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DESTRUCTION OF NITROUS ACID AND HYDRAZOIC ACID 
IN PUREX SYSTEMS 

J. L. Swanson 

INTRODUCTION 

In the .Purex process fo r  the recove:ry.and. pu~ i f i ca t ion .  of uranium 

and plutonium, separation of t h e  plutonium from the ,uranium is generally 

accomplished.by reducing plutonium(1.V) t o  plutonium(II1) , which is  v i r -  : 

tua l ly  inextractable. This reduction s tep is performed in  the presence 

of a "holding reductant" which is added t o  react with ni t rous.acid and 

thus prevent reoxidation of the .plutonium. Sul.famic.acid.has proven t o  

be a very successful holding reductant but the f ac t  t h a t . i t . i s  converted 

t o  su l fur ic  acid i s  cletrimental. Because .hydrazine also r eac t s rap id ly  

with nitrous acid and does not form corrosive reaction products,. it h a s , ,  

seen .increasing use as  a .  holding reductant.. 

The reaction of hydrazine with nitrous acid is known t o  produce 

hydrazoic acid under cer tain conditions. Although hydrazoic acid can 

form explosive compounds o r  mixtures under appropriate conditions, the 

probability of t h i s  occurring in the Hanford plant as normally operated 

is  extremely minute. However, means of minimizing i ts  formation and/or 

safely destroying tha t  which does form were desired as a precautionary 

measure. An additional goal was to  accomplish t h i s  by methods suitable 

for  use i n  existing equipment and which would add l i t t l e  or  no s a l t s  t o  

the waste stream. 

SUMMARY 

Most o f ' t h e  hydrazoic acid formed i n  the Purex process w i l l  be 

present i n  the ,organic phase u n t i l  it is removed as azide ion by , the  

carbonate wash i n .  the organic. recovery. process. The destruction of . the  

azide ion i n  the .,carbonate solution can, he : accomplished by pl.a.t.inum- 



catalyzed hydrazine reduction. Azide destruction can be accomplished in 

several ways in acid solution.; .the most .promising. methodfor use at Han- 

ford is the reaction with permanganate fol.lo&ing..,acidification of the 

mixed permanganate-carbonate ~solvent...wash. solution. 

~liminat ion of nitrous acid . fromthe organic stream fed to the 

part ition .column (the lBXF solution) ..would markedly-seduceif not elim- 

inate hydrazoic acid formation in the 1BX.column. , Several..ways of ac- 

complishing this were demonstrated; the most promising method f i r  planr 

application is the reaction with hydroxyl amine before . the 01 giuiic sr.ream 
is fcd tu Ll~e column. 

i 

RESULTS AND DISCUSSION 

Nitrous acid reacts with hyilrazine to form hydrazoic acid 

Nitrous acid also reacts with hydrazoic acid 

so that the overall reaction with an excess o f  nitrous acid is 

2m02 + N2H4 = N20 + N2 + 3H20. . (3). 
With a sufficient excess of hydrazine., lluwever, reaction (2) is ~~Llr~l~or~ 

tmt and essci~tially quantitative, conversion nf nitrou~ clc.id , into Ilydra- 

zoic acid occurs. Quantitative conversion of nitrous acid into 

hydrazoic acid is also aided by the presence 06.at..t.~ibutyl phosphate 

(TBP) phase, which ext.racts hydrazoic acid and thus decreases the pos- 

sibiliLy of reaction (2) occurring. 

l'he use of hydrazine as a holding reductant in a Purex process par- 

t i t i n n  column (1DX iol~unl) ehus presents an ideal situation for quanti- 

tative conversiurl of nitrous acid into hydrazoic acid in that there is 

both an excess of hydrazine and an organic phase to extract the hydra- 

zoic acid as it forms. A reduction in the amount of nitrous acid fed to 
the 1 R X  column would result h a  corresponding reduction in the amount 

of hydrazoic acid formed in this column. 



DESTRUCTION OF NITROUS ACID. :IN...~:B.xF. SOLUTION 

The organic.feed solution to the 1BX column,in the.Hanford Purex 

plant contains not ,only the organic product from. the ' first extraction 

column but also organic streams -recycled from seveyal other process 

steps. This solution, called 1BXF; contains.nitr.ous..acid.from three, 

sources; that present in the feed to the first extraction column (the 

HA colunm), that added to the HA column to improve neptunium recovery, 

and that added to the feed to the third plutonium cycle in excess of the, 

amount required to react with the plutonium(II1) and reductants present 

in the product of the second plutonium cycle. Destruction of the HN02 

present in this solution before it is fed to the 1BX column would markedly 

reduce (if not eliminate) the formation of hydrazoic acid. 

One way of destroying the.nitrous acid present in the lBXF before 

it is fed to the 1BX column is to contact.the.1BXF with an aqueous phase 

containing a material which react.s with nitrous acid. . With the present 

equipment, aqueous solutions.added to the .lBXF.tank accompany the organic 

solution into the.1BX column;.the volume of aqueous phase must therefore 

be kept small. 

With hydrazine as the.reactant,. rapid reaction occurred but.hydra- 

zoic acid was formed unless the quantity of.hydrazine was limited to one- 

half mole permoleHN02 orless. With less than one-half mole hydrazine 

per mole HN02, complete react.ion.of the HN02 cannot be accgmplished. Thus. 

for co~~~plete react ion of the HN02 without hydrazoic acid format ion, the. 

precise ..sto.ich.i.ometric.amount of ,hydrazine, must be used, .Data.showing 

yields of hydrazoic acid at various hydrazine to HN02 ratios are given 

in Table ld 

With hydromlamine as the reactant, slower reaction of the HNo2 was 

observed. . In an experiment similar to. those in Table 1, only 68% of .the 
HN02 reacted in five minutes when an urganic phase was contacted with 

0.0 2 volumes of 0.2M - hydroxylamine (giving a hydroxylamine to HN02 mole 
ratio of 3.5). Other evidence that hydroxylamine reacts more slowly 

with HN02 than does hydrazine was obtained by contacting simulated lBXF 

with an aqueous phase containing equal consentra t i.ons of hydraz ine and 



hydroxylamine. Nearly a l l  of t he  HN02 was converted t o  HN3, demonstra- 
, 
t i n g  t ha t  the  HN02 reacted with the  hydrazine i n  preference t o  the  hydrox- 

ylamine. While the  hydroxylamine react ion is considerably slower than 

the  hydrazine react ion,  it should s t i l l  be su f f i c i en t l y  rapid  t o  reac t  

wi th  a l l  t h e  HNOZ i n  t he  lBXF ( the  temperature of the  s o l i l t i o n i n  the  lBXF 

tank i s  about 50 O C  and the  average residence time i s  about one hour). 

TABLE I .  Hydrazoic Acid Yields 

Conditions: Simulated lBXF solut ion cnntacted with ayueuus 
phase f o r  one minutc a t  ..23 "C 

In  organic a f t e r  Percentage 
HNOZ in mole N2H4 contact ,  M of HN02 organ ~c - curiverted 
i n i t i a l l y ,  - M mole HNOZ FINO2 

m3 H N j  

0; 0012 0.56 ' N. D. 0.00009 7 

.O. 00044 0.76 N. D. 0.00017 3 8 

0.U13 . 4 3 N . D . '  0.013 100 

(1) N. D. ind ica tes  none detected.  

With urea as t he  reactant, ~rluch s lnw~r react ioh 3f t.11e N\Tfl IJCIC, ob - 2  
scrved, as shown i n  Figure 1. These data  were obtained i n  the  absence 
of l ight .  i n  s t a i n l c s s  s t e e l  equipment,, with s t i r r i n g  j u s t  su f f i c i en t l y  

vigoroui t o  suspend drople ts  of the  aqueous phase i n  the  organic phase. 

The urea  reaction appears t o  bc too slow t o  be of much va.l~.le..  

Hydrogen peroxide rapidly  oxidizes HN02 t o  n i t r i c  ac id .  The addi- 

t i o n  of H202 t o  lBXF would necess i t a te  strict control ,  however, s ince  

any excess would consume reductant i n  t he  1BX column. Since HZnL ex- 
- t r a c t s  appreciab'ly In to  30% TBP-NPH '(normal pa ra f f in  hydrocarbon), the  

peroxide could be added t o  the  lBXF tank as  an organic solut ion i f  de- 

s i r ed .  Peroxide d i s t r i bu t i on  coef f i c ien t s  o f  about 0.1 were measured 

from d i l ~ i t e  HN03 solut ions .  

Nitrous ac id  is unstable i n  ac id  so lu t ion ,  e spec ia l ly  when gaseous 

products a r e  removed t o  s h i f t  the  equ i l i b r i a  i n  the  des i red d i rec t ion .  
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Two such react ions  a re  

2HNO = NO + NO2 + H20 2 and 

The r e su l t s  of experiments i n  which aii- was bubbled i n to  o r  swept over 

simulated lRXF solut ions  a re  presented i n  Figure 2. The r a t e  of HN02 

decomposition increased with increasing a i r  sparge r a t e ' b u t  a t  a reason- 

able  sparge r a t e  decomposition not very rapid.  ,These llaL;1. were ob- 

ta ined with the  sol.1.1tion being s t i r r ~ t i  ill a s ta in lcsv  5~ee. l  beaker q n m -  

u la t lng  the lUXF t u k ;  perhaps more rapid decurnposition would occur i f  

the  gas- l iquid  contact  were more e f f i c i e n t  (as i n  a pa.cked column). 

Another pos s ib i l i t y  fo r  reduc ing the  concerl-tration of HNOZ i n  lBXF 

is  t h a t  of photoch~mical  reduction of the  HNO Wtrous acid was ill.~btirved 2 '  
t o  be much more s t ab l e  i n  lBXF in  the absence of l i g h t  than on exposure 

t o  t h e  normal f luorescent l igh t ing  of the  laboratory. A few scouting cx- 

periments were performed with u l t r av io l e t  lamps but no marked e f f ec t  was 

observed. One poss ible  complication is  t h a t  HN02 ccm bc formed by photo- 

chemical reduction of n i t r i c . a c i d  as well as being destroyed by photo- 

chemical reduction. 

Ihe IINOZ a d d 4  t o  t he  lBXF i n  the wcvcle organic stream from t h c  

t h i r d  plutonium cycle (3BV) i s  normally only a small f rac t ion  of the  t o t a l  

present .  Destruction of the  HN02 i n  the  stream would, however, prevent 

s i gn i f i c an t  i nc r eaw  in  t he  HN02 contei~L of  lBXF in the event of an ex- 

cept ional ly  l a rge  addi t ion of NaN02 to the  solut ion fed t o  t h i s  cycle.  

Data on thc  r a t e  ~ J F  I . ~ . J I I O V ~ ~  of HN02 from simulated 3HW by contacting 

with aqueous phases containing ~rar ious  reactants  are  sllvwn i n  Figure 3. 

Very rapid  removal of HNOZ nccurrsll with hydl-oya~ peroxide o r  hydrazinc; 

very slow removal occurred with urea o r  hydroxylamine. Addition of n i t r i c  

a c id  gave more rapid reaction with h.ydroxylLmin o r  peroxide ( the only 

two t e s t ed  a t  higher a c i d i t i e s ) .  As before, hydrazoic acid  was formed 

when using hydrazine. 

DESTRUCTION OF HYDRAZOIC ACID 
. . 

Since hydrazoic acid is qu i te  highly extractable ,  ( 2 )  most of t ha t  

6 
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formed i n  the 1BX column w i l l  leave the column i n  the organic phase and 

remain i n  the organic when the uranium is stripped out i n  the 1 C  column. 

The hydrazoic acid w i l l  .be neutralized q d  stripped from the organic phase 

during the carbonate wash portion of the organic recovery process. Means 

.. of t rea t ing  t h i s  solution t o  destroy the azide were investigated. 

When thk carbonate solution used t o  wash the solvent contains per- 

manganate and manganese dioxide, as it does a t  Hanford, the azide can be ~ 

destroyed by simply acidifying the solution. While reaction of permanga- 

nate o r  Mn02 with azide ion occurs slowly i f  a t  a l l  i n  carbonate solution, 

it occurs relat ively rapidly in acid solution. . No .azide was found a f t e r .  

' . one minute ' (a t  2.23 'C) i n  a 0.1M - HN03 solution i n i t i a l l y  containing 

0.015M - KMn04 and 0.04M - N a N 3  Reaction of hydrazoicacid with freshly pre- 
' 

pared Mn02 was found t o  be slower than the reaction with permanganate. 
' 

. When solutions i n i t i a l l y  0.01M - in.HN3 were s t i r r e d  with 0.75 mole Mn02/ 

mole HNj a t  2.23 O C  fo r  f ive  minutes, 60% of the HN3 was destroyed when 

the HN03 concentration was O . l M ,  90% was destroyed i n  0.3M HN03, and - - ,  

100% was destroyed i n  1 M  - W3. 

When the solvent wash solution does not contain permanganate, de-.. 

s t ruct ion of the azide can be accomplished by adding sodium n i t r i t e  and 

then acidifying. The reaction 
: .  

HN3 + .HN02 = N20 + N2 + H20 

is  very rapid i n  aqueous acid solution. 

Other ways of destroying hydrazoic acid ( in  acid solution) and so- 
. .  

d i m  azide ( in  sodium carbonate solution) were also studied. Hydrazoic. 

acid is thermodynamically unstable with respect t o  i ts  decomposition 

into nitrogen and ammonia 

3HN3 = 4N2 + NH3 

and ca ta lys is  of the decomposition by platinum has been reported. (3) 

This ca ta lys is  was ver i f ied  but the decomposition was s t i l l  not very 

rapid; when 50 m l  of 0.01M HN3 i n  0.3M HN03 was s t i r r e d  i n  contact with - - 
5 grams of 0.5% Pt on alumina pe l l e t s ,  the H N 3  disappeared with a half-  

time of about 20 minutes a t  i 5 5  OC. Platinum-catalyzed &composition 



. . . . . . 

of ~ r ~ a n i c - ~ h a s e  hydrazoic .acid was a l so  observed but it a l so  was not 
. . 

especia l ly  rapid. 
P 

The plat-inum-catalyzed hydrazine reduction of hydrazoic. ac-id :in n i -  

t r i c  acid  . . solution.was found t o  be more rapid than the' platinum-catalyzed 

decomposition of hydrazoic acid;  with the  conditions de-scribed above the  
. . 

addi t ion o f  0. O Z M  N2H5N03 increased the  r a t e  of hydra:zojc acid  disappear- 

ance by a f a c t o r  of about f i ve ,  giving a ,ha l f - t ime  o f  about 4 minlrt.es. .. , 

Increasing the  hydrazine concentration t o  0 . 2 ~  did not furt.hnr incroa;c 

t h e  rate, however. 

Platinum was also.found t o  catalyze .the hydrazine reduction o f  azide 

i n  sodium carbonate solut ion.  The r a t e  i n  0.05M Na2C03 was about the  same - 
as  i n  0.3M . - HNO and was a l so  independ.ent of hydrazine ~uncen t r a t j on .  This  

3 
react ion provides a rrieans of destroying azide ion without acidifying the  

solvent wash solut ion.  Presumably the  azide ion is reduced t o  ammonia i n  

t h i s  reaction.  

EXPERIMENTAL 

~onccnt ra t iu l l s  of hydrazoic acid  were dktermined sp~ctrophotomhfr i  c - 
a1 1 y  sing thc highly colored f e r r i c  az ide complex. i4)  ~ e a c t a n t '  mixtures 

o f ten  had t o  be trei ted before analysis  t o  prevent r e a c t i o n  i n  thc analyt -  

i c a l  solution.  For example, organic phases containing both ni t rous  acid 

and hydrazoic ac id  were contacted with s~ l1fmi .c  acid Lu desrroy t he  ni.trous 

ac id  before t he  hydrazoic ac id  was str ipped'  i n to  carbonate solution and 

then acidi  f i  kd fo r  analysis .  A1 5'1, hydkazoic acid-pemanganate mixturcs 

were added t o  s t i r r e d  mixtures of 30% TRP,' HN0 and HZOZ Lu destroy the  3 ' 
permanganate and extract.  the hydra.:,oic acid ,  which was then s t r ipped from 

the  organic and analyzed. 

;Nitrous ac id  concentrations were a l so  determined spectrophotometric- 

a l l y .  : Urariiwn was s t r ipped from the  oi-garlic samples with 1 : 1  I-I PO ' to 3 4 
avoid in terference :. 

The simulated lBXF used he re  was prepared by contacting three 
, . 
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volumes of 30% TBP-NPH with one volume of 0.72M - U in 4M - HN03. The re- 

sultant organic phase contained about 0.24M - U and 0.3M - HN03. 
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