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Abstract:
Dewaxing behavior of iron powder compacts con-

taining zinc stearate (ZnSt) or ethylene-bisstearamide 
(EBS) was directly observed during sintering. First, 
small droplets of lubricant melt appeared scattered on 
the surface. Then, they gradually formed large pools, 
�D�Q�G�� �¿�Q�D�O�O�\�� �Y�D�S�R�U�L�]�H�G���� �,�Q�� �D�G�G�L�W�L�R�Q���� �P�H�O�W�� �R�I�� �=�Q�6�W�� �P�R�U�H��
remarkably bubbled than that of EBS during vaporiza-
tion. After sintering the compact containing ZnSt in 
nitrogen, spot stains of rough surface and concentrated 
zinc with the diameter of 1 mm were found on the top of 
�W�K�H�L�U���V�X�U�I�D�F�H�����,�W���L�V���E�H�O�L�H�Y�H�G���W�K�D�W���W�K�H���O�X�E�U�L�F�D�Q�W���P�H�O�W���L�Q�K�R-
�P�R�J�H�Q�H�R�X�V�O�\�� �À�H�Z�� �R�X�W�� �W�K�U�R�X�J�K�� �W�K�H�� �H�D�V�L�H�U�� �S�D�W�K�V�� �L�Q�� �W�K�H��
compacts to the surface accompanied by the exhausting 
gas of the decomposed lubricants.

1. Introduction

In the iron powder compacting process, it is general 
practice to add an organic lubricant powder such as zinc 
stearate (ZnSt) or ethylene-bisstearamide (EBS) in order 
�W�R���L�P�S�U�R�Y�H���W�K�H���À�R�Z�D�E�L�O�L�W�\���R�I���W�K�H���S�R�Z�G�H�U�����L�Q�F�U�H�D�V�H���J�U�H�H�Q��
�G�H�Q�V�L�W�\���� �D�Q�G�� �U�H�G�X�F�H�� �H�M�H�F�W�L�R�Q�� �I�R�U�F�H���� �$�O�W�K�R�X�J�K�� �W�K�H�� �O�D�U�J�H�U��
�S�D�U�W���R�I�� �V�X�F�K���R�U�J�D�Q�L�F���O�X�E�U�L�F�D�Q�W�V���L�V���U�H�P�R�Y�H�G���L�Q���W�K�H���V�L�Q�W�H�U-
ing process, in some cases, the lubricant remains on the 
�V�X�U�I�D�F�H�� �R�I�� �W�K�H�� �V�L�Q�W�H�U�H�G�� �F�R�P�S�D�F�W�� �L�Q�� �W�K�H�� �I�R�U�P�� �R�I�� �V�R�R�W�� �R�U��
�V�W�D�L�Q���� �Z�K�L�F�K�� �U�H�G�X�F�H�V�� �W�K�H�� �T�X�D�O�L�W�\�� �D�Q�G�� �\�L�H�O�G�� �R�I�� �V�L�Q�W�H�U�H�G��
�S�U�R�G�X�F�W�V��

�7�K�H�� �G�H�F�R�P�S�R�V�L�W�L�R�Q�� �E�H�K�D�Y�L�R�U�V�� �R�I�� �V�L�P�S�O�H�� �=�Q�6�W�� �D�Q�G��
�(�%�6���K�D�Y�H���E�H�H�Q���F�O�D�U�L�¿�H�G���S�U�H�Y�L�R�X�V�O�\���L�Q���D���Q�X�P�E�H�U���R�I���V�W�X�G-
ies1–3)�����7�K�H���G�H�F�R�P�S�R�V�L�W�L�R�Q���E�H�K�D�Y�L�R�U���R�I���R�U�J�D�Q�L�F���P�D�W�H�U�L�D�O�V��

contained in metal powders had also been studied by 
German, particularly as it pertains to injection molded 
metal parts4)�����1�D�\�D�U���H�W���D�O�����U�H�S�R�U�W�H�G���R�Q���W�K�H���F�D�X�V�H�V���R�I���W�\�S�L-
�F�D�O�� �G�H�I�H�F�W�V�� �L�Q�� �W�K�H�� �V�L�Q�W�H�U�L�Q�J�� �R�I�� �P�H�W�D�O�� �S�R�Z�G�H�U�� �F�R�P�S�D�F�W�V��
and the related countermeasures5)���� �D�Q�G�� �.�D�P�H�R�N�D�� �H�W�� �D�O����
�D�Q�D�O�\�]�H�G�� �W�K�H�� �P�H�F�K�D�Q�L�V�P�� �R�I�� �U�R�X�J�K�� �V�X�U�I�D�F�H�V�� �R�I�� �V�L�Q�W�H�U�H�G��
co-
�O�D�U�J�H���Q�X�P�E�H�U���R�I���S�D�U�W�L�F�O�H�V�����D�Q�G���D�U�H���S�R�U�R�X�V�����P�D�Q�X�I�D�F�W�X�U�L�Q�J��
conditions also change constantly in commercial opera-
�W�L�R�Q���� �7�K�L�V�� �F�R�P�S�O�H�[�L�W�\�� �P�D�N�H�V�� �L�W�� �G�L�I�¿�F�X�O�W�� �W�R�� �D�Q�D�O�\�]�H�� �W�K�H��
�P�H�F�K�D�Q�L�V�P���R�I���G�H�Z�D�[�L�Q�J��

�9�L�V�X�D�O�L�]�D�W�L�R�Q�� �R�I�� �W�K�H�� �D�F�W�X�D�O�� �E�H�K�D�Y�L�R�U�� �R�I�� �W�K�H�� �S�R�Z�G�H�U��
and green compact in the case described above, under 
conditions simulating commercial operation, is consid-
�H�U�H�G�� �X�V�H�I�X�O�� �I�R�U�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �W�K�H�� �S�K�H�Q�R�P�H�Q�D�� �L�Q�Y�R�O�Y�H�G����
�)�R�U���H�[�D�P�S�O�H���� �.�R�Q�G�R�K���H�W���D�O���� �G�H�Y�H�O�R�S�H�G���D�� �X�Q�L�I�R�U�P�� �¿�O�O�L�Q�J��
�W�H�F�K�Q�L�T�X�H���E�\���D���G�L�U�H�F�W���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���D�Q�G���Y�L�V�X�D�O�L�]�D�W�L�R�Q���R�I��
�W�K�H���À�R�Z���E�H�K�D�Y�L�R�U���R�I���L�U�R�Q���S�R�Z�G�H�U���L�Q�W�R���W�K�H���G�L�H���F�D�Y�L�W�\

7)��
�$�W���-�)�(���6�W�H�H�O�����G�H�Z�D�[�L�Q�J���E�H�K�D�Y�L�R�U���R�I���L�U�R�Q���S�R�Z�G�H�U���F�R�P-

�S�D�F�W�V�� �S�O�D�F�H�G�� �L�Q�� �D�� �K�H�D�W�L�Q�J�� �I�X�U�Q�D�F�H�� �Z�D�V�� �R�E�V�H�U�Y�H�G�� �G�L�U�H�F�W�O�\����
�D�Q�G���W�K�H���J�H�Q�H�U�D�W�L�R�Q���P�H�F�K�D�Q�L�V�P���R�I���V�W�D�L�Q�L�Q�J���R�I���W�K�H���V�L�Q�W�H�U�H�G��
compacts has been analyzed8–10)���� �7�K�L�V�� �S�D�S�H�U�� �V�X�P�P�D�U�L�]�H�V��
�W�K�H���U�H�V�X�O�W�V���R�I�� �W�K�R�V�H���U�H�V�H�D�U�F�K�H�V���D�Q�G���U�H�F�R�P�P�H�Q�G�V���H�V�V�H�Q�W�L�D�O��
�S�R�L�Q�W�V���I�R�U���D�Y�R�L�G�L�Q�J���V�W�D�L�Q�L�Q�J���R�I���V�L�Q�W�H�U�H�G���F�R�P�S�D�F�W�V��
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2. Experimental Method

2.1 Raw Materials and Blending Method

The raw materials used were water-atomized iron 
�S�R�Z�G�H�U�� ���-�,�3®�������$������ �H�O�H�F�W�U�R�O�\�W�L�F�� �F�R�S�S�H�U�� �S�R�Z�G�H�U���� �D�Q�G��
�J�U�D�S�K�L�W�H���S�R�Z�G�H�U�����7�K�H�V�H���P�D�W�H�U�L�D�O�V���Z�H�U�H���Z�H�L�J�K�H�G���W�R���R�E�W�D�L�Q��
�D�� �P�D�V�V�� �U�D�W�L�R�� �R�I�� ���������� ���� ���� ���� ���������� �$�V�� �O�X�E�U�L�F�D�Q�W�V���� �����P�D�V�V����
�R�I�� �H�L�W�K�H�U�� �]�L�Q�F�� �V�W�H�D�U�D�W�H�� ���K�H�U�H�L�Q�D�I�W�H�U���� �=�Q�6�W���� �S�R�Z�G�H�U�� �R�U��
ethylene-bisstearamide (EBS) powder was added to the 
�U�D�Z�� �P�D�W�H�U�L�D�O�� �S�R�Z�G�H�U���� �7�K�H�V�H�� �S�R�Z�G�H�U�V�� �Z�H�U�H�� �W�K�H�Q�� �P�L�[�H�G��
�X�V�L�Q�J���D���9���E�O�H�Q�G�H�U���L�Q���R�U�G�H�U���W�R���S�U�H�S�D�U�H���P�L�[�H�G���S�R�Z�G�H�U�V�����$��
�V�H�J�U�H�J�D�W�L�R�Q���I�U�H�H���W�U�H�D�W�H�G���P�L�[�H�G���S�R�Z�G�H�U�����=�Q�6�W���&�0�;�����Z�D�V��
�D�O�V�R���S�U�H�S�D�U�H�G���E�\���D�G�G�L�Q�J�������P�D�V�V�����R�I���=�Q�6�W�����7�K�H���O�X�E�U�L�F�D�Q�W��
�F�R�P�S�R�V�L�W�L�R�Q�V���D�Q�G���P�L�[�L�Q�J���P�H�W�K�R�G�V���X�V�H�G���L�Q���S�U�H�S�D�U�L�Q�J���W�K�H��
�H�[�S�H�U�L�P�H�Q�W�D�O���P�D�W�H�U�L�D�O�V���D�U�H���V�K�R�Z�Q���L�Q��Table 1��

2.2 Experimental Conditions

�7�K�H���P�L�[�H�G���S�R�Z�G�H�U�V���G�H�V�F�U�L�E�H�G���D�E�R�Y�H���Z�H�U�H���F�R�P�S�D�F�W�H�G��
�L�Q�� �F�\�O�L�Q�G�U�L�F�D�O�� �V�K�D�S�H�V�� �Z�L�W�K�� �D�� �G�L�D�P�H�W�H�U�� �R�I�� �������P�P�� �D�Q�G��
�W�K�L�F�N�Q�H�V�V���R�I�������P�P���R�U���������P�P���V�R���D�V���W�R���R�E�W�D�L�Q���D���J�U�H�H�Q���G�H�Q-
�V�L�W�\�� �R�I�� �������� �R�U�� ���������0�J���P3���� �$�V�� �V�K�R�Z�Q�� �L�Q��Fig. 1(a), these 
�J�U�H�H�Q�� �F�R�P�S�D�F�W�V�� �Z�H�U�H�� �G�H�Z�D�[�H�G�� �I�R�U�� �������P�L�Q�� �D�W�� �������ƒ�&����
�I�R�O�O�R�Z�H�G�� �E�\�� �V�L�Q�W�H�U�L�Q�J�� �Z�L�W�K�� �D�� �K�R�O�G�L�Q�J�� �W�L�P�H�� �R�I�� �������P�L�Q��
�D�W�� �����������ƒ�&���� �$�V�� �W�K�H�� �D�W�P�R�V�S�K�H�U�L�F�� �J�D�V���� �H�Q�G�R�W�K�H�U�P�L�F�� �J�D�V��
�S�U�R�G�X�F�H�G�� �I�U�R�P�� �S�U�R�S�D�Q�H�� �J�D�V�� ���5�;�� �J�D�V������ �D�� �P�L�[�H�G�� �J�D�V�� �R�I��
�������1 2���������+2�� ���12���+2���� �J�D�V���� �R�U�� �12
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(7) In order to avoid stains on sintered compacts, it is 
�L�P�S�R�U�W�D�Q�W�� �W�R�� �F�R�Q�W�U�R�O�� �W�K�H�� �S�U�R�S�H�U�W�L�H�V�� �R�I�� �W�K�H�� �U�D�Z�� �P�D�W�H-
rials, including the lubricant and iron powder, the 
�S�U�R�F�H�V�V�� �R�I�� �P�L�J�U�D�W�L�R�Q�� �R�I�� �W�K�H�� �O�X�E�U�L�F�D�Q�W�� �P�H�O�W���� �D�Q�G�� �W�K�H��
�����Z�D�\�� �U�H�D�F�W�L�R�Q�� �R�I�� �W�K�H�� �O�X�E�U�L�F�D�Q�W���� �J�U�H�H�Q�� �F�R�P�S�D�F�W���� �D�Q�G��
�D�W�P�R�V�S�K�H�U�L�F���J�D�V��
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