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DQG�6XOIRQ\O�*URXS�FRQWDLQLQJ�$FWLYH�0HWK\OHQH�&RPSRXQGV

<DQJ�-LQ�,P��<XQ�0L�&KXQJ��-L�+\HRQ�*RQJ��DQG�-DH�1\RXQJ�.LP

'HSDUWPHQW�RI�&KHPLVWU\�DQG�,QVWLWXWH�RI�%DVLF�6FLHQFH��&KRQQDP�1DWLRQDO�8QLYHUVLW\��.ZDQJMX����������.RUHD

5HFHLYHG�)HEUXDU\��������

.H\ZRUGV � 1DSKWKDOHQHV��%D\OLV�+LOOPDQ�DFHWDWHV��6XOIRQ\O�JURXS��$FWLYH�PHWK\OHQH�FRPSRXQGV�

5HJLRVHOHFWLYH� V\QWKHVLV� RI� QDSKWKDOHQH� GHULYDWLYHV� KDV

EHHQ�DQG�FRQWLQXHV�WR�EH�RI�JUHDW�LQWHUHVW�LQ�RUJDQLF�V\QWKH�

VLV�����1HZ�V\QWKHWLF�SURFHGXUH�LV�VWLOO�KLJKO\�GHVLUHG�GXH�WR

WKH�DEXQGDQFH�RI� WKH�VNHOHWRQ�LQ�PDQ\�ELRORJLFDOO\� LPSRU�

WDQW� QDWXUDO� SURGXFWV����� 5HFHQWO\�ZH� KDYH� UHSRUWHG� RQ� WKH

V\QWKHVLV� RI� QDSKWKDOHQHV� IURP� WKH� UHDFWLRQ� RI� WKH�%D\OLV�

+LOOPDQ�DFHWDWHV�GHULYHG�IURP�R�KDOREHQ]DOGHK\GHV�DQG�SUL�

PDU\�QLWUR�DONDQHV�YLD�WKH�VXFFHVVLYH�61�
�61$U�HOLPLQDWLRQ

VWUDWHJ\���

$V�DQ�H[WHQVLRQ�RI�WKH�UHDFWLRQ�ZH�H[DPLQHG�WKH�UHDFWLRQ

ZLWK�VXOIRQ\O�JURXS�FRQWDLQLQJ�DFWLYH�PHWK\OHQH�FRPSRXQGV

�D�H� DV� WKH� VXUURJDWHV� RI� SULPDU\� QLWUR� DONDQHV� DQG� WKH

%D\OLV�+LOOPDQ�DFHWDWHV� ���2XU� UDWLRQDOH�ZDV�EDVHG�RQ� WKH

IROORZLQJV�� ���� 7KH� ILUVW� 61�
� UHDFWLRQ� RI� �D�H� LQ� 1�1�

GLPHWK\OIRUPDPLGH� LQ� WKH� SUHVHQFH� RI� .�&2��ZRXOG� SUR�

FHHG�ZLWKRXW�DQ\�SUREOHP�GXH�WR�WKH�IDFW�WKDW�SULPDU\�QLWUR

DONDQHV�DQG�DFWLYH�PHWK\OHQH�FRPSRXQGV���KDYH�VLPLODU�S.D

YDOXHV�������%\�WKH�VDPH�UHDVRQ��WKH�VHFRQG�61$U�VWHS�ZRXOG

JLYH�JRRG�UHVXOWV������,Q�WKH�ILQDO�HOLPLQDWLRQ�VWHS��HOLPLQDWLRQ

RI�S�WROXHQHVXOILQLF�DFLG�RU�PHWKDQHVXOILQLF�DFLG�FRXOG�SURFHHG

ZHOO� DV� LQ� WKH� FDVH� RI� QLWURXV� DFLG� LQ� RXU� SUHYLRXV� SDSHU� �

$QG� ILQDOO\�� ���� PDQ\� VXOIRQ\O� JURXS�FRQWDLQLQJ� DFWLYH

PHWK\OHQH�FRPSRXQGV�DUH�FRPPHUFLDOO\�DYDLODEOH�

$V� H[SHFWHG�� D� YDULHW\� RI� ����GLVXEVWLWXWHG� QDSKWKDOHQHV

�D�L�ZHUH�V\QWKHVL]HG�LQ�JRRG�WR�PRGHUDWH�\LHOGV�LQ�D�RQH�

SRW�UHDFWLRQ�DV�VKRZQ�LQ�6FKHPH����:H�XVHG�WKUHH�%D\OLV�

+LOOPDQ�DFHWDWHV��D�F�DV�WKH�UHSUHVHQWDWLYH�H[DPSOHV��$V�WKH

VXOIRQ\O�JURXS�FRQWDLQLQJ�DFWLYH�PHWK\OHQH�FRPSRXQGV�ZH

FKRVH��SKHQ\OVXOIRQ\O�DFHWRQLWULOH���D���HWK\O�PHWKDQHVXOIRQ\O�

DFHWDWH���E���PHWKDQHVXOIRQ\ODFHWRQH���F���α��SKHQ\OVXOIRQ\O��
DFHWRSKHQRQH� ��G�� DQG� ELV�SKHQ\OVXOIRQ\O�PHWKDQH� ��H��

7KH�UHVXOWV�DUH�VXPPDUL]HG�LQ�7DEOH����

:KHQ�ZH�XVHG��D�DQG��E��WKH�FRUUHVSRQGLQJ�QDSKWKDOHQH

GHULYDWLYHV� �D�I�ZHUH� REWDLQHG� LQ� JRRG� WR�PRGHUDWH� \LHOGV

���������7DEOH������+RZHYHU��LQ�WKH�FDVHV�RI��F�H�ORZ�\LHOGV

RI�SURGXFWV��J�L�ZHUH�REWDLQHG�����������/RZ�\LHOG�RI� �J

PLJKW� EH� DULVHQ� EHFDXVH� RI� WKH� ODELOH� DFHW\O� JURXS� LQ� WKH

UHDFWLRQ� FRQGLWLRQV�� ,Q� WKH� FDVHV� RI� �K� DQG� �L�� VWHULF

KLQGUDQFH�LQ�WKH�61$U�VWHS�VHHPHG�WKH�PDMRU�UHDVRQ�IRU�ORZ

\LHOGV��

7KH� UHDFWLRQ� PHFKDQLVP� IRU� WKH� IRUPDWLRQ� RI� �� ZDV

GHSLFWHG�LQ�6FKHPH����7KH�61�
�W\SH�UHDFWLRQ�RI�WKH� LQ�VLWX

JHQHUDWHG�SRWDVVLXP�VDOW�RI���WR�WKH�%D\OLV�+LOOPDQ�DFHWDWHV

�� JDYH� WKH� (�IRUP� RI� FLQQDPDWH� GHULYDWLYHV� �� DV� LQ� RXU

SUHYLRXV� SDSHU����� 8QGHU� WKH� UHDFWLRQ� FRQGLWLRQV� �� UHDGLO\

XQGHUZHQW�WKH�QH[W�61$U�UHDFWLRQ�WR�JLYH����7UDFH�DPRXQWV

RI� WKH� FRUUHVSRQGLQJ� =�IRUP�RI��� FDQQRW�XQGHUJR� WKH�QH[W

61$U� UHDFWLRQ�� )LQDOO\�� D� UDSLG� HOLPLQDWLRQ� RI� S�WROXHQH�

VXOILQLF� DFLG� RU� PHWKDQHVXOILQLF� DFLG� IURP� �� JDYH� WKH

QDSKWKDOHQHV����

$V�D�FRQFOXVLRQ�ZH�GLVFORVHG�D�IDFLOH�PHWKRGRORJ\�IRU�WKH

V\QWKHVLV�RI�����GLVXEVWLWXWHG�QDSKWKDOHQHV�IURP�WKH�UHDFWLRQ

RI� %D\OLV�+LOOPDQ� DFHWDWHV� DQG� VXOIRQ\O� JURXS�FRQWDLQLQJ

DFWLYH�PHWK\OHQH�FRPSRXQGV� YLD�WKH�VXFFHVVLYH�61�
�61$U�

HOLPLQDWLRQ�VWUDWHJ\�

$FNQRZOHGJPHQW��7KLV�ZRUN�ZDV�VXSSRUWHG�E\�D�.RUHD6FKHPH �
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���� 7\SLFDO� SURFHGXUH� IRU� WKH� SUHSDUDWLRQ� RI� ��FKORUR���F\DQRQDSK�
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7DEOH����6\QWKHVLV�RI�����GLVXEVWLWXWHG�QDSKWKDOHQH�GHULYDWLYHV��D�L

(QWU\ %�+�DFHWDWH�� &RQGLWLRQV 3URGXFW�� <LHOG����D

D0S�ZDV�ZULWWHQ� LQ� SDUHQWKHVLV��E7KH�\LHOG� RI��K�ZDV� LPSURYHG�XS� WR
����ZKHQ�ZH�XVHG�����HTXLY��RI��F�� F7KH�\LHOG�RI��L�ZDV� LPSURYHG�WR
����ZKHQ�ZH�XVHG�����HTXLY��RI��F�


