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&5EFGHICB5 +;5JCE TGKG?B5L5 5E8HICBBO LGH;5-E5-<+;<K< (��) -8;R5B8>< Q -5BJCB>-
;5N8B@T ;5Q?@BGN -<+;<K< (��) BG>;8>< G -8FSJ@B5N8B5P E5H@ < >CK+C;8><;B5K< GB>C;N8FG 
293…323 ' Q8  K5FSB@T E+GNNGHB5ACBS Na2CO3:Cu (NO3)2 1,1 G 0,75.  D5-8Q8B5, �5 
+;5JCE 5+@E<�>SEO -GBC>@?B@K ;GNBOBBOK H;<L5L5 +5;OH-< G NGHR<N8�>SEO < H@]<QGMBGM 
5RF8E>G. �C;CHB� QB8?CBBO >CK+C;8><;B5L5 -5C]GJG�B>8 +;5JCE< E>8B5N@>S 1,24  0,31, 8 
<ONB8 CBC;LGO 8->@N8JGP – 11695 &I/K5FS. 

The  process of the chemical  precipitation of basic cuprum (��) carbonate from 
concentrated solutions of cuprum (��) nitrate and soda ash in a temperature interval 293-323 
K  and at molar correlations between  Na2CO3 and Cu (NO3)2 such as 1,1 and 0,7, was 
investigated.  It is shown that a process is described kinetic equalization of the second order 
and takes place in a diffusion region. A average value of temperature coefficient of process is 
1,24 ± 0,31 and imaginary activation energy is 11695 Joule/mole. 

���'")(")%*'%j% (��) )�'o"��! (j�#�+�!) Cu (OH)2�CuCO3 n ��+���"u (�'"���"u �#l 
��'"o���!�� j����j�(��+ )�!�#�m�!"'�� !� o�$�!�"+ ��x�+ (*"#%) �%*'%j% (��) ()"o�#�!�!%, 
�#)"$"#l!��, )�'o��%, ")(��%, +#"'��% !"�"). )'�i�� m�o&m*&h%n (�"i *"!'&o� % ��+ *'"�%)!�+ m� 
'�+%�") �j*"'!%, j�uh� �"(!�!�u )�#�)�(!� �#�(�"i j���"i (�'"����, m")'&j�, o'%+!%.  

���#�m #�!&'�!%'�, !&"'&!�h�� !� &)(*&'�j&�!�#��� �"(#��k&��l, ��)"���� ��j�, ��u!� 
*��(!��� ���k�!�, �" m��h��e *'�)!�h��e ��!&'&( ��)#�)�n "�&'k���l j�#�+�!% �� "(�"�� 
)"��&�!'"����+ '"mh���� )%*'%j% (��) ��!'�!% � )�#����"���"i ("��.  

 

�B8FGQ 5E>8BBGT H5EFGHICBS G +<RFG-8JGM. ��x� *"*&'&��� �"(#��k&��l (*'lj"���� �� 
'"m'"o#&��l �"�"i !&+�"#"$�i j�#�+�!% �� "(�"�� '"mh���� )%*'%j% (��) ��!'�!% � )�#����"���"i ("�� 
[1–3]. 

 

D5E>8B5N-8 +;5RFCK@. �#l ��!&�(�g�)���i "(�"��"i (!���i – +�j�h�"$" "(��k&��l $��'")("-
)%*'%j% (��) )�'o"��!% �&"o+���" m��!� )��&!�h�� +�'�)!&'�(!�)� ��"$" *'"�&(% ("o#�(!� *&'&o�$%, 
)"�(!��!� x���)"(!� m� '�m��+ !&j*&'�!%', !&j*&'�!%'��e )"&g���n�!,  %l��% &�&'$�u �)!�����i). 

 

�C>8 ;5R5>@ – ��m��h�!� )��&!�h�� +�'�)!&'�(!�)� *'"�&(% +�j�h�"$" "(��k&��l $��'")("-
)%*'%j%  (��) )�'o"��!% m '"mh���� )%*'%j% (��) ��!'�!% )�#����"���"u ("�"u. 
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�C>5H@-8 N@-5B8BBO H5EFGHICBS. ���&!�)% "(��k&��l $��'")(")%*'%j% (��) )�'o"��!% 
���h�#� � !&'j"(!�!"���"j% ()#l�"j% '&�)!"'� m '"o"h�j "o'nj"j 1 �j3, $&"j&!'�h�� (�j*#&)(� 
l)"$" ���*"����#� *'"j�(#"��j. �&�)!"' %(!�!)"����e ��"#"*�!&�"u j�x�#)"u, ��$"!"�#&�"u m 
g�"#�!%, )�#�)�(!� "o&'!�� l)"i '&$%#u��#� ����"j � ��j�'u��#� !�+"j&!'"j. �"mh�� )%*'%j% (��) 
��!'�!% "�&'k%��#� '"mh��&��lj m�&k�'&�"i j���"i (!'%k)� � 40 % ��!'�!��e )�(#"!� [4]. 

�&'k���e '"mh��, l)�e j�(!�� ($��j3): �u (NO3)2 626,50; �NO3 3,56; �2
 847,94, m�#���#� % 
'&�)!"', )%�� m ��#�#��"i #�e)� �m m����"u x���)�(!u (1·10-5 j3�() �"����#� �&"o+���% )�#�)�(!� 
)�#����"���"i ("�� % ��$#l�� 17,0…17,9 % '"mh��%. �!&+�"j&!'�h�% �"'j% )�#����"���"i ("�� �#l 
"(��k&��l $��'")(")%*'%j% (��) )�'o"��!% '"m'�+"�%��#� m� '&�)��nu 

2Cu (NO3)2 + 2Na2CO3 + H2O � Cu (OH)2�CuCO3� + 4NaNO3 + CO2�.                    (1)         

()�#�)� "�&'k���e '"mh��&��lj j���"i (!'%k)� '"mh�� )%*'%j% (��) ��!'�!% j�(!�� 

�&�&#�)% )�#�)�(!� ��#��"i ��!'�!�"i )�(#"!�, l)� *�� h�( "(��k&��l $��'")(")%*'%j% (��) )�'o"��!% 
'"mh��l#� o ���*"����% )�#�)�(!� %!�"'&�"$" "(��% � j"$#� (*"!�"'�!� '&m%#�!�!� �"(#��k&��, !" 
�&"o+���" o%#" �&e!'�#�m%��!� �u )�(#"!% % '"mh���. �'"o�!� �& m�m��#&$���, ��)"'�(!"�%uh� 
'"mh��� ��!'�u $��'")(��% �o" ��!'�u )�'o"��!%, �&j"k#��", "()�#�)� *�� h�( �"������l ��+ 
'&�$&�!�� ��(�j*&'&� o%�%!� %!�"'u��!�(l "(��� $��'")(")%*'%j% (��) ��!'�!% (m� %j"�� 
��)"'�(!���l NaOH) h� $��'")(")%*'%j% (��) )�'o"��!% (% '�m� �"������l Na2CO3). �"j% �" 
(!&+�"j&!'�h�"i �"'j� )�#����"���"i ("��, '"m'�+"���"i m� '&�)��nu (1), �"����#� !�)% ii )�#�)�(!�, 
l)� *"!'�o�� �#l �&e!'�#�m���i ��#��"i ��!'�!�"i )�(#"!� % '"mh��� 

2HNO3 + Na2CO3 � 2NaNO3 + CO2� + H2O.                                          (2) 
�!%*��� ��#%h&��l �"��� Cu2+ m '"mh��% � )��&!�h�� *")�m��)� *'"�&(% ��m��h�#� �� *��(!��� 

'&m%#�!�!�� +�j�h�"$" ���#�m% ����o'���+ *'"o '��)"i g�m�. �'"o� ���o�'�#� h&'&m *&��� *'"j�k)� 
h�(% *'"o"���o�'��)"j, "(���&��j �'�o�"*"'�(!�j g�#�!'"j �"!!� (*"'�(!�(!� 40) � *��’n�����j 
�" ��)%%j�"i #���i, l)�e %�&j"k#��#u��� *"!'�*#l��l "(��% % ����o'��% *'"o%.  

	j�(! �"��� �u2+ % '"mh���+ e "�&'k���+ "(���+ $��'")(")%*'%j% (��) )�'o"��!% ��m��h�#� 
���"j�j e"�"j&!'�h��j j&!"�"j m� '� � 3, m��h&��l l)"$" *��!'�j%��#� �"������lj ��&!�!�"i 
)�(#"!� % *'�(%!�"(!� ���#�x)% )�#�u �"���% �5–8�. �$���" m '&)"j&�����lj� �6, 8�, �#l "�&'k���l 
!"h��x�+ '&m%#�!�!�� ���#�m% ��*'�)���� !�!'%����l �"����#� �j"��u '"����� �#l ����#��&��l 
h�(!��� e"�%, l)�e j�$ ��("'o%��!�(l "(��"j )%*'%j% (�) �"���% � (*'�h��l!� m���k&�� ���� 
!�!'%����l.  

	j�(! �"��� Na+ % '"mh���+ � !�&'��+ g�m�+ ��m��h�#� ���"j�j j&!"�"j *"#%j’l�"i g"!"j&!'�i 
�8�, � ��#��"i HNO3 � *"h�!)"�"j% '"mh��� )%*'%j% (��) ��!'�!% – !�!'%����lj '"mh��"j i�)"$" 
��!'% � *'�(%!�"(!� ����)�!"'� j&!�#"'��k% �8�. 	j�(! �&*'"'&�$"���"i ("�� � '"mh���+ ��m��h�#� 
m� '�m���&u j�k (%j"u &)����#&�!�� )�!�"��� (�u2+ + Na+) � ���"�� NO3

-. �"��&�!'���u "(!����"$" 
��m��h�#� (�#���#�!��j j&!"�"j m ��)"'�(!���lj g"!")"#"'�j&!'� ���-3 � )u�&! 10 (j3 m� 
�"�k��� +��#� 400 �j [9]. 


()�#�)� � *'"�&(� +�j�h�"$" "(��k&��l $��'")(")%*'%j% (��) )�'o"��!% o&'%!� %h�(!� ��� 
'&�$&�!� – )%*'%j% (��) ��!'�! � ��!'�u )�'o"��!, !" �#l ��m��h&��l ��k#��"i )��&!�h�"i 
+�'�)!&'�(!�)� *'"�&(% – e"$"  *"'l�)%, l)�e n (%j"u *"'l�)�� m� )"k��j m '&�$&�!��, ��)"��#� 
��� (&'�i �"(#��k&��. 	��"j" [10], �" *"'l�") *'"�&(% m� "���j m '&�$&�!�� !'�����e�" ��m��h�u!� 
� %j"��+ �&#�)"$" ���#�x)% ��x"$" '&�$&�!%, )�#�)�(!� l)"$" �& j&�x& l) % h"!�'� '�m� *"����� 
*&'&���%��!� (!&+�"j&!'�h�% �"'j%. 
���) � ��x"j% ��*��)% �"!'�j�!�(� ��"$" *'���#� 
(!"("��" )�#����"���"i ("�� o%#" �&j"k#��", "()�#�)� m� �&#�)"$" ���#�x)% "(��k%��h� "(�� 
�m�$�#� �& ��*���n ���(#��") %!�"'&��l � '"mh��� )"j*#&)(��+ ���"��� [Cu (CO3)2]2- �11�. ¸&'&m �& 
(%j�'��e *"'l�") *'"�&(% ��m��h�#� �� *��(!��� ��"+ (&'�e �"(#����, % *&'x�e m l)�+ m�(!"("�%��#� 
�&�&#�)�e ���#�x") )�#����"���"i ("�� *"'���l�" m ii (!&+�"j&!'�h�"u �"'j"u m� '���l��lj 
'&�)��i (1), )"#� j"#��& (*������"x&��l j�k '&�$&�!�j� Na2CO3:Cu (NO3)2 (!��"��#" 1,1, � � �'%$�e  
–  �&�"(!�h% ("�� m� j"#��"$" (*������"x&��l Na2CO3:Cu (NO3)2 = 0,75. ��!&�(����(!� 
*&'&j�x%����l (&'&�"���� ���*"����#� m��h&��u ����&�!'"�"$" )'�!&'�u �&e�"#��� Re���� 15800.  
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�CQ<FS>8>@ H5EFGHICBS >8 PT 5RL5N5;CBBO. � "�&'k���+ &)(*&'�j&�!�#���+ ����+ ('�(. 1) 
m'"m%j�#", �" m *�����&��lj !&j*&'�!%'� )"��&�!'���i �"��� �u2+ � �
3

2- � '"mh��� *"j�!�" 
mj&�x%n!�(l, � ���!�) m'"(!�n (!%*��� ��#%h&��l �"��� �u2+ � !�&'�% g�m%, !"o!" mo�#�x%n!�(l 
x���)�(!� "(��k&��l. �'"!& *"!'�o�" m�m��h�!�, �" "(��k&��l "(�"��"i j�(� "(��% *�� ��nu 
)�#����"���"i ("�� ���o%��n!�(l �%k& x���)", g�)!�h�" j�!!n�". ��(#l m��&'x&��l *"��h� 
"(��k%��h�, ��*'�)#�� m� !&j*&'�!%'� 323 �, #�x& m� 1 +� )"��&�!'���l �"��� �u2+ � '"mh��� 
mj&�x%n!�(l m 5,41 �" 1,62 j�(. %. ��(#l x���)"$" m�l!!l *&'&��(�h&��l *'"�&( ���o%��n!�(l m 
��#)"j ��j�'�"u x���)�(!u, *'� ��"j% *#"�� *"�&'+�� )"�!�)!% g�m mj��un!�(l �&m��h�", !"o!" ii 
m *&���j ��o#�k&��lj j"k�� ���k�!� (!�#"u. 
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\�	. 1. a���L�	�� ���H�����H� ��� C`3
2- (�)  Cu2+ (G) � ������ (C , ����/��3) �� ��	� (¦, ��) �� ������J� 

	����������
 Na2CO3:Cu (NO3)2 = 1,1  ����������, R:  
1  – 293; 2 – 303; 3 – 313; 4 – 323 

 

()�#�)� � '&�)��i "(��k&��l (1) o&'%!� %h�(!� ��� '&�$&�!�, )"��&�!'���i l)�+ �& "���)"�� 

(C�� > CQ�), !" '���l��l x���)"(!� �'%$"$" *"'l�)%  

)CC)(CC(kS
d

dC
XBXA

A 

�
�



00

                                                        (3) 

*�(#l e"$" ��!&$'%����l h�(!���j� � "���)� (!�#"i ��!&$'%����l m� *"h�!)"��j� %j"��j� [11] 
��o%��n ��$#l�% 

,
CC
CC

ln
CC

k AB

BA

AB

�



�� 0

0

00

1

                                                                        (4) 

�& k' = k·S – )"�(!��!� x���)"(!�, �j3·j"#�-1·+�-1; CQ� � CBo –  *"h�!)"�� )"��&�!'���i �"��� �u2+ � 
�
3

2- � '"mh���, j"#�/�j3; CQ � CB –  *"!"h�� )"��&�!'���i �"��� �u2+ � �
3
2- � '"mh���, j"#�/�j3; ¦ – 

!'���#�(!� *'"�&(%, +�; �+ – mj&�x&��l )"��&�!'���i �"��� �u2+ m� h�( �; j"#�/�j3. 
�&m%#�!�!�   "o'"o#&��l   "�&'k���+  &)(*&'�j&�!�#���+  ����+  m�  �"*"j"$"u  '���l��l  (4)  

*")�m%u!� ('�(. 2), �" $'�g�h�� m�#&k�"(!� �&#�h���   
AB

BA

AB CC
CC

ln
CC

0

0

00

1



    ��� h�(% ¦ n *'lj�j�, 

"!k&, *'"�&( "(��k&��l  "*�(%n!�(l '���l��lj x���)"(!� �'%$"$" *"'l�)%.  
 

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua



 37

 

0

1

2

3

4

5

6

7

8

9

10

0 1 2 3 4 5 6

1

4 

3 

2 

 
AB

BA

AB CC
CC

CC
0

0

00

ln
1



¦ 

\�	. 2. a���L�	�� �������� 
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�� ��	� (¦, ��) 
     �� ������J� 	����������
  

Na2CO3:Cu (NO3)2 = 1,1 
  �����������, R:  

1 – 293; 2 – 303;  
3 – 313; 4 – 323 

 
�&m%#�!�!� �"(#��k&�� *'"�&(% "(��k&��l � %j"��+ ���#�x)% )%*'%j% (��) ��!'�!% *"'���l�" 

m ��)"'�(!��"u )�#�)�(!u )�#����"���"i ("��  (j"#��& (*������"x&��l Na2CO3:Cu (NO3)2 = 0,75)  
*")�m%u!� ('�(. 3, �), �" m *�����&��lj !&j*&'�!%'�, l) � � %j"��+ ���#�x)% )�#����"���"i ("��, 
(*"(!&'�$�n!�(l *"j�!�& mj&�x&��l )"��&�!'���i �"��� �%*'%j% � CO3

- � '"mh���. ��#&k�"(!� 
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1



  ��� h�(% n #���e��j� m� %(�+ �"(#��k&��+ !&j*&'�!%' ('�(. 3, o), �" 

*&'&)"�#��" *��!�&'�k%n �'%$�e *"'l�") *'"�&(% � m� %j"�� �&�"(!�h� �"���"i )�#����"���"i ("��.    
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\�	. 3. a���L�	�� ���H�����H� ��� Cu2+ (���� 1-4 )  C`3

2- (���� 1'-4') � ������ (C , ����/��3) (�)  
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  (G) �� ��	� (¦, ��) �� ������J� 	����������
 Na2CO3:Cu (NO3)2 = 0,75  

����������, R: 1, 1'  – 293; 2, 2' – 303; 3, 3' – 313; 4, 4' – 323 
 
���h&��l (!%*&��� ��#%h&��l �"��� �u2+ m '"mh��% m� '�m��+ !&j*&'�!%' � (!�#"i !'���#"(!� 

*'"�&(% 17 +� ���&�&�� % !�o#. 1.  
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F�G��H
 1 

�><+CBG  N@F<?CBBO G5BGN �u2+ Q ;5Q?@B< Q8 ;GQB@T K5FSB@T E+GNNGHB5ACBS  
KGI Na2CO3 G Cu (NO3)2  G >CK+C;8><; 

Na2CO3:Cu (NO3)2   1,1  0,75 
�&j*&'�!%'�, � 293 303 313 323 293 303 313 323 

�!%*���  ��#%h&��l, % 99,0 99,4 99,6 99,9 72,8 73,8 74,4 74,6 

 
���h&��l )"�(!��! x���)"(!� *'"�&(% "(��k&��l k', '"m'�+"����+ �#l '�m��+ !&j*&'�!%' m� 

'���l��lj (4), ���&�&�" % !�o#. 2.  
 

F�G��H
 2 
�CQ<FS>8>@ ;5Q;8T<B-< -5BE>8B> AN@H-5E>G +;5JCE< TGKG?B5L5 5E8HICBBO  

LGH;5-E5-<+;<K< (��) -8;R5B8>< G >CK+C;8><;B5L5 -5C]GJG�B>8 +;5JCE< Q8 ;GQB@T >CK+C;8><; G 
K5FSB5L5 E+GNNGHB5ACBBO Na2CO3:Cu (NO3)2 

�"#��& (*������"x&��l j�k '&�$&�!�j� Na2CO3:Cu (NO3)2   
1,1 0,75 

 
 

�&j*&-
'�!%'�, 

� 

 
 
 

¸�(, +� 
�"!"h�� 
)"��&�!-

'���l �u2+ � 
'"mh��� CQ, 
j"#�/�j3 

�"!"h�� 
)"��&�!-

'���l 
�
3

2- � 
'"mh��� 

C�, 
j"#�/�j3 

k',  
�j3·j"#�-1·+�-1 

�"!"h�� 
)"��&�!'���l 

�u2+ � 
'"mh��� CQ, 
j"#�/�j3 

�"!"h�� 
)"��&�!-

'���l 
�
3

2- � 
'"mh��� 

C�, 
j"#�/�j3 

k',  
�j3·j"#�-1·+�-1 

 
 

293 

1 
2 
3 
5 

0,429 
0,295 
0,203 
0,108 

0,515 
0,383 
0,293 
0,198 

0,917 
0,837 
0,898 
1,001 

0,809 
0,596 
0,505 
0,424 

0,431 
0,225 
0,144 
0,071 

0,955 
0,949 
0,891 
0,825 

�&'&��n   0,913 �&'&��n   0,905 
 
 

303 

1 
2 
3 
5 

0,392 
0,230 
0,157 
0,083 

0,480 
0,318 
0,248 
0,174 

1,090 
1,146 
1,176 
1,151 

0,754 
0,552 
0,468 
0,36 

0,375 
0,180 
0,105 
0,042 

1,144 
1,150 
1,110 
1,070 

�&'&��n   1,141 �&'&��n   1,119 
 
 

313 

1 
2 
3 
5 

0,336 
0,197 
0,129 
0,066 

0,424 
0,287 
0,220 
0,157 

1,386 
1,393 
1,420 
1,510 

0,681 
0,512 
0,453 
0,374 

0,298 
0,138 
0,070 
0,020 

1,497 
1,411 
1,413 
1,446 

�&'&��n   1,427 �&'&��n   1,442 
 
 

323 

1 
2 
3 
5 

0,286 
0,171 
0,103 
0,055 

0,376 
0,264 
0,195 
0,146 

1,778 
1,646 
1,772 
1,712 

0,628 
0,476 
0,417 
0,366 

0,242 
0,102 
0,051 
0,011 

1,847 
1,726 
1,671 
1,756 

�&'&��n   1,727 �&'&��n   1,750 
 
ª) (���h�!� "�&'k��� ����, m *�����&��lj !&j*&'�!%'� �� )"k�� 100 )"�(!��!� x���)"(!� 

*'"�&(% m'"(!�n % 1,24 '�m�. �&'&��n )���'�!�h�& ���+�#&��l !&j*&'�!%'�"$" )"&g���n�!� ��� 
(&'&���"$" e"$" m��h&��l ��m��h�#� m� j&!"��)"u [12] (�#l ��*��)%, )"#� )"&g���n�! )"'&#l��i 
�&���"j�e). �!%*��� ����e�"(!� *'�e�l#� � = 0,95. 	�m��h�#�, �" (&'&��n m��h&��l !&j*&'�!%'-
�"$" )"&g���n�!� *'"�&(%  �"'���un 1,24  0,31.   

	�)"'�(!��x� "�&'k��� m��h&��l )"�(!��! x���)"(!� *'"�&(% +�j�h�"$" "(��k&��l m� '�m��+ 
!&j*&'�!%', ���"j& '���l��l �''&��%(� � j&!"� ��ej&�x�+ )���'�!�� [13], ��m��h�#� m�#&k��(!� 
)"�(!��!� x���)"(!� *'"�&(% "(��k&��l $��'")(")%*'%j% (��) )�'o"��!% ��� !&j*&'�!%'�: 
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.�,k RT'
11695

51128



�                                                                     (5) 

�&'k��� m��h&��l )��&!�h��+ +�'�)!&'�(!�) (!&j*&'�!%'�"$" )"&g���n�!� !� %l��"i &�&'$�i 

�)!�����i) *&'&)"�#��" (���h�!� *'" !&, �" *'"�&( +�j�h�"$" "(��k&��l $��'")(")%*'%j% (��) 
)�'o"��!% ���o%��n!�(l % ��g%m�e��e "o#�(!�.  

 
�@EB5N-@. �'"�&( +�j�h�"$" "(��k&��l $��'")(")%*'%j% (��) )�'o"��!% "*�(%n!�(l )��&-

!�h��j '���l��lj �'%$"$" *"'l�)% � ���o%��n!�(l % ��g%m�e��e "o#�(!�. �&'&��n m��h&��l 
!&j*&'�!%'�"$" )"&g���n�!� *'"�&(% (!��"��!� 1,24  0,31, � %l��� &�&'$�l �)!�����i –  
11695 �k/j"#�. 
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