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D e s t r u c t i o n  of Oxalate by R e a c t i o n  w i t h  Hydrogen Peroxide  

J. C. Mailen 
0.  K. T a l l e n t  
P. c . Arwood 

ABSTRACT 

The d e s t r u c t i o n  of o x a l a t e  by o x i d a t i o n  t o  carbon d i o x i d e  
u s i n g  hydrogen peroxide  was s t u d i e d  as a n  a l t e r n a t i v e  method 
€ o r  t h e  d i s p o s a l  o f  o x a l a t e  i n  c o n n e c t i o n  w i t h  t h e  p o s s i b l e  
u s e  of a n  aqueous h y d r a z i n e  o x a l a t e  s o l u t i o n  as a scrubbing  
a g e n t  f o r  s o l v e n t  c leanup i n  p r o c e s s e s  f o r  t h e  recovery of 
uranium, plutonium, and thorium by s o l v e n t  e x t r a c t i o n .  The rate 
of o x i d a t i o n  of o x a l a t e  by hydrogen peroxide  i n  a c i d  s o l u t i o n  
a t  the reElux  tempera ture  w a s  adequate  f o r  p r o c e s s  a p p l i c a t i o n ;  
r e a c t i o n  h a l f - t i m e s  a t  100°C were less t h a n  one hour when t h e  
hydrogen peroxide  c o n c e n t r a t i o n  was g r e a t e r  t h a n  0.5 E. 
r e a c t i o n  w a s  f i r s t  o rder  w i t h  r e s p e c t  t o  both  t h e  o x a l a t e  and 
hydrogen peroxide  c o n c e n t r a t i o n s  and had an  a c t i v a t i o n  energy of 
58.7 kJ/g-mol. The ra te  i n c r e a s e d  w i t h  t h e  hydrogen i o n  
c o n c e n t r a t i o n  as [H+Io  * 3  b u t  was n o t  s i g n i f i c a n t l y  af Eeeted by 
t h e  presence  of 100 ppm of uranium o r  copper  i n  s o l u t i o n .  I n  
t h e  n e a r - n e u t r a l  hydraz ine  o x a l a t e  s o l u t i o n s ,  t h e  r e a c t i o n  of 
e i t h e r  component w i t h  hydrogen peroxide  was too  slow f o r  process  
a p p l i c a t i o n .  

The 

1. INTRODUCTION 

The s o l v e n t  e x t r a c t i o n  system i n  a f u e l  r e p r o c e s s i n g  f a c i l i t y  u s e s  

t r i - n - b u t y l  phosphate  (TBP) d i s s o l v e d  i n  a normal p a r a f f i n  hydrocarbon 

d i l u e n t  t o  r e c o v e r  uranium, plutonium, and thorium from a n i t r i c  acid 

s o l u t i o n .  R a d i o l y s i s  and h y d r o l y t i c  r e a c t i o n s  w i t h  n i t r i c  a c i d  form 

a c i d i c  d e g r a d a t i o n  p roduc t s :  p r i n c i p a l l y  d i b u t y l  and  monobutyl 

phosphor ic  a c i d s .  These d e g r a d a t i o n  products  and t h e  metal- ion 

complexes between t h e  d e g r a d a t i o n  products  and a c t i n i d e s  o r  f i s s i o n  pro- 

d u c t s  must be removed from t h e  organic  phase t o  mattntain t h e  s o l v e n t  

q u a l l t y .  The s t a n d a r d  c leanup method i s  t o  s c r u b  t h e  s o l v e n t  wFth a 

sodium c a r b o n a t e  s o l u t i o n ;  however, t h i s  g e n e r a t e s  l a r g e  q u a n r l t l e s  oE 

sodium n i t r a t e  as a s o l i d  waste. hn a l t e r n a t i v e  scrubbing  system u s i n g  

h y d r a z i n e  c a r b o n a t e  h a s  been developed, l  but  t h i s  s o l u t i o n  p r e s e n t s  
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some compl ica t ions  i n  the p r e p a r a t i o n  t e c h n i q u e  and i n  decomposi t tan 

s i n c e  i t  e v o l v e s  C02 spontaneously.  Another promising scrubbing  system 

uses  hydraz ine  o x a l a t e  s o l u t i o n s . 2  T h i s  s o l u t i o n  Is r e a d i l y  prepared  

from hydraz ine  h y d r a t e  and o x a l i c  a c i d  and i s  q u i t e  s t a b l e .  A p o s s i b l e  

d i f f i c u l t y  t s  d i s p o s a l  of t h e  reasonably  s t a b l e  o x a l a t e  component i f  i t  

cannot  be accommodated i n  normal handl ing  of t h e  aqueous waste stream. 

Oxala te  can be o x j d i z e d  by b o i l i n g ,  c o n c e n t r a t e d  n i t r i c  but  t h e  

r e a c t i o n  i s  slow and would r e q u i r e  t h e  a d d i t i o n  of l a r g e  q u a n t i t i e s  of 

a c i d  t o  the s p e n t  s c r u b  soluti.cpn. An a t t r a c t i v e  a l t e r n a t i v e  is t o  react 

the o x a l a t e  w t t h  hydrogen peroxide i n  a s l i g h t l y  a c i d i c  ~ o l u t i o r i . ~ - ~  

The primary g o a l  o f  t h e  c u r r e n t  s t u d i e s  w a s  t o  determine t h e  r e x -  

t i o n  k i n e t i c s  of o x a l i c  a c l d  w i t h  hydrogen peroxide  over t h e  rangp of 

p o s s i b l e  p r o c e s s  c o n d i t i o n s .  The r e a c t i o n  between near  n e u t r a l  hydra- 

z i n e  o x a l a t e  s o l u t i o n s  and hydrogen peroxide  was .also examined i n  a few 

tests. 

I n  t h i s  work, t h e  term o x a l a t e  (Ox) denotes  t h e  sum of t h e  o x a l i c  

a c i d  ( H z O x ) ,  hydrogen o x a l a t e  i o n  (IlOx-1, and t h e  o x a l a t e  i o n  (Ox2-”) 

species. 

2. EXPERIMENCAL 

Reagent grade  chemical-s, o x a l i c  a c i d ,  aqueous 85% hydraz ine  h y d r a t e  

s o l u t i o n ,  30 v o l  % hydrogen peroxide ,  a z e o t r o p i c  n i t r i c  a c i d  (15.8 M), - and 

d i s t i l l e d  water were used  t o  prepare t h e  s o l u t i o n s  f o r  t h i s  s tudy .  The 

o x a l i c  a c i d  was f i r s t  d i s s o l v e d  i n  water t o  g i v e  a 0.825 - M s t o c k  so lu-  

tLon. The hydraz ine  o x a l a t e  s o l u t i o n s  were prepared  by adding  t h e  

o x a l i c  a c i d  s t o c k  s o l u t i o n  t o  3 . 3  14 I hydraz ine  ’hydrate s o l u t i o n  and d i l u t i n g  

t o  o b t a i n  an approximately 0.5 M I hydraz lne  o x a l a t e  stock s o l u t l o n .  
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2.2 Procedure  

The k i n e t i c s  of t h e  r e a c t i o n  were i n v e s t i g a t e d  a t  25, 60, and 90'C. 

I n  t h e  exper iments  a t  25 'C,  t h e  t o t a l  aqueous volume w a s  50 mL; i n  

making up t h e  s o l u t i o n ,  t h e  o r d e r  of a d d i t i o n  w a s  n i t r i c  a c i d ,  hydrogen 

peroxide ,  t h e  o x a l i c  a c i d  s t o c k  s o l u t i o n ,  and water t o  make 50 mL of 

s o l u t i o n .  The s o l u t i o n  w a s  s t i r r e d  by a magnetic s t i r rer ,  and 2-mL 

samples were taken  f o r  a n a l y s i s  a t  t imed i n t e r v a l s .  The c o n c e n t r a t i o n s  

of n i t r i c  and o x a l i c  a c i d s  were determined by t i t r a t i o n  immediately 

a f t e r  sampling u s i n g  a Brinkmann model E536 au tomat ic  t i t r a t o r  (Metrohm 

AG, Herisau ,  S w i t z e r l a n d ) .  Samples t o  be analyzed f o r  hydrogen peroxide  

c o n t e n t  were cooled  i n  an ice b a t h  and d e l i v e r e d  t o  t h e  A n a l y t i c a l  

Chemistry D i v i s i o n  l a b o r a t o r i e s  where t h e  peroxide  c o n c e n t r a t i o n  was 

determined by permanganate t i t r a t i o n .  Hydrogen peroxide  was not d e t e r -  

mined i n  t h e  tests a t  25'C. I n  t h e  tests a t  60 and 90°C, 200-mL aqueous 

volumes were conta ined  i n  b o i l i n g  f l a s k s  which were equipped with r e f  l u x  

condensers  and submerged i n  a c o n t r o l l e d - t e m p e r a t u r e  ba th .  The test 

s o l u t i o n s  were prepared  by adding  t h e  n i t r i c  a c i d  t o  t h e  water conta ined  

i n  t h e  f l a s k  and t h e n  t h e  hydrogen peroxide  when t h e  tempera ture  

reached 60°C; t h e  o x a l i c  a c i d  o r  hydraz ine  o x a l a t e  s o l u t i o n s  were added 

a t  t h e  o p e r a t i n g  tempera ture ,  e i t h e r  60 or 90'C. A few t e s t  s o l u t i o n s  

c o n t a i n e d  small q u a n t i t i e s  of d i s s o l v e d  copper or uranium; t h e s e  were 

added a t  t h e  same t i m e  as t h e  o x a l i c  a c i d .  From s t a r t - u p  t i m e  t o  o x a l i c  

a c i d  o r  hydraz ine  o x a l a t e  a d d i t i o n  u s u a l l y  took 1 t o  1.5 h; t h e  t i m e  

between t h e  hydrogen peroxide  a d d i t i o n  and t h e  o x a l i c  a c i d  or hydraz ine  

o x a l a t e  a d d i t i o n  was 20 t o  40 min. The exper iments  were timed s t a r t i n g  

w i t h  t h e  i n t r o d u c t i o n  of t h e  o x a l i c  ,acid o r  hydraz ine  o x a l a t e  ( t i m e  = 0 1 ,  

a l t h o u g h  t h i s  caused a s l i g h t  cool ing of the s o l u t i o n s  i n  t h e  e l e v a t e d  

tempera ture  runs.  The tempera tures  of t h e  s o l u t i o n s  were determined as 

each sample w a s  t a k e n ;  samples t a k e n  a t  more t h a n  2°C below t h e  run 

tempera ture  (60 or 90°C) were not  used i n  de te rmining  t h e  rate 

c o n s t a n t s .  
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3. RESULTS AND DISCUSSION 

3.1 Rate Equat ions  

Oxalic a c i d  [ ( C O O H ) z ]  reacts w i t h  hydrogen peroxide  t o  y i e l d  C02 and 

water: 5-'7 

Hydrogen peroxide i s  consumed both i n  r e a c t i o n  (1) and i n  t h e  ac id-  

c a t a l y z e d  decomposi t lon r e a c t i o n  

The ra te  e q u a t i o n s  f o r  t h e  d e c r e a s e s  i n  o x a l a t e  and hydrogen peroxide  

are: 

where the q u a n t i t i e s  i n  s q u a r e  b r a c k e t s  are molar c o n c e n t r a t i o n s ,  Ox i s  

t o t a l  o x a l a t e ,  and t is  t i i n e  i n  hours.  Although o x a l a t e  can be o x i d i z e d  

by c o n c e n t r a t e d  nitr1.c a c i d ,  t h e  ra te  w i t h  t h e  low a c i d  conc-entratdons 

u s e d  i n  t h e s e  st l- tdies i s  n e g l i g i b l e .  The decomposi t ion of hydrogen 

peroxide  i s  assumed t o  be t h e  f i r s t  o r d e r  w i t h  r e s p e c t  t o  I t s  can- 

c e n t r a t i o n .  I n  most experiments ,  the hydrogen peroxide  c o n c e n t r a t i o n  was 

much l a r g e r  than t h e  o x a l a t e  c o n c e n t r a t i o n  and could  be assumed c o n s t a a t .  

3 , 2  E f f e c t  of Oxala te  C o n c e n t r a t i o n  

F i g u r e  1 i s  a p l o t  of l o g  oxalate c o n c e n t r a t i o n  vs tiiw at 90°C f o r  

t h r e e  d i f f e r e n t  initial oxalat t?  c o n c e n t r a t i o n s  with n e a r l y  t h e  same ini- 

t i a l  hydrogen peroxide  c o n c e n t r a t i o n .  I n  al  1 cases t h e  c o n c e n t r a t i o n  

changed less than 10% over t h e  d u r a t i o n  of t he  t e s t s ,  T h e  l i - n e a r i t y  of 

t h e  p l a t s  i n d i c a t e d  that t h e  r e a c t i o n  was f i r s t  order  w P t h  r e s p e c t  t o  

t h e  o x a l a t e  c o n c e n t r a t i o n ;  hence, n i n  E q .  ( 3 )  i s  unity.  
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3 , 3  E f f e c t  of Hydrogen Peroxide Concent ra t ion  

Equat ion  ( 3 )  can be i n t e g r a t e d  f o r  t h e  c o n d i t i o n s  of n e a r l y  c o n s t a n t  

hydrogen peroxide c o n c e n t r a t i o n s  and n = 1 t o  g i v e  

where [H202 1 i s  t h e  average hydrogen peroxide  c o n c e n t r a t i o n  dur ing  an  

experiment and [Ox], i s  t h e  i n i t i a l  o x a l a t e  c o n c e n t r a t i o n .  In the 

e l e v a t e d  tempera ture  tes ts ,  t h e  o x a l a t e  was p a r t i a l l y  ( g e n e r a l l y  < lo%)  

decomposed a t  a lower Lemperature bef orcp the  experiment had s t a b i l i z e d  

a t  t h e  o p e r a t i n g  temperature .  Thus, t h e  i n i t i a l  c o n c e n t r a t i o n  of o x a l i c  

a c i d  added t o  an experiinent has  not been used i n  Eq. ( 5 )  but I n  [Oxlo 

has  been Lrcated as an i n t e g r a t i o n  c o n s t a n t .  

The e f f e c t  of t h e  hydrogen peroxide c o n c e n t r a t i o n  w a s  e v a l u a t e d  by 

f i t t i n g  t h e  exper imenta l  d a t a  (111 [Ox] vs t )  by t h e  l e a s t - s q u a r e s  tech- 

n iques  i n  o r d e r  t o  obtai-n kl [H202 Im.  
expanding kl [H202 I m  i n  t h e  l o g a r i t h m i c  form 

'The va lue  of in was determined by 

and p l o t t i n g  log  kl [H202Im vs l o g  [HZO?] (F ig .  2). The s l o p e  of t h e  

l i n e  gave t h e  value f o r  m. The exper imenta l  va lue  of m, 0.95, i n d i c a t e d  

t h a t  the r e a c l i o n  w a s  f i r s t  o r d e r  with r e s p e c t  t o  t h e  hydrogen peroxide 

c o n c e n t r a t  ion .  

The d a t a  of a l l  runs a t  a l l  t empera tures  w i t h  -0.3 M - HNO3 are sum- 

marized i n  Table 1. 

wi th  a s t a n d a r d  d e v i a t i o n  of 0.12, The average  v a l u e s  a t  60 and 25°C 

are  0.18 and 0.014 L mol-l h-l r e s p c c t i v e l y .  

The avceage value of kl  a t  90°C is  0.99 L rno1-l h-'l 
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Table 1. The r e a c t i o n  of hydrogen peroxide  w i t h  oxa l ic  a c i d  
i n  -0.27 M HNO3 s o l u t i o n  

. . . - 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4  
15 
16 
17 
17 
18 
19 
20 

90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
60 
60 
25 
25 

3.612 
3.237 
3.267 
1.270 
1.632 
0.886 
1.019 
3.251 
3.434 
2 e 003 
2 e 394 
3.053 
1.746 
0.442 
3.676 
3.135 
3.279 
0.55 
0.71 
0.050 
0.037 

2,76 
3.55 
3.43 
1.37 
1.60 
0.88 
0.98 
3.56 
3.58 
1.91 
2,94 
3.21 
1.39 
0.39 
3" 41 
3.24 
3,32 
3.37 
3.42 
3.20 
3.20 

0.18 
0.17 
0.18 
0.16 
0.17 
0.18 
0.18 
0.098 
0.095 
0.34 
0.28 
0.27 
0.18 
0.18 
0.18 
0.19 
0.19 
0.15 
0.18 
0.17 
0.13 

1.31. 
0.91 
0.95 
0.93 
1.02 
1.00 
1.04 
0.91 
0.96 
1.05 
0.81 
0.95 
1.26b 
1.14b 
1.08b 
0. 97c 
0.99c 
0.16 
0.21 
0.016 
0.012 

a c o r r e l a t i o n  c o e f f i c i e n t s  ( ~ 2  ) - > 0.97. 

bContai.ns 100 ppm copper e 

CContains 100 ppm uranium. 
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3.4  E f f e c t  of Added Copper o r  Uranium 

Copper, a known c a t a l y s t  f o r  peroxide  decomposi t ion,  was t e s t e d  i n  
some expe r imen ta l  s o l u t i o n s  f o r  p o s s i b l e  c a t a l y t i c  e f f e c t  on the  rate oE 

t h e  oxa la t e -pe rox ide  r e a c t i o n .  The tests w i t h  copper  a t  100 ppm a t  90°C 

(Table  1) gave an  average  v a l u e  o f  kl  of 1.16 L molw1 h-l wi th  a s t an -  

da rd  d e v i a t i o n  of 0.09; t h e  average  va lue  of kl i n  t h e  absence of 

copper  was 0.99 + - 0.12 L mol'l h-'. Th i s  i n d i c a t e d  t h a t  copper might be 

a s l i g h t  p o s i t i v e  c a t a l y s t  f o r  t h e  r e a c t i o n  of o x a l i c  a c i d  w i t h  hydrogen 

peroxide .  The e f f e c t  w a s  s o  small t h a t ,  even i f  it e x i s t e d ,  i t  would be 

i n s i g n i f i c a n t .  The presence  of 100 ppm uranium had no d i s c e r n i b l e  

e f f e c t  on t h e  rate of t h e  peroxide-oxala te  r e a c t i o n .  

3.5 Hydrogen Pe rox ide  Decomposition 

The lo s s  of hydrogen peroxide  by decomposi t ion i n  t h e  cour se  oE an  

experiment  i s  measured as t h e  d i f f e r e n c e  between t h e  changes i n  t h e  

t o t a l  peroxide  and o x a l a t e  concen t r a t ions .  The ra te  c o n s t a n t s  f o r  t h e  

decomposi t ion r e a c t i o n  were c a l c u l a t e d  from 

where [H202]  is t h e  peroxide  c o n c e n t r a t i o n  p r e s e n t .  Rate c o n s t a n t s  were 

c a l c u l a t e d  f o r  exper iments  i n  which t h e  d i f f e r e n c e  between t h e  dec reases  

i n  t h e  hydrogen peroxide  and o x a l a t e  c o n c e n t r a t i o n s  exceeded 0.1 E; t h e  

r e su l t s  are shown i n  Table  2 f o r  cases with and wi thou t  copper i n  t h e  

s o l u t i o n .  The p resence  of 100 ppm of copper i n c r e a s e d  t h e  H202 decom- 

p o s i t i o n  rate c o n s t a n t  by about  a f a c t o r  of t h r e e  i n  agreement wt th  t h e  

known c a t a l y t i c  e f f e c t  of copper on t h i s  decomposition.8 

f o r  e s t i m a t i n g  k2 i s  obv ious ly  i n a c c u r a t e  s i n c e  the  loss  of peroxide  by 

decomposi t ion i s  small. One tes t  was made t o  a c c u r a t e l y  de te rmine  the  

va lue  o f  k2 i n  0.29 HNO3 a t  90°C; t h e  d a t a  are shown i n  Fig.  3. The 

r a t e  c o n s t a n t  was found t o  be 0.17 h-l in f a i r  agreement wi th  t h e  

0.12 - 4- 0.04 h-l found from t h e  o x a l a t e  d e s t r u c t i o n  tests (Table  2) .  

Th i s  method 
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Table 2. E f f e c t  of copper on decomposi t ion of hydrogen peroxide 
.... 

Run caicuiatea k, 
l o s s  by decomposi t ion (g) (h-1 j 

_.._--I 

No coppera 

2 

5 

6 

1 

10 

b 100 ppm copper 

0.15 

0.14 

0.15 

0.11 

0.20 

0.092 

0.092 

0.19 

0.12 

0.12 

1 3  0.19 0.35 

15 0.36 0.36 

aAuerage k2 w i t l i o u t  copper:  0.12; s t a n d a r d  d e v i a t i o n  of 0.04. 

bAverage k2 wi th  100 ppm copper:  0.36. 
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3 . 6  E f f e c t  of Hydrogen Ion Concent ra t ion  

The e f f e c t  of hydrogen i o n  c o n c e n t r a t i o n  on t h e  rate of t h e  r e a c t i o n  

of o x a l i c  a c i d  w i t h  hydrogen peroxide  a t  90°C w a s  a l s o  s t u d i e d .  The 

hydrogen i o n  c o n c e n t r a t i o n  i n  t h e  s o l u t i o n  of r e a c t a n t s  was i n c r e a s e d  by 

adding  n i t r i c  ac id  o r  decreased  by adding hydraz ine .  Hydrogen i o n  ac t i -  

v i t i e s  of t h e  n e a r - n e u t r a l  s o l u t i o n s   ere e s t i m a t e d  from pH measurements 

a t  room temperature  because the  hydraz ine  o x a l a t e  --- hydrogen i o n  system 

w a s  cons idered  t o  be too  complex t o  make a c o r r e c t i o n  f o r  temperature .  

The d a t a  from t h e  low-acid experiments  i s  p r e s e n t e d  i.n Table 3; a repre- 

s e n t a t i v e  p l o t  of t h e  hydraz ine  and o x a l a t e  c o n c e n t r a t i o n s  vs time ( d a t a  

of run 2 i n  Table  3 )  is  shown i n  F i g .  4.  

The hydrogen i o n  c o n c e n t r a t i o n s  i n  t h e  o x a l i c  a c i d  and o x a l i c  acid- 

n i t r i c  a c i d  mixtures  were e s t i m a t e d  f o r  t h e  r e a c t i o n s  a t  90°C by t h e  

fo l lowing  development. The i o n i z a t i o n  of o x a l i c  a c i d  occurs  i n  two 

s t e p s :  
f 

H20x '- I-Ic f Hox- , ( 7  1 

where H2Ox is  un-ionized o x a l i c  a c i d ,  HOx- is h'ne hydrogen o x a l a t e  i o n ,  

and Ox2" i s  o x a l a t e  ion .  The cor responding  e q u i l i b r i u m  q u o t i e n t s  are: 

By m a t e r i a l  ba lance ,  t h e  t o t a l  o x a l a t e ,  [Ox] i s  

[Ox] = [IrI2OXl 4- [HOx-l -t- [Ox2-1 . 

I n  t h e  s o l u t i o n s ,  two hydrogens o r i g i n a t e  with each o x a l i c  a c i d  molecule 

and one w i t h  each n i t r i c  ac id .  I f  the n i t r i c  a c i d  i s  assumed t o  be 

completely i o n i z e d ,  t h e  material balance r e l a t i o n  f o r  the hydrogen- 

c o n t a i n i n g  s p e c i e s  ( e q u a t i n g  the hydrogen added t o  t h e  system t o  i t s  

s t a t e  a t  the  t i m e  being examined) is:  
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Tab le  3. The r e a c t i o n  of hydraz ine  o x a l a t e  mixtures  with 
hydrogen peroxide  a t  90°C 

I n i t i a l  c o n c e n t r a t i o n s  kl k2 [H202 1 
o x  Hydrazine H+ (L mol-1 h-1) (mol h-1 ~ - 1 )  Run 

13202 
(2) &>a <ga (g>b  

1 3.0 0.16 0.33 -3 x 10'6 0.039 0.107 

2 3.0  0.26 0.47 -3 x 10-6 0.021 0.038 

3 3.0 0.23 0.43 -2 10-7 0.018 0.064 

4 3.0  0.25 0.44 -2 10-7 0.015 0.046 

5 3.0 0.21 0.44 -2 10-7 0.021 0.073 

aEst imated  from t h e  ze ro  t i m e  i n t e r c e p t  of t h e  l e a s t - s q u a r e s  f i t  of 

bFrom pH measurements a t  room tempera ture .  

log [Ox] o r  log [hydraz ine ]  vs t i m e  p l o t  ( s e e  F ig .  4 ) .  
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Fig .  4. The r e a c t i o n  of hydraz ine  and oxalate (aqueous hydraz ine  
o x a l a t e  s o l u t i o n )  w i th  3 M 11202 a t  ~ O ' C  and -3 x 10-6 M H+. __ I 
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T h i s  can be r e a r r a n g e d  t o  

S a l v i n g  Eq. (10) f o r  [Ox2'] and s u b s t i t u t i n g  Eq. (14 )  g i v e s  

[ O x 2 - ]  = K1K2 [H~OXI / [H'12 . (15) 

S u b s t i t u t i n g  E q s .  (14)  and (15) i n t o  Eq. (11) and Eq. (14)  i n t o  Eq.  (13) 

g i v e s  

Ki 

Solving E q s .  (16) and ( 1 7 )  f o r  [H~OX] and e q u a t i n g  g i v e s  

Equat ion  (18) can  be s o l v e d  f o r  [H'] by t r i a l  and e r r o r  and t h e  e f f e c t  

of hydrogen ion  on t h e  oxa la te -peroxide  r e a c t i o n  can be determined. 

S i n c e  K1 and K2, t h e  f i r s t  and second d i s s o c i a t i o n  c o n s t a n t s  of ox- 

a l i c  a c i d ,  i n  E q .  (18) are temperature-dependent,  t h o s e  q u a n t i t i e s  were 

e s t i m a t e d  a t  90°C from t h e  l i t e r a t u r e  v a l u e s  of K1 and K2 r e p o r t e d  f o r  

tempera tures  up t o  45 and 50°C r e s p e c t i ~ e l y . ~ ~ ~ ~  That  t y p e  of d a t a  i s  

u s u a l l y  c o r r e l a t e d  by e q u a t i o n s  of t h e  form 
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l o g  K = -A*/T + D* - C*T, ( 1 9 )  

where A*, D*, and C* a r e  c o n s t a n t s ,  and T i s  t h e  tempera ture  i n  ke lv in .  

The K1 v a l u e s  f o r  tempera tures  - <45"C are conta ined  i n  Table 4 .  

T a b l e  4. E f f e c t  of tempera ture  on K1 (Ref .  11) 

l o g  K1 
.I_--- t ( " C )  K l  

0 0.05 702 -1.244 
15 0.05598 -1.252 
25 0.05598 -1.252 
35 0.05176 -1 e 286 
45 0.0507 0 -1.295 

I 

These da ta  are c o r r e l a t e d  by 

l o g  K1 = -690.14/T 4- 3.7867 - 0.0091564/'1' (i-0.009 - on log  K1)$ . ( 2 0 )  

'The c o r r e l a t i o n  eqiuation f o r  t h e  v a r i a t i o n  of K2 w i t h  temperature  i s  

The e s t i m a t e d  va lues  of K1 and K2 a t  90°C u s i n g  E q s .  ( 2 0 )  and ( 2 1 )  

a r e  3.6 x 

K1 and K2 w i t h  tempera ture  a r e  moderate, t h i s  e x t r a p o l a t i o n  beyond  he 

tempera ture  range of t h e  d a t a  i s  prohably a c c e p t a b l e .  I n  a d d i t i o n ,  t h e  

average  of t h e  i n i t i a l  and f inal .  o x a l a t e  c o n c e n t r a t i o n s ,  f:[i)x] 

f o r  [Ox] i n  Eq.  (18) because the  o x a l a t e  c o n c e n t r a t i o n  decreased  dur ing  

t h e  experiment .  The r e s u l t s  of t h e  c a l c u l a t i o n s  of hydrogen i o n  con-- 

c e n t r a t i o n s  f o r  t h e  h i g h e r  a c i d i t y  are given i n  Table  5. 

and 1.815 x lom5 r e s p e c t i v e l y .  S i n c e  tlne changes i n  

was used 

The e f f e c t  of t h e  hydrogen i o n  c o n c e n t r a t i o n ,  [H'], on t h e  r e a c t i o n  
-1- r a t e  w a s  determined E r o m  a p l o t  of l o g  k l  vs l o g  111 1 (F ig .  5 )  u s i n g  t h e  

r e s u l t s  conta ined  i n  Tables  3 and 5. The d a t a  were well c o r r e l a t e d  by a 

l i n e  of s l o p e  0.3 from -2 x l o m 7  to  0.538 M - i n  hydrogen ion.  The s indl1  

*R2 ( c o r r e l a t i o n  c o e f f i c i e n t )  = 0.92. 
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HYDROGEN ION CONCENTRATION (MI 

Fig. 5. The e f f e c t  of hydrogen ion c o n c e n t r a t i o n  on kl a t  90°C. 
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Table  5. C a l c u l a t e d  va lues  of t h e  hydrogen i o n  
c o n c e n t r a t i o n  a t  90°C 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
16 
17 
2 1  
22 
23 
24 

0.29 
0.26 
0.26 
0.26 
0.26 
0.26 
0.28 
0.26 
0.265 
0.26 
0.26 
0.26 
0.25 
0.26 
0.537 
0.538 
0 
0 

0.095 
0.096 
0.102 
0.106 
0.108 
0.128 
0.118 
0.06 
0.06 
0.176 
0.12 
0.106 
0,078 
0.074 
0.088 
0.09 
0.078 
0.094 

0.301 
0.272 
0.273 
0.273 
0.273 
0.275 
0.294 
0.268 
0.273 
0.281 
0.275 
0.273 
0.26 
0.269 
0.543 
0.544 
0.033 
0.043 

_^__ 

aAverage t o t a l  oxalate  concentration. 
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e f f e c t  of t h e  hydrogen i o n  c o n c e n t r a t i o n  sugges t ed  that  hydrogen i o n  d i d  

n o t  p a r t i c i p a t e  d i r e c t l y  i n  t h e  r e a c t i o n  between o x a l a t e  and hydrogen 

peroxide .  

hydrogen Oxalate i o n  (HQX’) and o x a l a t e  Lon ( O X 2 - )  r e a c t e d  w i t h  hydrogen 

pe rox ide  a t  d i f f e r e n t  rates so t h a t  changes i n  t h e  r e a c t i o n  rates w i t h  

hydrogen i o n  c o n c e n t r a t i o n  r e f l e c t e d  s h i f t s  i n  t h e  d i s t r i b u t i o n  of 

v a r i o u s  o x a l a t e  s p e c i e s .  However, s u f f i c i e n t  d a t a  was no t  a v a i l a b l e  t o  

prove  t h i s  hypo thes i s .  

A p o s s i b l e  e x p l a n a t i o n  might be t h a t  o x a l i c  a c i d  (HzOx) ,  

Rate c o n s t a n t s  € o r  t h e  d i sappea rance  of hydraz ine  from nea r -neu t r a l  

s o l u t i o n s  by r e a c t i o n  w i t h  hydrogen pe rox ide ,  k2 [H202 I p ,  are inc luded  i n  

Tab le  3. The exponent  p i s  an unknown power e f f e c t  f o r  t h e  hydrogen 

pe rox ide  c o n c e n t r a t i o n  on the r e a c t i o n  rate. The slow r e a c t i o n  rate 

i n d i c a t e d  t h a t  t h e  d e s t r u c t i o n  of hydraz ine  by hydrogen pe rox ide  under  

these c o n d i t i o n s  was n o t  an  a c c e p t a b l e  p rocess  o p t i o n .  The r e a c t i o n  i s  

known t o  proceed w i t h  f a i r  r a p i d i t y  i n  b a s i c  s o l u t t o n s ,  bu t  t h e  rate 

d e c r e a s e s  as the pH d e c r e a s e s . l l  

3 .7  E f f e c t  of Temperature 

The e f f e c t  of t empera tu re  on t h e  rate of t h e  r e a c t i o n  of o x a l a t e  wi th  

hydrogen peroxide  i n  -0.3 - M HNO3 s o l u t i o n  w a s  de te rmined  from a p l o t  of 

l o g  kl vs 1 / K  (Fig.  6 ) .  The a c t i v a t i o n  energy  f o r  the r e a c t i o n ,  ca lcu-  

f a t e d  from t h e  s l o p e  of t h e  line f i t t e d  t o  t h e  d a t a  by t h e  method of 

least  s q u a r e s ,  i s  57.8 kJ/g-mol (13.82 kcal/g-mole). T h i s  r e s u l t  was 

used  i n  an empirical  e q u a t i o n  [ E q .  (2211 whlch r e l a t e d  t h e  d i sappea rance  

of o x a l a t e  t o  t h e  t empera tu re  and inc luded  t h e  e f f e c t s  of hydrogen i o n  

and hydrogen pe rox ide  c o n c e n t r a t i o n s ,  

- 
[HzO,]  exp -(13,820/1.987 1<).(22) 

The ave rage  v a l u e  of t h e  hydrogen peroxide  c o n c e n t r a t i o n ,  [H202],  i s  
used  because  the change i n  c o n c e n t r a t i o n  i s  s m a l l . .  
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Fig .  6. 
hydrogen peroxide .  

The a c t i v a t i o n  energy of the r e a c t i o n  of o x a l a t e  with 
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3.8 Tests of t h e  K i n e t i c  Model 

The proposed k i n e t i c  model f o r  t h e  d e s t r u c t i o n  of o x a l a t e  by reac- 

tPon w i t h  hydrogen peroxide  w a s  t e s t e d  by comparing t h e  measured and 

c a l c u l a t e d  results f o r  an  experiment  i n  which t h e  i n i t i a l  hydrogen 

peroxide  c o n c e n t r a t i o n  was about  f i v e  t i m e s  the i n i t i a l  o x a l a t e  con- 

c e n t r a t i o n  (Table  1, r u n  6 ) .  The e x p e r i m e n t a l  r e s u l t s  are p l o t t e d  as 

t h e  l o g a r i t h m s  of t h e  o x a l a t e  and hydrogen peroxide  c o n c e n t r a t i o n s  vs 

t i m e  (Fig.  7) ;  both p l o t s  e x h i b i t  d i s t i n c t  c u r v a t u r e s .  The t h e o r e t i c a l  

c u r v e s  i n  t h e  same f l g u r e  w e r e  p repared  from d a t a  on t h e  r e a c t a n t  con- 

c e n t r a t i o n s  c a l c u l a t e d  by use of t h e  e q u a t i o n s  of t h e  k i n e t i c  model, 

E q s .  ( 3 )  and (4) ,  w i t h  m and n e q u a l  t o  u n i t y  and w i t h  va lues  f o r  kl  and 

k2 a t  90°C of 1.0 L mol”’ h-I and 0,19 h-l r e s p e c t i v e l y .  The exce l len t .  

agreement between t h e  two se t s  of r e s u l t s  i s  a v e r i f i c a t i o n  of t h e  pro- 

posed k i n e t i c  model. 

3.9 Oxalate D e s t r u c t i o n  a t  Process  Condi t ions  

For  p r o c e s s  a p p l i c a t i o n ,  i t  i s  probable  t h a t  t h e  o x a l a t e  would be 

d lsposed  of by r e a c t i o n  w i t h  hydrogen peroxide  i n  0.3 - M HNO3 s o l u t i o n  a t  

t h e  r e f l u x  tempera ture ,  about  100°C. The o x a l a t e  c o n c e n t r a t i o n  can be 

c a l c u l a t e d  as a f u n c t i o n  of t i m e  f o r  p r o c e s s  c o n d i t i o n s  by Eq.  (23)  i f  

the  values of kl  and m, 1.67 L mol-l h-’ a t  100°C and u n i t y ,  respec-  

t i v e l y ,  are i n s e r t e d  i n  Eq.  (5 )  and i f  t h e  hydrogen peroxide  con- 

c e n t r a t i o n  i s  almost  c o n s t a n t ,  

F u r t h e r  s u b s t i t u t i o n  and rearrangement  of Eq.  ( 2 3 )  l e a d s  t o  t h e  r e l a t i o n  

f o r  t h e  ha l f - t ime,  t (0 .51,  f o r  o x a l a t e  d e s t r u c t i o n ,  Eq. (24) ,  

t ( 0 . 5 )  = 0.415/[H202] (24 1 

R e p r e s e n t a t i v e  h a l f - t i m e s  f o r  o x a l a t e  i n  about  0.3 M - HNO3 a t  100°C are: 
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1.0 

0.1 

BY 
3 )  AND (4) 

Q Q.2 0.4 0.6 O"8 I .Q 

F i g .  7 .  A t es t  of  t h e  kinetic model at 90°C in 0.26 M WMQ3 solution. - 
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H&-I t ( 0 . 5 )  

- M (h) 

0.1 4.2 
0.5 0.8 
1 0.4 
1.5 0.3 
2.0 0.2 

The ha l f - t imes  should  be s h o r t  enough f o r  u s e  i n  a p r o c e s s  €or oxa- 

l a t e  d e s t r u c t i o n  w i t h  hydrogen peroxide  c o n c e n t r a t i o n s  g r e a t e r  than  

0.5 M. I 

t i o n s  (Sect.  3.7). 

The rates of d e s t r u c t i o n  w i l l  be i n c r e a s e d  i n  more a c i d i c  so lu-  

4 .  CONCLUSIONS 

The ra te  of d e s t r u c t i o n  of o x a l a t e  by o x i d a t i o n  w i t h  hydrogen 

peroxide  i n  a c i d  s o l u t i o n  a t  t h e  r e f l u x  tempera ture  would be adequate  

f o r  p r o c e s s  a p p l i c a t i o n .  C a l c u l a t e d  r e a c t i o n  ha l f - t imes  a t  100°C would 

be less t h a n  1 h when t h e  hydrogen peroxide  c o n c e n t r a t i o n  was g r e a t e r  

t h a n  0.5 - M (about  1 . 5  w t  % I .  
t o  both t h e  o x a l a t e  and hydrogen peroxide c o n c e n t r a t i o n s  and had an 

a c t i v a t i o n  energy of 58.7 kJ/g-mol. 

gen ion  c o n c e n t r a t i o n  as but  was not  s i g n i f i c a n t l y  a f f e c t e d  by 

t h e  presence  of 100 ppm of copper o r  uranium i n  s o l u t i o n .  I n  t h e  near- 

n e u t r a l  h y d r a z i n e  o x a l a t e  s o l u t i o n s ,  t h e  r e a c t i o n  of e i t h e r  component 

w i t h  hydrogen peroxide  i s  very slow; t h e r e f o r e ,  t h e i r  s imul taneous  

d e s t r u c t i o n  is n o t  f e a s i b l e  i n  p r o c e s s i n g  a p p l i c a t i o n s .  A b e t t e r  scheme 

would be t h e  d e s t r u c t i o n  of hydraz ine  by n i t r o u s  a c i d  i n  a c i d i c  s o l u t i o n  

fo l lowed by the d e s t r u c t i o n  of o x a l a t e  by hydrogen peroxide.  

A l t e r n a t i v e l y ,  t h e  o x a l a t e  could  be des t royed  by r e a c t i o n  w i t h  con- 

c e n t r a t e d  n i t r i c  a c i d .  

The r e a c t i o n  was f i r s t  o r d e r  w i t h  respect 

The rate i n c r e a s e d  w i t h  t h e  hydro- 
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