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�@B>CQ5N8B5 >8 K5H@]G-5N8B5 JC5FG>@ B8 5EB5NG Q5F@ N@B5E< &5R;5>NG;ES-5P ���. 
�@QB8?CB5 NF8E>@N5E>G JC5FG>< B8 5EB5NG >C;K5L;8NGKC>;@?B5L5 8B8FGQ<. 

In the present paper, the properties of zeolite synthesized from y ash Dobrotvir TPS 
was investigated by means of thermogravimetric analysis. 

D5E>8B5N-8 +;5RFCK@ >8 PP QN’OQ5- Q N8IF@N@K@ B8<-5N@K@ Q8NH8BBOK@. �"#� �%$�#��� – 
j��&'�#��� '&h"����, �" m�#�x�n!�(l *�(#l (*�#u����l �%$�##l  �� ���, *&'&��k�" ()#��%n!�(l � 
j")'�+ m"#"�����#�+ � #�x& h�(!)"�" ��)"'�(!"�%n!�(l � �&j&�!��e *'"j�(#"�"(!� l) (�'"���� � 
�"o��)�, % ��'"o���!�� o%���&#��"i )&'�j�)�, �(g�#�!"o&!"�%, ��*�#u��#��"$" � o&m��*�#u-
��#��"$" $'���u. �"#"�����#� m�ej�u!� �&#�h&m�� *#"�� m&j#�, l)� ��#%h�u!�(l m '���"��#��"$" 
$"(*"��'(�)"$" ��)"'�(!���l. ��l���(!� � m"#� ���"(% !�)�+ )"j*"�&�!��, l) ")(��� )'&j��u !� 
�#uj���u, (���h�!�, �" �"�� n �"o'"u (�'"���"u �#l (��!&m% �&"#�!��. 
(!����j h�("j ���"j� '�m�� 
j&!"�� m��e(�&��l *'"�&(% (��!&m% �&"#�!�� m m"#� ���"(% !� (*"("o� i+ ��)"'�(!���l � "+"'"�� 
���)"#�x��"$" (&'&�"����.  

�u '"o"!% ��)"���" � j&k�+ j�k��'"��"$" ��%)"�"-!&+��h�"$" *'"&)!% “�"��e (*"(�o 
%(%�&��l $�m"��+ � ��g!"*"+����+ m�o'%��&�� *'� ��)"'�(!���� ��("'o&�!��, ��$"!"�#&��+ �� 
"(�"�� m"#� ���"(%” % ¸&�(!"+"�(�)�e *"#�!&+����. 

 
�B8FGQ 5E>8BBGT H5EFGHICBS >8 +<RFG-8JGM. �&'(*&)!��� *'�)!�h�"$" ��)"'�(!���l 

(��!&m"����+ �&"#�!�� (#%$%��#� $"#"���j (!�j%#"j �" '"m��!)% �"(#��k&�� % $�#%m� i+��"$" 
(��!&m%, ���h&��l �#�(!��"(!&e � m�(!"(%����l. 	�k#��"u "("o#���(!u (��!&m"����+ �&"#�!�� n 
j"k#���(!� ��'�u����l +�j�h�"$" ()#��% )'�(!�#��, � !�)"k g"'j� � '"mj�'� ��%!'�x��")'�(!�-
#�h��+ *"'. ����l)� *"'���l#���e #&$)"(!� m��e(�&��l (��!&m% !� j"��g�)���i �&"#�!��, "(�"�"u 
l)�+ n  m"#� ���"(%, j"k�� )"�!'"#u��!�  ��("'o��e�� �#�(!��"(!� *'"�%)!%, !"o!" i+ *"$#���#��% � 
��o�')"�% m��!��(!�, �" ��n mj"$% ��$"!"�#l!� ��("'o&�!�, (&#&)!���� �#l '�m��+  m�o'%���)��. 
���!&m �&"#�!�� j"k�� ��)"�%��!� "��"-, �o" o�$�!"(!%*&�&�". 	���#lu!� h"!�'� j&!"�� 
"!'�j���l �&"#�!�� m m"#� ���"(% ���: )#�(�h�� #%k�� $��'"!&'j�h�� )"��&'(�l m"#� ���"(%, #%k�& 
(*�)���l, *"n����& m )#�(�h�"u $��'"!&'j�h�"u )"��&'(�nu, )"��&'(�l (%+�, (��!&m ��"(!%*&�&��e 
[1]. ��eh�(!�x& � #�!&'�!%'� "*�(%u!� (��!&m !�)�+ �&"#�!��, l): NaX, NaY, NaP, A, X, Y, ("��#�! � 
��. [2–4]. 	�k#��" ���m��h�!�, �" �&"#�!� "���ni (!'%)!%'� j"k%!� o%!� (��!&m"���� m� '�m��+ %j"� 
('�m�� m��h&��l !&j*&'�!%'�, *'"*"'��i ()#����)��, h�( !� &!�*� (��!&m%).  
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	��"j" o�$�!" (*"("o�� *'"j�(#"�"$" m�(!"(%����l �&"#�!��, ��$"!"�#&��+ �� "(�"�� m"#� 
���"(%, �" *&'&��k�" ¨'%�!%u!�(l �� !�)�+ �#�(!��"(!l+ (��!&m"����+ (*"#%), l) : �"�""oj����  
m��!��(!� , $�m"�� !� '������ ��("'o��l [ 5]. 

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

 
�C>8 ;5R5>@: �"(#���!� �#�(!��"(!� (��!&m"����+ �&"#�!�� �� "(�"�� m"#� ���"(% �"o'"!��'-

(�)"i ���, ��)"'�(!"�%uh� !&'j"$'���j&!'�h��e j&!"� ���#�m%, l)�e x�'")" ��)"'�(!"�%n!�(l 
�#l +�'�)!&'�(!�)� �&"#�!��, "("o#��" *�� h�( ���h&��l j&+���mj% � )��&!�)� i+ �&$��'�!���i [6 ]. 


o’n)!�j� �"(#��k&��l o%#� m'�m)� �&"#�!��, ��$"!"�#&��+ �� "(�"�� m"#� ���"(% �"o'"!-
��'(�)"i ���.  

 
�C>5H@-8 C-E+C;@KCB>< >8 5RL5N5;CBBO ;CQ<FS>8>GN. �'�m)� 1, 2, 3, 4 "!'�j��" $��'"-

!&'j�h��j j&!"�"j m� mj��"u h�(% �)!�����i !� j"#l'�"(!� '"mh��% NaOH ( 3� !� 2� ). �"#� ���"(% 
( 40 $) o%#� mj�x��� m '"mh��"j NaOH (160 j#), *�(#l ��"$" (%j�x )'�(!�#�m%��#�(l ((%x���l) 107 
°�, 6, 12 $"�. ��&'��e m�#�x") o%� ���g�#�!'"����e, *'"j�!�e ��(!�#�"���"u �"�"u �" pH =10 � 
��(%x&��e *'� 105°�  *'"!l$"j 12$"�. 

�'�m") 5 o%� "!'�j���e j&!"�"j (*�)���l m"#� ���"(% m NaOH)', &)(*&'�j&�! j�� ��� (!���i. 
�� *&'x�e 60 $ m"#� ���"(% mj�x%��#� m 72 $ NaOH �" �"(l$�&��l $"j"$&��"i (%j�x�. �u (%j�x 
(!"*#u��#� � *&h� "��% $"���% *'� !&j*&'�!%'� 550 °�. �*������"x&��l j�(� NaOH �" m"#� ���"(% 
1.2. �� �'%$�e (!���i (!"*#&��e *'"�%)! o%� "+"#"�k&��e �" )�j��!�"i !&j*&'�!%'�, *"j&#&��e !� 
'"mh��&��e � 240 j# ��(!�#�"���"i �"�� (1:4). �'"�%)! *&'&j�x%��#� 12 $"� m� )�j��!�"i 
!&j*&'�!%'� � *������#� (%x���u *'� 100 °�  *'"!l$"j 12 $"�. ��(#l !"$" m'�m") ���g�#�!'%��#�, 
*'"j�#� ��(!�#�"���"u �"�"u � ��(%x%��#� 12 $"�, *'� 105 °�. 

���#�m� o%#" ��)"���" m� �"*"j"$"u !&'j"���#�m�!"'� g�'j� �&!!#&' TGA/SDTA 851e, l)�e 
��n mj"$% "��"h�(�"  m�(!"("�%��!� !&+��)% !&'j"$'���j&!'�i (��) � ��g&'&���e�"i !&'j"$'���j&!'�i 
(���) � j��#���+ %j"��+ �!j"(g&' *"*&'&���" *��$"!"����+  '&�)��e��+ $�m��. 

 
F�G��H
 1  

�K5N@ >C;K5L;8NGKC>;@?B5L5 >8 H@]C;CBJGMB5 >C;K5L;8NGKC>;@?B5L5 8B8FGQ< 

��* 
*'�*#���uh"$" 

$�m% 

����)�(!� 
��$'�����l 

[ºC/+�] 

��!&'��# 
!&j*&'�!%'� [ºC] 

�'�*#�� $�m% 
'&�)��e�"$" [j#/+�] 

��* !�$#u 

N2 20 25–1000 50 �#�!��%j 70μl 

 
�"(#��k%��#� � �!j"(g&'� �m"!%, "()�#�)� � ��"j% �& ���o%��n!�(l ")�(�&��l �%$#&�u !� (!�n 

j"k#���j ���"o'�k&��l �&$��'�!���i Ca(OH)2 !� '"m)#��% CaCO3. 
�� '�(. 1 m"o'�k&��, l) *'�)#��, !&'j"$'���j&!'�h�� !� ��g&'&���e�" !&'j"$'���j&!'�h�� 

)'��� m'�m)� 2, l)�e o%� (��!&m"����e $��'"!&'j�h��j j&!"�"j ( NaOH 3M, h�( �)!�����i 12 $"�).  
�� '�(. 2 m"o'�k&�� !&'j"$'���j&!'�h�� !� ��g&'&���e�" !&'j"$'���j&!'�h�� )'��� m'�m)�  5, 

l)�e o%� (��!&m"����e j&!"�"j (*�)���l m"#� ���"(% m NaOH)'. �&m%#�!�!� �"(#��k&��l ���&�&�" 
% !�o#. 2. 


(�"��� �!'�!� j�(� m'�m)��, m$���" m ����j� !&'j"$'���j&!'�h��+ )'���+, (*"(!&'�$�n!�(l � 
!&j*&'�!%'�"j% ��!&'��#� 20–400 °�. 	��*"����" �" ����+ ��g&'&���e�"-!&'j"$'���j&!'�h�"$" 
���#�m% �!'�!� j�(� � !&j*&'�!%'�"j% ��!&'��#� 20–180 °� ���*"����n ����#&��u g�m�h�" ��("'o"-
���"i �"#"$�, � � ���*�m"�� !&j*&'�!%' 180–400 °� � #�$����"i �"��, l)� )""'������e�" m�’lm��� m 
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�"��j� )'�(!�#�h�"i ¨'�!)� �&"#�!�� [7]. �� mj��� !&j*&'�!%' 400–525 °� ���o%��n!�(l �&$��'")(�-
#u����l *"�&'+�� h&'&m ����&*#&��l 
�-$'%* ��� Ca(OH)2  

  
\�	. 1. F����J����������� �� �������H��� �����J����������� ����� ������ 2 

 
 
 

 
\�	. 2. F����J����������� �� �������H��� �����J����������� ����� ������ 5 
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\�	.3. F����J����������� �� �������H��� �����J�����������  

����� ������ 1 (NaOH 3M, ��	 ������H� 6 J��) 
 
 

 
\�	. 4. F����J����������� �� �������H��� �����J�����������  

����� ������ 4 (NaOH 2M, ��	 ������H� 12 J��) 
 
 !&j*&'�!%'�"j% ��!&'��#� 525–780 °�  ���o%��n!�(l '"m)#�� CaCO3. ���h�� �!'�!� ��$� � 

��!&'��#� 780–1000 °� *"l(�uu!�(l ����#&��lj �
2. 
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F�G��H
 2 
�CQ<FS>8>@ >C;K5L;8NGKC>;@?B5L5 8B8FGQ< 

 

�'�m") �&j*&'�!%'��e ��!&'��# ,°� 	!'�!� j�(�, j$ ��$�#��� �!'�!� j�(�, j$ 
20–180 0.45 

180–400 0.35 
400–780 0.40 

1 

780–1000 0.30 

1.50 

20–180 1.02 
180–400 0.97 
400–780 0.47 

2 

780–1000 0.53 

2.99 

20–180 0.32 
180–400 0.33 
400–780 0.30 

3 

780–1000 0.35 

1.30 

20–180 0.26 
180–400 0.22 
400–780 0.32 

4 

780–1000 0.20 

1.00 

20–400 2.78 
400–780 0.70 

5 

780–1000 0.60 

4.08 

 
�@EB5N-@: � ����+ !&'j"$'���j&!'�h�"$" ���#�m% ����", �" ��eo�#�x& �"#"$� �!'�h�n m'�m") 

5–2.78 j$. � m'�m)� 1, 2, 3, 4 – 0.80 j$, 1.99 j$, 0.65 j$ !� 0.48 j$ ���*"����". �'�m")  5 !�)"k 
���'�m�ln!�(l !�j, �" '"m)#�� ��CO3  ���*"����n !&j*&'�!%'� 820 °�, % !"e h�( l)  % ��x�+ m'�m)�� 
�&e *'"�&( ���o%��n!�(l *'� 680–690°�. 
!k&, m'�m") 5 j�n o�#�x% *"$#���#��% m��!��(!� 
*"'���l�" m ��x�j� m'�m)�j� !� n ��e!&'j"(!�e)�x�j. 
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