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&5EFGHICB5 5-@EBCBBO “E@N<AB5P 5FGP” – NGHT5H< 5HC;I8BBO C>8B5F< N +;5>5?B5K< 
;C8->5;G QG E>8JG5B8;B@K A8;5K Fe-Te-Mo-Ox -8>8FGQ8>5;8, +;5K5>5NB5L5 K2SO4  
(K/�5 = 0,2) >8 GK+<FSEB5* +5H8?C* ;C8-JGMB5P E<KGAG 4 K5F. % 5FGP N +5NG>;G. 

�@QB8?CB5 N+F@N >CK+C;8><;@ Q8 ¥- = 1,2 E B8 ECFC->@NBGE>S <>N5;CBBO +;5H<->GN 
5-@EBCBBO: 5J>5N5L5 8FSHCLGH< (	�), GQ5K8EFOB5L5 8FSHCLGH< (���), KC>8-;5FCPB< (��), 
GQ5N8FC;G8B5N5L5 8FSHCLGH< (���), GQ5R<>@FCB< (��), �	 + �	2 >8 +;5H<->GN N>5;@BB@T 
+C;C>N5;CBS – 8JC>5B<, 5J>5N5P >8 GQ5K8EFOB5P (��') -@EF5>. 

Oxidation of fusel oils which are wastes of ethanol production has been studied in a flow 
reactor with Fe-Te-Mo-Ox stationary catalyst promoted with K2SO4 (K/Mo = 0.2) and pulse 
feed of reaction mixture containing 4 mol % of oil in the air. The effect of temperature at �k = 
1.2 s on the selectivity of oxidation products formation has been determined. The main 
products are acetaldehyde, isobutyric aldehyde, metacrolein, isovaleric aldehyde, isobutylene, 
CO+CO2 and the secondary products are acetone, acetic and butyric acids. 

��'"��& $"(*"��'(!�" )'�i�� *"!'&o%n '"m��!)% *'"j�(#"�"(!� ��g!"+�j�h�"$" (��!&m% – 
*"(!�h�#���)� l) �������%�#���+ +�j�h��+ '&h"���, !�) � *'"j�k��+ *'"�%)!�� (��!&m% *"#�j&'�� !� 
+�j�h��+ *'"�%)!��. �� ��x% �%j)%, (�'"���"u ��g!"+�j�h�"$" (��!&m% j"k& o%!� “(��%x�� "#�l”, 
l)� %!�"'un!�(l *�� h�( "�&'k���l &!��"#% mo'"�k%����lj )'"+j�#�(!"i �o" �%)'�(!"i (�'"����. 
�i ��+�� �� (*�'! (!��"��!� 20—25 %, (&'&���e ()#�� (j�(. %): �2
 – 8—15; &!��"# – 7—15;  
�-*'"*��"# – 10—20; �m"o%!��"# – 10—30; �m"*&�!��"# – 40—75. ��"$"��� ���&�&�� *'"�%)!� 
*&'&��k�" ��)"'�(!"�%u!�(l l) '"mh����)�, �#&, �� ��x% �%j)%, i+ j"k�� ��)"'�(!�!� �#l 
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(��!&m% �����+ +�j�h��+ *'"�%)!��. �")'&j� ")�(�&��lj �� ���*"�����+ )�!�#�m�!"'�+ (�!), m 
&!��"#% j"k�� "!'�j�!� "�!"��e �#��&$�� !� "�!"�% )�(#"!%; m *'"*��"#% – *'"*�"�"��e �#��&$�� 
(�'�) !� *'"*�"�"�% )�(#"!%; �m"o%!��"# j"k& o%!� �#�!&'��!���"u �m"o%!�#&�% (�'"���"u �#l 
(��!&m% j&!�)'�#�!��, � m *'"*��"#% (��!&m%u!� � *'"j�(#"�"(!� �m"��#&'���"��e �#��&$�� !� 
���*"����% )�(#"!%, l)� ��)"'�(!"�%u!�(l % g�'j��&�!�h��e !� *�'g%j&'��e *'"j�(#"�"(!�. 
�"o"!�, *'�(�lh&�� ")�(�&��u “(��%x�"i "#�i” o&m '"m��#&��l �� ")'&j� *'"�%)!�, � #�!&'�!%'� 
g�)!�h�" ���(%!��. 


!k&, j&!"u ��x"i '"o"!� n ")�(�&��l “(��%x�"i "#�i” �� ")(���"j% Fe-Te-Mo )�!�#�m�!"'�, 
l)�e [1] n &g&)!����j � '&�)��l+ ")�(�&��l (*�'!�� [2] !� "#&g���� [1] % ���*"����� �#��&$���. 
�&!"��)� *'�$"!%����l �! "*�(��� � [3], � j&!"��)� &)(*&'�j&�!�� !� ���#�m�� – � [4]. �"(#��k&��l 
*'"�&(% ")�(�&��l "#�i ��)"���� � *'"!"h��e (�(!&j� m� (!���"��'��j x�'"j )�!�#�m�!"'� !� *"���j 
+'"j�!"$'�g�h��j ���#�m"j ��+���"i (%j�x� !� *'"�%)!�� '&�)��i. 

�&m%#�!�!� ���#�m% “(��%x�"i "#�i” *")�m��" �� '�(. 1. t�h�j", �" ��+���� "#�l j�(!�!� 
&!��"#, �-*'"*��"#, �m"o%!��"# !� �m"*&�!��"#. ���#�m ��)"����e �� ��� +'"j�!"$'�g�, !"j% *�) 
�2
 ���(%!��e. 

�"m'�+%�)� *")�m%u!� ('�(. 2), �" )"��&�!'���l (% j�(.) &!��"#% (!��"��!�: 23,7;  
�-*'"*��"#% – 1,8; �m"o%!��"#% – 16,0; �m"*&�!��"#% – 58,5. 

�� '�(. 3 *")�m��" �*#�� !&j*&'�!%'� m� ß) = 1,2 ( �� (&#&)!����(!� %!�"'&��l *'"�%)!�� 
")�(�&��l. 
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\�	. 1. e������J���� ������� 	������� ��� 1—4 ��������: ��������,  

�-���������, ��G��������, ��������� 	����� 
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\�	. 2. e������J���� �������� ���	����
 	������� ��� �� ������������ ���������� 

 m� !&j*&'�!%'� 430 R ¦� = 3,6 	 1—7 ��������: �H����� �����J�, �H����, @BQ, BQ, @�Q, �H���� ��	����, 
����	�
�� ��	���� 
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\�	. 3. a���L�	�� 	���������	� ��������
 �������� ���	����
  

“	������� ���” �� ����������� �� ¦� = 1,2 	 �� ������������� BaCl2 (Ba/Mo = 0,1)  
Fe-Te-Mo-Ox R�. I������� �	������� � 	��H������� ����� R� �� �����	��> ������> ����H���� 	��� 
	����� 4 ���.% “	������� ���” � �����.  V�� = 12,5 	�3, v������ = 0,56 	�3/	, S, S’ – 	��������	�� �������� 

�� ��G��������, �H����� �����J��� (`Q), ����	�
��� �����J��� (@BQ), ������������� (BQ), 
������������� �����J��� (@�Q) �� ��������, �H������, C`+C`2 

 
	(!��"�#&�", �" *"��% )"��&'(�u %(�+ (*�'!�� "!'�j��" m� !&j*&'�!%'� 463 � � ß) = 1,2 (.  

��+ %j"��+ (&#&)!����(!� m� ��� (!��"��#� 49,0 %; 
�+�'� – 31 %; �� – 0; �	� – 15 %; 
�m"o%!�#&�"j – 5,0 %. ��)(�j�#��� (&#&)!����(! m� !&j*&'�!%'� ß) = 1,2 ( m� �	� – 43,4 % "!'�j��� 
m� !&j*&'�!%'� 583 �, m� �� – 22 % m� !&j*&'�!%'� 530 �, m� ��� – 49 % m� !&j*&'�!%'� 463 �. 

�"��& *&'&!�"'&��l �m"o%!�#&�% *'"�%)!% �&$��'�!���i ��� m� ß) = 1,2 ( "!'�j��" m� 
!&j*&'�!%'� 523 �, ��� ")�(�un!�(l �" ��, j�)(�j�#��� )"��&�!'���l l)"$" "!'�j��� m� ��ni 
!&j*&'�!%'� � *"!�j m ii mo�#�x&��lj �&�" mj&�x%n!�(l. ����j%j (&#&)!���"(!� m� �� "!'�j��" m� 
!&j*&'�!%'� 613 �. �"(#��k&��lj �(!��"�#&�", �" �� %!�"'un!�(l !�)"k ")�(�u��#���j 
�&$��'%����lj ��� �� �"(#��k%���"j% �!. t�h�j", �" (&#&)!����(!� m� ��� !� 
�+�'� 
mj&�x%n!�(l m *�����&��lj !&j*&'�!%'�. �� !&j*&'�!%', o�#�x�+ m�  583 �, *"h���n %!�"'u��!�(l 
&!�#&� � ��&!"� – "(!����e *&'&!�"'&��lj ��, !� m��h�" m'"(!�n ��+�� �
+�
2, "h&����" � 
'&m%#�!�!� �"")�(�&��l *'"�%)!�� '&�)��i. 

���k&��l (&#&)!���"(!� m� ���, 
�+�'� ���o%��n!�(l !�)"k � '&m%#�!�!� mo�#�x&��l 
)"��&�!'���i �	� ���(#��") x���)"$" ")�(�&��l �m"*&�!��"#% m� *�����&��l !&j*&'�!%'�. �� 
!&j*&'�!%'� > 583 � ���o%��n!�(l �"")�(�&��l �	� � � '&m%#�!�!� ��"$" mj&�x&��l (&#&)!���"(!� 
m� ��x�j� *'"�%)!�j� (*"��#��un!�(l. 

��(#l '"m��#&��l *'"�%)!�� '&�)��i ��� j"k�� ")�(�u��#���j �&$��'%����lj *&'&!�"'�!� % 
��, mj�x�!� m �� – *'"�%)!"j '&�)��i !� ")�(��!� � j&!�)'�#"�% )�(#"!% �o" ")�(�u��#���j 
�j"�"#�m"j *&'&!�"'�!� % j&!�)'�#"��!'�# – ��k#���e j"�"j&' "�&'k���l �����+ *"#�j&'�� !� 
("*"#�j&'��. �	� – ��)"'�(!�!� l) $"!"��e *'"�%)! �#l "�&'k���l ����+ '"m$�#%k&��+ �&��-
(�h&��+ )�(#"!, '"m$�#%k&��+ (*�'!��, % (��!&m� �&l)�+ #�)�� l) *�+%h% '&h"���% % *�'g%j&'��e 
*'"j�(#"�"(!� !� �'"j�!�m%uh% �"o��)% (�'"j�! lo#%)) % +�'h"��e *'"j�(#"�"(!�. �'"*�"�"��e 
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�#��&$�� j"k�� ")�(��!� �" *'"*�"�"�"i )�(#"!�, l)� ��)"'�(!"�%n!�(l �#l )"�(&'�%����l )"'j�� 
% (�#�(�)"j% ��'"o���!��. 

 
1. ������	��� �.B. R���������	��� ���	����� ������������
��K� �������� // Q������. 

��		. … �-�� ���. ����. – B.: BeFV ��. c.V. B���������, 1982. – 33 	. 2. R�L��	��� �.Q. R�-
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�&' 665.7.033.28 


.�. '8>;CB-5*, 	.�. �E>8T5N8**, 
.�. 'NG>-5NES-@M** 
����"��#���e %���&'(�!&! “�����(�)� *"#�!&+��)�”, 

* )�g&�'� "+"'"�� *'���, 
** )�g&�'� +�j�h�"i !&+�"#"$�i *&'&'"o)� ��g!� !� $�m% 

D�����	����� 	'����� ���D '	�D	������  
� D�	)���� 	'������� ��&�	��� &	 ������� 

© R������� A.Q., Q	������ `.F., R�����	���� A.B., 2010 

&5EFGHICB5 E-F8H L<H;5BGN G +;5H<->GN PTBS5L5 5-@EBCBBO. �E>8B5NFCB5, �5 
>CK+C;8><;8 ;5QK’O-ACBBO RG><KGN N@QB8?8�>SEO -GFS-GE>* 8E]8FS>CBGN, 8 H<->@FS- 
BGE>S – PTBS5* K5FC-<FO;B5* K8E5*. 

The composition of tars and their oxidation products has been investigated. It has been 
established that bitumen softening temperature is determined by asphaltenes amount, as well 
as bitumen ductility – by molecular mass. 

D5E>8B5N-8 +;5RFCK@. ��� h�( ��'"o���!�� o�!%j�� "(�"��"u (�'"���"u n $%�'"� – 
m�#�x") ��� *&'&$"�)� ��g!�, ��� l)"i ����o'��� g'�)��i �" !&j*&'�!%'� 500 °�. �%�'"� – �& 
o�$�!")"j*"�&�!�� (%j�x ��(")"j"#&)%#l'��+ "'$���h��+ '&h"��� '�m�"i o%�"��: "#���, (j"#�, 
�(g�#�!&��. �)#�� )"k�"i ")'&j"i $'%*� $%�'"�% m� )�#�)�(!u � o%�"�"u )"j*"�&�!�� j"�&#un 
���#"$�h��e $'%*"��e ()#�� ��g!�, m l)"i "�&'k���e $%�'"�. �'�'"�� ��g!� ��m��h�n )�#�)�(��e � 
l)�(��e ()#�� ")'&j�+ $'%* )"j*"�&�!�� $%�'"���. 	(!��"�#&��l �m�nj"m�’lm)% j�k ()#��"j ")'&-
j�+ $'%* )"j*"�&�!�� � +�'�)!&'�(!�)"u "�&'k���+ o�!%j�� n m��h�"u ��%)"�"u !� ��'"�-
�"$"(*"��'(�)"u *'"o#&j"u. 

 
�B8FGQ +5+C;CHBGT H5EFGHICBS G +<RFG-8JGM. t�!%j� '�m�"$" *'�m��h&��l +�'�)!&'�m%u!�(l 

���*"�����j� *")�m��)�j� l)"(!�, l)�, (�"nu h&'$"u, m�#&k�!� ��� )�#�)�(�"$" ()#��% ��m����+ 
)"j*"�&�!�� � ��� o%�"�� j"#&)%# % )"k��e $'%*� )"j*"�&�!��. �"j% �& m )"k�"i ��g!� j"k�� 
"�&'k�!� $%�'"�, � m $%�'"�% – o�!%j �&"o+���"$" *'�m��h&��l. t�!%j o%��-l)"i j�')� j�(!�!� !'� 
$'%*� )"j*"�&�!��, !�)� (�j�, �� l)� '"m��#lu!� ��g!%, � (�j&: "#���, (j"#� � �(g�#�!&��. 
(�"��"u 
$'%*"u )"j*"�&�!�� n (j"#�, �"�� ��)"�%u!� m�’lm%uh% g%�)��u. �(g�#�!&�� ��(!%*�u!� l) 
��*"��u��h�, � "#��� – *#�(!�g�)�!"'�, ��(�j*&'&� �(g�#�!&��, *&'&!�"'uuh� i+ % *#�(!�h�" 
*#����e (!��. �%�'"��, "�&'k��� *�� h�( *&'&$"�)� ��g!� � *'"j�(#"��+ %j"��+, �& ���*"����u!� 
��j"$�j g�)!�h�" k"���e j�'�� o�!%j%. 	"�� j�(!l!� ���#�x") )"j*"�&�!�� "#���"i $'%*�. �� 
!�)�+ %j"� �#l "�&'k���l !"��'��+ o�!%j�� n ��� x#l+�. �&'x�e – ����o'�!� ��� $%�'"�% h�(!��% 
"#����+ g'�)��e; �'%$�e – h�(!��% "#����+ g'�)��e *&'&�&(!� � (j"#� � �(g�#�!&��. �&'x�e 
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