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5HVHDUFKHUV� KDYH� V\QWKHVL]HG� K\GUR[\DSDWLWH-EDVHG� SRURXV� VFDIIROGV� E\� WKH� SRO\XUHWKDQH� VSRQJH� UHSOLFDWLRQ�
PHWKRGV��+\GUR[\DSDWLWH�ZDV�GHULYHG�IURP�ZDVWH�FRFNOH�VKHOOV�WKURXJK�WKH�FR-SUHFLSLWDWLRQ�PHWKRG��7KH�V\Q�
WKHVLV�RI�SRURXV�VFDIIROGV� WKURXJK� WKH�VSRQJH� UHSOLFDWLRQ�PHWKRGV� LV�FDUULHG�RXW�E\�DEVRUELQJ� K\GUR[\DSDWLWH�
VOXUU\�WKURXJK�WKH�DGGLWLRQ�RI�39$�DQG�WKHQ�IROORZHG�E\�KHDWLQJ�DW����R&�WR�GHFRPSRVH�WKH�SRO\XUHWKDQH�DQG�
39$��7KH�EHVW�RI�VOXUU\�WKDW�FDQ�SURGXFH�D�SRURXV�VFDIIROG�LQ�WKLV�VWXG\�LV�WKH�VOXUU\�WKDW�SUHSDUHG�WKURXJK�WKH�
UDWLR�RI� K\GUR[\DSDWLWH�39$� ��������7KH�GHFRPSRVLWLRQ� RI� WKH� WZR�SRO\PHUV�ZLOO� OHDYH�PDFURSRUHV�RQ� WKH�
VFDIIROG�ZLWK�DQ�DYHUDJH�VL]H�RI������P��%DVHG�RQ�WKH�WKHUPRJUDYLPHWULF�DQDO\VLV��;-UD\�GLIIUDFWLRQ�DQG�)7,5�
VSHFWURSKRWRPHWHU�UHYHDOHG�WKDW�WKH�39$�DQG�SRO\XUHWKDQH�VSRQJH�ZHUH�FRUUHFWO\�GHFRPSRVHG��H[FHSW�IRU�VFDI�
IROGV�ZLWK�����39$��7KXV��WKH�SRURXV�VFDIIROGV�V\QWKHVL]HG�LQ�WKLV�VWXG\�VDWLVILHV�WKH�UHTXLUHPHQWV�RI�SRURXV�
VFDIIROGV�IRU�WKH�ERQH�WKHUDS\�SURFHVV� 

.H\ZRUGV��D�ELRFRPSDWLEOH�PDWHULDO��K\GUR[\DSDWLWH��VFDIIROG� 
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7KH�XVH�RI�VFDIIROGV�LV�D�SURPLVLQJ�DOWHUQD�

WLYH� VROXWLRQ� LQ� WKH� SURFHVV� RI� ERQH� WKHUDS\��

7KURXJK� WKHVH� PHWKRGV�� SUREOHPV� WKDW� RIWHQ�

DULVH� LQ� FRQYHQWLRQDO� ERQH� WKHUDS\� PHWKRGV�

VXFK�DV�VFDUFLW\�RI�GRQRUV��LQIHFWLRQV��DQG�SR�

WHQWLDO� WUDXPD� FDQ� EH� RYHUFRPLQJ� �+XDQJ��

������� 2QH� ELRFRPSDWLEOH� PDWHULDO� WKDW� LV�

ZLGHO\�XVLQJ�LQ�WKH�V\QWKHVLV�RI�ERQH�VFDIIROGV�

LV�K\GUR[\DSDWLWH��&D��32����2+����(VSRVWL�HW�

DO����������7KH�FKHPLFDO�DQG�SK\VLFDO�FRPSR�

VLWLRQ�RI�K\GUR[\DSDWLWH�DOVR�UHVHPEOHV�KXPDQ�

ERQH�PLQHUDO�FRQVWLWXHQW��7R�LPSURYH�WKH�ELR�

FRPSDWLELOLW\�RI�K\GUR[\DSDWLWH�ZKHQ�LQWHUDFW�

LQJ�ZLWK�ERQH�FHOOV��LQ�UHFHQW�\HDUV��KDYH�EHHQ�

GHYHORSHG�V\QWKHVL]H�PHWKRGV�IRU�K\GUR[\DS�

DWLWH� EDVHG� RQ� QDWXUDO� PDWHULDOV� VXFK� DV� HJJ�

VKHOOV� �1XQH]� HW� DO��� ������ DQG� DQLPDO� ERQHV�

�*XQDZDQ�HW�DO����������$V�D�PDULWLPH�QDWLRQ��

RQH� RI� WKH� LPSUHVVLYH� QDWXUDO� PDWHULDOV� WR� EH�

GHYHORSHG� LQWR�K\GUR[\DSDWLWH� LQ� ,QGRQHVLD� LV�

ZDVWH�FRFNOH�VKHOOV��7KH�PDLQ�FRPSRVLWLRQ�RI�

FRFNOH� VKHOOV� LV� DUDJRQLWH�� 7KURXJK� FDOFLQD�

WLRQ�� LW� FDQ�EH�GHFRPSRVHG� LQWR�&D2�DQG�FDQ�

EH� XVHG� DV� UDZ� PDWHULDO� IRU� K\GUR[\DSDWLWH�

�$IULDQL�HW�DO���������$IULDQL�HW�DO��������� 
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$ORQJ� ZLWK� WKH� GHYHORSPHQW� RI� WKH� ERQH�

VFDIIROG�UHVHDUFK��QRZDGD\V�� WKHUH�DUH�VHYHUDO�

UHTXLUHPHQWV� IRU� VFDIIROGV� WR�EH�XVHG� LQ�ERQH�

WKHUDS\�� 6RPH� RI� WKHVH� UHTXLUHPHQWV� LQFOXGH��

�D�� ELRFRPSDWLEOH�� �E�� PDWHULDO� FDQ� LQGXFH�

ERQGLQJ�ERQHV���F�� WKH� OHYHO�RI�ELRGHJUDGDELO�

LW\� WKDW� FRUUHVSRQGV� WR� WKH� JURZWK� DQG� IRU�

PDWLRQ� RI� ERQH� WLVVXH�� �G�� WKH� PHFKDQLFDO�

VWUHQJWK� RI� WKH� VFDIIROG� FDQ� SURS� XS� ORDG� EH�

IRUH� WKH� UHJHQHUDWLRQ� RI� QHZ� ERQH� WLVVXH� DQG�

�H��WKH�SRURXV�RI�VWUXFWXUHV�DUH�PRUH�WKDQ�����

�P�WR�FHOO�SHQHWUDWLRQ��WLVVXH�JURZWK��DQG�YDV�

FXODUL]DWLRQ�FDQ�ZRUN�ZHOO� �+DQ�HW� DO����������

7KHUHIRUH�� WKH�GHYHORSPHQW�RI�K\GUR[\DSDWLWH�

EDVHG� VFDIIROGV� KDV� IRFXVHG� RQ� WKH� GHYHORS�

PHQW�RI�SRURXV�VFDIIROGV� 

6HYHUDO�PHWKRGV�FDQ�EH�XVHG� WR�SURGXFH�D�

SRURXV� VFDIIROG� VXFK� DV� SRURJHQ� UHSOLFDWLRQ�

�=KDQJ� HW� DO��� ������� IRDPLQJ� �0HVNLQIDP� HW�

DO��� ������� DQG� IUHH]H-GU\LQJ� �$IULDQL� HW� DO��

������� (DFK� RI� WKHVH� PHWKRGV� FDQ� SURGXFH�

GLIIHUHQW� SRUH� PRUSKRORJ\�� 3RURJHQ� UHSOLFD�

WLRQ�PHWKRG�FDQ�SURYLGH�D�KRPRJHQHRXV�SRUH�

DQG�KDV�D�JRRG�LQWHUFRQQHFWLRQ��$OVR��WKURXJK�

WKLV�PHWKRG��WKH�VKDSH�RI�SRUH�VL]H�FDQ�EH�HDVL�

O\�FRQWUROOHG��2QH�RI�WKH�SRURJHQ�PDWHULDO�WKDW�

FDQ� EH� XWLOL]HG� LQ� WKH� UHSOLFDWLRQ� PHWKRG� LV��

SRO\XUHWKDQH� �38�� VSRQJH�� 38� LV� D� SRO\PHU��

WKDW� LV� HDVLO\� GHFRPSRVHG� WKURXJK� WKHUPDO�

WUHDWPHQW��HDV\�WR�REWDLQ��DQG�FKHDS��/L�HW�DO���

������� � 7KHUHIRUH�� EDVHG� RQ� WKHVH� DVSHFWV�� LQ�

WKLV� SDSHU� ZLOO� EH� SUHVHQWHG� VWXG\� UHODWHG� WR�

WKH� V\QWKHVLV� RI� SRURXV� K\GUR[\DSDWLWH� VFDI�

IROG� IURP� ZDVWH� FRFNOH� VKHOOV� XVLQJ� WKH� 38�

VSRQJH�UHSOLFDWLRQ�PHWKRG�ZLWK�WKH�DGGLWLRQ�RI�

SRO\YLQ\O� DOFRKRO� �39$�� DV� D� VOXUU\�PHGLXP��

39$�LV�XVHG�EHFDXVH�LW�LV�D�ELRFRPSDWLEOH�PD�

WHULDO�DQG�LW�KDV�EHHQ�ZLGHO\�XVHG�LQ�WLVVXH�HQ�

JLQHHULQJ��:DOX\R�	�6DEDUPDQ��������&KDKDO�

HW�DO��������� 
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7KLV� UHVHDUFK� LV� DQ� H[SHULPHQWDO� UHVHDUFK�

DQG� FRQGXFWHG� DW� WKH� /DERUDWRU\� RI� 3K\VLFV� -�

8QLYHUVLW\� RI� %DQJND� %HOLWXQJ�� 3K\VLFV� 5H�

VHDUFK�&HQWUH�-�,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQF�

HV�� DQG� WKH� /DE��833-,3'�1DWXUDO� 6FLHQFHV� -�

8QLYHUVLW\� RI� ,QGRQHVLD�� 7KH� HTXLSPHQW� XVHG�

LQ�WKLV�VWXG\�LQFOXGHV�PDJQHWLF�VWLUUHU��IXUQDFH��

WKHUPRJUDYLPHWULF� DQDO\VLV� �7*$��� [-UD\� GLI�

IUDFWLRQ��;5'���DQG�)RXULHU�WUDQVIRUP�LQIUDUHG�

VSHFWURSKRWRPHWHU� �)7,5���0DWHULDOV� XVHG� LQ�

FOXGH�ZDVWH�FRFNOH�VKHOOV�IURP�3DQJNDOSLQDQJ�

DUHDV�� �1+���+32��� SRO\XUHWKDQH� VSRQJH�

�38���DQG�SRO\YLQ\O�DOFRKRO��39$�� 

,Q� VXPPDU\�� SURFHGXUH� RI� WKLV� UHVHDUFK� LV�

GLYLGHG� LQWR� WZR� VWDJHV�� QDPHO\�� ���� WKH� V\Q�

WKHVLV� RI� K\GUR[\DSDWLWH� IURP� ZDVWH� FRFNOH�

VKHOOV� DQG� ���� D� SRURXV� VFDIIROG� V\QWKHVLV� XV�

LQJ� SRO\PHU� VSRQJH� UHSOLFDWLRQ�� +\GUR[\DS�

DWLWH� V\QWKHVLV� SURFHVV� VWDUWLQJ� IURP� SUHSDUD�

WLRQ�RI�ZDVWH�FRFNOH�VKHOOV�FRQVLVWLQJ�RI�FOHDQ�

LQJ�VXEVHTXHQWO\�PXVKHG�XS�DQG�FDOFLQHG�DW�D�

WHPSHUDWXUH� RI� �����&� IRU� �� KRXUV�� ����R&�

WHPSHUDWXUH� LV� WKH� FDOFLQDWLRQ� WHPSHUDWXUH� RI�

FRFNOH� VKHOOV� WKDW� FDQ� EH� GHFRPSRVLQJ� LQWR�

FDOFLXP� R[LGH� SHUIHFWO\� �&D2�� �$IULDQL� HW� DO��

������� +\GUR[\DSDWLWH� SRZGHU� V\QWKHVL]HG�

IURP�D�PL[WXUH�RI�FDOFLQHG�FRFNOH�VKHOOV�SRZ�

GHU�DQG��1+���+32��ZLWK�D�UDWLR�&D�3�RI������

WKURXJK� FR-SUHFLSLWDWLRQ� PHWKRG�� $IWHU� WKH�

VROXWLRQ� LV� DJHG� IRU� ��� KRXUV�� SUHFLSLWDWHV� DUH�

ILOWHUHG�DQG�FDOFLQHG�DW�WHPSHUDWXUHV�RI�����&�

IRU� �� KRXUV�� 3UHSDUDWLRQ� RI� SRURXV� VFDIIROG�

PDGH� E\� VXEVWLWXWHG� K\GUR[\DSDWLWH� VOXUU\�

SKDVH�LQWR�D�VSRQJH�38��+\GUR[\DSDWLWH�VOXUU\�

SUHSDULQJ� E\� PL[LQJ� K\GUR[\DSDWLWH� ZLWK� WKH�

SRO\YLQ\O� DOFRKRO� �39$�� ZLWK� D� YDULDWLRQ� RI�

WKH� UDWLR� RI� K\GUR[\DSDWLWH�39$� DW� ������

�39$-������������39$-�����DQG��������39$-

����� $IWHU� D� VSRQJH� LPSUHJQDWHG� E\� VOXUU\��

WKHQ�LW�LV�KHDWHG�DW�D�WHPSHUDWXUH�RI����R&�IRU�

�� KRXUV� WR� GHFRPSRVH� VSRQJH� DQG� 39$� DQG�

FUHDWH�SRUHV�LQ�WKH�VFDIIROGV��7KH�7*$�'7*�LV�

XVHG� WR� REVHUYH� WKH� WKHUPDO� FKDUDFWHULVWLFV� RI�

39$� DQG� 38� VSRQJH�� VFDIIROGV� FU\VWDOOLQH�

SKDVH� DQDO\VLV� E\� ;5'�� DQG� WKH� IXQFWLRQDO�

JURXSV�LQ�VFDIIROGV�LV�GHWHUPLQHG�E\�)7,5��� 
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;5'�DQDO\VLV�RI�K\GUR[\DSDWLWH�SRZGHU�LQ�

WKLV� VWXG\� LV� SUHVHQWHG� LQ� )LJXUH� ��� %DVHG� RQ�

WKH� FRPSDULVRQ� EHWZHHQ� WKH� VSHFWUXP� RI� K\�

GUR[\DSDWLWH�SRZGHU�LQ�WKLV�VWXG\�ZLWK�WKH�GD�

WDEDVH� FDQ� EH� VWDWLQJ� WKDW� WKH� VSHFWUXP� LQ� DF�

FRUGDQFH�ZLWK�WKH�VWDQGDUG�GDWD�RI�K\GUR[\DS�

DWLWH�� 3')�-��-���-������ 7KH� WKUHH� KLJKHVW�

SHDNV� DVVRFLDWHG� ZLWK� K\GUR[\DSDWLWH�� DPRQJ�
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RWKHUV��OLHV�LQ�WKH����DQJOH������������������DQG�

������� 

VFDIIROGV� IRUPHG� E\� D� VSRQJH� UHSOLFDWLRQ�

PHWKRG�ZLOO�EH�GRPLQDWHG�E\�K\GUR[\DSDWLWH�� 

7KURXJK� WKH� 39$� GHFRPSRVLWLRQ� FXUYH� LQ�

)LJXUH� ��D��� LW� VHHPV� WKDW� WKH� GHFRPSRVLWLRQ�

SURFHVV� FRQVLVWV� RI� WKUHH� VWDJHV�� 7KH� SHDN� RI�

ILUVW�� VHFRQG�� DQG� WKLUG� VWDJH� RFFXUV� DW� D� WHP�

SHUDWXUH�RI����R&�����R&��DQG����R&�� UHVSHF�

WLYHO\�� 7KH� ILUVW� GHFRPSRVLWLRQ� DW� D� WHPSHUD�

WXUH�RI����R&�DVVRFLDWHG�ZLWK� WKH�HYDSRUDWLRQ�

RI� ZDWHU� DGVRUEHG�� :KLOH� GHFRPSRVLWLRQ� RQ�

WKH� VHFRQG� DQG� WKLUG� SHDNV� UHODWHG� WR� WKH� GH�

FRPSRVLWLRQ�RI�WKH�HGJH�DQG�WKH�PDLQ�FKDLQ�RI�

39$��UHVSHFWLYHO\��$ZDGD�	�'DQHDXOW�������� 

)RU� WKH�38�� DSSHDUV� WKDW� WKH�PDVV� GHFRP�

SRVLWLRQ� FXUYH� FRQVLVWV� RI� WKUHH� VWDJHV�� 7KH�

FXOPLQDWLRQ�RI�WKH�ILUVW�SKDVH�RFFXUV�DW�D�WHP�

SHUDWXUH� RI� ���R&�� WKH� SHDN� RI� WKH� VHFRQG�

VWDJH� RFFXUV� DW� ���R&�� DQG� WKH� SHDN� RI� WKH�

WKLUG�SKDVH�RFFXUV�DW� D� WHPSHUDWXUH�RI����R&��

7KH� ILUVW� VWDJH� RI� WKH� 38�GHFRPSRVLWLRQ� SUR�

FHVV� UHODWHV� WR� WKH� XUHWKDQH� GHFRPSRVLWLRQ��

ZKLOH�IRU� WKH�VHFRQG�DQG�WKLUG�VWDJHV�UHODWH� WR�

)LJXUH����;5'�SDWWHUQ�RI�K\GUR[\DSDWLWH�

�D� �E� 

,Q� )LJXUH� �� DUH� VKRZQ� WKH� UHVXOWV� RI� WKH�

DQDO\VLV�RI�7*$�'7*�RI�39$�DQG�38��,W�DS�

SHDUV� WKDW� WKH� WKHUPDO� WUHDWPHQW� SURFHVV� DW� D�

WHPSHUDWXUH� RI� ���R&�ZLOO� OHDYH� RQO\� WKH�38�

LQ�D�UHODWLYHO\�VPDOO�DPRXQW���������7KXV��WKH�

)LJXUH����7*$�DQG�'7*�SDWWHUQV�IRU���D��39$�DQG��E��VSRQJH�38� 

�D� �E� �F� 

)LJXUH�����3KRWRJUDSK�RI�VFDIIROGV���D��39$-�����E��39$-�����F��39$-�� 
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WKH�HVWHU�ERQG� �7URYDWL� HW� DO����������7KH� ORZ�

RI� ILUVW� GHFRPSRVLWLRQ� WHPSHUDWXUH� LQ� WKLV�

VWXG\� �����R&�� RFFXUUHG� EHFDXVH� WKH� VSRQJH�

WKHUPDO� WUHDWPHQW�SURFHVV�ZDV�FDUULHG�RXW�XQ�

GHU� DWPRVSKHULF� FRQGLWLRQV� �0LNXOFLF� HW� DO���

������� $IWHU� WKH� KHDW� WUHDWPHQW� SURFHVV�� WKH�

38��ZLOO�GHFRPSRVH�WR�OHDYH�D�UHODWLYHO\�URXQG�

SRUH�DV�VKRZQ�LQ�)LJXUH���� ,W�DSSHDUV� WKDW� WKH�

39$-���KDYH�D�JRRG�VKDSH���0HDQZKLOH��39$

-���DQG�39$-���DUH�IUDJLOH��7KH�KLJKHU�OHYHOV�

RI�39$�ZLOO�UHGXFH�K\GUR[\DSDWLWH�LQ�D�VOXUU\��

7KXV�� IRU� ERWK� VDPSOHV� MXVW� OHDYLQJ� D� OLWWOH�

DPRXQW�RI�K\GUR[\DSDWLWH�DQG�LW�ZDV�XQDEOH�WR�

VXSSRUW�VFDIIROGV� 

$QDO\VLV�RI�SRUH�VL]H�RQ�WKH�VFDIIROG�39$-

���LQ�)LJXUH����VKRZV�WKDW�WKH�DYHUDJH�SRUH�RI�

WKH� VFDIIROG� LV� ���� �P�� 7KXV�� DFFRUGLQJ� WR�

SRUH�VL]H��LW�FDQ�EH�VWDWHG�WKDW�WKH�VFDIIROG�EH�

ORQJV�WR�WKH�PDFURSRUH�VFDIIROG�DQG�LW�FDQ�VXS�

SRUW�WKH�JURZWK�RI�ERQH�FHOOV��6RS\DQ�	�*XQ�

DZDQ��������� 

7KH�;5'�SDWWHUQ�RI�VFDIIROGV� LV�SUHVHQW� LQ�

)LJXUH����7KURXJK�WKHVH�UHVXOWV��LW�DSSHDUV�WKDW�

DOPRVW�DOO�RI�WKH�;5'�SHDNV�FRUUHVSRQG�WR�WKH�

K\GUR[\DSDWLWH� SHDNV�� 7KHVH� LQGLFDWH� WKDW� WKH�

V\QWKHVLV� RI� WKH� SRURXV� VFDIIROG� WKURXJK� D�

VSRQJH�UHSOLFDWLRQ�PHWKRG�GRHV�QRW�SURGXFH�D�

QHZ�FU\VWDOOLQH�SKDVH�� 

)LJXUH� �� VKRZV� WKH� )7,5� VSHFWUD� RI� K\�

GUR[\DSDWLWH� SRZGHU� DQG� VFDIIROGV�� 7KURXJK�

WKH�DQDO\VLV�RI�WKH�)7,5�VSHFWUD�RI�K\GUR[\DS�

DWLWH� SRZGHU� LV� IRXQG� WKDW� WKH� VSHFLILF� IXQF�

WLRQDO�JURXS�RI�WKH�K\GUR[\DSDWLWH�LV�DV\PPHW�

ULF� VWUHWFKLQJ� YLEUDWLRQ� RI� 3-2� DQG� LW� DULVHV�

)LJXUH����3RUH�VL]H�GLVWULEXWLRQ�RI�39$-��� 

IURP� 32�
�-� DW� ����� WR� ����� FP-��� $EVRUSWLRQ�

SHDN�DVVRFLDWHG�ZLWK� WKH� V\PPHWULF� VWUHWFKLQJ�

YLEUDWLRQ� RI� 32�
�-� RFFXUV� DW� ���� FP-���

$EVRUSWLRQ� SHDN� DVVRFLDWHG� ZLWK� WKH� EHQGLQJ�

YLEUDWLRQ� RI� 32�
�±�RFFXUV� DW� � ���-���� FP-���

$OVR�� DQRWKHU� DEVRUSWLRQ� SHDN� WKDW� DSSHDUV� DW�

�����FP-�������FP-���DQG�����FP-��LQGLFDWH�WKH�

SUHVHQFH� RI� 2+� JURXSV� LQ� K\GUR[\DSDWLWH�

SRZGHU� �$]LV� HW� DO��� �������7KH�)7,5� VSHFWUD�

RQ� SRURXV� VFDIIROG� 39$-��� DQG� 39$-��� GLG�

QRW� VKRZ� DQ\� VLJQLILFDQW� GLIIHUHQFHV� ZLWK� WKH�

)7,5�SDWWHUQ�RI�K\GUR[\DSDWLWH��7KHVH�LQGLFDWH�

WKDW� WKH� VFDIIROGLQJ� LV� QRW� IRUPLQJ� QHZ�

IXQFWLRQDO� JURXSV�� +RZHYHU�� GLIIHUHQW� WKLQJV�

KDSSHQ� RQ� WKH� VFDIIROG� 39$-��� WKDW� KDV�

DEVRUSWLRQ�SHDN�DW������FP-��DQG�LW�FRUUHVSRQG�

WR�WKH�& 2�JURXS��DOWKRXJK�DW�ORZ�LQWHQVLW\��/L�

HW� DO��� ������� 7KH� HPHUJHQFH� RI� WKH� & 2��

JURXS� RULJLQDWHV� IURP� WKH� UHPDLQLQJ� 39$� LQ�

WKH� VFDIIROG� WKDW� GRHV� QRW� FRPSOHWHO\� GHFRP�

SRVH�� 7KLV� LV� WKH� LPSDFW� RI� 39$-��� VOXUU\�

)LJXUH����;5'�SDWWHUQ�RI�VFDIIROGV� 

)LJXUH����7KH�)7,5�SDWWHUQV�RI�

K\GUR[\DSDWLWH�SRZGHU�DQG�VFDIIROGV� 



*UDYLW\��-XUQDO�,OPLDK�3HQHOLWLDQ�GDQ�3HPEHODMDUDQ�)LVLND���������������� 

&RS\ULJKW���������*UDYLW\��,661�����-����� 

ZKLFK�FRQWDLQV�39$� LQ�D� KLJKHU�DPRXQW� WKDQ�

WKH�RWKHUV� 

 

&21&/86,21 

%DVHG� RQ� WKH� ;5'� SDWWHUQV� DQDO\VLV� KDV�

EHHQ� VKRZQ� WKDW� WKH� K\GUR[\DSDWLWH� FRXOG� EH�

V\QWKHVL]HG� IURP�ZDVWH� FRFNOH� VKHOOV� WKURXJK�

WKH� FR-SUHFLSLWDWLRQ�PHWKRG��$FFRUGLQJ� WR� WKH�

7*$�'7*�DQDO\VLV� FDQ� VHHP� WKDW� WKH�KHDWLQJ�

SURFHVV� DW� ���R&� TXLWH� XVHIXO� WR� GHFRPSRVH�

38�DQG�39$��7KH�EHVW�VOXUU\�WKDW�FDQ�SURGXFH�

D� SRURXV� VFDIIROG� LV� WKH� 39$-���� 0HDVXUH�

PHQWV�RI�PLFURJUDSKV� VKRZHG� WKDW� WKH�SRURXV�

VWUXFWXUH� RI� WKH� VFDIIROG� KDV� DQ� DYHUDJH� SRUH�

VL]H�RI������P��%DVHG�RQ�WKLV��LW�FDQ�EH�VWDWHG�

WKDW� WKH� V\QWKHVL]HG� SRURXV� VFDIIROG� FDQ� VXS�

SRUW�ERQH� FHOO� JURZWK� SURSHUO\��$OVR�� DFFRUG�

LQJ� WR� WKH� DQDO\VLV� RI� )7,5� VSHFWUD� DQG�;5'�

SDWWHUQ�VKRZHG�WKDW�SRURXV�VFDIIROGLQJ��H[FHSW�

IRU�39$-����GLG�QRW�KDYH�VLJQLILFDQW�DPRXQWV�

RI�38�DQG�39$� 

 

$&.12:/('*0(17 

7KLV�UHVHDUFK��ZDV�IXQGHG�E\�8QLYHUVLW\�RI�

%DQJND� %HOLWXQJ� WKURXJK� VFKHPH�� 3HQHOLWLDQ�

'RVHQ�7LQJNDW�-XUXVDQ���3'7-��LQ������� 

ZDWHU��$SSOLHG�6FLHQFH��������-���� 

$]LV��<��� -DPDUXQ��1��� =XOWLQLDU��$ULHI�� 6���	�

1XU�� +�� �������� 6\QWKHVLV� RI�

K\GUR[\DSDWLWH�E\�K\GURWKHUPDO�PHWKRG�

IURP�FRFNOH� VKHOO�� -RXUQDO� RI�&KHPLFDO�

DQG� 3KDUPDFHXWLFDO� 5HVHDUFK�� ������

���-���� 

&KDKDO��6���+XVVDLQ��)���	�<XVRII��0����������

&KDUDFWHUL]DWLRQ� RI� PRGLILHG� FHOOXORVH�

�0&��SRO\� �YLQ\O� DOFRKRO�� HOHFWURVSXQ�

QDQRILEHUV� IRU� ERQH� WLVVXH� HQJLQHHULQJ��

3URFHGLD�(QJLQHHULQJ���������-���� 

(VSRVWL�� 0��� &KLHOOLQL�� )��� %RQGLROL�� )���

0RUVHOOL�� '��� 	� )DEEUL�� 3�� ��������

+LJKO\� SRURXV� 3+%-EDVHG� ELRDFWLYH�

VFD�ROGV�IRU�ERQH�WLVVXH�HQJLQHHULQJ�E\�

LQ� VLWX� V\QWKHVLV� RI� K\GUR[\DSDWLWH��

0DWHULDOV� 6FLHQFH� 	� (QJLQHHULQJ�� &��

��������-���� 

*XQDZDQ��*���$ULILQ��$���<DQL��,���	�,QGUDMD\D��

0�� �������� &KDUDFWHUL]DWLRQ� RI� SRURXV�

K\GUR[\DSDWLWH-DOXPLQD� FRPSRVLWH�

VFDIIROG� SURGXFHG� YLD� SRZGHU�

FRPSDFWLRQ� PHWKRG�� ,23� &RQIHUHQFH�

6HULHV�� 0DWHULDOV� 6FLHQFH� DQG�

(QJLQHHULQJ�������������� 

+DQ��-���=KRX��=���<LQ��5���<DQJ��'���	�1LH��-��

�������� $OJLQDWH-FKLWRVDQ�

K\GUR[\DSDWLWH� SRO\HOHFWURO\WH� FRPSOH[�

SRURXV� VFDIIROGV�� 3UHSDUDWLRQ� DQG�

FKDUDFWHUL]DWLRQ�� ,QWHUQDWLRQDO� -RXUQDO�

RI�%LRORJLFDO�0DFURPROHFXOHV���������-

���� 

+XDQJ��&���+DR��1���%KDJLD��6���/L��0���0HQJ��

;��� 3X�� <��� �� �� �� 5DJDXVNDV�� $�� ��������

3RURXV� DUWLILFLDO� ERQH� VFDIIROG�

V\QWKHVL]HG� IURP� D� IDFLOH� LQ� VLWX�

K\GUR[\DSDWLWH�FRDWLQJ�DQG�FURVVOLQNLQJ�

UHDFWLRQ� RI� FU\VWDOOLQH� QDQRFHOOXORVH��

0DWHULDOLD��������-���� 

/L�� 0��� =KRX�� +��� /L�� 7��� /L�� &��� ;LD�� =��� 	�

'XDQ�� <�� �������� 3RO\XUHWKDQH�SRO\

�YLQ\O� DOFRKRO�� K\GURJHO� FRDWLQJ�

LPSURYHV� WKH� F\WRFRPSDWLELOLW\� RI�

QHXUDO� HOHFWURGHV��1HXUDO� 5HJHQHUDWLRQ�

5HVHDUFK�������������-����� 

0HVNLQIDP�� 0��� %HUWROGL�� 6��� $OEDQHVH�� 1���

&HUUL��$���7DQ]L��0���,PDQL��5���������)DUH��

6�� �������� 3RO\XUHWKDQH� IRDP�QDQR�

K\GUR[\DSDWLWH� FRPSRVLWH� DV� D� VXLWDEOH�

VFDIIROG� IRU� ERQH� WLVVXH� UHJHQHUDWLRQ��

5()(5(1&(6 

$IULDQL��)���'DKODQ��.���1LNPDWLQ��6���	�=XDV��

2�� �������� $OJLQDWH� DIIHFWLQJ� WKH�

FKDUDFWHULVWLFV� RI� SRURXV� EHWD-7&3�

DOJLQDWH�FRPSRVLWH�VFDIIROGV��-RXUQDO�RI�

2SWRHOHFWURQLFV� DQG� %LRPHGLFDO�

0DWHULDOV����������-��� 

$IULDQL�� )��� 0XVWDUL�� 	� 7LDQGKR�� <�� ��������

3HQJDUXK� /DPD� 3HPDQDVDQ� 7HUKDGDS�

.DUDNWHULVWLN� .ULVWDO� .DOVLXP� GDUL�

/LPEDK� &DQJNDQJ� .HUDQJ��

(GXPDWVDLQV�� -XUQDO� 3HQGLGLNDQ��

0DWHPDWLND��GDQ�6DLQV�����������-���� 

$IULDQL��)���7LDQGKR��<���(YL��-���	�5DIVDQMDQL��

5�� �������� 6\QWKHVLV� DQG�

FKDUDFWHUL]DWLRQ�RI�K\GUR[\DSDWLWH�VLOLFD�

FRPSRVLWHV�EDVHG�RQ�FRFNOH�VKHOOV�ZDVWH�

DQG�WLQ�WDLOLQJV��,23�&RQIHUHQFH�6HULHV��

(DUWK�DQG�(QYLURQPHQWDO�6FLHQFH�������

������� 

$ZDGD��+���	�'DQHDXOW��&�� ��������&KHPLFDO�

PRGLILFDWLRQ� RI� SRO\�YLQ\O� DOFRKRO�� LQ�



*UDYLW\��-XUQDO�,OPLDK�3HQHOLWLDQ�GDQ�3HPEHODMDUDQ�)LVLND���������������� 

&RS\ULJKW���������*UDYLW\��,661�����-����� 

0DWHULDOV� 6FLHQFH� DQG� (QJLQHHULQJ�� &��

����������-���� 

0LNXOFLF��+��� -LQ��4��� 6WDQFLQ��+���:DQJ��;���

/L�� 6��� 7DQ�� +��� 	� 'XLF�� 1�� ��������

7KHUPRJUDYLPHWULF� DQDO\VLV�

LQYHVWLJDWLRQ� RI� SRO\XUHWKDQH� SODVWLF�

WKHUPDO� SURSHUWLHV� XQGHU� GLIIHUHQW�

DWPRVSKHULF� FRQGLWLRQV�� -RXUQDO� RI�

6XVWDLQDEOH� 'HYHORSPHQW� RI� (QHUJ\��

:DWHU�� DQG�(QYLURQPHQW� 6\VWHPV�� ������

���-���� 

1DTVKEDQGL�� $��� 6RS\DQ�� ,��� 	� *XQDZDQ��

��������'HYHORSPHQW�RI�SRURXV�FDOFLXP�

SKRVSKDWH�ELRFHUDPLFV�IRU�ERQH�LPSODQW�

DSSOLFDWLRQV�� D� UHYLHZ�� 5HFHQW� 3DWHQWV�

RQ�0DWHULDOV�6FLHQFH��������-���� 

1XQH]�� '��� (OJXHWD�� (��� 9DUDSUDVDG�� .��� 	�

2\DU]XQ�� 3�� �������� +\GUR[\DSDWLWH�

QDQRFU\VWDOV� V\QWKHVL]HG� IURP� FDOFLXP�

ULFK� ELR-ZDVWHV��0DWHULDOV� /HWWHUV�� �����

��-��� 

7URYDWL�� *��� 6DQFKH]�� (��� 1HWR�� 6���

0DVFDUHQKDV��<���	�&KLHULFH��*����������

&KDUDFWHUL]DWLRQ� RI� SRO\XUHWKDQH� UHVLQV�

E\� )7,5�� 7*$�� DQG� ;5'�� -RXUQDO� RI�

$SSOLHG�3RO\PHU�6FLHQFH����������-���� 

:DOX\R��$���	�6DEDUPDQ��+����������)DEULNDVL�

ILEHU� SRO\YLQ\O� DOFRKRO� �39$�� GHQJDQ�

HOHNWURVSLQQLQJ��*UDYLW\�� -XUQDO� ,OPLDK�

3HQHOLWLDQ� GDQ� 3HPEHODMDUDQ� )LVLND�� �

�������-�� 

=KDQJ��;���=KDQJ��/���/L��<���+XD��<���/L��<���

 /L��:���	�/L��:����������7HPSODWH-

 DVVLVWHG��6RO-JHO�)DEULFDWLRQ�RI�

 %LRFRPSDWLEOH��+LHUDUFKLFDOO\�3RURXV�

 +\GUR[\DSDWLWH�6FDIIROGV��0DWHULDOV��

 ���������� 


