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ABSTRACT 

 
The kinetic of thermal dehydration and decomposition of CaC2O4×H2O is studied on a 

derivatograph at different rates of linear increase of the temperature and sample mass, using so-
called isoconversional method and Ozawa–Flynn–Wall calculation procedure. In this respect, is very 
important to determine the most probable mechanism function of the processes. The values of the 
apparent activation energy, pre-exponential factor in Arrhenius equation, as well as the changes of 
entropy, enthalpy and free Gibbs energy for the stages of dehydration, decarbonylation and 
decarbonisation of calcium oxalate monohydrate are calculated.  

Key words: calcium oxalate monohydrate, thermogravimetry, isoconversional method, non-
isothermal kinetic, kinetic equations, kinetic parameters  
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 � � � � �  � 	 � � 
 � � 	 �  � �  Ozawa–Flynn–
Wall (OFW), � � � � �  � 
  � � � � 	 �  � �  � � 
 � � � � �  � � -
� 
 ! � �  � 	 � 
 � 
 � � 
  [11]: 

 

( ) RT
E

R
EA

q 0516.1
g
0048.0

lnln -=
a

 (11) 

� 	 �  � , � 
 � � �  � � � � � � 
 � � �  � � � � � � � � 
 � � �  
� 	 � � 
 � � 	 �  
  � � � �  � �  Kissinger–Akahira–Sunose 
(KAS), � � � � 	 � %�  � 
  � �  � � 
 � � � � �  � � � 
 ! � �  
� 	 � 
 � 
 � � 
  [38]: 

( ) RT
E

R
EA

T
q

-=
ag

lnln 2
              (12) 

� � 	 � � � 
  � 
 
  � 	 � 
 � 
 � � �  � 
  � � 
 � � � �  � �  � 
 � � �  

 � �  � �  � � � � � � � � �  g(a) �  � �  � 	 � � � &� � �  
  # � -
	 � �  � � � 
 	 
 � �  � �  � � 
 � 
 � �  � �  � � � 
 
 	 � � �  a 
(0.1<a<0.9), 	 � � � � � � �  � � � 	 � � � �  � �  � �  	 � 
 � � 
  
q �  � � � �  � �  � � 	 � � � � � 
  (� �  . 1). 
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� � � � � � �  1. � �  
 � 	 � � � �  � 	 
 � � � � 
 � � 
  � �  � � � � � � � � 
  g(a) �  f(a) �  � � � � 
 
 � � � 
 � %� � �  � �  � 
 � � � � � � �  
[39–41]. 

 /  � � � 
 � �  � � �  � �   � � � � � � � � �  g(a) f(a) 0 
 � � � � � � �  
1. � � � � � � �  � � � 	 
 � �  � � �  
 � � � � � � � � �  � � � � � � � � �  

  1. F1/3 1� � � -� 	 
 � �  � � 	 � � � �  1 – (1 – a)2/3 (3/2)(1 – a)1/3 2 � � . 	 
 � � � � �  
  2. F3/4 ( 	 � -� 
 � 
 � 	 � �  � � 	 � � � �  1 – (1 – a)1/4 4(1 – a)3/4 2 � � . 	 
 � � � � �  
  3. F3/2 ( 	 � -
 � � 	 �  � � 	 � � � �  (1 – a) –1/2 – 1 2(1 – a)3/2 2 � � . 	 
 � � � � �  
  4. F2 � � � 	 �  � � 	 � � � �  (1 – a) –1 – 1 (1 – a)2 2 � � . 	 
 � � � � �  
  5. F3  ( 	 
 � �  � � 	 � � � �  (1 – a) –2 – 1 (1/2)(1 – a)3 2 � � . 	 
 � � � � �  

2. � � � 	 
 � �  �  � � � � � � � � � �  � 	 � � � � �  
  6. - 3/2  Mampel  a3/2 (2/3)a –1/2 " � 	 . � �  � � 	 �  
  7. - 1/2  Mampel  a1/2 2a1/2 " � 	 . � �  � � 	 �  
  8. - 1/3  Mampel  a1/3 3a2/3 " � 	 . � �  � � 	 �  
  9. - 1/4 Mampel  a1/4 4a3/4 " � 	 . � �  � � 	 �  
10. 11  E� � � � � 
 � � � � � 
 �  � � � � �  lna a " � 	 . � �  � � 	 �  

3. � � � 	 
 � �  � � �  � � � � � � � � �  � � � � � � � � �  � 	 � � � � �  � � �  � � � � � � � � �  �  � � � � � � � � � �  � �  � � � �  

11. A1, F1  Avrami–Erofeev  – ln(1 – a) (1–a) 
. � 	 � � � 
 � � 
  � �  
� � 	 � , n = 1 

12. A3/2  Avrami–Erofeev  [– ln(1 – a)]2/3 (3/2)(1 – a)[–ln(1 – a)]1/3 
. � 	 � � � 
 � � 
  � �  
� � 	 � , n = 1.5 

13. A2 Avrami–Erofeev  [– ln(1 – a)]1/2 2(1 – a)[–ln(1 – a)]1/2 
. � 	 � � � 
 � � 
  � �  
� � 	 � , n = 2 

14. A3 Avrami–Erofeev  [– ln(1 – a)]1/3 3(1 – a)[–ln(1 – a)]2/3 
. � 	 � � � 
 � � 
  � �  
� � 	 � , n = 3 

15. A4 Avrami–Erofeev  [– ln(1 – a)]1/4 4(1 – a)[–ln(1 – a)]3/4 
. � 	 � � � 
 � � 
  � �  
� � 	 � , n = 4 

16. Au Prout–Tomkins  ln[a/(1 – a)] a(1 – a) 
� 
 � � � � � � � . 
� 	 � � 
 �  

4. � � � 	 
 � �  �  � � � � � � � � � �  � 	 � � � � �  
4.1. � � � 	 
 � � , � � � � � � � � � �  � �  � � � � � � � � � � � � �  � � � � � � � �  � � � � � � � � � �  

17. R1, F0, P1 � � 
 � 
 � 
 �  � � � � �  a (1 – a)0  
$ � � � � �   
� � � 
 � 	 � �   

18. R2, F1/2 � � 
 � 
 � 
 �  � � � � �  1 – (1 – a)1/2 2(1 – a)1/2 
' � � � � � 	 � � � �  
� � � 
 � 	 � �  

19 R3, F2/3 � � 
 � 
 � 
 �  � � � � �  1 – (1 – a)1/3 3(1 – a)2/3 
� � 
 	 � � � �   
� � � 
 � 	 � �  

4.2. � � � 	 
 � � , � � � � � � � � � �  � �  � � � � � � � � � �  � � � � � � �  

20. D1  
$ � 	 � � � � � � 
 �  
� � � � �  a2 1/2a 

1� � � -� � � 
 � - 
� � � � � �  � � � . 

21. D2 Valensi  a + (1–a)ln(1–a) [–ln(1 – a)]–1 
� 
 � -� � � 
 � - 
� � � � � �  � � � .  

22. D3 Jander  [1 – (1 – a)1/3]2 (3/2)(1–a)2/3[1 – (1–a)1/3]–1 
( 	 � -� � � 
 � - 
� � � � � �  � � � . 

23. D4 Ginstling–Brounstein. 1 –2a/3 – (1–a)2/3 (3/2)[(1 – a)–1/3  –1]–1 
( 	 � -� � � 
 � - 
� � � � � �  � � � . 

24. D5 
Zhuravlev–Lesokhin– 
Tempelman  [(1 – a)–1/3 – 1]2 (3/2)(1–a)4/3[(1–a)–1/3–1]–1 

( 	 � -� � � 
 � - 
� � � � � �  � � � . 

25. D6  anti-Jander  [(1 + a)1/3 – 1]2 (3/2)(1+a)2/3[(1+a)1/3 –1]–1 
( 	 � -� � � 
 � - 
� � � � � �  � � � . 

26. D7 
anti-Ginstling– 
Brounstein  1 +2a/3 –(1+a)2/3 (3/2)[(1 + a)–1/3  –1]–1 

( 	 � -� � � 
 � - 
� � � � � �  � � � .  

27. D8 
anti-Zhuravlev– 
Lesokhin–Tempelman  [(1 + a)–1/3 – 1]2 (3/2)(1+a)4/3[(1+a)–1/3–1]–1 

( 	 � -� � � 
 � - 
� � � � � �  � � � .  
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� � � . 1. � � � � � � 
 
 	 � � � � � �  � 
 � 
 � � �  � �  TG � 	 � -


 � , � � � � 
 
 � � � 
 � %�  � �  	 � � � � � � �  � � � -
	 � � � �  � �  � �  	 � 
 � � 
  q: 1 – 5 K min–1, 
2– 10 K min–1 �  3 – 15 K min–1.  

$ 	 �  � � � ! � � � � �  � �  a = 0.1, 0.2,..., 0.9 (� 	 
 �  
0.1) � 
  � 	 
 � � 	 
 � �  � � � � 
 � 
 � � �  �  � 
  � � � � � � �  
� � � � 
 
 � � � � 
  � � � ! � � � � �  � �  �  � �  
 � � � �  
 � � �  
� � � 	 � � �  � �  � � 
 � # � 
 � � 
  � �  � 
 � � 
 	 � � � 	 � � �  q. �  
� 
 � �  � � � ! � � � � �  � 
  � � � � 	 � � 
 � �   	 � � � � �  
  � � � 	 -
� � � � � �  ln q – 1/T � � �  ln(q/T 2) – 1/T � 	 �  a = 
const. (� �  . 2). 

 

� � � . 2. � � � � 
 	 � � �  � 
 � 
 � � �  � �  TG � 	 � 
 � , � � -
� � 
 
 � � � 
 � %�  � �  	 � � � � � � �  � � � 	 � � � �  � �  
� �  	 � 
 � � 
  q: 1 – 5 K min–1, 2 – 10 K 
min–1 �  3 – 15 K min–1. 

� � �  
  � 
 � � �  � � � 
 	 
 � �  � �  a � 
  � � � � � � 
 �  � 
 -
	 � �  � �  � 	 � 
 �  � � � � � , � � � � 	 
 � � �  
 � � �  � �  � 	 �  � , 
� � &
  � �  � 
  � 
 � 	 � � , � 
  � 
 � � � � � � � �  � �  � 	 � � 
 � �  

  
 � � �  �  � � %. " �  � � � � � � �  � �  � 	 � 
 � � 
  � 
  � � -
� � � � � 
 �  � � � ! � � � � � �  � �  � 	 � 
 � � � � � �  � � � � 
 � -
	 � %�  
 � 
 	  � �  � �  � 	 � � 
 � �  � , � 
 �  � 	 �  � � 
 �  � �  
  
� 
 � � � � � � � �  � �  � 
  � � � � � 
 �  � 
 � � �  
 � �  � �  � � � � -
� � � � �  g(a). � � �  � � 
 �  � � � � � 
 �  � � � ! � � � �  � �  a � 
  
� 	 � � 
 � �  � � � � � � �  � �  � 	 � 
 � � 
  (� �  . 2), � � &
  � �  
� 
  � 
 � 	 � � , � 
  � � �  � � � �  � � 
 � 
 �  � �  � 	 
 
 	 � %� � 
  
  
� � � � � 
  � 	 �   � � � 	 � � � � � � 	 
 � 
 � � % � 
 � � � � � � � , 
� � 	 � � � 
 	 � � � 	 � % � 
  �  � 	 �  �  � � � ! � � � �  � �  � � � � -

 � 	 � %� � �  
 � 
 	  � � . 

+�  � �  � 
  � 
 
 � � � �  � � � � � � � � �  � �  � 	 
 � � � � � � � -
� � � , 
  � 	 � 
 � 
 � � �  (11) �  (12) � 
  
 � 
 
 &� �  � � � � -
� � � � �  h (x) (� 	 � 
 � 
 � � 
  10) � � �  � 	 �  �  � � � � � � �  

– �  (x). � � � ! � � � � � �  � �  � � � � 
 � � � � �  � 
  � � � � � -
� � 
 �  � �  � � 	 � � � � � �  [38]: 

( ) ( ) ( )
( )x

xxhx
xH

0516.1exp0048.0
/exp 2

-
-

=        (13) 

( �  � 
 � , � 	 � 
 � 
 � � �  (11) �  (12) � 
  � � � � � 
 � �  
� �  � � 
 � � � �  � � � � �  [37,38]: 

        
( ) ( ) RT

E
R

EA
xH

q
0516.1

g
0048.0

lnln -=
a

    (14) 

�                
( ) ( ) RT

E
R

EA
Txh

q
-=

ag
lnln

2
         (15) 

� � 
 	 � � � 
 � � � 
  � 	 � � 
 � � 	 �  � 
  � 	 � 
 
 &� � �  � 	 �  
� � 
 � � � � �  � � � � 
 � � 
 � � 
 � � � � � : (i) $ � � �  �  � 
  h (x) 
= 1, 	 
 � � . H (x) = 1, � 	 �  � � 
 � �  � 
  � � � � 	 �  � � 	 -

 � � �  � � � ! � � � �  � �  � � � � 
 � 	 � %� � �  
 � 
 	  � �  E1. 
* � � 
 
 � � � � � � � � � � �  � � � � � � 
 
 	 � � � � � �  � � � � � -
� � � 
 � � �  � 	 � � 
 � � 	 �  � 
  �  	 � � � � � 
 �  � �  � � � �  

 � � � . (ii) � � � � � � 
 � ! � �  � � � �  � � � � � 
 � � � �  � � � ! -
� � � �  � �  E1, � 
  � 	 
 � � � � �  � � 
 �  � � � ! � � � �  � �  � � � � -

 � 	 � %� � �  
 � 
 	  � �  E2, � � � �  � 
  � � � � 	 � � 
 �  � � 
 �  
 	 � � � � �  
  � � � 	 � � � � � �  ln[q/H(x)] – 1/T, 	 
 � � . 
ln[q/h(x)T 2) – 1/T. (iii) $ � 
 � � 	 �  � 
  � � � � � �  (ii), 
� � � 
 � � 
 � ! � �  � � � ! � � � � � �  � �  E1 �  � � � �  � �  E2. 
* �  � � �  	 � � � � � � � �  Ei – Ei–1 � � � � 
  � � -� � � � �  � �  
0.1 kJ mol–1, � � � � 
 � � � � �  � � � ! � � � �  � �  Ei � 
  
� 	 � 
 � �  � � � �  � � � � � � � 
 � � �  �  � � ! -� � � � �  � � � ! -
� � � �  � �  � � � � 
 � 	 � %� � �  
 � 
 	  � �  � �  � 	 � � 
 � � . 
( � !  � � � �  
 � � � �  � �   � 	 � � � 
   	 � � � � �  � 
  � � 
 � � �  
� �  � 
 � � �  
 � �  � �  � � � � � � � � �  g(a), � � � � � � 
 � � � �  
� �  � � � �  � � � � �  � � � ! � � � �  � �  � 	 � 
 � � � � � �  � � � � -

 � 	 � %�  
 � 
 	  � �  
  � � -� � � � � 
 
 	 � �  � �  � � � � , � � -
� � � 
 � �  � �  � � � � � �  � �  
 � � � � � � �  TG � 	 � 
 �  � �  
� � � 
 
 � � � � � � � � � � 
  � � � � � � � � 
 � � �  � 	 � � 
 � � 	 � . 

� � � � � � � 
 � �  � � � -� � � � 
 � � � 
  
 � � � � � 	  
  � �  
� � � � � � �   

+�  � �  � 
  � � � 
 	 �  � � ! -
 
 	 � � � � � �  � 
 � � � � � � �  
� �  � 	 � � 
 � � , � .
 . � 
 � � �  
 � �  � �  � � � � � � � � �  g(a) 
� 
  � � � � � � 
 �  � � 
 � � � � �  � � � 
 ! � �  � 	 � 
 � 
 � � 
  [38]: 

( ) ( ) qxh
x
e

R
EA

lnlnlnlngln
2

x

-�
	



�
�



++=

-

a ,   (16) 

� � � 
 � �  x = E/RT, �  � � � � � � � � �  h (� ) � 
  � � � � 
 �  �  
� 	 � 
 � 
 � � 
  (10). +�  � �  � 
  � � � � 	 � �  � � � �  � � 
 � � � -
� � � �  
  � 
 � � � � � � � �  � �  � � � 	 � 
 � �  � � � � � � �  � � � -
� 
 � � 
 	 � � � 	 � �  � 
 � 
 � � �  (� �  . 3) �  � �  � 
  � � � 
 � � �  
� � � � 
 
 � � � � 
  � � � ! � � � � �  � �  a � �  
 � � � �  
 � � �  
� � � 	 � � �  � �  � � 
 � # � 
 � � 
  � �  � 
 � � 
 	 � � � 	 � � �  q.  

�  � � � � � 
 � � � 
  � � � ! � � � � �  � �  a � 	 �  � � � 
 � �  
� 
 � � 
 	 � � � 	 �  � 
  � 	 
 � � � � � �  � � � ! � � � � � � 
  � �  g(a) 
� � � � � � � � 
  �  � 
  � � � � 	 � � 
 � �   	 � � � � �  
  � � � 	 � � -
� � � �  ln g (a) – ln q. +�  � 
 � � �  
  � 
 � � � � � � � �  � 	 �  

 � � � �  
 � � �  � � � 	 � � �  � �  � �  	 � 
 � � 
  q � �  � 
  � 	 
 � -
� 
 � � � �  � � � ! � � � � � � 
  � �  lng(a) � 	 �  � � � � 
 
 � � � � �  
� � � ! � � � �  � �  a, � � � � � � 
 � ! � �  � � � � 
 � � 
 � � 
 � � �  
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 � 
 � �  
 � � �  � �  � 	 
 � � � � 
 
 � � � 
  
  � � � � � � �  1 
� � 	 � � �  � �  � � � � � � � � �  g(a). 

 

� � � . 3. +� 
 � � � � � � �  � �  ln q � �  1/T � �  	 � � � � � � �  
� � � ! � � � � �  � �  a: 0.1, 0.2, ... �  0.9. 

 
( � 	 � �  � 
  � � � �  
 � �  � �  � � � � � � � � �  g (a), � 	 �  

� � � � �  � � � � � � � �  � �  � 	 � 
 � � 
  � � � �  � � � ! � � � � , 
� � � � � �  � �  – 1.0, �  � � 
 � � � � 
 � � � �  � �  � � 	 
 � � � � �  
R2 � � �  � � � � � � � � � �  � � � ! � � � � . � � �  � � � � � 
 � � � �  
� 
 	 � �  � 	 � 
 �  � �  � � � � 	 
 � � �  
 � � �  � �  � 	 �  �  � � 
 � -

 � , � 
  
 � � � �  � �  g(a), 	 
 � � . f(a) � � � � � � � � �  
  

 � � �  �  � � % 
  � 
 � � �  � � � 
 	 
 � �  � �  � � 
 � 
 � �  � �  
� � � 
 
 	 � � � . � � �  � � �  � � 	 
 � 
 � 
 � �  � 
 � � 
 	 � � � 	 �  
� 	 � 
 � � 
  � 	 � � 
 � � �  � 
 � �  � � � � � �  (� �  . 4) � � 
 � -

 � , � 
  � 
  � 	 � � 
 � �  
 � � �  � �  f(a) � � � � � � � � � , � �  
� � � � �  %
  � � � � 
 
 � � � 
 �  �  � 	 �  �  � � � ! � � � �  � �  
� � � � 
 � 	 � %� � �  
 � 
 	  � � .  

 

� � � . 4. +� 
 � � � � � � �  � �  ln g (a) � �  ln q � 	 �  � � -
� � 
 
 � � � � 
  � � � � 
 	 � � �  � 
 � 
 � � � . 

$ �  � � � �  � � � � �  � � &
  � �  � 
  � 
 � � ! � � � � 	 �  � 
 -
� � � � � � � �  � �  � � � &� �  � 
 	 � � � � �  � 	 
 
 	 � %� � � � , 
� � � 	 � � � � �  � �  � � � � �  
  	 � � � � � � � � 
  
 � � � �  � �  
� 	 � � � � � � 
 � �  � 
  � � � � � � 	 � �  � �  	 � � � � � � �  � 	 � -
� 
 � � , � � � � 
 � %�  � 
 , 
 � � 
 � � 
 
 � � , �  	 � � � � � � �  
� � � 
 � � � � �  � 	 � 
 � 
 � � � , � � � ! � � � � �  � �  � 	 � -

 � � � � � �  � � � � 
 � 	 � %�  
 � 
 	  � �  �  � 	 
 � 
 � � � � � 
 � -
� � � � � � �  � � � &� � 
 �  
  � 	 � 
 � 
 � � 
 � �  � �  
Arrhenius. 

� � � � 
 
 � � � �  � � � � � � � � � �  � �  � � � � � � � � � -
� � � � � � � � � 
  
 � � ! � � � �  A �  "� � � � � � � � � �  � �  
Arrhenius 

$ 	 
 � 
 � � � � � 
 � � � � � � � � �  � � � &� � 
 �  A � 
  
� � � � 	 &�  
  � 	 � 
 � 
 � � �  (11,12,14–16) �  � � &
  � �  
� � � 
  � � 	 
 � 
 � 
 �  � �  
 � � � �  
 � � �  � �  � � � , � �  � � -
	 
 � �  � �  � 	 � � � � � � � � �  � �  � �  � � � � 
 
 � � � � �   	 � -
� � � � �  � � 
 � � � � � � � .  

� � � � � � 
 � ! � �  � 
 � 	 � � � �  � �  � � � � 
 � 	 � � � �  
� � � � � 
 � �  (� 	 
 � � � � � � �  � � � � � � � � 
 ) � �  Eyring 
[2,5,47–49] �  � 	 � 
 � 
 � � 
 � �  � �  Arrhenius � � &
  
� �  � 
  � � � � # 
 :  

��
�

�
��
�

� D
=

¹

R
S

h

Tke
A exppBc

, (17) 

� � � 
 � � : �  = 2.7183, c – � 	 � � � � � � � � � 
 �  � � 
 � � -
� � 
 � � , � � ! � �  � �  � � � � � � � 
 � � � � �  	 
 � � � � �  � � �  
� � � ! � � � �  
 � � � � � � ; kB – � � � � � � � � �  � �  Boltz-
mann ; h – � � � � � � � � �  � �  Planck, �  Tp 
  � � � � -
� � � � � � �  � 
 � � 
 	 � � � 	 � , � � � � 
 
 � � � 
 � %�  � �  
 � � � -
	 
 � � � � �  � � � � �  
  � � � �  � �  DTG � 	 � 
 � � � . � � 	 -
� � � �  � 	 � 
 � 
 � � 
  � � � 
 � � � 
 �  � �  � 
  � 	 
 � � 
 � � 
  
� � � ! � � � � � �  � �  � � � 
 � 
 � � 
 � �  � �  
 � � 	 � � � � � �  DS¹  

� 	 �  � � 	 � � 	 � � 
 � �  � �  � � � � 
 � 	 � � � �  � � � � � 
 � �  � �  
	 
 �  
 � � � : 

pB

ln
Tke

hA
RS

c
=D ¹                (18) 

$ � � 
 &
                  pRTEH -=D ¹ ,              (19) 

� � � 
 ! � �  � � � ! � � � � � �  � �  � , � � &
  � �  � 
  � � � � � � �  
�  � � � ! � � � � � �  � �  � � � 
 � 
 � � 
 � �  � �  
 � � � � � � � � �  
DH¹  � 	 �  � � 	 � � � 
 � � 
 � �  � �  � � � � 
 � 	 � � � �  � � � � -
� 
 � �  � �  	 
 �  
 � � � , �  � � � 
 � 
 � � 
 � �  � �  � 
 � -
� � � � � � �  
 � 
 	  � �  � �  Gibbs, DG¹  – � � � � � � 
 � ! � �  

 	 � � � � � �  � 
 &� �  � 
 	 � � � � � � � � � � � � 
  � � � � � � � : 
 

¹¹¹ D-D=D STHG p             (20) 
 

� � � ! � � � � � � 
  � �  DS¹ , DH¹  �  DG¹  � 
  � � � � � � � -

 � �  � 	 �  T = TP (TP 
  � � � � � � � � � � �  � 
 � � 
 	 � � � 	 � , 
� � � � 
 
 � � � 
 � %�  � �  
 � � � 	 
 � � � � �  � � � � �  
  � � � �  � �  
DTG � 	 � 
 � � � ), � � !  � � � �  � � � �  � 
 � � 
 	 � � � 	 �  
  
� � 	 � � � 
 	 
 �  � � 	 � � 
 � � 	 , � � � � 
 
 � � � 
 � % � �  
� � � � � � � � � � � �  � � � 	 � � �  � �  � 	 � � 
 � � . 

 

� � � 	 � � � � �  �  � � 
 � � � � � �  

� � � � � � 
 � ! � �  � � � � � � 
 
 	 � � � � � � �  � 
 � � �  �  
� � � � � � � �  � � � 
 � � � � � 
 �  � � � 	 � �  
  � � � � 
 � 
 � � �  
� � � 
 � � � � � �  � �  � 
 � � � 	 � � � � � �  �  	 � � � �  � � 
  � �  
CaC2O4×H2O � 	 �  � 
 � � � � 
 	 � � �  � �  	 � 
 � � 
 . . �  
� �  . 5 � �  � 	 
 � � � � 
 
 � �  TG, DTA �  DTG � 	 � -

 � � 
  � �  � 
 	 � � � � �  	 � � � �  � � 
  � �  CaC2O4×H2O 
� 	 �  � � � 	 � � �  � �  � �  	 � 
 � � 
  10 K min–1 �  	 � � -
� � � � �  � � � �  � �  � � 	 � � 
 � � . 
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� � � . 5. TG, DTA �  DTG � 	 � 
 �  � �  � 
 	 � � � � �  

	 � � � �  � � 
  � �  CaC2O4×H2O � 	 �  � � � 	 � � �  
� �  � �  	 � 
 � � 
  q = 10 K min–1 �  � � � �  � �  
� � 	 � � 
 � � : 1 – 100 mg �  2 – 50 mg.  

 

* � � � �  � 
  
 � &� �  � �  � �  . 5 � 
 	 � � � � � � �  	 � � -
� �  � � 
  � �  CaC2O4×H2O � 	 � � � � �  
  � 	 �  � � � �  	 � � -
� � � � � �  � � � � � � , � 
 � 	 � � � �  �  � � � 
 � � � 
 � �  � �  
H2O, CO �  CO2 
  � � � � 
 
 � � � 
 � 
  � � �  � � 
 � � � 
  
[19,22,26,32]: 

CaC2O4×H2O(� 
 .)® CaC2O4(� 
 .)+H2O( � � ) � � � � � !  3 
CaC2O4(� 
 .)® CaCO3(� 
 .)+CO( � � ) � � � � � !  33  
CaCO3(� 
 .)® CaO(� 
 .)+CO2( � � ) � � � � � !  333  

� � 
 � �  
 � � �  � �  � 
 � �  � � � � � �  � 
  � � 	 � � � 
 	 � -
� � 	 �  �  	 � � � � � � �  � � � 
 � � � � �  � 	 � 
 � 
 � � 
 , � �  � � -

 � �  � � � � 
 
 � � � 
 � �  � � 	 
 � 
 � 
 � �  � � � ! � � � � �  � �  
� 	 � 
 � � � � � �  � � � � 
 � 	 � %�  
 � 
 	  � �  �  �  � 	 
 � 
 � � -
� � � 
 � � � � � 
 �  � � � &� � 
 �  �  
  � 	 � 
 � 
 � � 
 � �  � �  
Arrhenius. * � � 
 � � � � � �  � �  � 
 � � � 	 � � � � � � � � , � 
 -
� � 	 � � � � � � � � � � � � �  �  � 
 � � 	 � � � � � � � � � � �  � �  
CaC2O4×H2O � � � � �  � 
  
 � � � 
  � �  � � 	 � � � � � � � �  
� � � �  � � 
  � �  H2O, O2, � "  �  CO2, � � 	 � � �  � � 
 � �  
� 
 	 � �  	 � 
 � � 
 � 	 � � � � � 
  � � � � 
 � 
 � � � �  � �  � 	 � 
 
 -
� 
 � �  
  � � � � �  � �  � � � �  (25 cm3 min –1).  

�  � � � � � � �  2 � �  � 	 
 � � � � 
 
 � �  � � � ! � � � � � � 
  � �  
� � � � � � �  � �  � 	 � 
 � � 
 , � � � � 	 � 
 � �  � �  � � � � � �  � �  
� 	 � 
 � 
 � � 
  (16) �  � � 
 � � � � 
 � � �  � �  � �  � � 	 
 � � -
� � �  � �  � � � 
 ! � � � �  	 
  	 
 � � �  R2 � 	 �  	 � � � � � � �  
� � � �  � �  � � 	 � � � � � 
 , � � � � �  �  � � ! -
 
 	 � � � � � � 
  
� 
 � � � � � � �  � �  � 	 � � 
 � � � 
 , � � � � 
 � %�  � 
  �  � 	 � 
 -
� 
 � � � � � , � 	 
 � � � � 
 
 � �  
  � � � � � � �  1. 

� � � � � � �  2. . � ! -
 
 	 � � � 
 �  � 
 � � � � � � �  � �  � 
 	 -
� � � � � � �  	 � � � �  � � 
  � �  CaC2O4×H2O, � � � � � � �  � �  
� � � 
 � � � � � � 
  � 	 � 
 �  �  � � 
 � � � � 
 � � �  � �  � �  � � -
	 
 � � � � �  � �  � � � 
 ! � � � �  	 
  	 
 � � �  R2 � 	 �  	 � � -
� � � � �  � � � �  � �  � � 	 � � � � � 
 . 

� � � -
� � !  

0 � � � , 
mg 

0 
 � � � � -
� � � , /  . � � � � �  R2 

I 100 19 –1.0186 0.9895 
 100 18 –1.0259 0.9888 
 50 19 –0.9989 0.9998 
 50 18 –0.9974 0.9984 

II 100 1 –0.9893 0.9898 
 100 2 –0.9784 0.9874 
 50 1 –1.0066 0.9992 
 50 2 –0.9853 0.9920 

III 100 18 –0.9895 0.9895 
 100 2 –0.9819 0.9885 
 50 18 –1.0112 0.9979 
 50 19 –1.0979 0.9868 

� � � 
 ! � �  � �  � � � ! � � � � � �  � �  � � � � � � �  �  � � 
 -
� � � � 
 � � �  � �  � � 	 
 � � � � �  � �  � � � 
 ! � � � �  	 
  	 
 -
� � �  R2, � � ! -
 
 	 � � � � � �  � 
 � � � � � � �  � �  � � 	 
 � �  
� � � � � !  � �  	 � � � �  � � 
 � �  
  /  19 (
 � & � � � � � � �  
1), � � ! � �  
  � � � 
  	 � � � �  � � 	 � �  � 
  � � � � 
 �  �  
� 	 � 
 � 
 � � 
 � � : 

( ) ( ) 3/111g aa --=                   (21) 
. �  � � 
 �  � 	 � 
 � 
 � � 
  � � � � 
 
 � � � 
 �  � 
 � � � � � � � , 

� � � � � � 	 � �  � �  � � � 	 � � � � �  � �  � 	 � � 
 � , � 	 � � � � � % 
� �  � 
 &� � � � � � 
 � � �   	 � � � � �  � � �  � � 
 	 � � � �  � � -
� 
 � 	 � � .  

" � � � � � �  
 � � 	 � �  � � � � � !  � �  � 
 	 � � � � � � �  	 � � -
� �  � � 
 , � 
 � 	 � � �  �  � � � 
 � � � 
 � �  � �  � "  � � &
  � �  
� 
  � � &
 , � 
  � � ! -
 
 	 � � � � � �  � 
 � � � � � � �  � �  � 	 � -
� 
 � �  
  / 1, � � ! � �  � 
  � 
 � 	 � 
 �  �  � � � 
 � � � � �  � 	 � 
 -
� 
 � � 
  � �  � � � � � � �  	 
 � � � � �  � �  
 � � � -� 	 
 � �  
� � 	 � � � � , � � � � 
 � %�  � 
  � � �  � � 
 � � � � �  � 	 � 
 � 
 -
� � 
 : 

( ) ( ) 3/211g aa --=                  (22) 
* � � 
 � � � � � �  � �  � 	 
 � � �  � � � � � !  � �  � 
 	 � � � -

� � � �  	 � � � �  � � 
  � �  CaC2O4×H2O, � 
 � 	 � � �  �  � � -
� 
 � � � 
 � �  � �  � " 2, � � ! -� � � 	 
  � 
  � � � � 
 �  �  � 
 � � -
� � � � �  /  18 �  � � 
 � � � � �  � 	 � 
 � 
 � � 
 : 

( ) ( ) 2/111g aa --=                   (23) 
. �  � � 
 �  � 	 � 
 � 
 � � 
  � � � � 
 
 � � � 
 �  � 
 � � � � � � � , 

� � � � � � 	 � �  � �  � � � 	 � � � � �  � �  � 	 � � 
 � , � 	 � � � -
� � %�  � �  � 
 &� � � � � � 
 � � �   	 � � � � �  �  � � � � � -
� 	 � � � �  � � � 
 � 	 � � . � � � � �  � � � �  	 
 � � � � � � �  � �  
� � � � � 
 � �  �  � �  � 	 �  �  � 
 � � 	 �  [36–38].  

$ 	 �  � � � �  � � � � � � 
 
 � � �  � 
 
 �  
 � �  � �  g(a) 
� � � � � � � � �  � �  � 	 � � 
  � � � � � �  � �  � 
 	 � � � � � � �  
	 � � � �  � � 
  � �  CaC2O4×H2O �  � � � � � � 
 � ! � �  � � -
� � � � � � 
 � � � � 
  � 	 � � 
 � � 	 �  � �  Ozawa–Flynn–
Wall (� 	 � 
 � 
 � � �  11 �  14), � � � � �  �  � � � �  � �  



 13 

Kissinger–Akahira–Sunose (� 	 � 
 � 
 � � �  12 �  15), 
� �  � � � � � 
 � �  � � � ! � � � � � � 
  � �  � 	 � 
 � � � � � �  � � � � -

 � 	 � %�  
 � 
 	  � �  �  �  � 	 
 � 
 � � � � � 
 � � � � � � � �  
� � � &� � 
 �  �  
  � 	 � 
 � 
 � � 
 � �  � �  Arrhenius. ( 
 � �  
� � � ! � � � � �  � �  � 	 
 � � � � 
 
 � �  
  � � � � � � �  3. 

� � � � � � �  3. � � � ! � � � � �  � �  �  �  �  � �  � 	 � � 
  � � � � �  
� �  � 
 	 � � � � �  	 � � � �  � � 
  � �  CaC2O4×H2O, 
� � � � � � 
 � �  
  � � � � 
 
 � � � 
 � 
  �  � 	 � 
 � 
 � � �  
(11,12,14 �  15). 

� � � � � !  I � � � � � !  II � � � � � !  III 
) 	 � 
 -
� 
 � � 
  

E, 
kJ 

mol–1 

A, 
min–1 

E, 
kJ 

mol–1 

A, 
min–1 

E, 
kJ 

mol–1 

A, 
min–1 

11 118.6 
6.7 

´ 1013 
266.4 

7.8 
´ 1017 

209.7 
1.9 

´ 1010 

12 124.1 
2.3 

´ 1014 
270.1 

9.8 
´ 1017 

215.1 
9.6 

´ 1010 

14 126.9 
1.8 

´ 1014 
282.2 

8.8 
´ 1017 

219.1 
4.3 

´ 1011 

15 118.6 
3.4 

´ 1012 
266.4 

5.3 
´ 1016 

209.7 
9.8 

´ 1010 
� 	 
 � -

� �  122.1 
1.2 

´ 1014 
271.3 

6.7 
´ 1017 

213.4 
1.6 

´ 1011 

* � � � �  � 
  
 � &� �  � �  � � � � � � �  3, � � � ! � � � � � � 
  
� �  � 	 � 
 � � � � � �  � � � � 
 � 	 � %�  
 � 
 	  � � , � � � � � -
� 
 � �  � �  � 	 � 
 � 
 � � �  (11,12,14 �  15) � �  � � � 
 �  
� � � � � !  � 
  	 � � � � � � 
 � �  �  � 
  � � 
 
 � 
  � �  ±4%. �  
� � ! -� � � � �  � � � ! � � � �  � �  � � � � 
 � 	 � %� � �  
 � 
 	  � �  
� 
  � � 	 � � � 
 	 � � � 	 �  � � 	 
 � �  � � � � � !  � �  � 	 � � 
 � �  
(� 
 � � � 	 � � � � � � ), �  �  � � ! -
 � � � � �  – � � � � � � �  � �  
� 
 � � 	 � � � � � � 	 � � 
 � � . � � � ! � � � � � � 
  � �  
� 	 
 � 
 � � � � � 
 � � � � � � � �  � � � &� � 
 �  �  
  
� 	 � 
 � 
 � � 
 � �  � �  Arrhenius � �  	 � � � � � � � � 
  
� � � � � �  � 
  	 � � � � � � 
 � �  �  # 
 � �  � � 	 � � � � � . +�  � �  
� 
  � � � � � � �  � 	 � � � � � � 
  � �  � � � �   � � � � �  	 � � � � � �  
  
� 
 � � � � � � � �  � �  � 
  � 
 � � ! � � � � 	 �  � � � � � � � �  
� � � � � �  � �  � � � �  � � � &� � 
 � , � � � � � � ! � �  

 � � � � � 
 � �  � �  
 � � 	 � � � ! � � �  � � � � � 	  
  � 
  � . �  
� � � �  
 	 � � � � , 
  � � � � � � �  4 � �  � 	 
 � � � � 
 
 � �  
� � � ! � � � � � � 
  � �  � , DS¹ , DH¹  �  DG¹  � �  � 	 � � 
  
� � � � � �  � �  � 
 	 � � � � � � �  	 � � � �  � � 
 , � � � � � � 
 � �  

 � �  � � � � 
 �  � �  � 	 � 
 � 
 � � �  (18 – 20).  

� � � � � � �  4. � � � ! � � � � �  � �  � , DS¹ , DH¹  �  DG¹  � �  
	 � � � � � � � � 
  � � � � � �  � �  � 
 	 � � � � � � �  	 � � � �  � � 
  
� �  CaC2O4×H2O 

$ � 	 � � 
 � � 	  � � � � � !  I � � � � � !  II � � � � � !  III 
E, kJ mol–1 121.1 271.3 213.4 
A, min–1 1.2´  1014 6.7 ´ 1017 1.6 ´ 1011 
DS¹ ,Jmol–1 K–1 81.2 – 21.3 146.9 
DH¹ ,kJmol–1 105.5 234.2 168.8 
DG¹ , kJmol–1  141.9 227.7 334.1 

* � � � �  � 
  
 � &� �  � �  � � � � � � �  4, � � � �  � 	 �  

 � � 	 � �  � � � � � !  � � � ! � � � � � �  � �  DS¹  
  � � 	 � � � -

� 
 � � � , � � 
 � �  � � 	 
 � � � � � � 	 �  �  � � �  �  � � -
 � � � -
� � � 
  � � � ! � � � � �  � �  � 	 � 
 � � � � � �  � � � � 
 � 	 � %�  

 � 
 	  � �  �  �  � 	 
 � 
 � � � � � 
 � � � � � � � �  � � � &� � 
 �  
�  � �  � � � �  � � � � � ! , 
  � 	 � 
 � 
 � � 
  �  � � � � � � � � � 
  
� 
 � . " � 	 � � � � 
 � � � � �  � � � ! � � � �  � �  DS¹  � � � � � 
 � , 
� 
  
  � � � � � �  � � � � 
 � 	 � � � �  � � � � � 
 � �  � 
  � � 	 � � � 
 -
	 � � � 	 �  �  � � -� � � � �  � � � ! � � � �  � �  
 � � 	 � � � � � �  
  
� 	 � 
 � 
 � � 
  �  � � � �  � �  � � � � � � � � �  � � � � � � � � 
 , � .
 . 
� 
  � � !  � � �  “ � � -� 	  � � � � � 	 � � � ”  � � 	 � � � � 	 �  � �  
� 
  � . �  � 
 
 � � � � � � �  � �  � 
 � 	 � � � �  � �  � � � � 
 � 	 � -
� � �  � � � � � 
 � � , � � � � &� � 
 � � � � �  � � � ! � � � �  � �  DS¹  
� �  � � 	 
 � �  �  � 	 
 � � �  � � � � � !  � �  � 	 � � 
 � �  
  � � � � -

 � � � 
  � 
  � �  � � � � �  � � � 
 � 
 � �  � � �  � . � � 	 . 
“ � � 	 � � ” , � � � � � �  � � 	 � � � � 
 � � � � �  � � � ! � � � �  � �  
DS¹  � 	 �  
 � � 	 � �  � � � � � �  
  � � � � 
 � � � 
  � � !  � �  
� � � 
  � � � 
 � 
 �  � � �  � . � � 	 . “ � � 
 � � ”  � � � � � �  � � �  
	 
 � � � � �  [2,5,47–49]. $ � � � &� � 
 � � � � 
  � � � ! � � -
� � �  � �  DH¹  �  DG¹  �  � 	 �  � 	 � � 
  � � � � � �  � �  � 
 	 -
� � � � � � �  	 � � � �  � � 
  � �  CaC2O4×H2O � � � � � 
 � � , 
� 
  � 
  � � � � � 
 � �  
 � � � � � 
 � �  � �  � � � � � � �  
  � � � � 
 -
� � � � , �  � 
  � �  � 
 � � � � � � � � �  � 	 � � 
 � �  [17,49].  

� � � � �  � � � �  

�  � � � � � � 
 � � 
  � � &
  � �  � 
  � � &
 , � 
  �  � � -
� � %� �  � 
 � � � � 
 	 � � � � �  � 
 	 � �  	 � 
 � � 
 � 	 � �  �  
� � � � � � 
 
 	 � � � � � � � �  � � � � � � � � 
 � � �  � 	 � � 
 � � 	 �  
� �  � �  � �  � � � � �  � � � 
 	 
 � �  � � � ! � � � � � � 
  � �  � � -
	 � � 
 � 	 � � 
 , � � 	 � � � 
 	 � � � 	 � %�  � � � 
 � � � � � �  � �  
	 
 � � � � �  �  � � � � � � 
 � �  � �  � 
 � 	 � �  � � � � , 	 
 � � . 
� 
 	 � � � � � � �  	 � � � �  � � 
  � �  CaC2O4×H2O. +�  � � -
� � � � 
 � � 
 � �  � �  � � � � � 
 
 	 � �  � � � ! � � � � �  
  � 
 � � -
� � � � � �  � �  � 
  � � � 
 	 �  
 � � �  � �  � � � 
 � � � � � � �  
� 	 � 
 � 
 � � 
 , � � 
 � �  
  � � ! - � � � � �  � � 
 � 
 �  � � � 
 -
� 
 � 
 � 	 � 
 �  
 � � � 
 	 � � 
 � � � � � � � 
  � � � � � . ( � 
 �  
� � � 
 � � � 
 �  � �  � 
  � 
 � � ! � � � � 	 �  � 
 � � � � � � �  �  � � -
� 
 � � � � � �  � �  � � � � 
 � � � � 
 � � � 
  	 
 � � � � � , � � � 
 � � �  

  � 
 	 � � � � � � �  	 � � � �  � � 
  � �  CaC2O4×H2O. 
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