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ABSTRACT 

Kinetic parameters for the decomposition of aqueous manganese nitrate solutions were 
derived from non-isothermal experiments in air. First, most of the water evaporates to a 
solution containing approximately equimolar quantities of water and manganese nitrate 
which then decomposes in two steps to MnO2. The first step can be described by a model 
valid for two-dimensional growth of a constant number of nuclei, viz. g(c~)= [--In- 
(I --c~)] I/2, and the second by a model based on a surface reaction, viz. g(tv) = 1 -- 
(i -- ~)I~3 

The decomposit ion of  anhydrous manganese nitrate most  probably occurs via nuclei 
formation with a decreasing rate and one-dimensional growth of  the nuclei formed. The 
model  g(~)= I - - I n ( 1 -  cz)] °'6 described the measurements satisfactorily. The parameters 
in the above models closely agree with results from isothermal experiments. 

INTRODUCTION 

T h e  t h e r m a l  d e c o m p o s i t i o n  o f  a q u e o u s  m a n g a n e s e  n i t r a t e  s o l u t i o n s  is 
b e i n g  s t u d i e d  t o  i n v e s t i g a t e  i ts  p o t e n t i a l  va lue  as a m e t h o d  o f  p r o d u c i n g  
b a t t e r y - g r a d e  MnO2.  P a r t  1 o f  t h i s  ser ies  [ 1 ]  w a s  c o n c e r n e d  w i t h  t h e  
m e c h a n i s m  o f  t h e  d e c o m p o s i t i o n .  I t  w a s  s h o w n  t h a t  f i r s t ,  m o s t  o f  t h e  w a t e r  
e v a p o r a t e s  t o  a c o n c e n t r a t e d  s o l u t i o n  w i t h  a c o m p o s i t i o n  o f  a b o u t  1 m o l e  
H 2 0  p e r  m o l e  Mn(NO~)2 ,  w h i c h  t h e n  d e c o m p o s e s  in  t w o  s t e p s  t o  7-MNO2. 
T h e  t w o  c h e m i c a l  s t e p s  a re  r e f e r r e d  t o  as f i r s t  a n d  s e c o n d  d e c o m p o s i t i o n  
s t e p ,  r e s p e c t i v e l y .  I n  t h e  f i r s t  d e c o m p o s i t i o n  s t e p  t h e  r e s i d u a l  w a t e r  evo lves  
a n d  o n l y  p a r t  o f  t h e  Mn(NO3)2  d e c o m p o s e s  i n t o  MnO2  a n d  a l m o s t  exc lu -  
s ive ly  NO2 (N20+) .  I n  t h e  s e c o n d  s t e p  t h e  r e m a i n d e r  o f  t h e  Mn(NO3)2  
d e c o m p o s e s .  T h e  f i r s t  d e c o m p o s i t i o n  s t e p  is c a u s e d  a n d  a c c e l e r a t e d  b y  w a t e r  
v a p o u r ;  w i t h o u t  w a t e r  ( a n h y d r o u s  m a n g a n a s e  n i t r a t e )  o n l y  o n e  d e c o m p o s i -  
t i o n  s t e p  o c c u r s .  

I n  P a r t  2 [ 2 ]  t h e  h e a t  o f  r e a c t i o n  w a s  m e a s u r e d  f o r  t h e  a b o v e  d e c o m p o s i -  
t i o n  r e a c t i o n s  a n d  in P a r t  3 [3 ]  t h e  k i n e t i c s  w e r e  e s t a b l i s h e d  f r o m  i s o t h e r m a l  
e x p e r i m e n t s .  T h e  f i r s t  d e c o m p o s i t i o n  s t e p  c o u l d  b e  d e s c r i b e d  b e s t  b y  t h e  
m o d e l  [ - - l n (1  - -~) ]1~2 = 8 .9  × 1011 e x p ( - - 1 2 1 0 0 0 / R T ) t .  F o r  t h e  s e c o n d  s t e p  
a n d  t h e  d e c o m p o s i t i o n  o f  a n h y d r o u s  m a n g a n e s e  n i t r a t e  severa l  m o d e l s  f i t t e d  
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TABLE 1 

Kinetic parameters for the second decomposition step and d e c o m p o s i t i o n  o f  anhydrous 
manganese nitrate from isothermal experiments [8](A = pre-exponential factor, E = acti- 
vation energy)  

Model  Second  decompos i t i on  step 

A (s -1 ) E (kJ  mole  -1 ) 

Decomposition o£ ~ - h y d r o u s  
manganese  n i t ra te  

A (s -l) E (kJ mole-* ) 

--In(l --a) 6.5 x I0 x2 143 2.6 x 107 93 
[--In(l --a)] 2/s 2.0 x 1012 139 1.4 x 107 90 
1 -- (I --a) xI2 8.6 X 1011 140 
I --(I --a) */a 1.6 x 10 *2 143 I.I X i07 94 

t h e  d a t a  e q u a l l y  w e l l  m i d  n o  s e l e c t i o n  c o u l d  be  m a d e  f r o m  t h e m .  T h e  k i n e t i c  
p a r a m e t e r s  e x t r a c t e d  f r o m  t h e  v a r i o u s  m o d e l s  w e r e  fa i r ly  s imi l a r  a n d  a re  
g iven  in  T a b l e  1. T o  m a k e  a s e l e c t i o n  f r o m  t h e  v a r i o u s  m o d e l s  a n d  t o  o b t a i n  
m o r e  i n f o r m a t i o n  a b o u t  t h e  a c t u a l  m e c h a n i s m  o f  t h e  d e c o m p o s i t i o n ,  n o n -  
i s o t h e r m a l  e x p e r i m e n t s  w e r e  per fo_rmed,  t h e  r e s u l t s  o f  w h i c h  a re  d e s c r i b e d  
h e r e .  

EXPERIMENTAL 

Equipment  

T h e  e x p e r i m e n t s  w e r e  p e r f o r m e d  in  a S t a n t o n - R e d c r o f t  T G  7 5 0  t h e r m o -  
b a l a n c e  t h r o u g h  w h i c h  1 0 0  m l  m i n  -I  air,  d r i e d  o v e r  m o l e c u l a r  s ieves,  w a s  
p a s s e d .  T h e  s a m p l e  w e i g h t s  w e r e  in  t h e  r a n g e  2 - - 4  mg .  

Material 

A r e a g e n t - g r a d e  a q u e o u s  m a n g a n e s e  n i t r a t e  s o l u t i o n  c o n t a i n i n g  5 9 . 9  w t . %  
M n ( N O s ) 2 ,  2 .7  w t . %  H N O  3 a n d  8 7 . 4  e t .% H 2 0  w a s  o b t a i n e d  f r o m  J . T .  B a k e r  
C h e m i c a l s  C o r p .  

Procedures 

T h e  p r o c e d u r e  f o r  t h e  e x p e r i m e n t s  o n  t h e  d e c o m p o s i t i o n  o f  t h e  s o l u t i o n  
was  as f o l l o w s .  F i r s t ,  m o s t  o f  t h e  w a t e r  a n d  all  n i t r i c  a c i d  [4 ]  was  e v a p o r -  
a t e d  by heating the solution t o  II0--120°C at a rate of 15°C rain-*. A virtu- 
ally constant weight was invariably obtained which corresponded to a com- 
position of approximately 1 mole of H20 per mole of Mn(NO3)2 [I]. The 
s m n p l e  w a s  t h e n  h e a t e d  a t  a c o n s t a n t  r a t e  u n t i l  t h e  d e c o m p o s i t i o n  w a s  c o m -  
p l e t e .  

A n h y d r o u s  m a n g a n e s e  n i t r a t e  w a s  p r e p a r e d  f r o m  t h e  s a m e  s o l u t i o n .  A f t e r  
r e m o v a l  o f  m o s t  o f  t h e  w a t e r  b y  h e a t i n g  t h e  s o l u t i o n  t o  = 1 0 0 ° C ,  v a c u u m  
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(=3  kPa) was appl ied for  1 h to  r emove  t he  r ema inde r  o f  t he  water .  The  
pressure was t h e n  raised to  affmospheric, t he  air f low adjus ted  to  100 ml  
min-* ,  and  t he  sample hea t ed  at a cons t an t  rate  unt i l  t h e  reac t ion  was com-  
plete.  

Heat ing  rates were  varied b e t w e e n  ~ 1 . 6  and  ~ l l ° C  m i n - '  for  all decom-  
posi t ions.  T ime (i.e. t empera tu re ) - - conve r s ion  curves were  calculated by  
tak ing  the  weight  loss observed for  each d e c o m p o s i t i o n  step to  co r respond  
to  100% conversion.  

MODELLING 

The  general  equa t ion  used m o s t  o f t en  to  describe non- i so thermal  reac t ions  
is 

dff~_) = g(~)= fk  dt  (1) 

where  ~ = convers ion,  k = reac t ion  rate  cons tan t  (s-*), t = t ime(s) ,  and f(~) = 
a func t i on  o f  t he  conversion,  its fo rm d e p e n d i n g  on  t he  mechan i sm of  the  
react ion.  

General ly,  t he  s~me equa t ions  for  g(a) may  be used as axe valid for iso- 
t he rma l  react ions.  For  example ,  for  h o m o g e n e o u s  react ions  we have 

1 
- -  ( z -  ~F p ~ 1 (2) f(~) - I --p 

where  p is the  order  of  the  react ion.  In tegra t ion  results in 

=l--(1--~)*-P=fkdt pC- I g(~) (3) 
where  g(a) is ident ical  to  the  express ion valid for  i so thermal  react ions.  

For  p = 1/2 and  p = 2/3,  eqn.  (3) is ident ical  to  equa t ions  valid for  sur- 
face reac t ions  wi th  cylindrical  and  spherical geomet ry ,  respectively.  Very 
o f t en  eqn.  (1) is also used for nuclei  g rowth  type  (Avrami- -Erofeev  type)  
react ions,  which  for i so thermal  react ions  can be represen ted  by  

[ - - l n ( 1  - - a ) ]  l /n = kt  wi th  n = 1, 2, 3 and  4 (4) 

For  non- i so thermal  react ions  eqn.  (4) is o f t en  d i f fe ren t i a ted  to  ob ta in  f (e )  

f(~) = n(l -- ~) [--In(l -- ~)]*-lln (5) 

In fact this expression is only valid for isothermal reactions. However, f(~) is 
often substituted in eqn. (I) to give an expression which is used to describe 
non-isothermal reactions (e.g. refs. 5 and 6). This is not a correct procedure, 
as has been pointed out by Henderson [7]; strictly speaking, eqn. (5) may 
only be used for isothermal transformations. Fortunately, the error which is 
made by still using it is negligible or small for the most frequently occurring 
types of reaction [8]. For reactions with a constant number of growing 
nuclei it was derived that eqn. (l), after substitution of eqn. (5), results in 
correct kinetic parameters. The correct overall activation energy is ~Iso ob- 
tained for a reaction with growing nuclei and new nuclei formation at a con- 
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s t a n t  r a t e .  O n l y  t h e  p r e - e x p o n e n t i a l  f a c t o r  (A)  c a n  be  s l ight ly  of f ,  t h e  e r r o r  
d e p e n d i n g  o n  t h e  d i f f e r e n c e  in  t h e  a c t i v a t i o n  energ ies  f o r  g r o w t h  a n d  nuc l ea -  
r-ion [8 ] .  I n  v i ew  o f  t h e  above ,  eqn .  (1)  c o m b i n e d  w i t h  eqn .  (5)  f o r  f ( a )  w a s  
applied to analyse the results obtained in the p r e s e n t  w o r k .  For the integral 
on the left-hand side of eqn. (1) the normal g(a) functions result which are 
generally used to analyse isothermal experiments. The integral on the right- 
hand side of eqn. (1) is solved according to Doyle's method [9], which 
resu l t s  in  

A E  
f le d t  = f A e x p ( - - E / R T )  d t  = ~ - p ( x )  (6) 

in w h i c h  

S e x p ( - - x )  
p (x)  = x2 dx  (7) 

x 

w h e r e  x = E / R T ,  R = gas c o n s t a n t  (J m o l e  -1 K - I ) ,  A = p r e - e x p o n e n t i a l  f a c t o r  
( s - l ) ,  T = t e m p e r a t u r e  (K) ,  E = a c t i v a t i o n  e n e r g y  (J  m o l e - l ) ,  and/3  -- h e a t i n g  
r a t e  (K s-~). T h e  f u n c t i o n  p (x )  has  b e e n  a p p r o x i m a t e d  b y  severa l  invest iga-  
tors .  T h e  m o ~  w i d e l y  u s e d  a p p r o x i m a t i o n  is t h a t  o f  Coa t s  a n d  R e d f e r n  
[ 1 0 ] ,  w h o  a pp l i ed  t h e  r e l a t i o n  

? e - ~ x  - b  dx  -~ x 1-b e -=  
(- -1)re(b)  m 

m=0 ~ x m÷l (8)  

Using t h e  f i rs t  t w o  t e r m s ,  th is  resu l t s  in 

g(~) = F jk  d t  = 

Severa l  g(~) f u n c t i o n s  w e r e  t e s t e d  w i t h  th i s  gene ra l  e x p r e s s i o n  t o  d e s c r i b e  
t h e  m e a s u r e d  t e m p e r a t u r e - - c o n v e r s i o n  curves .  T h e  m o d e l s  fo r  g(~)  w h i c h  
w e r e  t e s t e d  are  given in  T a b l e  2. T h e s e  a re  t h e  m o d e l s  w h i c h  gave t h e  bes t  
f i t  f o r  t h e  i s o t h e r m a l l y  o b t a i n e d  t i m e - - c o n v e r s i o n  curves  [ 3 ] .  O n l y  fo r  t h e  
d e c o m p o s i t i o n  o f  a n h y d r o u s  m a n g a n e s e  n i t r a t e  w e r e  s o m e  a d d i t i o n a l  n u c l e i  

TABLE 2 

Kinetic models tested 

Model Type Reaction 

[--In(1 --a)] 1In l/n = I/4, 1/3, 1/2 
--In(i -- a) 
[--In(1 -- a) ]~s 
1 -- (1 -- ~)us 
[--ln(1--ce)] 1In 1/n = 0.6, 0.7, 0.8 

Nuclei growth (Avrami--Erofeev) 1 
First order 2, 3 
Nuclei growth 2, 3 
Surface reaction (spherical geometry) 2, 3 
Nuclei growth 3 

I = First decomposition step. 
2 = Second decomposition step. 
3 = Decomposition of anhydrous manganese nitrate. 
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g rowth  t y p e  mode l s  tes ted  wi th  n = 0.6, 0.7 and  0.8. 
To ob ta in  t he  k ine t ic  parameters ,  use was m a d e  o f  a s t andard  c o m p u t e r  

p r o g r a m m e  varying A and  E unt i l  t he  m i n i m u m  was ob t a ined  o f  
n 2  

Fg(a hhe°= - -  2 (10) 
i=i L g((X)exp ..[ 

in wh ich  

A R  
= T 2 e x p . - -  1 ( 1 1 )  g(a)th,or fiE E A 

g(a)~xp = the  m o d e l  wh ich  is tes ted ,  e.g. [-- ln(1 - - a ) ]  1/" (12) 

m = n u m b e r  of  pairs o f  t e m p e r a t u r e  and  convers ion  for  w h i c h  eqns.  (11) and  
(12) are ca lcula ted .  To d iscr imina te  b e t w e e n  d i f f e ren t  models ,  the  var iance  
was ca lcu la ted  wh ich  is de f ined  as 

U = 
- = \  m - - 2  / 

~theor Was ca lcu la ted  f rom g(~)meor [eqn.  (11)]  and  ae.~p represents  t he  mea- 
sured convers ion.  

R E S U L T S  A N D  D I S C U S S I O N  

The measured temperature--conversion curves for the first decomposition 
step were modelled with the equations given in Table 2. The results are given 
in Table 3. The data show that the variances of the models tested are virtu- 
811y equal for each experiment. Thus, each model results in the same quality 
of fit. However, the activation energies differ for each model and depend on 
n. This effect was also found by Dharwadkar et 8/. [II] and predicted and 
explained in ref. 8. Only for the correct value of n will the calculated activa- 
tion energy be identical with the value found from isothermal experiments. 
The best representation of the isothermal experiments was by the model 
[--In(l _~)]1/2 with E = 121 kJ mole -I and A = 8.9 X I0'* s-* [3]. When 
the results obtained in non-isothermal experiments are fitted with the same 
model, the activation energy at a very low heating rate (--~0.035°C s -I) is 
seen to be close to 121 kJ mole-*, the value found in the previous study; 
moreover, the pre-exponential factors also agree well. However, the activa- 
tion energy and pre-exponential factor for higher heating rates are lower 
(Table 8). Such an ef fec t  o f  the  hea t ing  ra te  has been  f o u n d  be fo re  [12 ,13] .  
In this  case it  m a y  be due  to  t he  presence  o f  wa te r  vapour ,  because  Gallagher 
e t  al. [14 ,15]  f o u n d  tha t  wa te r  vapour  apprec iab ly  reduces  the  ac t iva t ion  
energy  o f  t he  d e c o m p o s i t i o n  of  manganese  n i t ra te .  When  the  hea t ing  ra te  is 
h igher  t h e  release o f  wa te r  will  be faster  and  the  t ime  available for  t he  wa te r  
to  evapora te  and  to  diffuse o u t  o f  t h e  sample  is less. This results  in a h igher  
wa te r  vapour  c o n c e n t r a t i o n ,  w h i c h  reduces  t he  ac t iva t ion  energy.  I t  w o u l d  
also expla in  w h y  Gallagher e t  al. f o u n d  an ac t iva t ion  energy  of  approxi-  
m a t e l y  90 kJ  mole  -1 for  t he  first  d e c o m p o s i t i o n  step, whereas  f rom our  
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studies app rox ima te ly  120 kJ  mo le  -I resul ted.  Gallagher et  al. used m u c h  
larger samples,  i.e. abou t  15 mg, and  a lower  Mn(NO3)2 concen t ra t ion .  Addi-  
t ional  expe r imen t s  will be carried ou t  to  e lucidate  the  effect  o f  water  vapour  
m o r e  comple te ly .  

The  results for t he  second  d e c o m p o s i t i o n  step are given in Table 4. No 
ef fec t  of  hea t ing  rate is found .  The  variances for  the  m o d e l  [--  In (1 - -  ~)]213 
are lowest ;  however ,  this m o d e l  does  n o t  apply because it leads to  a m e a n  
value for E of  -~104 kJ  m o l e  -I,  i.e. m u c h  lower  t han  the  average value of  
141 kJ  mo le  -I ob ta ined  f rom iso thermal  exper iments .  In this respect ,  the  
m e a n  value for  the  m o d e l  1 -  ( 1 -  a) ~+3 of  145 kJ  mo le  -~ is m u c h  m o r e  
sat isfactory (Table 1). Thus,  despi te  the  h igher  variances this m o d e l  is 
prefer red  for  the  second  d e c o m p o s i t i o n  step because the  k inet ic  param- 
eters for  i so thermal  and  non- i so the rmal  expe r imen t s  should  be abou t  equal.  
The p r e ~ x p o n e n t i a l  factor  (A) averages 10 *3 s-* (calculated f rom In A 
values) and  is only  slightly higher  t han  the  value observed in i so thermal  
exper iments .  It is par t ly  c o m p e n s a t e d  by  the  slightly h igher  act ivat ion 
energy.  Figure I shows the  fit  o f  the  m o d e l  I -  ( 1 - - a )  I+3 to a measured  
t empera tu re - - conve r s ion  curve. The fit is ra ther  sat isfactory.  

It  is conc luded  tha t  t h o u g h  a m o d e l  may  give the  best  fi t  for  non-isother-  
mal  expe r imen t s  it is n o t  necessarily the  correct  one.  It  should  be checked  
by pe r fo rming  i so thermal  expe r imen t s  and compar i son  o f  t he  results. The  
t y p e  o f  m o d e l  used in this w o r k  implies t ha t  t he  d e c o m p o s i t i o n  proceeds  via 
a surface react ion.  However ,  addi t iona l  evidence  will be needed  to conf i rm 
this assumpt ion .  

Table 5 lists t he  results ob ta ined  in mode l l ing  the  d e c o m p o s i t i o n  o f  
anhyd rous  manganese  ni trate .  As was f o u n d  for t he  second d e c o m p o s i t i o n  
step, the re  is no effect  of  hea t ing  rate. The best  fit is usually ob ta ined  for  t he  
m o d e l  [--In(1 - -~) ]2+3  which  also resul ted  in a good fit for  the  i so thermal  
exper iments .  However ,  t he  act ivat ion energy ob ta ined  ( ~ I 0 9  kJ  mole-*)  is 
s o m e w h a t  h igher  t han  tha t  ob ta ined  f rom iso thermal  expe r imen t s  ( ~ 9 2  kJ  
m o l e - l ) .  Therefore ,  a few addi t iona l  mode l s  o f  t he  fo rm [ - - l n ( 1 - -  a) ]  I+" 
were  tr ied,  wi th  I/n = 0.6, 0.7 and  0.8. The  results are given in Table 6. The 
variances for  t he  d i f fe ren t  mode l s  are abou t  equal,  thus  d i scr imina t ion  
b e t w e e n  the  mode l s  is impossible.  However ,  it  is again f o u n d  tha t  E depends  
on  n; therefore ,  t he  m o d e l  is chosen  for which  the  act ivat ion energy  corre- 
sponds  best  to  the  value ob ta ined  f rom iso thermal  measurement s .  The  activa- 
t ion  energy o f  ~ 9 7  kJ  mole-* for  n = 0.6 cor responds  best  to  the  value ob -  
t a ined  f rom iso thermal  expe r imen t s  o f  ~ 9 2  kJ  mole  -I. Figure 2 shows the  fit 
o f  t he  m o d e l  [--In(1 --~)]0.6 to  a measured  t e m p e r a t u r e - c o n v e r s i o n  curve; 
again, ag reemen t  is satisfactory.  The  m e a n  value o f  t he  p re -exponent ia l  fac- 
to r  (A) was calcula ted f rom In A values and  a m o u n t s  to  8 X 107 s -i .  I t  is 
slightly higher  t han  the  A value ob ta ined  f rom iso thermal  exper iments ,  bu t  
this is c o m p e n s a t e d  by the  higher  act ivat ion energy.  Thus the  d e c o m p o s i t i o n  
is descr ibed best  by  the  m o d e l  [ - - l n ( l  - - a ) ]  °'6, w i th  an act ivat ion energy o f  
92 kJ  m o l e  -~ and a p re -exponent ia l  factor  o f  2 X 107 s -~. The  values ob- 
ta ined  f rom iso thermal  exper imen t s  are appl ied because t h e y  hard ly  d e p e n d  
on  the  t y p e  o f  m o d e l  (Table I )  and  the re fo re  also apply  to  the  m o d e l  
[--In(l -- ~)]o.6. 
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Fig. 1. Measured and calculated temperature--conversion curves for the second d e c o m p o -  
s i t i o n  s t e p .  ( ) M e a s u r e d  c u r v e ;  ( . . . .  ) g ( ~ )  = 1 - -  ( 1  - -  ~ ) l / s .  

Fig. 2. Measured and calculated temperature--conversion curve for t h e  d e c o m p o s i t i o n  of 
anhydrous manganese nitrate. ( ) Measured curve; ( . . . . . .  ) g(~) = [--ln(1 --c~)] °'~. 

F r o m  the  o rder  of  t he  r eac t ion  a p robab le  r eac t ion  m e c h a n i s m  can be 
der ived,  n = 1.67 implies t ha t  t he  r eac t ion  m a y  p r o c e e d  by  f o r m a t i o n  o f  
nuc le i  at  a decreas ing  ra te  c o m b i n e d  wi th  g rowth  in to  one  d i r ec t ion  (i.e. 
rods) ,  because  w i th  decreas ing  nuc l ea t i on  ra te  t he  o rde r  n is b e t w e e n  t ha t  o f  
t he  m e c h a n i s m  wi th  c o n s t a n t  and  zero nuc l ea t i on  rate ,  i.e. b e t w e e n  2 and  1 
[16] .  

The  results  o f  each d e c o m p o s i t i o n  show rela t ively  large var ia t ions  in pre- 
exponen t i a l  f ac to r  and  ac t iva t ion  energy.  However ,  t he  d i f fe rences  in t he  
r eac t ion  ra te  cons t an t  are m u c h  smaller:  the  dev ia t ion  of  t he  p re -exponen t i a l  
f ac to r  and  ac t iva t ion  energy, f r om the i r  average values largely c o m p e n s a t e  
each o the r  in t he  r eac t ion  ra te  cons tan t .  The  o f t en  m e n t i o n e d  a r g u m e n t  in 
favour  o f  pe r fo rming  non- i so the rma l  expe r imen t s  ins tead of  i so the rmal  
exper imen t s ,  n a m e l y  t ha t  on ly  one  non- i so the rma l  e x p e r i m e n t  is n e e d e d  to 
establish t he  k ine t ic  pa ramete r s  of  a r eac t ion ,  does  n o t  seem to  be valid, at  
leas t  n o t  for  t he  reac t ions  invest igated.  The  results  f r om on ly  one  specific 
e x p e r i m e n t  can deviate  apprec iab ly  f rom the  co r rec t  values (see Tables 4 and  
6) and  t he r e fo re  several expe r imen t s  m u s t  be p e r f o r m e d  to  ob ta in  average 
values. 

C O N C L U S I O N S  

The  d e c o m p o s i t i o n  o f  aqueous  manganese  n i t ra te  so lu t ions  occurs  in t w o  
steps. The  first step is best  descr ibed  by  the  m o d e l  for  two-d imens iona l  
g r o w t h  of  a c o n s t a n t  n u m b e r  o f  nucle i .  The  k ine t ic  pa ramete r s  were  f o u n d  
to  d e p e n d  on  t h e  hea t ing  rate ,  an ef fec t  t ha t  m a y  be caused  by  d i f fe rences  in 
wa te r  vapour  c o n c e n t r a t i o n .  

The  second  d e c o m p o s i t i o n  step is i n d e p e n d e n t  o f  t he  hea t ing  ra te  and  can 
be descr ibed  by  t h e  m o d e l  1 -  ( 1 - - a )  1/3 , w i th  an ac t iva t ion  energy  of  145 
kJ  mo le  -1 and  a p re -exponen t i a l  f ac to r  o f  1013 s -1. These  resul ts  agree well  
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with those obtained from isothermal experiments [3].  
Both isothermal and non-isothermal experiments on the decomposi t ion of  

a n h y d r o u s  m a n g a n e s e  n i ~ a t e  c a n  be  d e s c r i b e d  b y  t h e  m o d e l  [ - - l n ( 1  - -  ~)]0.6.  
T h e  a c t i v a t i o n  e n e r g y  a n d  p r e ~ x p o n e n t i a l  f a c t o r  a r e  9 2  k J  m o l e  -1 a n d  2 X 
107 s -1, r e s p e c t i v e l y ,  F r o m  t h e  o r d e r  o f  t h e  r e a c t i o n  i t  is c o n c l u d e d  t h a t  t h e  
d e c o m p o s i t i o n  is p r o b a b l y  c h a r a c t e r i s e d  b y  a d e c r e a s i n g  n u c l e a t i o n  r a t e  a n d  
one<timensional growth. 

One non-isothermal experiment  may not  be sufficient to establish kinetic 
parameters correctly. Owing to the  relatively large differences which may 
occur in the  results, several experiments are needed. 
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