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Abstract:
The segregation-free iron powder JIPTM CleanmixTM 

ZERO reducing variation in weight of green parts in 
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LUUHJXODULWLHV� FRUUHVSRQG� WR� WKLV� W\SH�� 7\SH� ���� LV� DQ�
XQGXODWLRQ�W\SH��LQ�ZKLFK�WKH�ZHLJKW�YDULHV�ZLWK�D�ORQJ�
SHULRG��7KH�DERYH�PHQWLRQHG� LQGLYLGXDO�YDULDWLRQV� WDNH�
D�IRUP�ZKLFK�LV�RYHUODLG�RQ�WKHVH�XQGXODWLRQV��7\SH�����
LV� VXGGHQ�� UDSLG� YDULDWLRQ� RI� ZHLJKW� WKDW� RFFXUV� ZKHQ�
SUHVVLQJ��ZKLFK�KDG�EHHQ�SHUIRUPHG�E\�FRQWLQXRXV�FRP�
SDFWLRQ��LV�VWRSSHG�IURP�VRPH�UHDVRQ�DQG�WKHQ�UHVWDUWHG��
1RUPDOO\�� WKH� ZHLJKW� RI� WKH� ILUVW� SDUW� DIWHU� SUHVVLQJ� LV�
UHVXPHG�LV�ODUJH�LQ�FRPSDULVRQ�ZLWK�WKDW�EHIRUH�WKH�VWRS��
DQG� WKHQ�JUDGXDOO\� FRQYHUJHV�RQ� WKH� DYHUDJH�ZHLJKW� DV�
FRQWLQXRXV�FRPSDFWLRQ�SURFHHGV��±����

5HJDUGLQJ� WKH� XQGXODWLQJ� ORQJ�SHULRG� YDULDWLRQ� RI�
ZHLJKW�VKRZQ�DERYH�DV������ZLWK�SURJUHVV�LQ�SUHVV�WHFK�
QRORJ\�� WKHVH� YDULDWLRQV� KDYH� EHHQ� UHGXFHG� E\� PHDVXU�
LQJ�WKH�ZHLJKWV�RI�HDFK�SDUW�DQG�IHHGLQJ�EDFN�WKLV�LQIRU�
PDWLRQ�WR�WKH�FRPSDFWLRQ�FRQGLWLRQV�

+RZHYHU�� LQ� WKH� FDVH� RI� ODUJH�� GLVFRQWLQXRXV� YDULD�
WLRQV�RI�ZHLJKW� OLNH�WKRVH�ZKLFK�RFFXU�EHIRUH�RU�DIWHU�D�
SUHVV� VWRS�� WKHUH� LV� QR� FKRLFH� EXW� WR� GHSHQG� RQ� D�
UHVSRQVH�EDVHG�RQ� WKH�H[SHULHQFH�RI� WKH�RSHUDWRU��RU� WR�
UHMHFW�WKH�GHIHFWLYH�SDUWV�IURP�WKLV�SRUWLRQ�RI�RSHUDWLRQ��
+RZHYHU�� WKLV� UHGXFHV� SURGXFW� \LHOG�� ,Q� WKH� SUHVHQW�
UHVHDUFK�� D� QHZ� VHJUHJDWLRQ�IUHH� LURQ� SRZGHU� -,370�
&OHDQPL[70�=(52�ZDV�GHYHORSHG� WR� UHGXFH�GHIHFWV� RI�
WKLV� W\SH�� 7KLV� SDSHU� GHVFULEHV� WKH� DGYDQWDJHV� RI� WKLV�
SURGXFW�DQG�� LQ�SDUWLFXODU�� UHSRUWV� WKH� UHVXOWV�RI�YDULRXV�
H[SHULPHQWV� DQG�GLVFXVVLRQ� LQ� FRQQHFWLRQ�ZLWK� WKH� ILOO�
LQJ�SURSHUW\�DQG�GLVFKDUJLQJ�SURSHUW\�RI� WKH�QHZ�SRZ�
GHU�

2.	 Experiments

2.1	 Test Materials

7KH� WHVW� PDWHULDOV� XVHG� LQ� WKLV� VWXG\� ZHUH� &OHDQ�
PL[70� =(52�� LQ� ZKLFK� ��� FRSSHU� SRZGHU� DQG� �����
JUDSKLWH� SRZGHU� DV� DOOR\LQJ� SRZGHUV� ZHUH� PL[HG� ZLWK�
WKH�DWRPL]HG�LURQ�SRZGHU�-,370����$��DQG�DV�D�FRPSDUL�
VRQ�PDWHULDO�� FRQYHQWLRQDO�&OHDQPL[� �KHUHLQDIWHU�� ³FXU�
UHQW�SURGXFW´���ZKLFK�ZDV�PL[HG�ZLWK�WKH�VDPH�DPRXQWV�
RI�FRSSHU�DQG�JUDSKLWH�

,Q� DGGLWLRQ�� DV� JHQHUDO� FRPSDULVRQ� PDWHULDOV�� FRQ�
YHQWLRQDO� PL[HV� RI� ]LQF� VWHDUDWH� RU� HWK\OHQH� ELVVWHDU�
DPLGH��(%6��ZHUH�SUHSDUHG�E\�PL[LQJ�IRU��� PLQ�ZLWK�D�
9�W\SH�PL[HU�

2.2 Evaluation of Mixed Powders

2.2.1	 Powder properties

$SSDUHQW� GHQVLW\� DQG� IORZDELOLW\� ZHUH� PHDVXUHG�
ZLWK� D� ��� PPφ� IXQQHO� DQG� �� FP�� FXS� LQ� DFFRUGDQFH�
ZLWK�-,6�=������DQG�-,6�=�������UHVSHFWLYHO\��-,6��-DSD�
QHVH� ,QGXVWULDO�6WDQGDUGV���(DFK�PHDVXUHPHQW�ZDV�SHU�
IRUPHG���WLPHV��DQG�WKH�DYHUDJH�YDOXH�ZDV�REWDLQHG�

2.2.2	 Index of filling characteristic

7KH� IROORZLQJ� WZR� W\SHV� RI� HYDOXDWLRQV� ZHUH� SHU�
IRUPHG� IRU� VLPSOH�PHDVXUHPHQW� RI� WKH� IORZ�DQG� ILOOLQJ�
EHKDYLRU�IURP�D�ILOOHU�VKRH�DQG�IHHGHU�LQWR�D�GLH�FDYLW\�
���  +RSSHU�7HVW��

$V�VKRZQ�LQ�Fig. 2��D�VSHFLILHG�DPRXQW�RI�LURQ�SRZ�
GHU�ZDV�LQWURGXFHG�LQ�D�VSHFLILHG�VKDSH�LQWR�DQ�DFU\O�
FRQWDLQHU�� DIWHU� ZKLFK� WKH� ��� PPφ� GLVFKDUJH� KROH�
�RULILFH��ZDV�RSHQHG�DQG�WKH�SRZGHU�ZDV�GLVFKDUJHG��
$�SRZGHU�ZLWK�H[FHOOHQW�IORZDELOLW\�DQG�ILOOLQJ�SURS�
HUW\�EHJLQV� WR�GLVFKDUJH�VLPSO\�XSRQ�RSHQLQJ�RI� WKH�
RULILFH�� WKH� FDYH� LQ� WKH�SRZGHU� OD\HU� VSUHDGV� DV� GLV�
FKDUJH� SURFHHGV�� DQG� ILQDOO\�� GLVFKDUJH� VWRSV� ZKHQ�
WKH�FDYH�UHDFKHV�WKH�WRS�RI� WKH�SRZGHU�OD\HU��2Q�WKH�
RWKHU� KDQG�� D� SRZGHU� ZLWK� LQIHULRU� IORZDELOLW\� DQG�
ILOOLQJ�SURSHUW\�GRHV�QRW�GLVFKDUJH�ZKHQ�WKH�RULILFH�LV�
RSHQHG��$W�WKLV�WLPH��GLVFKDUJH�LV�HQFRXUDJHG�E\�WDS�
SLQJ� WKH� WRS� RI� WKH� FRQWDLQHU� ZLWK� D� FHUWDLQ� IRUFH��
$IWHU�WKH�ILUVW�WDS��WKH�FDYH�LQ�WKH�SRZGHU�OD\HU�GRHV�
QRW� VSUHDG� RU� VSUHDGV� RQO\� VOLJKWO\�� DQG� GLVFKDUJH�
VWRSV��,Q�WKLV�FDVH��WDSSLQJ�LV�SHUIRUPHG�DJDLQ�DQG�LV�
UHSHDWHG�XQWLO� WKH�FDYH�SHQHWUDWHV� WKURXJK� WKH� WRS�RI�
WKH�SRZGHU�OD\HU��7KH�IORZDELOLW\�DQG�ILOOLQJ�SURSHUW\�
RI�D�SRZGHU�FDQ�EH�MXGJHG�WR�EH�LQIHULRU�DV�WKH�QXP�
EHU� RI� WDSV� LQFUHDVHV�� DQG� WKH� IORZDELOLW\� DQG� ILOOLQJ�
SURSHUW\�FDQ�EH�MXGJHG�WR�EH�VXSHULRU�DV�WKH�ZLGWK�RI�
WKH� DSHUWXUH� DW� WKH� WRS�RI� WKH�SRZGHU� OD\HU� EHFRPHV�
ZLGHU�

���  $GKHVLRQ�RI�3DUWLFOHV
7KH� IORZDELOLW\� DQG� ILOOLQJ�SURSHUW\�RI� D�SRZGHU� LV�

WKRXJKW�WR�EH�LQIOXHQFHG�E\�WKH�LQWHUIDFLDO�LQWHUDFWLRQ�
EHWZHHQ� WKH� SDUWLFOHV�� +HUH�� WKH� FRKHVLRQ� DQG� DQJOH�
RI� LQWHUQDO� IULFWLRQ� EHWZHHQ�SDUWLFOHV�ZHUH�PHDVXUHG�
E\�SHUIRUPLQJ�D�VKHDU�IDLOXUH�WHVW�RI�WKH�SRZGHU�OD\HU�
XVLQJ� D� SRZGHU� EHG� WHVWHU� �37+1���%$�� 0DQXIDF�
WXUHG�E\�6DQN\R�3LR�7HFK�&R���/WG���
Figure 3� VKRZV� D� VFKHPDWLF� GLDJUDP� RI� WKH� VKHDU�

WHVW��7KH�SRZGHU�ZKLFK� LV� WR�EH�PHDVXUHG� LV� IRUPHG�
LQWR�D�SRZGHU�EHG�ZLWK�WKH�WKLFNQHVV�RI�� PP�RQ�WKH�
IL[HG� SODWH�� DQG� SUHOLPLQDU\� SUHVVLQJ� DW� ���� N3D� LV�
SHUIRUPHG��1H[W��D�ZHLJKW�RI� WKH�VSHFLILHG�ZHLJKW� LV�

Fig. 2 Discharge test from hopper
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SODFHG� RQ� WKH� SRZGHU� EHG�� DQG� WKLV� PRYLQJ� SODWH� LV�
PRYHG� KRUL]RQWDOO\� DW� WKH� VSHHG� RI� �� PP�PLQ� E\�
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ILHG��7KLV�PD\�EH�GXH�WR�WKH�IDFW�WKDW�WKH�YROXPH�UDWLR�RI�
WKH�ILOOHU�VKRH�DQG�FDYLW\���9ROXPH�RI�ILOOHU�VKRH�����9RO�
XPH� RI� FDYLW\��� ZDV� DSSUR[LPDWHO\� ��� LQ� FRQWLQXRXV�
FRPSDFWLRQ�� EXW� ZDV� VPDOO� LQ� WKH� ILOOLQJ� H[SHULPHQW��
EHLQJ�DSSUR[LPDWHO\����DV�D�UHVXOW��WKH�HIIHFW�RI�UHSODFH�
PHQW� �WUDQVIHU�� RI� SRZGHU� GHVFULEHG� SUHYLRXVO\� ZDV�
VPDOO� LQ� FRQWLQXRXV� FRPSDFWLRQ�� DQG� WKH� GLIIHUHQFH� LQ�
YDULDWLRQ�RI�ZHLJKW�ZDV�DOVR�OHVV�UHPDUNDEOH�E\�D�FRUUH�
VSRQGLQJ� DPRXQW�� ,W� LV� WKRXJKW� WKDW� WKH� YDULDWLRQ� RI�
ZHLJKW�RI�LQGLYLGXDO�SDUWV�GXULQJ�FRQWLQXRXV�FRPSDFWLRQ�
FDQ� DOVR� EH� UHGXFHG� LQ� FRPSDULVRQ� ZLWK� WKH� FXUUHQW�
SURGXFW�

4.	 Conclusion

,Q� RUGHU� WR� LQYHVWLJDWH� WKH� SRZGHU� SURSHUWLHV� DQG�
YDULDWLRQ� RI� ZHLJKW� GXULQJ� FRPSDFWLRQ� RI� &OHDQPL[70�
=(52� IRU� KLJK� GHQVLW\� FRPSDFWLRQ�� LWV� EHKDYLRU� ZDV�
REVHUYHG� IURP� YDULRXV� DQJOHV�� DQG� WKH� IROORZLQJ� QHZ�
NQRZOHGJH�ZDV�REWDLQHG�
���  5HJDUGLQJ� SRZGHU� SURSHUWLHV��&OHDQPL[�=(52�KDV�

ODUJH�DSSDUHQW�GHQVLW\�DQG�H[FHOOHQW�IORZDELOLW\�
���  ,Q� WKH� KRSSHU� WHVW�� ZKLFK� LV� DQ� LQGH[� RI� WKH� ILOOLQJ�

FKDUDFWHULVWLF�� &OHDQPL[� =(52� GLVSOD\HG� DQ�
H[WUHPHO\�KLJK�GLVFKDUJLQJ�SURSHUW\�DQG�WKH�ZLGWK�RI�
WKH� DSHUWXUH� DIWHU� GLVFKDUJLQJ� ZDV� DOVR� ODUJH�� VXJ�
JHVWLQJ�WKDW�WKLV�SURGXFW�KDV�DQ�H[FHOOHQW�ILOOLQJ�SURS�
HUW\�

���  ,Q� WKH� SRZGHU� OD\HU� VKHDU� H[DPLQDWLRQ�� &OHDQPL[�
=(52� GLVSOD\HG� VPDOO� DGKHVLRQ�� %DVHG� RQ� WKLV��
&OHDQPL[� =(52� LV� FRQVLGHUHG� WR� VKRZ� D� KLJK� GLV�
FKDUJLQJ�SURSHUW\�DQG�ILOOLQJ�SURSHUW\�

���  7KH� ZHLJKW� FKDQJH� UDWH� RI� &OHDQPL[� =(52� DIWHU�
FRPSDFWLRQ� VWRS� DQG� UHVWDUW� LQ� FRQWLQXRXV� FRPSDF�
WLRQ�ZDV� DOVR� IRXQG� WR�EH� VPDOO� LQ� FRPSDULVRQ�ZLWK�
WKH�FRQYHQWLRQDO�&OHDQPL[�SURGXFW�

���  7KH�KLJK�ILOOLQJ�SURSHUW\�RI�&OHDQPL[�=(52�FRXOG�
DOVR� EH� FRQILUPHG� LQ� D� ILOOLQJ� WHVW�� DQG� LW� ZDV� VXJ�
JHVWHG� WKDW� WKH� LQWHUQDO� GHQVLW\� GLVWULEXWLRQ� ZLWKLQ�
RQH�SDUW�FRXOG�DOVR�EH�UHGXFHG�
%\�XVLQJ�&OHDQPL[�=(52��LW�FRQVLGHUHG�SRVVLEOH�QRW�

RQO\�WR�UHGXFH�YDULDWLRQV�RI�ZHLJKW�EHWZHHQ�JUHHQ�SDUWV�
GXULQJ�FRPSDFWLRQ��EXW� DOVR� WR� UHGXFH� WKH� LQWHUQDO�GHQ�
VLW\�GLVWULEXWLRQ�LQ�LQGLYLGXDO�SDUWV��7DNLQJ�DGYDQWDJH�RI�
WKLV�IHDWXUH��DSSOLFDWLRQ�RI�&OHDQPL[�=(52�WR�PDVV�SUR�
GXFWLRQ�RI�KDUG�WR�IRUP�SDUWV��ZKLFK�FRXOG�QRW�EH�PDVV�
SURGXFHG�LQ�WKH�SDVW�EHFDXVH�WKH�SRZGHU�GLG�QRW�ILOO�WKH�
GLH�XQLIRUPO\��LV�H[SHFWHG�
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