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Synthesis of Zinc Dialkyldithiophosphate (ZDDP) and 
Identification of Impurities Formed 

J.Shabronian, S.Taghipoor, M.Shekarriz, F.Haji Aliakbary and A.khaleghinasab 
Research Institute of Petroleum Industry 

P.O.Box: 18745-4163,Tehran,Iran 
ABSTRACT 
Synthesis of zinc dialkyldithiophosphate 
(ZDDP) consists of two stages. In the first 
stage, phosphorus pentasulfide reacts with an 
alcohol to give dialkyldithiophosphoric acid. 
In the second stage, the acid is neutralized 
by zinc oxide. In addition  to the product, 
some impurities are also formed which affect 
the quality of the final product. If we can 
determine the chemical structure of these 
impurities then we may control the reaction 
conditions to reduce these by products.       
By separation techniques such as extraction , 
thin   layer    chromatography    and   column  

 
chromatography, limited amounts of these 
impurities are separated from the major 
product and are analyzed by FT-IR and 
31PNMR spectroscopy. Then by changing 
reaction conditions such as rate of stirring, 
reaction pressure, neutralizing process, the 
order of addition of starting materials, and 
the types of P2S5 and ZnO in order to reduce 
the activity of formerly , we can raise purity 
of ZDDP up to 90%. Of the five methods for 
synthesis of ZDDP, the first method was 
used , because it yielded a higher purity 
product. 
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   }���� ��ZDDP  -;
�� ��  .      ��7�� �� [���� ��) O�+96.86-

97.15 ppm             ,-
 -�^�� *�]���� �� [���� ZDDP  ��l� 

(RO)2-P(S)SR                  ���
 I)�� �� T�	
� �� -;
�� �� 

             ��7�� �� [���� O�+ � -;!^) ,��	) ����	�
9.73 ppm  � 

         -;
�� �� ��-
� ������^� �� q#
!� �� J���+ .   ,-
 �)�w O�+

   ��7�� �% 69.26-80.43 ppm        �%�1 ��k ����� 4� T�	!7� 

 O	�ZDDP 0�� 4� �]���� -���� �� � ,-�: %�F� �� (RO)3 

P=S
�� - .-;
�� �	� ����� 5��' ��Y�+ ����  . 

 

 

 
 �������� 	
� FT-IR ����� ZDDP-P-15-N2�������� � �� ��� ����  
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           ��7�� �% ,-
 �)�w O�+ "�g J�� �%1002 cm-1   �� [���� 

    ,��& �QQ� *�
�
���P-O-C      ��7�� �% � 850 cm-1
  [����

    �Q	S *�
�
��� ��P-O-C  %�
 ��  . �)�w O�+ ��7�� �% ,-


665 cm-1      -���+ *�
�
��� �� [���� P=S  -
�� ��  . *�
�
���

    ��7�� �% �QQ�2873   � 2960 cm-1    �� [���� C-H   �Q	S � 

 ��7�� �% -���+ 9�	)1369 �1386 � 1468cm-1-
�� ��  . 

 

 

 �������� 	
� FT-31P-NMR ����� ZDDP
������� ����  

 

 

 

 
 

 �������� 	
� FT-IR���  ��ZDDP
������� ���  
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 �������� 	
� FT-IR���� ��� �!��"�#�$��� �� �%�& '
(� )��*+! �
# ,� �
��- ,�  

 

������� �����	
 �� 

    ����� ���	
P2S5 ��   �
���� ����
�     ����� �� ����� 

        �� ���� �
 ��!� "#�$%& ��� ��    �#��'�� (�')*�! ��+��

���� �
 �#, . 

 
 �!+�� ��   ��-           (���/ �� �� ���0���� 1#�)'

 2�
� �'/ ��

        ��#��& 1#� +� �03�4 ���	
     �3�� �
 ��5#�       �#, 6�� �� 

�
 �����: 

 

 

              ,� 2�� ��5#� ��
����*�3 �,�!��4 +�7�
 �� ��8�
 1#� +�

 ��- 9�+              1��;'- � �3�)! � <,�3 �#= �&��>���
��� 

  �� 2��$)!� ?���)!� .����   �@4� 1#� �#�!��� A ,�   �5�! B�C     

FT-IR�FT-1HNMR � FT-31P-NMR 2��$)!� ��. 

    ��!� "#�$%&��� �� ����� ���     �(�)D- �(�@E- ��
�F8 +� 

                    ���	
�3 G� +� � 2��� ���	
 ��3��� � H�&���� �1)!�

�
 ����.         <,�3 �#= �&��>���
��� +�7�
 �� H�&���� �F8 ,� 

 �� 2��$)!�]IJ[.    K#��� 1#� +�  L     M ��+ �� ���   �	$TLC 

  �-�N�� .  ���L)  ��� 1#��=�� (   Q
= (���UV   2�-�R
 ���S 

�   ��� I   � J    +�3 �#, UV   ��� 2�-�R
 ���S  � 2    2+�'� ��� T  �� 

                 +�3 �#, +� ���� �
 �)>+@� �- ��� �#�! ,� 2,��3� �73 ,�UV 

                U#�+ ���S ��# V+��5
 +� � 2��03 2�-�R
 ���S��.  1#�    

      �>���
��� "'� �� �- ���         ,� � 2�� �,�!��4 �3�)! �&�

   B�C �
3� "� "� FT-IR  �� �)&�>  .    B�C 1#� ��
�!+�� ,�
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   W�R
�         2+�'� ��� �� �J  X�)0%3         (�'- � 2��� W��*       

       �
 ��!� "#�$%& ��� �� ����� �� ���� .  B�CFT-IR  ��� 

  2+�'�Y    +���'3 +� Z  U!� 2�
�   .     +� 2�� �-�N "[�� "�\

   ]3���&1109 cm-1      ����
         �3��\ �RR� V���^�+� ��

          +� ��4�
 ��
����*�3 �#@4 ?���)!� ,� �� ��� �
 ��3����

     U!� 2�� �M�8 ��F8 �� �_�����! .   B�C +�FT-IR  ����
 

    ��- ��� ��I  �T�L   �"�\ ��-   ����
 ���^�+�  ��  ��-�3��\  

  C-H  �P-S  �P=S  �P-O       ����8 �� � S-H    � ��)��� +�`8

   �
$�C 1#�  ��
 U�^S�
 +��3     �3��� <�)R
 ��M� ��
��\  . ��

             a�)!� +� �
����*�3 1#� �+��3�)!� ��- �3�'3 ���#� �� �4��

�3��03�              1#� +�`8 H�/ �# +�`8 �+�
 +� �73 +�
N� 1#������ 

����*�3    �#�
,� �� ,��3 �- ��-         1#� 1)��� +��)*� +� � �)R�� 

����*�3 ��� �-��* �-.  

    �
����*�3 1#� �,�!��4 �E#� 9�+�   (��@&� bZc   ���	
 H�> 

YZ %,� e#�!        �� V����� ��fg       ��
� +� ��!� H�>°Cbc     

  �
       V�
 �� �� ����f/J        ��� �
 2�, e- U/�!  .  ,� ]\

  �#= �� ���R��        ����*�3 ���8 �� �+ ��� ,�& U!�   2��� ��4 

             �F8 � 2��� "R* G� (��� e#@��
 V�$��! K!�� ��3� �

       e��� �
 ���0� �+ (� ]IT[ .�� � 2�3�'�S  � 2�
� U!��  "# 

                       ���� �
 �+, i3+ �� � ,��%#� ���	
.   H�53� �� 

     <,�3 �#= �&��>���
���    ���	
 1#� ��+ ��    ��� J  F
�� 

 �� �#�\�3]IL[. 
 

    ���� ����	� 
�� pH�      ��
 ����� �	��	 �� �� 
ZDDP 

        ���> 2,��3� ���� (���� e- �� ���+pH   �3�'3 ZDDP  �+�
 

  �
 +��S 2��$)!� ��>          U!� 2�� 2+��� (� �� V=�j
 +� � �]If[ 

�
 �#, 6�� �� ����: 

       �3�'3 ,� �+��j
ZDDP             ]D! � �)�#+ �&�N �*�� �+ 

              �&�k� (� �� G� � 1l���� ���3�\��\�@#� ����
 ,� ����	


�
 ��� .       �
 e
� +�j3� �+ �M�8 ����
      F
�� �3�'3 �� ��3,

 ��� �8 .  ]D!pH         ,� 2��$)!� �� ����
 pH    �)
  �+��3�)!�

  �
 ���> 2,��3� ���]Im[ .    2_��\ 1#� +�pH   ���	
 ZDDP  �� 

     U!� 2�� ���> 2,��3� 9�+ 1�'-. pH   ��8�
 ����� ����


    @)�! ���ZDDP             K!�� �8 ��!� B�)�
 ��- �3�'3 ���� 

  ���^
f/Jnf/I         ���^
 ���	
 ���� � mnL   ���� �
  . o0C

             ��3� ���� �� ���+ 1#�)
� 2�
� �'/ �� V�^��p
  ���> 2,

     �3�'3 +� ��4�
 G�ZDDP        �U!� �)&�> +��S @�3 ��#�� �+�
 

         "�\����,� ?���)!� 9�+ ,� 2��$)!�]Iq[ �
      ,� �� ����

          �
 2��$)!� 1�#�, �# 1l���� �(@�� �F8 ��� .    2_��\ 1#� +�

           U!� 2�� ���> 2,��3� 9�+ 1�'- �� G� (�@�
 .   ��8 1#� ��

        U'8�@
 ��5#� 2���3 ����� ��
���� ���� �
 .  �+�� 9�+

             +� 2�� ����� ��
3�)\���
 (�[ ���� �'3 �!��
 FM� �R�&

   @)�! �8��
ZDDP           ���!� �� �R�& �+�� r�^
 � �# ���!� �� 

ZnO            � �3�� �
 r��
 �,�! �s�* ��8�
 +� 2���3 ����� 

��� �-��* �^S�� (�@�
 ,� ��� G� 2�� ���> 2,��3� +��j
. 

 

��� � ����	 

  1#� H�53� ��   2_��\ ��
��/      U���^& (�@�
 ��73 P2S5  �B�)�
 

   B�)�
 t��3�ZnO�    �(@'- U/�! pH    �#�@&� ����� �+�R& �

 � ���
  �              �#�\ 1u�+ � (�)D- ��73 �#�
�F8 � �E#��#Ig �  �

          �,�! �s�* ��8�
 2���� o�S+ (���/�       +��S ���#,+� �+�
 

   � v#�)3 �� ��)&�>  �   1#� ,� 2�
� U!� �#�
,�   �-    , 6�� ��  �#

���� �
 . 

bn       U���^& �-�� ��P2S5       w��* �M+� ZDDP  �#�@&�     


  ����# .     �3�'3 ,� 2��$)!� ��In ZnO   w��* ZDDP   ,� I/qf 

  ��g/xL        ���� � �M+� Tn ZnO    � ZnO-P     ,� ����� ��          

y/qT�� J/qx � y/qf �� g/xg���# �
 �#�@&� �M+� . 

Yn     w��* �M+�ZDDP    )��8 +�       �3�'3 ,� �� � P2S5-P 

)   ���^
 U���^&xJ/g (  �    B�)�
 ��- �3�'3ZnO  ��� 2��$)!� � 

              ,� �)S� �����8 +� ��� �'3 �3���[ ���z�P2S5    U���^& �� 

  �)'�)  ���^
Lq/g ( ��� 2��$)!��     2�� ����E'R[ �)0%3 V��$� 

      w��* �M+� �ZDDP   �
 �#�@&�  ���# .  1��;'-ZnO-P 

  +� 2�� ��^&      �� U0%3 (�%�# K#���ZnO-P /   ����ZDDP  ��

 ����=�� w��*�������� �
 . 



 ����� ���	 
��
�� � ���� �� �����  ��   
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{n      ,� �E#� ��#��
��/   �
 ��         w��* � (�
�3�+ +� �3���

ZDDP       (@'- +�� ���� �|�
 U!� .�  �   �#�
R���� ���� 1�'-

   ��
)/�! +�Tgg  �Lgg  �mgg  �xgg   � ygg     H�53� �j�S� +� +�� 

             �#�@&� (@'- U/�! 1)&+ =�� �� ��M�8 ��!� w��* �� ��

  U&�#  �� �
�4 V�+} ��-�+�*�� ���^� �#�@&� (� U�/P2S5 

  �ZnO  ����� ��    �-�>  �      �^k�
 V+��8 ~#�! ~&� 1��;'-

             �5�
 �� ���� �
 ����� H�53� �|� �� 2�� �M�8  ��\ �� 

               � �)R> e)%�! �� +� 2�� ����� V+��8    ~3�
   �#@5� ,�

ZDDP �E#� ��- ����*�3 ��5#� � ��� �
. 

�n   �#�@&� ��pH  
 ��   (�@�m   w��* ZDDP   �#�@&� �)%#�� @�3  

���# . �#�
,� +�   ��-  �   �        �+��
 �'- +� ��0�+� 1#� 2�
� �'/

�  �   �'3 ��\ �,��
 +�C ��+ .     �#�@&� �� ��	�#� ��pH   ,� m/T  �� 

   w��* =��ZDDP �   �   �
 �#�@&� ���
 +�C    ��#+�C �� ����#

  +�pH  1#� ��=�� ��-    ���# �
 �
��� �#�@&� .  �#�@&�pH  (�R3

            �
 �,�! �s�* ����� �)�
�� H�53� 2��-� ���� .   �� H,=

          K!�� �8 ��!� ��- �3�'3 w��* ���#,+� �� U!� ��k�� �  

ZDDP     +��j
 a�!� ��  pH �
�E�- � �
      (���'C� ���S �3���

             ��73 �- ����*�3 �
�'� �� ����H2S       �E#� V�0���� � 

         ��+ �� ���#, ��|�� �� �$%& � +�$��!pH �
  3+��>   �3�'3 ,� �

�3�� ��4.  

Zn       2�� ���#,+� ��- �
�/ ,� �E#� ��#�   +�R& U!� .  ��'/� ��

     ���^
 �+�R&psi x/I        "#�$%'�� +�R& �� 2�F/ �   �M+� 

  w��*ZDDP   ���# �
 �-��  .       ��� ��8�
 +� �� �#�53� ,�

          ,�> K!���8 ��!� U*�! �����H2S   �
 �/��)
  ���� 

        ,�> 1#� ?��* �� ��
�/ �- 1#������  ���� ��� �+    �� �+ ����� 

            ��� �-��* U#��- ����� ���
 ���R� U'! .   t�'5
 +�

 +�R& �#�@&��              w��* � (�
�3�+ +� �-�� �0! ZDDP 

�
 ���. 

�n     +��j
 U0%3Zn/P         �! �s�* ��8�
 +�    ��,   ,� ��F


 ����� U&�R�\ �U!�              (�@�
 �� U0%3 1#� +�S �- 1#������ 

    ��^# �+���gf/I   ��� �)�#�@3  �  �R3       (�� �
�� 2��-� (

           w��* �5�)3 +� � 2��� �,�! �s�* �����ZDDP  ���R� 

   ��+ �
 ��=�� 2�� .  U0%3 �#�@&� ��  Zn/P  ,�  yT/ g  (�@�
 ��  

 gf/I   w��* ZDDP  
 �#�@&�   �  �+�C �� ���#    �#��j
 +� ��

  ���8gx/I       ��� �
 �M�8 w��* 1#��=��  .   1#� �#�@&� ��

     (�@�
 �� U0%3If/I � �M+� 1#�    ��� �
 �$8 . �
�E�-   ��

  U0%3Zn/P ,�  If/I   �
 �)R��  ����      w��* �M+� ZDDP 

  �-�� ���# �
.              U0%3 ���8 +� �� �-� �
 (�R3 �
� 1#�     

gf/I   w��* ZDDP        1�#�\ �#��j
 +� �����8 +� 2�� e'#@��
 

 ��)I,� �)'� � I ( w��* �M+�ZDDP���# �
 �-��  . 

�n      @)�! ����� ��8�
 �� �- �;3��[ ZDDP    (�)D- K�	
 +�

 ��� H�53��           ��� �
 �M�8 ���	
 ���� w��* �s���8  .

 w��* �M+� ZDDP         �#�\ 1u�+ ,� �� �,�! �s�* ��8�
 +�

�  �             1#� ,� �� U!� �)��8 ,� �)R�� ��� �
 2��$)!� �F8 (���/

            ��� �
 2��$)!� ��8�
 �� �- +� �F8 .      ,� �� �^S��
 +�

               2��$)!� ��� ��8�
 +� �#�\ 1u�+   �
  ����   �     � U�/

                    1�� �)'� ��#�\ ��|�� � ����� K�	
 (��,��%#�    

   �-�> �����  �         ��

 ����� H�53� ���� ��� �!��
�3 K#���

�
 ��� . w��* �M+� ZDDP      +� (�)D- ,� 2��$)!� ��   �� �-

���# �
 �-�� ���8�
. 

 
����	 ���� ����	 

   ���^� ,����#, �#�
,�  ��-  �    ���� 2�� H�53� � @)�!  ZDDP  � 

  ���^�Z   �3�'3       w��* �M+� 1#�)R�� ��+�� 2�� �)*�!  ����

ZDDP            ,� ���+�0/ �� ��� x/xq   �x/xy   �T/xx   �I/xq  �  

 x/xx           ���4 +� �C���
 ��
R���� K#��� �� �M+�J  2�
� 

U!� .     @)�! ����� K#��� ���#,+� �� ZDDP   W�R
��  �� 

 � ��  �          U*�! ���� ��� 9�+ (��� +��ZDDP     2��$)!� �  ,�

P2S5    �*�� U*�! )�3�'3 B(    w��* �M+� ZDDP ��   (�@�


T/xx    � x/xy                ,� (_��)�3 ,�> ���� +� �� �!+ �
 �M+� 

               "# V�
 �� ����� (�#�\ ,� �^� �
�� +� � ����� ���)��

      U!� 2�� o#+@� U/�! .           ,�> �)S� �� ��� �
 �78F


      ��� �
 o#+@� ��)�� ,� (_��)�3�    
 �-�� �'� w��*   � ���#

  ��  �
 (� U�/         ���� ����� e)%�! ,� �
���� ?��* �3��� .



 ��� ����! ��� �� "�#$% �� &'
�(ZDDP)
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              2�� e� +��j
 � ��� �)&�> �73 +� ���� �-�� �;3��[ �>�

     ��� 2��3���>�� e)%�! ���          � �)&�# �#�@&� ����� (�
�3�+ 

  w��*ZDDP   �
 ��=��  ��+.          �� +� �
���� �� �^S��
 +� 

     (�@�
 �� � U��3
3

1

3

2
��+ ��  وj
 �  �
 2��$)!�    �M+� �3��

  w��*ZDDP     ����� �� x/xq    � I/xq    ��� �
 �M+� .  +� 

    w��* �M+� H�! 9�+ ZDDP    �� �/��    �!+ �
 �M+�  .

                ,� "# �- ���� �- ����*�3 �M+� �� U!� ��k�� �� H,=

      ��/ rF)*� ���^
 �- �����bcc     ���	
 w��* �M+� � 

���� �
. 

 

 ������ ��	
 ��
� �	��� ���
� ZDDP���� ���� ��
��� ��  

� � � � � ���	 

ZDDP11-2 ZDDP-P-15-1/3 ZDDP-P-15-N2 ZDDP-P-15 ZDDP4-1/3 ����� ����� 

	 
 � � 
 �
���� ��� 

��� ��� ��� ��� ���  ���� ����)����� �� ���( 

P B B B P !�� 

"
/� �#/� �#/� �#/� "
/� 
��$�%&

(°C/min.) 

 
P2S5 

P P P P P  !��ZnO 

"
     
�' *���+��,����� 

P2S5-P 

-.     
�' *���+��,��� �� 

ZnO-P 

 ��0,�

wt% 

-"/	 	./# ��/# "/	 "#/	 pH 1�23� ZDDP 

�/�4   #/�4 �/�" S 

4/4   ./4 #/4 P 

-/��   �/�� 
/�� Zn 

��'5�'  �6�7� 8��9

wt% 

�"/�   �./� �"/�  �:+�Zn/P 

"/"" �/"- 	/"" "/"4 "/"- ;�2<ZDDP (wt%) 
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