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A n u m b e r  o f  au tho r s  1-  3 have  repor ted  a m e t h o d  for  de te rmin ing  the  react ion  
o rde r  o f  the rmal  decompos i t i on  o f  solids f rom the  value o f  the  reacted  fract ion,  ¢., ,  
a t  the  m a x i m u m  react ion rate. This  metl,.od has  been recently refined by Gyula i  a n d  
G r e e n h o w  a. 

I t  is well es tabl ished s- 6 tha t  n -order  kinet ic  equa t ions  can  on ly  have theoret ical  
mean ing  when  the  values o f  n are  0, !/2,  2/3, o r  1. Moreover ,  it is well k n o w n  tha t  
solid s tate  react ions can  be descr ibed by a var iety o f  mechan i sms .  T h e  ~t m values o f  
react ions  tak ing  place via the  A v r a m i - E r o f e e v  mechan i sm  were calculated in a 
previous  publ ica t ion  7 where  it  was  r epo r t ed  tha t  the  values coincide  with those  
ob t a ined  for  f irst-order reactions.  

In  o rde r  to  explore  the  real possibili t ies o f  the  above -men t ioned  n a m e d  proce-  
du re  for  decid ing between different react ion mechanisms ,  this no te  repor ts  o u r  
calculat ions  o f  t he  --'== values o f  react ions  whose  rate con t ro l l ing  s tep  is a diffusion 
process_ 

Reac t ions  fol lovdng a two-d imens iona l  diffusion m e c h a n i s m  fit the  kinet ic  
eqnntiOns: 

d ~  __-- A.e_Z/RT 1 
dt  In (1 - -  , , )  (1)  

a n d  

AE 
(1 -- ~ ) I n  (1 -- ~) ÷ ~ -- R----~" P (E /R73  (2) 

where  -, is the  .-a~xcted f ract ion,  ~, t he  hea t ing  rate,  A,  the  p reexponent ia l  Ar rhen ius  
fac tor ;  E, the act ivat ion energy,  and  p(E/RT) is a func t ion  given by the  fo l lowing 
expression:  
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[ 2!  3! ( - -  l)m(n + 1 ) ! . ]  ¢ - r : , , z  1 - -  4- + 

p ( E / R T ) -  (EiRT)-" E / K T  ( E I R T )  z "'" ( E / R T ~ *  

= " e  - E / a t -  g ( E / R T )  

Since  the  r eac t ion  ra te  r ~ e h e s  a m a x i m u m  w h e n  d Z - q d t :  = O. we  can  wri te:  

(3) 

I " A "  e - e ; x r  = EJ~  

( I  - -  ~ [ I n  ( 1  - -  :zm)]-" R T  z 

F r o m  eqns .  (2),  (3)  a n d  (4),  a f te r  r ea r r angemen t ,  w e  o b t a i n :  

(4) 

( l  - ~ . ) i n  ( l  - ~ + ~ .  = g(g/RT) if) 
( !  - -  : r . )  Jil l  ( !  - -  : za ) ] :  

T h e  va lues  o f  ~= ca lcu la t ed  f r o m  eqn .  (5)  a n d  us ing  the  va lues  o f g ( E ! R T )  d e t e r m i n e d  
f r o m  the  c o r r e s p o n d i n g  va lues  o f  p ( E / R T )  t a b u l a t e d  b y  Z s a k 6  s axe inc luded  in T a b l e  

I. 
Reac t ions  which  fo l low the  J a n d e r  d i f fus ion  m e c h a n i s m  fulfill the  ra te  laws  

d~  _ 3 (1 -- ~)-'t~ " A -  e - E ' s r  (6) 
d t  2 [ 1  -- (1 -- x) ti~] 

a n d  

A R T :  [1 -- (1 -- ~r)':~] z = - - -  g ( E / R T ) "  e -EmT 

By se t t ing the  first der i~at ive  o f  eqn.  (6)  equa l  t o  zero.  we  o b t a i n :  

1i2 -- (!  -- x = ) - ! ; 3  EB - A - e  -~ ' j tT  - -  
[ !  -- (1 -- x=) t /3]  -" R T  z 

which, after substituting eqns. (3) and (7), gives: 

(D 

(8) 

l 
ft.: = 1 - -  I i  ~ + b , ( E I R T )  (9) 

T h e  va lues  o f  ~t= as  a func t ion  o f  E / R T  arc  given in T a b l e  1. 

In  the  case  o f  sol id  s ta te  r eac t ions  which  can  be  desc r ibed  b y  the  th ree -d imens i -  
o n a l  d i f fus ion m e c h a n i s m  o f  G i n s t l i n g - B r o u n s h t e i n .  t h e r m o ~ - a v i m e t r i c  d , t ~  m u s t  
fit t im ra te  laws: 

d ~  3 1 

d t  2 [(1 - -  : 0  - ' 1 1  - -  1]  

and 

- • ( l o )  - A - c E I E T  

( 1 - - ~ )  - - (1 -  =)21~ ART-" 
- -  E / ~  8 ( E / R 7 3 -  c - ~ - I ~  OD 
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T A B L E  1 

VALUES OF a m  AS X FUNCTION OF E I R T  FOR VARIOUS D ~ N  MECHANISMS 

M e ~ a n l x m  E [ R T  

10 20 30 40 50 

Ginstling-Brounstein 0.680 0.729 0.745 0.752 0.758 0.776 
Jand¢~- 0.587 0.644 0.665 0.673 0.680 0.704 
T w ~ o n a l  0.752 0.795 0.808 0.814 0.819 0.833 

T A B L E  2 

vALUES o F  a .  FOR 1/2- A.,~u 2]3-ogvv_~ p.r~crJo.,~ As x r . ~ _ " ~ o . ~  OF E/RT= 

n E[RT,., 

10 20 30 40 50 

i t2  0.706 0.727 0.734 0.'/38 0.740 0.750 
2/3 0.630 0.674 0.681 0.685 0.690 0.700 

B y  s e t t i n g  d Z ~ / d t  z ~-- 0 ,  w e  ge t :  

( !  - ce=)-~t3 - A -  e -E IxT  --  E/~ (12)  
2 [(1 - -  cc~) -113 - -  1 ]  2 R T  2 

w h i c h ,  s o l v e d  t o g e t h e r  w i t h  e q n s .  (11 ) a n d  (3)  g ives :  

[(1 2"~ ( - (t - ~ Y ~ ]  -(1 - ~=)-'~ 
= g ( E / R T )  

2 [(1 --  ~ ) - 1 1 3  _ 112 

T h e  v a l u e s  o f  gm as  a r u n . i o n  o f  E / R T  axe  s h o w n  in  T a b l e  1. 

W i t h  r e ~ a r d  t o  t h e  o n e - d i m e n s i o n a l  d i f f u s i o n  m e c h a n i s m  d e s c r i b e d  

k i n e t i c  e q u a t i o n s :  

(13) 

by the 

d ~  I = - - "  A "  e - ~ t R r  (14)  
d t  2~  

a n d  

A R T  z 
=z = _ _ .  g ( E / R T )  " e - ~ l x r  (15)  

E ~  

i t  is e v i d e n t  t h a t  t h e  r e a c t i o n  r a t e  c o n t i n u o u s l y  i n c r e a s e s  w i th  t h e  t e m p e r a t u r e  u n t i l  

t h e  r e a c t a n t  is e x h a u s t e d .  T h i s  b e h a v i o u r  is t h e  s a m e  a s  t h a t  d e s c r i b e d  7 f o r  z e r o - o r d e r  

r e a c t i o n s .  
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Table  2 includes the  values of~M calculated for  I/2- a n d  2/3-order  react ions  in a 
previous  pape r  s. From Tables  I a n d  2 it can  be seen ",hat the  ~ .  values de t e rmined  
for  2 /3-order  react ions  a n d  for  those  react ions  fol lowing the  J a n d e r  diffusion mecha-  
n ism are  very similar. T h e  ~ .  values o f  l /2 -order  react ions and  o f  those  t ak ing  place 
via the  G ins t l i ng -Brounsh te in  mechan i sm are  a lso in close agreement .  

F r o m  the  cons idera t ions  above  we can  conc lude  tha t  the  m e t h o d  p roposed  in 
the  l i terature for  de t e rmin ing  the  o rde r  o f  thermal  decompos i t i on  react ion o f  solids 
f rom the  value o f  -I,, would  le~d to a mis- in terpre ta t ion  o f  the  results. In  fact, is 
a lmos t  impossible  to  dis t inguish between react ions which fol low Jander ,  Gis t l ing-  
Brounshte in  o r  one-diffusion mechan i sms  and  those  descr ibed by !/2-, 2/3- o r  
zero-order  kinetic equat ions ,  respectively, as there  are  no  i m p o r t a n t  differences 
between the  co r re spond ing  values o f  ~'m- In  a s imilar  way, r~'~etions p roceed ing  via 
A v r a m i - E r o f e e v  mechan i sms  would  be confused  with f irst-order reactions.  
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