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1RXV� DYRQV� pWXGLp� OD� IDLVDELOLWp� WHFKQLTXH� GH� OD� YDORULVDWLRQ� GHV� GpFKHWV���
SDSLHUV�FDUWRQV�SRXU� OD� IDEULFDWLRQ�GHV�EULTXHWWHV�FRPEXVWLEOHV��/¶REMHFWLI�GH�
FHWWH� pWXGH� HVW� GH� FRQWULEXHU� j� OD� YDORULVDWLRQ� PDWLqUH� GH� OD� ILOLqUH� GpFKHWV�
PpQDJHUV�� SUpFLVpPHQW� FHOOH� GHV� GpFKHWV� SDSLHUV�FDUWRQV�� 3RXU� O¶DVSHFW�
WHFKQLTXH��O¶pWXGH�D�pWp�IDLWH�VXU�O¶LPSDFW�GH�OD�JRPPH�DUDELTXH�HW�OD�PpODVVH�
VXU� OD� TXDOLWp� GHV� EULTXHWWHV� j� WUDYHUV� O¶DQDO\VH� GH� OHXUV� FDUDFWpULVWLTXHV�
SK\VLTXHV� �LQGLFH� GH� UpVLVWDQFH� O¶LPSDFW�� WDX[� GH� UHOD[DWLRQ�� GHQVLWp�� HW�
WKHUPLTXHV��WDX[�G¶KXPLGLWp��WDX[�GH�PDWLqUHV�YRODWLOHV��WDX[�GH�FHQGUH��WDX[�GH�
FDUERQH� IL[H�� SRXYRLU� FDORULILTXH� LQIHULHXU�� SRXU� FRQQDvWUH� OHV� EULTXHWWHV� GH�
PHLOOHXUH�TXDOLWp��/D�SUHVVLRQ�GH�FRPSDFWDJH�pWDLW�j���EDUV��&HV�DQDO\VHV�QRXV�
RQW�SHUPLV�GH�PHWWUH�HQ�pYLGHQFH�WURLV�W\SHV�GH�EULTXHWWHV�GH�ERQQH�TXDOLWp��,O�
V¶DJLW�GH�FHOOHV�LVVXHV�GHV�PpODQJHV�DYHF�OD�JRPPH�DUDELTXH������GH�GpFKHWV�
SDSLHUV�HW�����GH�JRPPH�DUDELTXH���FHOOHV�LVVXHV�GHV�PpODQJHV�DYHF�OD�PpODVVH�
�����GH�GpFKHWV�SDSLHUV�HW�����GH�PpODVVH��HW�FHOOHV�LVVXHV�H[FOXVLYHPHQW�GHV�
GpFKHWV�SDSLHUV�FRPSDFWpV�GLUHFWHPHQW�DYHF�O¶HDX������GH�GpFKHWV�SDSLHUV�HW�
����G¶HDX���7RXWHV�OHV�EULTXHWWHV�SURGXLWHV�j�SDUWLU�GX�SDSLHU�RQW�XQ�3RXYRLU�
&DORULILTXH� ,QIpULHXU� GH� O¶RUGUH� GH� ��� 0-�NJ� TXHO� TXH� VRLW� OH� PpODQJH�
SDSLHUV�FDUWRQV�OLDQW�WHVWp���DYHF�FHSHQGDQW�XQ�3&,�SOXV�pOHYp�SRXU�OHV�EULTXHWWHV�
FRQWDQW�GH�OD�PpODVVH�FRPPH�OLDQW��/HV�UpVXOWDWV�REWHQXV�ORUV�GH�QRV�WUDYDX[�
QRXV� SHUPHWWHQW� GH� FRQFOXUH� TXH� OD� PpODVVH� HVW� OH� PHLOOHXU� OLDQW� SRXU� OD�
FRKpUHQFH� GHV� EULTXHWWHV�� SRXU� XQH� IDLEOH� PDVVH� YROXPLTXH� GHV� EULTXHWWHV���
DXVVL� HOOH� SHUPHW� G¶DYRLU� XQ� PHLOOHXU� ,5,� GHV� EULTXHWWHV�� HW� OHXU� DVVXUH� XQH�
PHLOOHXUH�GXUDELOLWp��&RQFHUQDQW� OHV�EULTXHWWHV�HOOHV�PrPHV��RQ�SHXW�DIILUPHU�
TXH�OHV�EULTXHWWHV�IDEULTXpHV�DYHF�O¶HDX�SUpVHQWHQW�XQ�IDLEOH�WDX[�G¶KXPLGLWp�SDU�
UDSSRUW�j�FHOOHV�IDEULTXpHV�DYHF�OD�JRPPH�DUDELTXH�HW�OD�PpODVVH��WDQGLV�TXH�OHV�
EULTXHWWHV�IDEULTXpHV�DYHF�OD�JRPPH�DUDELTXH�SRVVqGH�XQ�SOXV�IDLEOH�WDX[�GH�
PDWLqUHV�YRODWLOHV��3RXU�ILQLU��G¶DXWUHV�UpVXOWDWV�QRXV�PRQWUHQW�XQ�WDX[�GH�FHQGUH�
TXL�YDULH�WUqV�SHX�SRXU�OHV�EULTXHWWHV�IDEULTXpHV�DYHF�OD�PpODVVH�HW�XQ�WDX[�GH�
FDUERQH�IL[H�pOHYp�GDQV�FHOOHV�FRQoXHV�DYHF�GH�O¶HDX��

�
,��,1752'8&7,21�
/D� JHVWLRQ� GHV� GpFKHWV� HVW� XQH� SUpRFFXSDWLRQ� GDQV� OD�
SOXSDUW�GH�QRV�YLOOHV��7RXWHIRLV��SRXU�ERRVWHU�OHV�VHFWHXUV�
SUpRFFXSDQWV� SUpVHQWpV� SDU� QRV� GpFLGHXUV�� j� VDYRLU�
O¶pGXFDWLRQ�� OD� VDQWp�� OD� IRXUQLWXUH� G
HDX� SRWDEOH��
O¶DJULFXOWXUH�� OD� FRQVWUXFWLRQ� GHV� LQIUDVWUXFWXUHV�� QRXV�
DYRQV�EHVRLQ�GH�WUDYDLOOHU�GDQV�XQ�HQYLURQQHPHQW�VDLQ��HQ�
O¶RFFXUUHQFH�XQ�PLOLHX�DPELDQW�DYHF�XQ�V\VWqPH�GH�JHVWLRQ�
RSWLPDO� GHV� GpFKHWV�� $LQVL�� OHV� GpFKHWV� GHYUDLHQW� IDLUH�

O
REMHW�G
XQH�DWWHQWLRQ�SDUWLFXOLqUH��%(0%�*��&����������/D�
JHVWLRQ� GHV� GpFKHWV�� SDUWLFXOLqUHPHQW� FHOOH� GHV� GpFKHWV�
VROLGHV� FRQVWLWXH� O¶XQ� GHV� GpILV� GH� OD� SOXSDUW� GHV�
FROOHFWLYLWpV� WHUULWRULDOHV� VXUWRXW� SRXU� OHV� PR\HQQHV� HW�
JUDQGHV� YLOOHV� R�� OD� FURLVVDQFH� GpPRJUDSKLTXH� HW� OD�
GLYHUVLWp�GHV�DFWLYLWpV�VRFLR�pFRQRPLTXHV�VRQW�j�O¶RULJLQH�
GH� OD� GpJUDGDWLRQ� GH� O¶HQYLURQQHPHQW�� /HV� RUGXUHV�
PpQDJqUHV�SURGXLWHV�j�2XDJDGRXJRX�FRQWLHQQHQW�XQH�SDUW�
QRQ�QpJOLJHDEOH�GH�SDSLHUV�HW�GH�FDUWRQV�GH�O¶RUGUH�GH�����
VRLW��������WRQQHV�SDU�DQ��*$'2�,��+��HW�DO���������8Q�ERQ�
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V\VWqPH�GH�JHVWLRQ�GH�FHV�GpFKHWV�FRQVWLWXDQW�XQ�FUpQHDX�
LQGLVSHQVDEOH�GH�PHWWUH� HQ�SODFH�XQ�SODQ�GH� JHVWLRQ�GHV�
GpFKHWV� �'86$%(�0��6��� �������8QH� GHV� DFWLRQV� GH� FH�
SODQ�GH�JHVWLRQ�VHUDLW�OD�YDORULVDWLRQ�PDWLqUH��OH�UHF\FODJH�
HW�RX�OD�UpXWLOLVDWLRQ�GHV�GpFKHWV�TXL�SHXYHQW�O¶rWUH��3DUPL�
FHV�GpFKHWV�YDORULVDEOHV��QRXV�SRXYRQV�FLWHU�OH�SDSLHU�HW�OHV�
FDUWRQV� FRPPXQpPHQW� DSSHOp� SDSLHUV�FDUWRQV� �0pODQLH�
352867�� �������3OXVLHXUV� W\SHV� GH� WUDLWHPHQW� SRXU� FHV�
SDSLHUV�FDUWRQV� H[LVWHQW�� 8QH� JUDQGH� SDUWLH� HVW�
SRWHQWLHOOHPHQW�YDORULVDEOH�HW�FH��HQ�IRQFWLRQ�GH�OHXU�QDWXUH�
FKLPLTXH�� GH� OHXUV� SURSULpWpV� PpFDQLTXHV�� SK\VLFR�
FKLPLTXHV�RX�GH�OHXU�SRXYRLU�FDORULILTXH�LQIpULHXU��3&,���
$XVVL�� OD� SpQXULH� DFWXHOOH� GHV� pQHUJLHV� WUDGLWLRQQHOOHV� DX�
%XUNLQD�)DVR��ERLV�HW�FKDUERQ�GX�ERLV��HQWUDLQH�XQ�VpULHX[�
SUREOqPH� GH� GpERLVHPHQW� HW� GRQF� G¶pURVLRQ� HW�
G¶DSSDXYULVVHPHQW� GHV� VROV�� G¶DSSURYLVLRQQHPHQW�� GH�
GpVHUWLILFDWLRQ� HW� GHV�KDXVVHV�GHV�SUL[� �'86$%(�0��6���
������� 7RXWH� FKRVH� TXL� PRQWUH� OD� QpFHVVLWp� GH� OD�
YDORULVDWLRQ�GHV�GpFKHWV�QRWDPPHQW�OD�WUDQVIRUPDWLRQ�GHV�
GpFKHWV� SDSLHUV�FDUWRQV� HQ� EULTXHWWHV� TXL� SRXUURQW�
pYHQWXHOOHPHQW� VH� VXEVWLWXHU� SDUWLHOOHPHQW� DX[�
FRPEXVWLEOHV� WUDGLWLRQQHOV� �ERLV�� FKDUERQV«��� &HWWH�
GHUQLqUH� YRLH� SURSRVpH� HVW� O¶REMHW� GH� QRWUH� pWXGH� pWDQW�
GRQQp�TXH�OHV�EULTXHWWHV�j�EDVH�GH�SDSLHU�FDUWRQ�VRQW�XQH�
VRXUFH� SRWHQWLHOOH� G¶pQHUJLH� UHQRXYHODEOH� VL� HOOHV� VRQW�
IDEULTXpHV�j�SDUWLU�GH�OD�ELRPDVVH��1MHQJD��0��HW�DO���������
$ILQ�GH�UHQGUH�EHDXFRXS�SOXV�FRKpUHQW��ULJLGH�HW�VWDEOH�FHV�
EULTXHWWHV��QRXV�WHVWHURQV�GHX[�W\SHV�GH�OLDQWV�j�VDYRLU�OD�
JRPPH� DUDELTXH� HW� OD� PpODVVH� TXL� SUpVHQWHQW� FHV�
FDUDFWpULVWLTXHV��6L�XQH� WHOOH�VROXWLRQ�pWDLW�HQYLVDJpH�HOOH�
SHUPHWWUDLW� GH� UpGXLUH� OHV� QXLVDQFHV� OLpHV� j� OD� SROOXWLRQ�
HQYLURQQHPHQWDOH�HQJHQGUpH�SDU�FH�W\SH�GH�GpFKHWV�HW�GH�
EDLVVHU� VHQVLEOHPHQW� OH�FR�W�GH� WUDQVSRUW�GH�FHV�GpFKHWV���
8Q� DXWUH� DYDQWDJH� VHUDLW� OD� SURSRVLWLRQ� GH� VROXWLRQV� DX[�
DXWRULWpV� GX� %XUNLQD� )DVR� TXL� VRQW� DXMRXUG¶KXL� SUrWHV� j�
LQYHVWLU�GDQV�G¶DXWUHV�VRXUFHV�DOWHUQDWLYHV�GH�FRPEXVWLEOHV�
j� PrPH� GH� VH� VXEVWLWXHU� SDUWLHOOHPHQW� RX� WRWDOHPHQW� DX�
ERLV� GH� FKDXIIDJH� HW� DX� FKDUERQ� GX� ERLV�� /¶REMHFWLI�
SULQFLSDO�HVW�GH�FRQWULEXHU�j�OD�YDORULVDWLRQ�PDWLqUH�GH�OD�
ILOLqUH� GpFKHWV� PpQDJHUV�� SUpFLVpPHQW� FHOOH� GHV� GpFKHWV�
SDSLHUV�FDUWRQV�� 3OXV� VSpFLILTXHPHQW�� LO� V¶DJLW��L�� GH�
FRQFHYRLU�DYHF�GHX[�W\SHV�GH�OLDQWV�GHV�EULTXHWWHV�j�EDVH�
GH� SDSLHUV�FDUWRQV�� �LL�� G¶pWXGLHU� O¶LPSDFW� GX� OLDQW� VXU� OD�
TXDOLWp� GHV� EULTXHWWHV� j� WUDYHUV� O¶DQDO\VH� GH� OHXUV�
FDUDFWpULVWLTXHV�SK\VLTXHV��PpFDQLTXHV�HW�FKLPLTXHV���

,,��0$7(5,(/6�(7�0(7+2'(6�

�����0DWpULHOV�
2.1.1. Choix des matières premières  

/D�FROOHFWH�GHV�GpFKHWV�SDSLHUV�FDUWRQV�V¶HVW�IDLWH�DX�VHLQ�
GH�O¶8QLYHUVLWp�2XDJD�,�3U�-RVHSK�.,�=(5%2�j�O¶DLGH�GH�
SRXEHOOHV�TXH�QRXV�DYRQV�SRVLWLRQQpHV�GHYDQW�OHV�VDOOHV�GH�
FODVVH��/D�JRPPH�DUDELTXH�HW�OD�PpODVVH�RQW�pWp�DFKHWpHV�
UHVSHFWLYHPHQW�j�2XDJDGRXJRX�HW�j�OD�6RFLpWp�6XFULqUH�GH�
OD�&RPRp��6268&2��j�%DQIRUD��

2.1.2. Dispositif expérimental 

/H� EULTXHWDJH� HW� OHV� DQDO\VHV� SK\VLTXHV�� WKHUPLTXHV� HW�
PpFDQLTXHV� RQW� pWp� HIIHFWXpV� j� O¶DLGH� GX� GLVSRVLWLI�
FRPSUHQDQW�XQ� GpFKLTXHWHXU� SRXU� GpFKLTXHWHU� OHV�
SDSLHUV�FDUWRQV�HQ�PRUFHDX[�GH�SHWLWHV�WDLOOHV��LQIpULHXU�j�
��PP�GH�GLDPqWUH��DILQ�G¶RSWLPLVHU�O¶KRPRJpQpLVDWLRQ�GHV�
EULTXHWWHV��/D�EDODQFH�GH�SUpFLVLRQ� ���PJ�DX�PRLQV��TXL�
VHUYLUD� SRXU� OD� PHVXUH� GH� OD� PDVVH� GHV� pFKDQWLOORQV� GH�
GpFKHWV�SDSLHUV�FDUWRQV�HW�GHV�OLDQWV��8QH�SUHVVH�PDQXHOOH�
�SUHVVLRQ�PD[LPDOH�GH�����EDUV��SRXU�OH�FRPSDFWDJH�GHV�
GpFKHWV� SDSLHUV�FDUWRQV��8Q� SLHG� j� FRXOLVVH� SUpFLVLRQ� GH�
����� PP� SRXU� PHVXUHU� OD� WDLOOH� GHV� EULTXHWWHV� DILQ� GH�
GpGXLUH� OD�PDVVH� YROXPLTXH� HW� OH� WDX[�GH� UHOD[DWLRQ�GHV�
EULTXHWWHV��8QH�pWXYH�GH�PDUTXH�+HUDHXV�XWLOLVpH�FRPPH�
VpFKRLU�SRXU� OHV�EULTXHWWHV�IDEULTXpHV�HW� OD�GpWHUPLQDWLRQ�
GX�WDX[�G¶KXPLGLWp�GHV�EULTXHWWHV��8Q�GLVSRVLWLI��XQH�SLQFH�
DFFURFKpH�j�XQ�IHU��SRXU�PDLQWHQLU�OD�EULTXHWWH�j���P�GX�VRO�
DILQ�GH�PHVXUHU�VD�UpVLVWDQFH�j�O¶LPSDFW��8Q�IRXU�j�PRXIOH�
SURJUDPPDEOH� SRXU� OD� PHVXUH� GX� WDX[� GH� PDWLqUHV�
YRODWLOHV��GX� WDX[�GH�FHQGUHV�HW�GX� WDX[�GH�FDUERQH� IL[H��
8QH�ERPEH�FDORULPpWULTXH�SRXU�OD�PHVXUH�GX�3&,��
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Fig.1. Presse hydraulique manuelles�
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Fig.2. Four à moufle 
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Fig.3. Moule pour briquetage 
�
�����0pWKRGHV�
2.2.1. Protocole expérimental 

'¶DSUqV�OHV�WUDYDX[�G¶,EUDKLP�+��*$'2�HW�DO�������������
EDUV�HVW�OD�SUHVVLRQ�RSWLPDOH�GH�FRPSDFWDJH�GH�WRXV�W\SHV�
GH�EULTXHWWHV�j�EDVH�GH�GpFKHWV�SDSLHUV�FDUWRQV��/D�PDVVH�
G¶pFKDQWLOORQ�SDU�HVVDL��GpFKHWV�SDSLHUV���OLDQW��HVW�GH�����
JUDPPHV�HW�HVW�FRPSDFWpH�j�XQH�SUHVVLRQ�GH����EDUV��/D�
JRPPH�D�pWp�FRQFDVVpH�HQ�GH�SHWLWV�PRUFHDX[�j�O¶DLGH�G¶XQ�
PRUWLHU�� 3RXU� FKDTXH� OLDQW� QRXV� DYRQV� WURLV� PpODQJHV�
GLVWLQFWV�SRXU�OD�IDEULFDWLRQ�GHV�EULTXHWWHV���

/H�WDEOHDX���PRQWUH�OHV�SURSRUWLRQV�GHV�PDWLqUHV�SUHPLqUHV�
XWLOLVpHV�SRXU�OH�EULTXHWDJH��

Table 1. Choix de la composition�

2.2.2. Paramètres physiques, thermiques et mécaniques 

/D�SHUIRUPDQFH�GHV�EULTXHWWHV�HVW�GpWHUPLQpH�j�SDUWLU�GHV�
SDUDPqWUHV� WHOV� TXH� OH� 3&,�� OD� PDVVH� YROXPLTXH�� OD�
UpVLVWDQFH�j�O¶LPSDFW��OD�UHOD[DWLRQ��OH�WDX[�G¶KXPLGLWp��OH�
WDX[� GH�PDWLqUHV� YRODWLOHV�� OH� WDX[� GH� FHQGUH�� OH� WDX[� GH�
FDUERQH� IL[H�� /¶REMHFWLI� HVW� GH� GpWHUPLQHU� OH� PpODQJH�

RSWLPDO�SRXU� OD� FRQFHSWLRQ�GH�EULTXHWWHV� HW� O¶LPSDFW� GHV�
OLDQWV�XWLOLVpV�VXU�OD�TXDOLWp�GHV�EULTXHWWHV�IDEULTXpHV��

a)  Le Pouvoir calorifique inférieur (PCI) 
3ULQFLSH�GH�PHVXUH���/H�3&,�HVW�GpWHUPLQp�j�O¶DLGH�G¶XQH�
ERPEH�FDORULPpWULTXH�HQ�SUpVHQFH�G¶R[\JqQH�HW�XQ�VXLYL�
GH� WHPSpUDWXUH� WRXWHV� OHV� ��� VHFRQGHV� GRLW� rWUH� DVVXUp�
MXVTX¶j� OD� VWDELOLVDWLRQ�� 6D� GpWHUPLQDWLRQ� VXLW� OD� QRUPH�
IUDQoDLVH�1)� ,62������� ������&HWWH�PpWKRGH�SHUPHW�GH�
GpWHUPLQHU�OH�3RXYRLU�&DORULTXH�6XSpULHXU��pTXDWLRQ����HW�
OH� 3&,� HVW� GpGXLW� SDU� VLPSOH� FDOFXO� j� SDUWLU� GX� 3&6�
�pTXDWLRQ�����

��� ൌ ௄భכா೎ೌ೗כሺ ೘்ି்೔ሻି௄భכா೛೟כሺ௅೔ି௅೑ሻ

௠೐೎೓ೌ೙೟೔೗೗೚೙
��� � �����

��� ൌ ܵܥܲ െ ሺ௄భכா೎೚೙೏כு೐೎೓
ଵ଴଴

൅ ா೎೚೙೏כௐ
ଵ଴଴

ሻ��� � ����
�
�
b) La masse volumique (ȡ) 
/HV� GLPHQVLRQV� GH� OD� EULTXHWWH� VRQW� PHVXUpHV� SDU� XQ�
FRPSDV��/D�1RUPH�$)125�;����%��1�����GRQQH�OH�FDOFXO�
GH�OD�PDVVH�YROXPLTXH�SDU�O¶pTXDWLRQ�������

ɏ ൌ ௠
୚
�� � DYHF��9ൌ ۲૛۶כૈכ

ସ
� � � �����

'��� OH� GLDPqWUH�� +��� OD� KDXWHXU�� 9��� OH� YROXPH� HW� P��� OD�
PDVVH�GH�OD�EULTXHWWH��

c) L’indice de résistance à l’impact (IRI) 
3RXU�GHWHUPLQHU� OD� UHVLVWDQFH�j� O¶LPSDFW�G¶XQH�EULTXHWWH��
RQ�SODFH�XQ�GLVSRVLWLI�j�XQH�KDXWHXU�GH���PqWUHV�GX�VRO�HW�
RQ�ODLVVH�FKXWWHU�OD�EULTXHWWH��&HOD�VH�UHSqWH�MXVTX¶j�FH�TXH�
OD�EULTXHWWH�VH�FDVVH��&HWWH�H[SHULPHQWDWLRQ�VH�IDLW�DYHF�GHV�
EULTXHWWHV�GH�PrPH�W\SH�HW�GH�OD�PrPH�SUHVVLRQ��'¶DSUqV�
5LFKDUGV���������O¶HTXDWLRQ�����GH�OD�UHVLVWDQFH�j�O¶LPSDFW�
HVW����

� ܫܴ� ൌ ଵ଴଴כே
௡

��� � � � ����
n���OH�QRPEUH�GH�PRUFHDX[�GH�EULTXHWWH�DSUqV�OD�FDVVXUH���
N��� OH� QRPEUH� GH� FKXWH� GH� OD� EULTXHWWH� �5LFKDUGV� 6�� 5���
�������

d) Le taux de relaxation (%li) 
$SUqV�DYRLU�ILQL�OD�IDEULFDWLRQ�GH�OD�EULTXHWWH��VD�ORQJXHXU�
D�WHQGDQFH�j�V¶DXJPHQWHU�DYHF�OH�WHPSV��(OOH�SDVVH�G¶XQH�
ORQJXHXU� O�� j� XQH� ORQJXHXU� PD[LPDOH� OPD[� DYDQW� GH� VH�
VWDELOLVHU��O��HVW�OD�ORQJXHXU�GH�OD�EULTXHWWH�LPPpGLDWHPHQW�
DSUqV� VD� VRUWLH� GX�PRXOH��� OPD[� HVW� OD� ORQJXHXU�PD[LPDOH�
DWWHLQWH� SDU� OD� EULTXHWWH� GL[� PLQXWHV� DSUqV� VD� VRUWLH� GX�
PRXOH��6HORQ�OHV�WUDYDX[�GH�&KLQ��2��&���JpQpUDOHPHQW�OH�
PD[LPXP�GH�UHOD[DWLRQ�GXUH�GL[�PLQXWHV�HW�QRXV�DYRQV�SX�
OH� YpULILHU� VXU� QRV�EULTXHWWHV� SURGXLWHV��/H�PD[LPXP�GH�
UHOD[DWLRQ�HVW�GRQQp�SDU�O¶pTXDWLRQ��������

Ψ�୧ ൌ ͳͲͲ כ ሺ୪ౣ౗౮ି୪బሻ
୪౥

����� � � � �����
e) Le taux d’humidité (W) 
&¶HVW� XQ� SDUDPqWUH� GpWHUPLQDQW� SRXU� OD� FRPEXVWLRQ� GHV�
EULTXHWWHV� �� V¶LO� HVW� pOHYp�� OD� FRPEXVWLRQ� HVW� TXDVL�
LPSRVVLEOH��

1RP��GHV�
EULTXHWWHV� 3URSRUWLRQV�GHV�PDWLqUHV�SUHPLqUHV�

3���*���� GpFKHWV�SDSLHU�����J����JRPPH�
DUDELTXH�����J��

3���*���� GpFKHWV�SDSLHU�����J����JRPPH�
DUDELTXH�����J��

3���*���� GpFKHWV�SDSLHU�����J����JRPPH�
DUDELTXH�����J��

3���(���� GpFKHWV�SDSLHU�����J����HDX�����J��

3���(���� GpFKHWV�SDSLHU�����J����HDX�����J��

3���(���� GpFKHWV�SDSLHU�����J����HDX�����J��

3���0���� GpFKHWV�SDSLHU�����J����PpODVVH�����J��

3���0���� GpFKHWV�SDSLHU�����J����PpODVVH�����J��

3���0���� GpFKHWV�SDSLHU�����J����PpODVVH�����J��
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3ULQFLSH�GH�PHVXUH���/¶pFKDQWLOORQ�HVW�SODFp�GDQV�XQH�pWXYH�
j�����&�SHQGDQW���KHXUHV�HW�RQ�HIIHFWXH�XQH�SHVpH�DSUqV�
O¶DYRLU� VRUWL�� 6D� GpWHUPLQDWLRQ� VXLW� OD� QRUPH� HXURSpHQQH�
1RUPH�$)125�;�����/H�WDX[�G¶KXPLGLWp�HVW�REWHQX�SDU�
OD�IRUPXOH�VXLYDQWH�������

��ሺΨሻ ൌ ͳͲͲ כ ୫మି୫య
୫యି୫భ

��� � � � �����
:� �� WDX[� G¶KXPLGLWp�� P�� �� PDVVH� GH� O¶pFKDQWLOORQ� �� OD�
FRXSHOOH�� P�� �� PDVVH� REWHQX� DSUqV� FKDXIIDJH� j� ����&� j�
O¶pWXYH��P����PDVVH�GH�OD�FRXSHOOH���

f) Le taux de matières volatiles (MOV) 
'¶DSUqV� OD� QRUPH� IUDQoDLVH� 02������� SRXU� OHV�
SDSLHUV�FDUWRQV� OD� WHPSpUDWXUH� j� ODTXHOOH� OHV� PDWLqUHV�
YRODWLOHV� VRQW� REWHQXHV� HVW� GH� ����&�� /H� WDX[� GH�029�
FDXWLRQQH�O¶LQIODPPDELOLWp�GX�FRPEXVWLEOH���

3ULQFLSH� GH� PHVXUH� �� /H� PrPH� pFKDQWLOORQ� XWLOLVp� SRXU�
WURXYHU�OH�WDX[�G¶KXPLGLWp�HVW�FKDXIIp�GDQV�XQ�IRXU�j�XQH�
WHPSpUDWXUH�DOODQW�MXVTX¶�j�����&��6D�GpWHUPLQDWLRQ�VXLW�OD�
QRUPH�IUDQoDLVH�1)�02������HW�LQWHUQDWLRQDOH�,62�������

/H�WDX[�GH�PDWLqUHV�YRODWLOHV�HVW�GpWHUPLQp�SDU�OD�SHUWH�GH�
PDVVH�SHQGDQW�FH�FKDXIIDJH��/D�IRUPXOH�VXLYDQWH�SHUPHW�
GH�FDOFXOHU�OH�WDX[�GH�PDWLqUHV�YRODWLOHV��������

��� ൌ ͳͲͲ כ ୫ᇱమି୫ᇱయ
୫ᇱమି୫ᇱభ

�� � � � �����
029���7DX[�GH�PDWLqUHV�YRODWLOHV���
�Ԣଵ ���PDVVH�GX�FUHXVHW�YLGH�PXQL�GH�VRQ�FRXYHUFOH���
�Ԣଶ ���PDVVH�GX�FUHXVHW���GH�O¶pFKDQWLOORQ���OH�FRXYHUFOH���
�Ԣଷ ��� PDVVH� GX� FUHXVHW� �� UpVLGX� �� FRXYHUFOH� DSUqV�
FKDXIIDJH�j����Ԩ�SHQGDQW�VHSW�����PLQXWHV��
g) Le taux de cendres (A) 
/H� WDX[� GH� FHQGUHV� UHSUpVHQWH� OD� TXDQWLWp� GHV� PDWLqUHV�
PLQpUDOHV�FRQWHQXHV�GDQV�XQ�FRPEXVWLEOH��,O�HVW�LPSRUWDQW�
SRXU�O¶DSSUpFLDELOLWp�GX�FRPEXVWLEOH�GX�IDLW�TXH�TXDQG�LO�
HVW� WUqV� pOHYp�� FHV� FHQGUHV� GHYLHQQHQW� REVWDFOH� j� OD�
SURJUHVVLRQ�GH�OD�FRPEXVWLRQ����

3ULQFLSH�GH�PHVXUH���/H�WDX[�GH�FHQGUHV�HVW�REWHQX�SDU�OH�
FKDXIIDJH� GH� O¶pFKDQWLOORQ� MXVTX¶j� ����&� GDQV� XQ� IRXU�
PRXIOH�� 6D� GpWHUPLQDWLRQ� VXLW� OD� QRUPH� HXURSpHQQH� (1�
�������/H�WDX[�GH�FHQGUHV�HVW�GpWHUPLQp�SDU�OD�PDVVH�GHV�
UpVLGXV�DSUqV� LQFLQpUDWLRQ��/H� UpVXOWDW�HVW�REWHQX�DYHF� OD�
IRUPXOH�VXLYDQWH���������

��ሺΨሻ ൌ ͳͲͲ כ ୫ᇱᇱయି୫ᇱᇱభ
୫ᇱᇱమି୫ᇱᇱభ

�� � � � �����
$���WDX[�GH�FHQGUHV���
�ԢԢଷ ��� PDVVH� GH� OD� SRXGUH� REWHQXH� DSUqV� LQFLQpUDWLRQ� j�
����&����
�ԢԢଶ ���PDVVH�GH�O¶pFKDQWLOORQ���FUHXVHW���
�ԢԢଵ ���PDVVH�GX�FUHXVHW�YLGH���
h) Le taux de carbone fixe (CF) 
&¶HVW�OD�TXDQWLWp�UHVWDQWH�GH�FDUERQH�DSUqV�pOLPLQDWLRQ�GHV�
PDWLqUHV� YRODWLOHV�� GHV� FHQGUHV� HW� GH� O¶KXPLGLWp�� ,O� HVW�
GLIIpUHQW�GH�FDUERQH�WRWDO�TXL�HVW�OD�VRPPH�GX�FDUERQH�IL[H�
HW�OH�FDUERQH�FRQWHQX�GDQV�OD�SDUWLH�YRODWLOLVpH��/H�WDX[�GH�
FDUERQH�IL[H�HVW�GpWHUPLQp�HQ�VXLYDQW�OD�QRUPH�$670�HW�LO�
HVW�FDOFXOp�SDU�OD�IRUPXOH�VXLYDQWH�������

�	�ሺΨሻ ൌ ͳͲͲ െ ���ሺΨሻ െ �ሺΨሻ�� � ����
�

,,,��5(68/7$76�(7�',6&866,21�

&HWWH�SDUWLH�GH�O¶pWXGH�D�SRXU�EXW�GH�SUpVHQWHU�OHV�UpVXOWDWV�
DX[TXHOV� QRWUH� WUDYDLO� D� DERXWL�� 1RXV� SUpVHQWRQV� OHV�
UpVXOWDWV�GH�O¶pWXGH�GH�IDLVDELOLWp�WHFKQLTXH��&HV�UpVXOWDWV�
VHURQW�DFFRPSDJQpV�SDU�OHXUV�LQWHUSUpWDWLRQV�HW�GLVFXVVLRQ��

�����5pVXOWDWV�REWHQXV�
/H�WDX[�G¶KXPLGLWp�SUpVHQWp�HVW�OH�SRXUFHQWDJH�GH�OD�WHQHXU�
HQ�HDX�GX�FRPEXVWLEOH�j� O¶pWDW�QDWXUHO� �PDWLqUH�KXPLGH���
3DU� FRQWUH�� OHV� YDOHXUV� GHV� TXDWUH� SDUDPqWUHV� �WDX[� GH�
PDWLqUHV�YRODWLOHV��WDX[�GH�FHQGUHV��OH�WDX[�GH�FDUERQH�IL[H�
HW�OH�3&,��SUpVHQWpHV�RQW�pWp�DQDO\VpHV�VXU�OD�PDWLqUH�VqFKH��
/HV�UpVXOWDWV�GpWDLOOpV�VRQW�SUpVHQWpV�GDQV�OHV�WDEOHDX[���D�
HW���E���

Table.2.a. Résultat des tests�

Briquettes Relaxation 
en % 

Masse 
volumique 

g /cm3 
IRI W en 

% 

3���*���� ���� ������ ���� ����

3���*���� ����� ������ ������ ����

3���*���� ����� ������ ������ �����

3���(���� ������ ������ ������ ����

3���(���� ����� ������ ������ ����

3���(���� ������ ������ ������ ����

3���0���� ����� ������ ������ ����

3���0���� ����� ������ ���� ����

3���0���� ����� ����� ������ �����

'pFKHW�
SDSLHU� �� �� �� ����

*RPPH�
DUDELTXH� �� �� �� �����

0pODVVH� �� �� �� �����

�
Table.2.b. Résultat des tests�

Briquettes MOV 
en % 

A en 
% 

Cf en 
% 

PCI en 
MJ/kg 

3���*���� ����� ���� ����� �����

3���*���� ����� ���� ����� �����

3���*���� ����� ���� ����� �����

3���(���� ����� ����� ����� �����

3���(���� ����� ����� ����� �����
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Briquettes MOV 
en % 

A en 
% 

Cf en 
% 

PCI en 
MJ/kg 

3���(���� ����� ����� ����� �����

3���0���� ��� ��� ���� �����

3���0���� ����� ����� ���� �����

3���0���� ����� ����� ���� �����

'pFKHW�SDSLHU� ����� ����� ���� �����

*RPPH�DUDELTXH� ����� ���� ����� �����

0pODVVH� ����� ���� ����� �����
�
�����,PSDFW�GH�OD�JRPPH�DUDELTXH�HW�GH�OD�PpODVVH�VXU�
OH�FRPSDFWDJH�
3.2.1. Le taux de relaxation 

8QH� GHV� FDUDFWpULVWLTXHV� LPSRUWDQWHV� G¶XQH� EULTXHWWH� HVW�
VRQ�WDX[�GH�UHOD[DWLRQ��/H�OLDQW�MRXH�XQ�U{OH�WUqV�SULPRUGLDO�
GDQV� OD� UHOD[DWLRQ� GH� OD� EULTXHWWH� SDUFH� TX¶LO� IDFLOLWH� OD�
FRKpVLRQ�GHV�GpFKHWV�SDSLHUV�GpFKLTXHWpV��1RXV�DYRQV�XQ�
WDX[�GH�UHOD[DWLRQ�WUqV�YDULDEOH����j�������HQ�IRQFWLRQ�GX�
W\SH�HW�GHV�SURSRUWLRQV�GX�OLDQW�FRPPH�OH�PRQWUH�OD�)LJXUH�
���

�
Fig.4. Taux de relaxation des briquettes 

 
/HV� EULTXHWWHV� IDEULTXpHV� DYHF� OD� JRPPH� DUDELTXH�
SUpVHQWHQW�XQ�WDX[�GH�UHOD[DWLRQ�TXL�YD�GH������j�������
HQ� IRQFWLRQ� GH� OD� SURSRUWLRQ� GHV�PDWLqUHV� SUHPLqUHV�� /D�
3���*���� D� OH� WDX[� OH� SOXV� pOHYp� ������� HW� OH� SHWLW�
�������� HVW� OD� 3���*�����2Q� FRQVWDWH� TXH� OH� WDX[� GH�
UHOD[DWLRQ�GLPLQXH�DYHF�OD�TXDQWLWp�GH�JRPPH�XWLOLVpH���

/HV�EULTXHWWHV�IDEULTXpHV�DYHF�O¶HDX�FRPPH�OLDQW�VHPEOHQW�
rWUH� OHV� EULTXHWWHV� TXL� VH� UHOD[HQW� OH� SOXV��� VD� UHOD[DWLRQ�
YDULH�GH�������j���������/D�3���(����D�OH�WDX[�OH�SOXV�
pOHYp� HW� OD� 3���(���� D� OH� SOXV� SHWLW� DYHF� XQ� WDX[� GH�

UHOD[DWLRQ� GH� �������*DGR� HW� DO��� RQW� WURXYp� XQ� WDX[� GH�
UHOD[DWLRQ�GH�������GHV�EULTXHWWHV�GH�GpFKHWV�SDSLHUV���

/HV�EULTXHWWHV�IDEULTXpHV�DYHF�OD�PpODVVH�RQW�XQ�WDX[�GH�
UHOD[DWLRQ�TXL�YDULH�WUqV�SHX���������������/D�3���0����
�������� D� XQ� WDX[� SOXV� JUDQG� TXH� FHOXL� GH� OD� EULTXHWWH�
3���0�������������/HV�UpVXOWDWV�REWHQXV�DYHF�OHV�WURLV�
W\SHV�GH�EULTXHWWHV�QRXV�SHUPHWWHQW�GH�GLUH�TXH�OHV�OLDQWV�
RQW� XQH� LQIOXHQFH� VXU� OHXU� FRKpVLRQ�� /HV� EULTXHWWHV�
IDEULTXpHV�DYHF�OD�PpODVVH�SUpVHQWHQW�OH�SOXV�IDLEOH�WDX[�GH�
UHOD[DWLRQ�SDUFH�TXH�FHV�GHUQLqUHV�VRQW�SOXV�FRKpUHQWHV�DX�
GpPRXODJH��&HOOHV�IDEULTXpHV�DYHF�OD�JRPPH�DUDELTXH�HVW�
pOHYp� SDUFH� TX¶HOOHV� VHPEOHQW� rWUH� PRLQV� FRKpUHQWHV� DX�
GpPRXODJH���

3.2.2. La masse volumique 

/D�PDVVH�YROXPLTXH�GHV�WURLV�W\SHV�GH�EULTXHWWHV�YDULH�GH�
������J�FP��j������J�FP��HW�OHV�UpVXOWDWV�RQW�pWp�UHJURXSpV�
GDQV�OD�ILJXUH����

�
�

Fig.5. Masse volumique des briquettes 
�
/HV�EULTXHWWHV�IDEULTXpHV�DYHF�OD�JRPPH�DUDELTXH�RQW�GH�
JUDQGH�PDVVH�YROXPLTXH��/D�3���*����HVW�FHOOH�OD�SOXV�
pOHYp� ������� J�FP��� HW� 3���*���� OD� SOXV� EDVVH� �������
J�FP���� (OOH� pYROXH� HQ� IRQFWLRQ� GH� OD� SURSRUWLRQ� GHV�
PDWLqUHV� SUHPLqUHV� GHV� EULTXHWWHV�� /HV� EULTXHWWHV�
IDEULTXpHV� DYHF� OD� PpODVVH� RQW� XQH� PDVVH� YROXPLTXH�
UHODWLYHPHQW�SHWLWH�SDU�UDSSRUW�DX[�DXWUHV�OLDQWV�pWXGLpV��/D�
3���0��� D� XQH�PDVVH� YROXPLTXH� GH� ������ J�FP�� HW� OD�
3���0����j�OD�SOXV�SHWLWH�PDVVH�YROXPLTXH������J�FP���

/HV� EULTXHWWHV� IDEULTXpHV� DYHF� O¶HDX� RQW� XQH� PDVVH�
YROXPLTXH� TXL� YDULH� WUqV� SHX� ��������� J�FP���� /D�
3���(����D�OD�SOXV�JUDQGH�PDVVH�YROXPLTXH������J�FP���
HW�3���(����OD�SOXV�SHWLWH������J�FP����'¶DXWUHV�DXWHXUV�
WHOV� TXH� ,��+��*$'2�HW� DO� ������� RQW� WURXYp� XQH�PDVVH�
YROXPLTXH�GH������J�FP��SRXU�OH�FRPSDFWDJH�GHV�SDSLHUV�
GH� EXUHDX�� $�� 2ORUXQQLVROD� ������� D� REWHQX� XQH� PDVVH�

Ϭ

ϱ

ϭϬ

ϭϱ

ϮϬ

Ϯϱ

ϯϬ

ϯϱ

ϰϬ

ϰϱ
7DX[�UHOD[DWLRQ

Ϭ

Ϭ͕ϭ

Ϭ͕Ϯ

Ϭ͕ϯ

Ϭ͕ϰ

Ϭ͕ϱ

Ϭ͕ϲ

Ϭ͕ϳ

Ϭ͕ϴ

Ϭ͕ϵ

ϭ
0DVVH�9ROXPLTXH��J�FP��
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YROXPLTXH�GH����J�FP�SRXU�OH�FRPSDFWDJH�GH�SDSLHU�������
PpODQJp�DX[�QRL[�GH�FRFR��������&HV�DXWHXUV�RQW�XWLOLVp�OH�
O¶HDX�FRPPH�OLDQW�HW�OD�SUHVVLRQ�pWDLW�GH����EDUV��6XLWH�DX[�
UpVXOWDWV�GH�WRXWHV�VHV�EULTXHWWHV�REWHQXV��QRXV�FRQVWDWRQV�
TXH� OD� JRPPH� DUDELTXH� HVW� OH� OLDQW� TXL� D� OD� PDVVH�
YROXPLTXH� OD� SOXV� pOHYp� DYHF� OD� 3���*�����&HOD� SHXW�
V¶H[SOLTXHU�SDU�OH�IDLW�TXH�ORUV�GH�OD�GHQVLILFDWLRQ�OD�JRPPH�
DUDELTXH�QH�V¶pFKDSSH�SDV�FRPPH�GDQV�OH�FDV�GH�O¶HDX�RX�
OD� PpODVVH�� /D� JRPPH� DUDELTXH� D� XQH� JUDQXORPpWULH�
EHDXFRXS�SOXV�pOHYp�TXH�OHV�DXWUHV�OLDQWV�XWLOLVpV�GRQF�HOOH�
V¶pFKDSSH�HQ�PRLQGUH�TXDQWLWp��

3.2.3. L’Indice de Résistance à l’Impact�

/¶LQGLFH�GH�UpVLVWDQFH�j�O¶LPSDFW�G¶XQH�EULTXHWWH�HVW�O¶XQ�
GHV� SULQFLSDX[� SDUDPqWUHV� TXL� GpFULYHQW� OD� VROLGLWp� GX�
ELRFRPEXVWLEOH� G¶R�� VD� TXDOLWp� SK\VLTXH�� /D� ILJXUH� ��
LOOXVWUH� OHV� UpVXOWDWV� GH� OD� GpWHUPLQDWLRQ� GH� O¶LQGLFH� GH�
UpVLVWDQFH�j�O¶LPSDFW�GHV�EULTXHWWHV��

 
Fig.6. Indice de Résistance à l'impact des briquettes 

 
/HV� EULTXHWWHV� 3���*���� RQW� XQ� ,5,� GH� ����� FHOOHV�
3���*����HW�3���*����RQW�XQ�,5,�GH�������/D�JRPPH�
DUDELTXH� SHUPHW� GRQF� G¶pOHYHU� O¶LQGLFH� GH� UpVLVWDQFH� j�
O¶LPSDFW�GHV�EULTXHWWHV��/HV�EULTXHWWHV�3���(����RQW�XQ�
,5,�GH������FHOOHV�3���*(���GH�����HW�3���(����RQW�
XQ� ,5,� GH� ������ /¶HDX� SHUPHW� GRQF� GH� VROLGLILHU� OD�
EULTXHWWH��/HV�EULTXHWWHV�3���0����RQW�XQ�,5,�GH������
FHOOHV�3���0����GH�����HW�3���0����RQW�XQ�,5,�GH�
������2Q�SRXUUDLW�GRQF�GLUH�TXH�OD�PpODVVH�LPSDFW�VXU�OD�
VROLGLWp� GHV� EULTXHWWHV� GH� FRPEXVWLEOHV�� 7RXV� OHV� OLDQWV�
XWLOLVpV�GDQV�FHWWH�pWXGH�RQW�XQ�LPSDFW�SRVLWLI�VXU�OD�TXDOLWp�
SK\VLTXH� GHV� EULTXHWWHV�� '¶DSUqV� 5LFKDUGV� �������� OHV�
EULTXHWWHV�GH�FRPEXVWLEOHV�VRQW�DFFHSWDEOHV�ORUVTXH�OHXUV�
LQGLFHV�GH� UpVLVWDQFH�j� O¶LPSDFW�HVW� VXSpULHXU�j�����'DQV�
O¶HQVHPEOH�� QRXV� FRQVWDWRQV� TXH� WRXWHV� OHV� EULTXHWWHV�
IDEULTXpHV� RQW� XQ� LQGLFH� GH� UpVLVWDQFH� j� O¶LPSDFW�
DFFHSWDEOH�� 7RXWHIRLV� QRXV� FRQVWDWRQV� TX¶DYHF� OHV� WURLV�
W\SHV�GH�OLDQWV�HW�SRXU�OHV�SURSRUWLRQV�GH�����GH�OLDQW�O¶,5,�

DYRLVLQH�XQH�YDOHXU�GH�������&H�TXL�VLJQLILH�TXH�TXHO�TXH�
VRLW� OH� OLDQW� TXH� QRXV� DYRQV� XWLOLVp� O¶,5,� FURvW� DYHF� VD�
SURSRUWLRQ��(W�F¶HVW�GDQV� OHV�PpODQJHV�j�EDVH�GH�JRPPH�
DUDELTXH� TXH� O¶RQ� WURXYH� OHV� SOXV� JUDQGHV� YDOHXUV� G¶,5,�
TXHO�TXH�VRLW�UDWLR�GX�PpODQJH���

3.2.4. Le taux d’humidité 
/D�)LJXUH���PRQWUH�OHV�UpVXOWDWV�REWHQXV�VXLWH�j�O¶DQDO\VH�
GX� WDX[� G¶KXPLGLWp� GHV� �� W\SHV� GH� EULTXHWWHV� HW� OHXUV�
PDWLqUHV�SUHPLqUHV���

7RXWHV� OHV� EULTXHWWHV� SUpVHQWHQW� XQ� WDX[� G¶KXPLGLWp� TXL�
YDULH� HQWUH� ������� 1RXV� FRQVWDWRQV� TXH� OHV� EULTXHWWHV�
IDEULTXpHV� DYHF� OD� JRPPH� DUDELTXH� RQW� XQ� IDLEOH� WDX[�
G¶KXPLGLWp� HW� FHOD� SHXW� V¶H[SOLTXHU� SDU� OH� IDLW� TXH� OHV�
PDWLqUHV�SUHPLqUHV�GH�VHV�EULTXHWWHV�� OD�JRPPH�DUDELTXH�
��������� HW� OHV� GpFKHWV� SDSLHUV� ��������� RQW� XQ� WDX[�
G¶KXPLGLWp� UHODWLYHPHQW� IDLEOH�� 3DUPL� VHV� EULTXHWWHV�� OD�
3���*����D�OH�WDX[�G¶KXPLGLWp�OH�SOXV�IDLEOH���������HW�
OD� 3���*���� HVW� FHOOH� TXL� D� OH� WDX[� OH� SOXV� pOHYp�
���������� 3DU� FRQWUH�� OHV� EULTXHWWHV� IDEULTXpHV� DYHF� OD�
PpODVVH� �MXVTX¶j���������RQW� XQ� WDX[�XQ�SHX�SOXV� pOHYp�
SDUFH�TXH�OD�PpODVVH�HOOH�PrPH�D�XQ� WDX[�G¶KXPLGLWp�GH�
��������/D�EULTXHWWH�3���0����HVW�FHOOH�TXL�D�OH�WDX[�
G¶KXPLGLWp�OD�SOXV�pOHYpH�HW�FHOD�HVW�G��DX�IDLW�TXH�F¶HVW�HOOH�
TXL� D� OD� SOXV� JUDQGH� TXDQWLWp� GH�PpODVVH�� /HV� EULTXHWWHV�
IDEULTXpHV� DYHF� O¶HDX� FRPPH� OLDQW� j� XQ� WDX[�G¶KXPLGLWp�
SUHVTXH�VWDEOH�������������&HOD�SHXW�V¶H[SOLTXHU�SDU�OH�IDLW�
TX¶XQH� JUDQGH� TXDQWLWp� G¶HDX� HVW� pYDFXpH� DSUqV�
O¶¶H[SRVLWLRQ�GHV�EULTXHWWHV�j�O¶DLU�OLEUH�SRXU�VpFKDJH��/HV�
GpFKHWV�SDSLHUV�FDUWRQV�RQW�XQ�WDX[�G¶KXPLGLWp�G¶HQYLURQ�
�������

�
Fig.7. Taux d'humidité des briquettes et des matières premières 
�
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3.2.5. Le Pouvoir Calorifique Inferieur 
/HV�UpVXOWDWV�GH�3&,�SRXU�OHV�EULTXHWWHV�VRQW�GH�O¶RUGUH�GH�
�����������0-�NJ�HW�SUpVHQWpV�GDQV�OD�ILJXUH����

�

�
Fig.8. PCI des briquettes et des matières premières 

�
/D� JRPPH� DUDELTXH� D� XQ� 3&,� GH� ����� 0-�NJ� HW� OHV�
EULTXHWWHV� IDEULTXpHV� 3���*���� 3���*����
3���*����UHVSHFWLYHPHQW�������0-�NJ�������0-�NJ�HW�
������0-�NJ��/H�3&,�FURLVVDQW�HQ�IRQFWLRQ�GHV�SURSRUWLRQV�
GH� JRPPH� DUDELTXH� DMRXWpH� GDQV� OD� FRPSRVLWLRQ� GHV�
EULTXHWWHV�GH�FRPEXVWLEOHV��/D�PpODVVH�D�XQ�3&,�GH�������
0-�NJ� HW� OHV� EULTXHWWHV� IDEULTXpHV� 3���0����
3���0���� 3���0���� UHVSHFWLYHPHQW� �������0-�NJ�
������ 0-�NJ� HW� ����� 0-�NJ�� 1RXV� FRQVWDWRQV� TXH� OD�
PpODVVH�HQ�SOXV�G¶rWUH�XQ�ERQ�OLDQW�SRXU�OHV�EULTXHWWHV�HVW�
DXVVL� XQ� ERQ� DSSRUW� HQ� PDWLqUH� G¶pQHUJLH� SRXU� OHV�
EULTXHWWHV��/HV�EULTXHWWHV�IDEULTXpHV�DYHF�O¶HDX�RQW�XQ�3&,�
TXL�HVW�HQYLURQ����0-�NJ�SRXU�WRXWHV�OHV�SURSRUWLRQV�G¶HDX�
H[SpULPHQWpHV��6��<DPDQ�HW�DO���������GDQV�OHXUV�WUDYDX[�
RQW�WURXYp�TXH�OH�3&,�GHV�EULTXHWWHV�j�EDVH�GH�SDSLHUV�HVW�
GH� ����� 0-�NJ�� 'H� WRXW� FH� TXL� SUpFqGH�� QRXV� SRXYRQV�
UHPDUTXHU� TXH� OHV� EULTXHWWHV� IDEULTXpHV� DYHF� OD�PpODVVH�
RQW�OHV�PHLOOHXUV�3&,��&RPSWH�WHQX�GX�IDLW�TXH�OD�PpODVVH�
j� XQ� 3&,� pOHYp�� HOOH� DXJPHQWH� OH� 3&,� GHV� EULTXHWWHV�
ORUVTX¶HOOH�HVW�XWLOLVpH�GDQV�OD�IDEULFDWLRQ�GHV�EULTXHWWHV��

3.2.6. Le taux de matières volatiles 

/D� ILJXUH� �� GRQQH� OHV� WDX[� GH� PDWLqUHV� YRODWLOHV� GHV�
EULTXHWWHV�pWXGLpHV�TXL�YDULHQW�HQWUH����������

�
Fig.9. Taux de matières volatiles 

�
/D� JRPPH� DUDELTXH� D� XQ� WDX[� GH� PDWLqUHV� YRODWLOHV�
G¶HQYLURQ���������3RXU�OHV�EULTXHWWHV�IDEULTXpHV�DYHF�OD�
JRPPH�DUDELTXH�� OD�3���*����D� OH� WDX[�GH� FHQGUHV� OH�
SOXV�pOHYp���������HW�OD�3���*����D�OH�WDX[�GH�029�OH�
SOXV� IDLEOH� ����������/H� FRQVWDQW� IDLW� HVW� TXH� OD� JRPPH�
DUDELTXH�UpGXLW�OH�WDX[�GH�PDWLqUHV�YRODWLOHV�GHV�EULTXHWWHV��
FH�TXL�LPSOLTXH�TXH�OD�JRPPH�DUDELTXH�SHUPHW�G¶DYRLU�XQ�
FRPEXVWLEOH�PRLQV�IXPDQW��3RXU�OHV�EULTXHWWHV�IDEULTXpHV�
DYHF�O¶HDX��OD�3���(����SRVVqGH�XQ�WDX[�GH��������HW�OD�
3���(����D�XQ�WDX[�GH���������1RXV�FRQVWDWRQV�TXH�OH�
WDX[�GH�PDWLqUHV�YRODWLOHV�GHV�EULTXHWWHV�YDULH�HQ�IRQFWLRQ�
GHV�SURSRUWLRQV�GHV�PDWLqUHV�SUHPLqUHV�GH�OD�EULTXHWWH��/HV�
EULTXHWWHV� IDEULTXpHV� DYHF� OD� PpODVVH� RQW� XQ� WDX[� GH�
PDWLqUHV� YRODWLOHV� pOHYp�� /D� 3���0���� D� XQ� WDX[� GH�
������� HW� OD� 3���0���� D� XQ� WDX[� GH� ������ ��� &HOD�
V¶H[SOLTXH�SDU�OH�IDLW�TXH�OD�PpODVVH�HOOH�PrPH�D�XQ�WDX[�
GH���������3OXV�OH�WDX[�GH�PpODVVH�GDQV�OD�FRPSRVLWLRQ�GH�
OD� EULTXHWWH� FURvW�� SOXV� VRQ� WDX[� GH� PDWLqUHV� YRODWLOHV�
V¶DFFURLW���
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3.2.7. Le taux de cendres 
/D� ILJXUH� ��� PRQWUH� OHV� WDX[� GH� FHQGUHV� GHV� EULTXHWWHV�
pWXGLpHV� HW� OHXUV�PDWLqUHV�SUHPLqUHV�TXL� VRQW� HQWUH� �����
��������

�

Fig.10. Taux de cendres des briquettes 
�
/D�JRPPH�DUDELTXH�D�XQ�WDX[�GH�FHQGUHV�GH��������FHOD�
V¶H[SOLTXH�SDU�OH�IDLW�TXH�OD�JRPPH�DUDELTXH�HVW�ULFKH�HQ�
PDWLqUHV� PLQpUDOHV�� /HV� EULTXHWWHV� IDEULTXpHV� DYHF� OD�
JRPPH�DUDELTXH�RQW�XQ�WDX[�TXL�YDULH�HQWUH��������������
OD� 3���*���� D� OH� SOXV� JUDQG� WDX[� ������� HW� OD�
3���*���� D� OH� SOXV� IDLEOH� WDX[� ��������� 1RXV�
UHPDUTXRQV� TXH� OHV� SURSRUWLRQV� GH� JRPPH� DUDELTXH�
XWLOLVpHV� GDQV� OHV� EULTXHWWHV� GLPLQXHQW� DYHF� OH� WDX[� GH�
FHQGUHV� GHV� EULTXHWWHV�� /HV� EULTXHWWHV� IDEULTXpHV� DYHF�
O¶HDX� RQW� XQ� WDX[� GH� FHQGUHV� TXL� YDULH� WUqV� SHX� �������
���������/D�3���(����D�OH�SOXV�SHWLW�WDX[����������HW�OD�
3���(����D�OH�SOXV�JUDQG�WDX[�����������/¶DMRXW�G¶HDX�
GDQV�OHV�EULTXHWWHV�DXJPHQWH�GH�WUqV�SHX�OH�WDX[�GH�FHQGUHV��

/D�PpODVVH�D�XQ�WDX[�GH�FHQGUHV�GH���������/HV�EULTXHWWHV�
IDEULTXpHV�DYHF�OD�PpODVVH�RQW�XQ�WDX[�GH�FHQGUHV�TXL�YDULH�
HQ� IRQFWLRQ� GHV� SURSRUWLRQV� GHV� PDWLqUHV� SUHPLqUHV�� /D�
3���0���� D� OH� JUDQG� WDX[� GH� FHQGUHV� ��������� HW� OD�
3���0����D� OH�SOXV� IDLEOH� WDX[�����������2Q�FRQVWDWH�
TXH�� GH� WRXWHV� OHV� EULTXHWWHV� pWXGLpHV�� FHOOHV� j� EDVH� GH�
PpODVVH�FRQGXLVHQW�DX[�WDX[�GH�FHQGUH�OHV�SOXV�EDV��&HOD�
SHXW�V¶H[SOLTXHU�SDU�OH�IDLW�TXH�OD�PpODVVH�VH�FRPSRVH�G¶XQ�
WDX[� GH� PDWLqUHV� YRODWLOHV� QHWWHPHQW� SOXV� pOHYpV� TXH�
UHVSHFWLYHPHQW�FHX[�GH�O¶HDX�HW�GH�OD�JRPPH�DUDELTXH��

3.2.8. Le taux de carbone fixe 
/D�ILJXUH����PRQWUH�OH�WDX[�GH�FDUERQH�IL[H�GH�WRXWHV�OHV�
EULTXHWWHV�IDEULTXpHV�HW�OHXUV�PDWLqUHV�SUHPLqUHV��

�
Fig.11. Taux de carbone fixe des briquettes 

�
/D�JRPPH�DUDELTXH�D�XQ�WDX[�GH�FDUERQH�IL[H�GH���������
/HV�EULTXHWWHV� IDEULTXpHV�DYHF� OD�JRPPH�RQW� XQ� WDX[�GH�
FDUERQH�IL[H�pOHYp��OD�3���*����D�OH�WDX[�OH�SOXV�IDLEOH�
���������HW�OD�3���*����OH�WDX[�OH�SOXV�pOHYp��/H�WDX[�
GH�FDUERQH�IL[H�GHV�EULTXHWWHV�DXJPHQWH�DYHF�O¶DMRXW�GH�OD�
JRPPH�DUDELTXH��/HV�EULTXHWWHV�IDEULTXpHV�DYHF�O¶HDX�RQW�
XQ�WDX[�GH�FDUERQH�IL[H�TXL�YDULH�HQWUH���������������/HV�
SURSRUWLRQV�G¶HDX�GDQV�OHV�PpODQJHV�SRXU�OD�IDEULFDWLRQ�GH�
EULTXHWWHV�RQW� XQ� LPSDFW� GRQF� VXU� OHXUV� WDX[�GH� FDUERQH�
IL[H��/D�PpODVVH�D�XQ�WDX[�GH�FDUERQH�IL[H�GH���������/HV�
EULTXHWWHV�IDEULTXpHV�DYHF�OD�PpODVVH�RQW�XQ�WDX[�TXL�HVW�
SHX�pOHYp��OD�3���0����D�OH�SOXV�JUDQG�WDX[���������HW�
OD�3���0����OH�SOXV�IDLEOH����������/H�WDX[�GH�FDUERQH�
IL[H�GHV�EULTXHWWHV�GLPLQXH�DYHF�O¶DMRXW�GH�OD�PpODVVH���

¬�O¶LVVXH�GHV�UpVXOWDWV��QRXV�SRXYRQV�GLUH�TXH�OHV�OLDQWV�RQW�
XQH�LQIOXHQFH�VXU�OHV�FDUDFWpULVWLTXHV�SK\VLTXH��FKLPLTXH�
HW� PpFDQLTXH� GHV� EULTXHWWHV� GH� FRPEXVWLEOHV�� 3DUPL� OHV�
OLDQWV� XWLOLVpV� GDQV� FHWWH� pWXGH�� QRXV� FRQVWDWRQV� TXH� OD�
PpODVVH� HVW� OH�PHLOOHXU� OLDQW� TXL� RIIUH� XQ� IDLEOH� WDX[� GH�
UHOD[DWLRQ��$YHF�FH�OLDQW�� WRXWHV�OHV�EULTXHWWHV�IDEULTXpHV�
RQW�XQ�WDX[�GH�UHOD[DWLRQ�GH�PRLQV�GH������(OOH�HVW�VXLYLH�
GH� WUqV� SUqV� SDU� OD� JRPPH� DUDELTXH� TXL� D� XQ� WDX[� GH�
UHOD[DWLRQ� LQWpUHVVDQW�pJDOHPHQW��/¶HDX�TXDQW�j�HOOH�D�XQ�
WDX[�TXL�YD�MXVTX¶j������6¶DJLVVDQW�GH�OD�PDVVH�YROXPLTXH�
GHV�EULTXHWWHV��OD�PpODVVH�HVW�HQFRUH�PHLOOHXUH�SDU�UDSSRUW�
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j�OD�JRPPH�DUDELTXH�HW�j�O¶HDX�FDU�HOOH�D�XQH�IDLEOH�PDVVH�
YROXPLTXH��/D�JRPPH�D�XQH�PDVVH�YROXPLTXH�TXL�YDULH�
SHX�ORUVTX¶HOOH�HVW�XWLOLVpH�GDQV�OH�FRPSDFWDJH�GHV�SDSLHUV�
EXUHDX[��/RUVTXH�OHV�SDSLHUV�EXUHDX[�VRQW�PpODQJpV�DYHF�
O¶HDX� SRXU� rWUH� FRPSDFWpV�� LOV� RQW� XQH�PDVVH� YROXPLTXH�
LQIpULHXUH�j�����J�FP���3RXU�OD�GXUDELOLWp�GH�OD�EULTXHWWH��OD�
JRPPH�DUDELTXH�HVW�OH�PHLOOHXU�OLDQW�SDU�UDSSRUW�DX[�DXWUHV�
pWXGLpV�� $� SDUWLU� GH� ����� GH� PpODQJH� GH� OD� JRPPH�� OD�
EULTXHWWH�WHQG�j�DYRLU�XQ�,5,�GH�SOXV�GH�������/D�PpODVVH�
UHQG�OD�EULTXHWWH�ULJLGH�SDUFH�TX¶HOOH�D�XQ�,5,�GH�SOXV�GH�
����DORUV�F¶HVW�XQ�ERQ�OLDQW��/HV�EULTXHWWHV�IDEULTXpHV�DYHF�
O¶HDX�RQW�XQ�,5,�DFFHSWDEOH��/HV�EULTXHWWHV�IDEULTXpHV�DYHF�
OD�JRPPH�RQW�XQ�WDX[�G¶KXPLGLWp�TXL�RVFLOOH�HQWUH�������
SDU� FRQWUH� FHOOHV� DYHF� OD�PpODVVH� YDULH� HQWUH� ������� /H�
WDX[�G¶KXPLGLWp�GH�OD�JRPPH�DUDELTXH����������HVW�GHX[�
IRLV�SOXV�SHWLW�TXH�FHOXL�GH�OD�PpODVVH����������HW�TXH�OHV�
SDSLHUV�EXUHDX[�RQW� XQ� WDX[�G¶KXPLGLWp�G¶HQYLURQ�������
&HOD�H[SOLTXH�SRXUTXRL�OH�WDX[�G¶KXPLGLWp�GHV�EULTXHWWHV�
DXJPHQWH�DYHF� OHV�SURSRUWLRQV�GH� OLDQWV� XWLOLVpHV�GDQV� OH�
FRPSDFWDJH� GHV� GpFKHWV� SDSLHUV� EXUHDX[�� /HV� EULTXHWWHV�
IDEULTXpHV�DYHF�OD�JRPPH�DUDELTXH�RQW�XQ�WDX[�GH�PDWLqUHV�
YRODWLOHV� pOHYp� SDU� UDSSRUW� j� FHOOHV� IDEULTXpHV� DYHF� OD�
PpODVVH��/H�WDX[�GH�PDWLqUHV�YRODWLOHV�GHV�GpFKHWV�SDSLHUV�
REWHQX�HVW�G¶HQYLURQ���������FHOXL�GH�OD�JRPPH�DUDELTXH�
�������HW�OD�PpODVVH���������/HV�PDWLqUHV�SUHPLqUHV�GH�
QRV�EULTXHWWHV�pWXGLpHV�RQW�XQ�IDLEOH� WDX[�GH�FHQGUHV��/D�
JRPPH�DUDELTXH�D�XQ�WDX[�GH�FHQGUHV�GH��������OD�PpODVVH�
������HW�OHV�SDSLHUV�EXUHDX[�HQYLURQ����������&HV�IDLEOHV�
WDX[�H[SOLTXHQW�OHV�UpVXOWDWV�REWHQXV�SRXU�OHV�EULTXHWWHV��/D�
TXDQWLWp�GH�GpFKHWV�SDSLHUV�FDUWRQV�FURLW�DYHF�FHOOH�GX�WDX[�
GH� FHQGUHV�� /H� WDX[� GH� FDUERQH� IL[H� REWHQX� HVW� OD�
FRQVpTXHQFH�GHV�UpVXOWDWV�GX�WDX[�GH�PDWLqUHV�YRODWLOHV�HW�
GX� WDX[� GH� FHQGUHV�� 1RXV� UHPDUTXRQV� TXH� OH� WDX[� GH�
FHQGUHV� GH� OD� PpODVVH� HW� FHOXL� GH� OD� JRPPH� DUDELTXH�
YDULHQW� WUqV� SHX� GDQV� WRXWHV� OHV� SURSRUWLRQV�� /D�PpODVVH�
���������D�XQ�3&,�pOHYp�SDU�UDSSRUW�j�OD�JRPPH�DUDELTXH�
���������/HV�EULTXHWWHV�IDEULTXpHV�DYHF�OD�PpODVVH�RQW�OHV�
3&,�OHV�SOXV�pOHYpV�SDU�UDSSRUW�j�FHOOHV�IDEULTXpHV�DYHF�OD�
JRPPH�DUDELTXH��,O�IDXW�QRWHU�DXVVL�TX¶DYHF�FHV�GHX[�OLDQWV�
RQ�REWLHQW�GH�PHLOOHXUV�UpVXOWDWV�SDU�UDSSRUW�j�O¶HDX��

,9��&21&/86,21�(7�3(563(&7,9(6�

$X�WHUPH�GH�QRWUH�pWXGH��LO�HVW�j�QRWHU�TXH�OHV�EULTXHWWHV�
LVVXHV�GHV�GpFKHWV�SDSLHUV�FDUWRQV�SHXYHQW�rWUH�XWLOLVpHV�HQ�
OLHX�HW�SODFH�GHV�ERLV�GH�FKDXIIH�HW�VRQW�FRPSDWLEOHV�DYHF�
OHV� IR\HUV�KDELWXHOOHPHQW�XWLOLVpV�GDQV� OHV�PpQDJHV�SRXU�
WURLV�UDLVRQV�HVVHQWLHOOHV���7RXW�G¶DERUG�FHV�EULTXHWWHV�RQW�
XQ�SRXYRLU�FDORULILTXH�DFFHSWDEOH��(QVXLWH�O¶XWLOLVDWLRQ�GHV�
EULTXHWWHV� YD� SHUPHWWUH� G¶XWLOLVHU� XQH� DXWUH� VRXUFH�
G¶pQHUJLH�DOWHUQDWLYH�HW�YD�HQILQ�FRQWULEXHU�j�OD�SURWHFWLRQ�
GH�O¶HQYLURQQHPHQW�PHQDFp�DXMRXUG¶KXL�SDU�OH�SKpQRPqQH�
GHV�JD]�j�HIIHW�GH�VHUUH��$�O¶LVVXH�GHV�UpVXOWDWV�SK\VLTXH�
WKHUPLTXH�HW�PpFDQLTXH��OHV�FRQFOXVLRQV�VXLYDQWHV�SHXYHQW�
rWUH�WLUpHV����

�� OD� PpODVVH� HVW� OH� PHLOOHXU� OLDQW� SRXU� OD� FRKpUHQFH� GHV�
EULTXHWWHV�FH�TXL�UHQG�OD�EULTXHWWH�VWDEOH���

�� OD� PpODVVH� HVW� OH� PHLOOHXU� OLDQW� SRXU� XQH� IDLEOH� PDVVH�
YROXPLTXH�GHV�EULTXHWWHV���

��OD�PpODVVH�SHUPHW�G¶DYRLU�XQ�PHLOOHXU�,5,�GHV�EULTXHWWHV��
HOOH�DVVXUH�XQH�PHLOOHXUH�GXUDELOLWp�GHV�EULTXHWWHV���

�� OHV�EULTXHWWHV�IDEULTXpHV�DYHF�O¶HDX�SUpVHQWHQW�XQ�IDLEOH�
WDX[�G¶KXPLGLWp�SDU� UDSSRUW�j�FHOOHV� IDEULTXpHV�DYHF� OD�
JRPPH�DUDELTXH�HW�OD�PpODVVH���

�� OHV� EULTXHWWHV� IDEULTXpHV� DYHF� OD� JRPPH� DUDELTXH�
SRVVqGH�OH�SOXV�SHWLW�WDX[�GH�PDWLqUHV�YRODWLOHV���

�� OHV�EULTXHWWHV�IDEULTXpHV�DYHF�OD�PpODVVH�HW�O¶HDX�RQW�XQ�
WDX[�GH�FHQGUHV�TXL�YDULH�WUqV�SHX���

�� OHV�EULTXHWWHV�IDEULTXpHV�DYHF�O¶HDX�RQW�OH�SOXV�JUDQG�WDX[�
GH�FDUERQH�IL[H���

�� OHV� EULTXHWWHV� GH� FRPEXVWLEOHV� �UHWHQXHV� FRPPH�
PHLOOHXUHV��RQW�HQYLURQ�XQ�3&,�GHX[�IRLV�LQIpULHXU�DX�3&,�
GX�FKDUERQ�GX�ERLV�����0-�NJ����LO�V¶DJLW�GH�3���*����
3���(����HW�3���0������

�� OHV� EULTXHWWHV� IDEULTXpHV� DYHF� OD�PpODVVH� SUpVHQWHQW� OH�
PHLOOHXU�3&,�FRPSDUDWLYHPHQW�DX[�DXWUHV��

&H� WUDYDLO� ELHQ� TX¶LQWpUHVVDQW� QH� QRXV� SHUPHW� SDV�
G¶DIILUPHU� ODTXHOOH� GHV� EULTXHWWHV� HVW� OD� PHLOOHXUH� SDU�
UDSSRUW� j� O¶DXWUH�� 'HV� WHVWV� VXSSOpPHQWDLUHV� VRQW�
QpFHVVDLUHV�SRXU�DUULYHU�j�XQH� WHOOHV�FRQFOXVLRQ��&¶HVW� OD�
UDLVRQ�SRXU�ODTXHOOH�GHV�SHUVSHFWLYHV�VRQW�SURSRVpHV�SRXU�
XQH�FRQWLQXLWp�pYHQWXHOOH�GH�FHWWH�pWXGH��,O�V¶DJLW�GH� IDLUH�
GHV�WHVWV�G¶LQFLQpUDWLRQ�SRXU�REVHUYHU�OH�FRPSRUWHPHQW�GHV�
GLIIpUHQWHV�EULTXHWWHV�GDQV�GHV�FRQGLWLRQV�SURFKHV�GH�OHXU�
XWLOLVDWLRQ�GDQV�OHV�IR\HUV�GH�FXLVLQH�RX�GDQV�OHV�FKDXGLqUHV�
LQGXVWULHOOHV� HW� VHPL� LQGXVWULHOOHV�� $X� FRXUV� GH� FHV� WHVWV�
DYHF� GLIIpUHQWV� SDUDPqWUHV� GH� FRPEXVWLRQ�� QRXV�
DQDO\VHURQV�OHV�WDX[�G¶pPLVVLRQ�SROOXDQWV�JD]HX[�WHOV�TXH�
OHV�R[\GHV�G¶D]RWH�HW�GH�FDUERQH��OH�GLR[\GH�GH�VRXIUH��OH�
GLR[\JqQH�HW�OH�WDX[�GH�FHQGUH��1RXV�IHURQV�XQ�VXLYL�GHV�
WHPSpUDWXUHV�GH�FRPEXVWLRQ�HQ�SKDVH�JD]HXVH��2XWUH�FHWWH�
pWXGH�LO�HVW�pJDOHPHQW�SUpYX�GH����

��pWXGLHU�OHV�SDUDPqWUHV�pQHUJpWLTXHV�GHV�EULTXHWWHV��LQGLFH�
G¶LQIODPPDWLRQ�� UHQGHPHQW� GH� FRPEXVWLRQ��
FRQVRPPDWLRQ� KRUDLUH� HQ� SKDVH� IODPPH� HW�
FRQVRPPDWLRQ�KRUDLUH�HQ�SKDVH�EUDLVH����

��pWXGLHU� OD� IDLVDELOLWp� GHV� EULTXHWWHV� j� EDVH� GH� GpFKHWV�
SDSLHUV�FDUWRQV�DILQ�GH�OHV�FRPSDUHU�DX�FKDUERQ�GH�ERLV���

�� WHVWHU�G¶DXWUHV�OLDQWV�WHOV�TXH�O¶DPLGRQ�HW�OD�IDULQH�SRXU�
DXJPHQWHU�OH�3&,��OD�GXUDELOLWp�HW�OD�PDVVH�YROXPLTXH�GHV�
EULTXHWWHV��

5()(5(1&(6�%,%/,2*5$3+,48(6�

$'(0(�� &ULWW� %RLV�� )LERLV�� 	� &7%$�� 0HVXUH� GHV�
FDUDFWpULVWLTXHV�GHV�FRPEXVWLEOHV�ERLV��������
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$O�:LG\DQ�� 0�� ,��� $O�-DOLO�� +�� )��� 6WUHVV±GHQVLW\�
UHODWLRQVKLS�DQG�HQHUJ\�UHTXLUHPHQW�RI�FRPSUHVVHG�ROLYH�
FDNH��$SSO��(QJ��$JULF���������±�����������

%(0%�� *�� &�� /H� WUDLWHPHQW� GHV� RUGXUHV� PpQDJqUHV� HW�
O¶DJULFXOWXUH� XUEDLQH� HW� SpULXUEDLQH� GDQV� OD� YLOOH� GH�
%HUWRXD��&DPHURXQ��� ,QVWLWXW� QDWLRQDO� GH� OD� MHXQHVVH� HW�
GHV� VSRUWV�&RQVHLOOHU� 3ULQFLSDO� GH� -HXQHVVH� HW�
G¶$QLPDWLRQ��������

&KLQ��2�&���6LGGLTXL��.DPDO��0���&KDUDFWHULVWLFV�RI�VRPH�
ELRPDVV�EULTXHWWHV�SUHSDUHG�XQGHU�PRGHVW�GLH�SUHVVXUHV��
%LRPDVV��%LR�HQHUJ\��������±������������

*DGR�� ,�� +��� 2XLPLQJD�� 6�� .��� 'DKR�� 7��� <RQOL�� $�� +���
6RXJRWL�� 0��� DQG� .RXOLGLDWL�� -�� FKDUDFWHUL]DWLRQ� RI�
EULTXHWWHV� FRPLQJ� IURP� FRPSDFWLRQ� RI� SDSHU� DQG�
FDUGERDUG� ZDVWH� DW� ORZ� DQG� PHGLXP� SUHVVXUHV�� ,661�
�����������:DVWH�DQG�%LRPDVV�9DORUL]DWLRQ��YROXPH����
QXPEHU����'HFHPEHU�������

.KDQNDUL�..�� 6KULYDVWDYD�0��0RUH\�59��'HQVLILFDWLRQ�
FKDUDFWHULVWLFV� RI� ULFH� KXOOV��$6$(�SDSHU�QR�� ���������
6W�-RVHSK��0,��$6$%(���������

/LQGOH\�-$��9RVVRXJKL�0��3K\VLFDO�SURSHUWLHV�RI�ELRPDVV�
EULTXHWWHV��7UDQVDFWLRQV�RI�WKH�$6$(��������������������

0DULH�6DQGULQH�'86$%(��(WXGH�GH�IDLVDELOLWp�WHFKQLTXH�
HW� ILQDQFLqUH� GH� OD� YDORULVDWLRQ� GHV� GpFKHWV� PpQDJHUV�
RUJDQLTXHV� SDSLHUV� HW� FDUWRQV� SRXU� OD� IDEULFDWLRQ� GHV�
EULTXHWWHV� FRPEXVWLEOHV� j� %XMXPEXUD�� 0pPRLUH� GH�
PDVWHU�,,���LH��%XUNLQD��

0pODQLH� 352867�� &DPSDJQH� GH� FDUDFWpULVDWLRQ� GHV�
RUGXUHV�PpQDJqUHV�GH�OD�9LOOH�GH�2XDJDGRXJRX�������
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1MHQJD�0��� .DUDQMD� 1��� 3UDLQ� *���0DOLL� -���0XQ\DR� 3���
*DWKXUX�� .��� HW� DO�� �������� &RPPXQLW\�EDVHG� HQHUJ\�
%ULTXHWWH�SURGXFWLRQ�IURP�XUEDQ�RUJQLF�ZDVWH�DW�.DKDZD�
6RZHWR��,QIRUPDO�VHWWOHPHQW��1DLUREL��,661������������
8UEDQ�+DUYHVW��

1RUPH�$)125�;����%��1������

5DJKDYDQ� -.�� &RQNOH� +1�� 3K\VLFDO� FKDUDFWHULVWLF�
PHDVXUHPHQWV�IRU�UHFRQVWLWXWHG�FRDO�SHOOHWV��3URFHHGLQJ�
RI�WKH�,QVWLWXWH�IRU�%ULTXHWWLQJ�DQG�$JJORPHUDWLRQ��,%$��
������������������

5LFKDUGV�� 6�5��� 3K\VLFDO� WHVWLQJ� RI� IXHO� EULTXHWWHV�� )XHO��
3URFHVV�7HFKQRO������������������������

6DK� 3�� 6LQJK� %�� $JUDZDO� 8�� &RPSDFWLRQ� EHKDYLRU� RI�
VWUDZ��-RXUQDO�RI�$JULFXOWXUDO�(QJLQHHULQJ���,QGLD�������
������������

6KULYDVWDYD�� 0��� 6KULYDVWDYD�� 3��� .KDQNDUL�� ..�� ��
'HQVLILFDWLRQ�FKDUDFWHULVWLFV�RI�ULFH�KXVN�XQGHU�FROG�DQG�
KRW� FRPSUHVVLRQ�� ,Q�� 'RGG�� 9$��� *UDFH�� 30�� �HGV��
$JULFXOWXUDO� (QJLQHHULQJ�� SURFHHGLQJV� RI� WKH� ��WK�
LQWHUQDWLRQDO� FRQJUHVV� RQ� DJULFXOWXUDO� HQJLQHHULQJ��
'XEOLQ���±��6HSW�������5RWWHUGDP��$�$��%DONHPD�3XE��
������S�������������

<DPDQ�6��0�� 6DKDQ��+��+D\NLUL�DFPD��.�� 6HVHQ� DQG�6��
.XFXNED\UDN��3URGXFWLRQ�RI�IXHO���

EULTXHWWHV� IURP� ROLYH� UHIXVH� DQG� SDSHU� PLOO� ZDVWH�� )XHO�
3URFHVVLQJ�7HFKQRORJ\��������������������
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