEET 

The major change in the operation, as a result of substi
tuting uranium(lV) nitrate for ferrous sulfamate, is the place 
of introducing the reducing reagent. In the original flowsheet 
the inextractable ferrous sulfamate is introduced in the IBX 
stream at the end of the extraction section; excess ferrous 
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sulfamate, as well as ferric sulfate formed as a result of 
plutonium reduction and nitrate destruction, leaves the 
contactor in the plutonium product (iBP) stream. In the 
revised flowsheet hydrazine-stabilized U(rv) is Introduced 
near the center of the contactor as a side stream; formation 
of ferric sulfate, which ultimately contributed to the solids 
In waste storage tanks, is eliminated. 

The equivalents of U(IV) and hydrazine required for 
adequate partitioning are equal to the chemical equivalents 
of Fê "*" and SO3NH2'' ions, respectively, that were required 
in the original flowsheet. One mol of U(lV) is equivalent 
to two mols of Fê "*", and one mol of hydrazine is equivalent 
to two moles of S03NH2~. In practice, the consumption of 
U(IV) and hydrazine will vary with the Irradiation level 
of the fuel that is processed and with the concentration 
of radlolytically generated HNOg. A typical concentration 
in the IBX stream is 0.04M Fe(S03NH2)2; the corresponding 
quantities are 0.04M N2H4 in the IBX stream and a U(rv) 
concentration in the IBX' stream of 0.02M times the IBX/lBX' 
flow ratio. 

Adequate extraction of U(lV) in the scrub section of 
the IB bank is required to prevent excessive uranium in the 
plutonium product stream. The requisite extraction is 
obtained by (l) adding nitric acid in the IBX' so that the 
distribution coefficient of U(lV) Is high in the scrub sectio 
of the bank and (2) adjusting the organic-to-aqueous flow 
ratio. If nitric acid is not added to the IBX', the nitric 
acid concentration in IBP will be about 0.6M, which is too 
low for extraction of uranium from the plutonium product. 
However, when the IBP acid concentration Is Increased to 
1.2-1.5M by adding nitric acid in the IBX', an Insignificant 
amount of uranium remains with the plutonium. 

Hydrazine in the IBP stream must be destroyed before 
reoxldatlon of Pu(lll) to Pu(lV) for second-cycle solvent 
extraction processing. The normal valence adjustment In the 
Purex process involves oxidation of Pu(lll) and ferrous 
sulfamate with sodium nitrite; this treatment is also 
effective for oxidation of Pu(lll) and hydrazine. The 
destruction of hydrazine by nitrous acid is a two-step 
reaction'^^': 

N2H5"'" + HNOg • HN3 + 2H2O + H"*" (10) 

HN3 + HNO2 »• N2O + Ns + H2O (11) 

Both reactions are too fast for rate measurements, and total 
destruction of both N2H5'̂  and HN3 occurs before Pu(lll) is 
completely oxidized. 
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TESTS OF THE PROCESS FLOWSHEET 

Laboratory tests with miniature mixer-settlers'•"•*' and 
miniature centrifugal extractors' """̂  ' showed that uranlum(lV) 
nitrate stabilized by hydrazine is a satisfactory reductant. 
Typical results showed 0.04-0.2^ Pu loss to the uranium 
product (ICU) and less than 1 wt Ĵ  U in the plutonium product 
(10""̂  to lO'̂ M̂ U in the IBP). A major variable in the 
operation of the IB bank was the amount of agitation in the 
two-phase system; inadequate agitation resulted in high 
plutonium concentrations in the ICU. The residence time in 
the partitioning contactor was not important as shown by 
equivalent partitioning with centrifugal extractors in which 
the residence times of process solutions are lower than in 
mixer-settlers by a factor of forty. 

Tests of U(rv) as a partitioning agent were made with 
miniature mixer-settlers'^*' or miniature centrifugal 
extractors'•'•̂ ' connected as in the Purex first cycle (Figure 2). 
The flowsheet is given in Table I. 

TABLE I 

Purex Flowsheet 

Stream Relative Flow Enters Process at Stage Composition 

lAF 100 A-8 1.5M UNH, 1-2M HNO3, 

0.02-0.60 g Pu/1 

A-1 3M HNO3 

A-16 50^ TBP^ ' 

B-1 0.06-0. 20M NsHs"*", O.IM HNO3 

B-7 or B-9^^^ U(IV), 0.2M NsHs"*", 1.5-2.0M HNO3 

B-16 30% TBP^ ' 

C-1 0.02iyi HNO3 

(a) Concentration of U(rv) and point of Introduction Into the IB bank were 
varied during tests. 

(b) Both "Ultrasene" and "Adakane 12" diluents were used. "Adakane 
12" Is a product of Archer-Daniels-Midiand Co. 

Tests were made with feed solutions prepared by dissolving 
irradiated natural uranium fuel elements in nitric acid, 
clarifying the solution with either gelatin or Mn02 precipi
tation, and adjusting the clarified solution to proper concen
trations with water or nitric acid. Additional tests were 
made with simulated feed solutions prepared by mixing uranyl 
nitrate, nitric acid, plutonium, and water. The results of 
all tests are shown in Table II. 

IAS 

lAX 

IBX 

IBX' 

IBS 

ICX 

67 
380-400 

50 

20 

160 

610 
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Test 

1 

2 

5 

4 

5 

6 

7 

8 

9 

lo(^) 

Te 

Pu In lAF, 
g/1 

0.6 

0.6 

0.6 

0.24 

0.02 

0.02 

0.02 

0.02 

0.6 

0.55 

sts 

Pe_ 

TABLE II 

with Uranlum(lV) Nitrate as Reductant 

U(IV) 
ed Stage 

B-9 

B-9 

B-9 

B-9 

B-9 

B-9 

B-7 

B-7 

B-1 

B-9 

U{IV) Consumption 
u(rv)/u(vi) 

0.021 

0.005 

0.0018 

0.016 

0.0125 

0.0125 

0.0125 

0.025 

0.007 

0.006 

U(lV)/Pu 

12.8 

3.2 

1.1 

23.9 

260 

260 

260 

520 

4.5 

3.7 

Pu to ICU, 

0.04^^) 

0.04^^) 

lo(^) 

,M 
0.2 

1.1^=) 

0.17 

0.17 

20 

0.02 

U In IBP, 
M 

6x10-'' 

9.5x10"'' 

9.1x10"^ 

1.3x10-^ 

3.4x10"'̂  

4x10""̂  

(a) The IBX stream for these tests was 0.05M acid deficient. 
(b) Mixing Intensity was low (decreased Impeller speeds). 
(c) The IBX stream for this test did not contain hydrazine. 
(d) With miniature centrifugal extractors; all other tests with 

miniature mixer-settlers. 

Partitioning was most effective when U(IV) was Introduced 
adjacent to the point of introduction of the organic product 
stream (lAP) from the lA bank, and when hydrazine was added 
to the normal IBX stream. Under these conditions, partitioning 
was excellent with as little as 5 mols U(rv) per mol of Pu(lV) 
(Tests 2 and 10). Only 0.04^ of the total plutonium was lost 
to the ICU stream, and only 10~^M U was present in the IBP 
stream, corresponding to 0.25 wt ^ H in the plutonium product. 
The amount of U(lV) was equivalent to O.5 to 2^ of the total 
uranium throughput. 

Other tests demonstrated that hydrazine was necessary 
in both the IBX and IBX', and that the U(IV) could be intro
duced either in stage J or stage 9. U(IV) introduced in 
the IBX was Ineffective, since extraction of the U(rv) 
prevented partitioning in more than two or three stages. 

U(lV) extracts well in the scrub section (stages 8-I6) of 
the IB bank, but extracts less in the extraction section 
(stages 1-7) because most of the TBP is complexed with U(Vl) 
and because the acid concentration is low. The estimated 
extraction factors in stage 6 are 0.5 to 1.5; U(IV) color is 
easily visible, and detection of the green-colored U(IV) 
ion by its optical absorption Is useful in control of the U(IV) 
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bank profile. Aqueous stage samples had the following U(iv) 
concentrations, which indicate a considerable reflux of U(IV) 
in the extraction section of the IB bank. 

Stage 

2 

5 

4 

u( I V ) Concentration, 
M 

0.04 

0.07 

0.09 

A Study of the reaction of Pu(lV) in JO^ TBP with 
uranium(rv) nitrate demonstrated that the rate of removal of 
Pu(lV) from the organic phase depends almost entirely on the 
efficiency of mixing the organic and aqueous phases. This 
rate was pseudo-first order and was essentially unaffected 
by the concentrations of Pu(lV), U(IV), or aqueous acidity. 
The reaction was investigated by agitating a synthetic lAP 
solution (10^ Pu a d/(min)(ml), 0.4M U02(N03)2, 50^ TBP) with 
an aqueous phase containing uranium(lV) nitrate, nitric acid, 
and hydrazine. The reduction was followed by measuring the 
Pu(lV) concentration in the organic phase. The relative 
effects of mixing and chemical composition are shown in 
Table III. 

TABLE I I I 

R e d u c t i o n of : 

Mix ing I n t e n s l t y ^ ^ ^ 

Low 
I n t e r m e d i a t e 
High 

I n t e r m e d i a t e 
I n t e r m e d i a t e 
I n t e r m e d i a t e 

I n t e r m e d i a t e 
I n t e r m e d i a t e 
I n t e r m e d i a t e 

I n i t i a l 
Compo; 

U(IV). 

0 . 0 2 
0 . 0 2 
0 . 0 2 

0 . 0 5 
0 . 0 2 
0 . 0 0 5 

0 . 0 2 
0 . 0 2 
0 . 0 2 

Pu( lV) by U( 

(b ) Aqueous^ 
3 l t l o n , M 

HN0:=̂  

0.5 
0 . 5 
0 . 5 

0 . 5 
0 . 5 
0 . 5 

1 .0 
0 . 5 
0 . 2 

rv). 

fo 
Hal f - t ime , . 

r Re a c t l o n ^ ° ' ' . 
s ec 

40 

7 . 5 
3 

6 . 8 
7 . 5 
9 . 5 

8 . 2 

7 . 5 
9 . 4 

(a) Mixing power inputs are in the approximate ratio 1:8: 
>15 for low. Intermediate, and high intensity, 
respectively. The mixing intensity in these experi
ments was not measured quantitatively other thain by 
measurement of agitator speed; thus, the effect of 
mixing Intensity is qualitative. However, these data 
demonstrate that an effective reaction rate depends 
on proper mixing in a two-phase system. 

(b) The aqueous phase also contained 0.2M t^^H^,. 
(c) Half-time for the first-order decay of the Pu(lV) 

concentration in the organic phase. 
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HAZARDS OF HYDRAZOIC ACID 

Dilute hydrazoic acid solutions are generated in the 
IB bank where nitrous acid reacts with hydrazine and in the 
second-cycle feed (2AF) adjustment vessel where excess 
hydrazine is destroyed by the addition of nitrite. 
Since the generated hydrazoic acid competes with hydrazine 
for the nitrous acid, the yield of hydrazoic acid is less than 
the Initial equivalent concentration of hydrazine. The second-
cycle feed adjustment was simulated by titrating 0.2-0.4M 
N2H4 with sodium nitrite. Typical titration curves, given in 
Figure 3, show that the yield of hydrazoic acid was equivalent 
to 12^ of the initial hydrazine. The transient concentration 
expected during the 2AF adjustment operation with 0.2M N2H4 
(the maximum concentration if none was destroyed in the B-bank) 
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is therefore less than 0.024M HN3. Typical results of, similar 
tests to simulate the IB bank, where the reaction occurs in 
presence of TBP, are shown in Figure 4. The maximum yield of 
hydrazoic acid was equivalent to 6$̂  of the Initial hydrazine; 
the lower yield results from preferential extraction of nitrous 
acid and hydrazoic acid into the organic phase with no 
extraction of hydrazine. 
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Hydrazoic acid extraction was measured by batch equili
brations that simulated various stages of the Purex process. 
The distribution coefficients depended on the concentration of 
TBP that was not complexed with uranyl nitrate, nitric acid, or 
hydrazoic acid; this dependence is shown in Figure 5- Because 
the concentration of uncomplexed TBP in the IB and 10 banks is 
greater than O.JM, the distribution coefficient of hydrazoic 
acid is greater than 2 throughout the process. As a consequence 
of favorable organic-to-aqueous flow ratios, hydrazoic acid 
will preferentially follow the solvent phase without refluxlng. 
About 20^ will be stripped into the uranium product stream, 
where it will normally be destroyed by nitrite generated in the 
destruction of soluble organic materials during evaporation. 
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Hydrazoic acid extraction is negligible when the acid is 
below a pH of about 4; therefore, the basic solvent wash 
solution quantitatively strips the hydrazoic acid from the 
solvent and converts it to sodium azide. In the Purex process, 
all solutions that the solvent contacts prior to entering the 
basic washer contain high acid concentrations to maintain most 
of the hydrazoic acid in the organic phase. The highest 
concentration of hydrazoic acid in the solvent wash solution 
would be less than 0.045M based on a 6% yield from the original 
hydrazine added to the process and a solvent-to-wash ratio of 
40:1. 

Sodium azide in the alkaline solvent wash solution is not 
hazardous, but discharge of the azide Into waste tanks is not 
recommended. The azide can be destroyed by adding 20^ excess 
sodium nitrite to the solvent wash solution and then acidifying 
it. In laboratory tests with sodium azide in 0.5M NaaCOg, 95^ 
of the azide was destroyed when the alkaline solution contained 
an equivalent concentration of sodium nitrite before acidifi
cation to 0.5M HNO3. The 20^ excess is sufficient to assure 
complete destruction of the azide. 

The lower explosive limit for aqueous solutions of 
hydrazoic acid is 17^ (4.7M). This concentration can be 
attained in the condensate while distilling at 20°C solutions 
that contain at least O.O5M HN3. At normal process temperatures 
(40°C) or higher, more water is distilled so that solutions 
containing 0.05M HN3 deposit condensate that is within the safe 
concentration range. With the dilute solutions of hydrazine 
used (less than 0.2M N2H4) hydrazoic acid is not accumulated 
to this potentially hazardous concentration. 

A conservative value of the hazardous concentration of 
hydrazoic acid in the gas phase is the concentration which 
contains a potential heat of reaction sufficient to heat the 
gas to a temperature at which rapid decomposition occurs. 
The rate of decomposition becomes measurable at 290°c'-''̂ ' and 
the calculated concentration of hydrogen azide that would have 
to be decomposed to heat air from 35 to 290°C is about 2.5 vol 
^. On the basis of vapor pressures of pure HNg'-'"̂ ' and measured 
values of activity coefficients, the concentration of hydrazoic 
acid In aqueous solution that is in equilibrium with 2.5 vol ^ 
hydrogen azide in the gas phase is calculated to be about 0.2M 
HN3 at 57°C, or greater than the safe limit established for 
hydrazoic acid in the liquid phase. 
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The potential of accumulating solid deposits of explosive 
heavy metal azides (Hg, Pb, Ag, Cu, Tl) is insignificant. None 
of these elements are normal components of the IB bank, 10 bank, 
and the solvent washer. If one of the heavy elements were 
inadvertently added to the basic solvent wash solution, it 
would precipitate as a hydroxide rather than an azide. 
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