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RI� WKLV�� FKLWRVDQ� KDV� VSHFLILF� SURSHUWLHV�� VXFK� DV� FKHODWLRQ

DSSOLHG�WR�DUHDV�RI�KHDOWK�FDUH��ZDWHU�TXDOLW\�LPSURYHPHQW�

SKDUPDFHXWLFV��� DIILQLW\� IRU� SURWHLQ����� LQKLELWLRQ� RI� WXPRU

FHOOV��� DQG� LQKLELWLRQ� RI� PLFURELDO� FHOO� JURZWK��� 5HFHQWO\�

PDQ\� LQYHVWLJDWRUV�KDYH�IRFXVHG�JHQH�FDUULHU�GHYHORSPHQW

RQ� JHQHWLF� GLVHDVH� WKHUDS\�� $PRQJ� WKHVH� ELRPDWHULDOV� IRU

JHQH� FDUULHUV�� FKLWRVDQ� KDV� D� XQLTXH� SRWHQWLDO� DV� D� XVHIXO

'1$�FDUULHU��GXH�WR�WKH�VWURQJ�SRVLWLYH�FKDUJH�RI�WKH�DPLQH

JURXS�DW�WKH�&���SRVLWLRQ��+RZHYHU��RQH�RI�VHYHUH�GLVDGYDQW�

DJHV�RI�WUDGLWLRQDO�FKLWRVDQ�LV�LWV�SRRU�VROXELOLW\�LQ�ZDWHU�RU

RUJDQLF�VROYHQWV�GXH�WR�LWV�FU\VWDOOLQH�VWUXFWXUH��DQG�WKHQ�LWV

DFWXDO� XVH� LQ�ELRLQGXVWU\� LV� OLPLWHG��6LQFH�FKLWRVDQ� LV� RQO\

GLVVROYHG� LQ� ZDWHU� FRQWDLQLQJ� DFHWLF� DFLG� DQG� LWV� XVH� DV

VROYHQW�LV�FRQVLGHUHG�DQRWKHU�OLPLWDWLRQV�IRU�DFWXDO�XVH�GXH
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2QH�RI�WKH�SURFHVVHV�WR�SURGXFH�ZDWHU�VROXEOH�FKLWRVDQ�LV

HQ]\PDWLF��PHWKRG�FKLWRVDQ�ROLJRVDFFKDULGH�IURP�KLJK�PROH�
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WKH�DPLQH�VDOWV�GHULYHG�E\�HQ]\PDWLF�SURFHVV�DQG�LWV�GHJUHH
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XVHG�ZLWKRXW� IXUWKHU�SXULILFDWLRQ��7KH�ZDWHU� ILOWHU�ZKLFK� LV

FRPSRVHG�RI�DFWLYDWHG�FDUERQ�DQG� LRQ�H[FKDQJH� UHVLQ�ZDV

SXUFKDVHG�IURP�WKH�%ULWD�3URGXFWV�&R��9DULRXV�VROYHQWV�DV�D

UHDJHQW� JUDGH� ZHUH� XVHG� ZLWKRXW� IXUWKHU� SXULILFDWLRQ� DQG

GRXEOH�GLVWLOOHG�ZDWHU�ZDV�XVHG�DW�DOO�RI�WKH�H[SHULPHQWV�

3UHSDUDWLRQ�RI�/0�:6)&��)LYH�JUDP�RI�FKLWRVDQ�ROLJR�

VDFFKDULGH�SUHSDUHG�E\�HQ]\PDWLF�SURFHVV�ZDV�GLVVROYHG�LQ

���P/�RI�SKRVSKDWH�EXIIHUHG�VDOLQH��3%6��S+������WR�UHPRYH

WKH� DPLQH� VDOW� DWWDFKHG� LQ� &��� SRVLWLRQ� RI� JOXFRVH� DPLQH

XQLWV��7($�����P/�ZDV�VORZO\�GURSSHG�LQ�FKLWRVDQ�VROXWLRQ

DQG� WKLV� VROXWLRQ� VWLUUHG� IRU� �� K� DW� WKH� URRP� WHPSHUDWXUH�
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ZLWK�������1�+&O�DTXHRXV�VROXWLRQV��DJDLQ�IRU���K��$IWHU��

K��DFHWRQH�ZDV�DGGHG�WR�WKLV�VROXWLRQ�IROORZLQJ�DERYH�SUR�

FHGXUH�UHSHDWHG���WLPHV�DQG�WKHQ�GULHG�RQ�WKH�DLU��7R�UHPRYH

WKH� UHVLGXH� +&O� VROXWLRQ� DQG� LPSXULW\�� WKH� SURGXFW� ZDV

GLVVROYHG� LQ� GRXEOH� GLVWLOOHG�ZDWHU� IROORZLQJ� SDVV� WKURXJK
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PLQXWHV��7KH�.%U�GLVF�REWDLQHG�IURP�D�����PJ�DOLTXRW�RI

WKH�PL[HG�SRZGHU�ZDV�GHVLFFDWHG� IRU����K�DW���� R&�XQGHU
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SDUHG� WR�XVH�DV�D�ELRDFWLYH�PDWHULDO� LQ� WKH�SKDUPDFHXWLFDO�

6FKHPH���SUHVHQWV�WKH�W\SH�RI�DPLQH�VDOWV��D��DQG�SXUH�IUHH

DPLQH��E��UHPRYHG�E\�WKLV�PHWKRG��7KH�FKLWRVDQ�ZLWK�DPLQH

VDOWV� LV� WR[LF� LQ� WKH� ERG\� DQG� KDYH� WR� UHPRYH� IRU� WKH

SKDUPDFHXWLFDO�DSSOLFDWLRQ��
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DERXW� ���� ''$� WKDW� ZDV� KLJKHU� WKDQ� WKDW� RI� FRQWURO

FKLWRVDQ� KDYLQJ� ����''$��7KLV� UHVXOW� LQGLFDWHG� WKDW� IUHH

DPLQH�JURXSV�RI�/0�:6)&�ZHUH�LQFUHDVHG�WKURXJK�UHPRYDO

RI�WKH�LPSXULW\�RU�VDOWV�DWWDFKHG�LQ�DPLQH�JURXS�RI�WKH�&��

SRVLWLRQ� RI� WKH� JOXFRVH� DPLQH� XQLW�� 7KH� UHODWLYH� YLVFRVLW\

ZDV�PHDVXUHG�WR�GHWHUPLQH�WKH�DYHUDJH�PROHFXODU�ZHLJKW�RI
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HTXDWLRQV� �)LJXUH� ���� )URP� WKLV� UHVXOW��0Z� RI� /0�:6)&
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$QDO\VLV�RI�)7�,5�VSHFWUXP��,Q�WKH�FDVH�RI�KLJK�PROHFXODU

ZHLJKW�FKLWRVDQ��+0:&���WKH�LQWHQVLW\�RI�WKH�DPLGH�,�DQG

DPLGH�,,�EDQGV�DW������DQG������FP−��GHFUHDVHV�GXH�WR�WKH

GHDFHW\ODWLRQ�RI�FKLWLQ�DQG�WKH�DEVRUSWLRQ�EDQG�RI�WKH�DPLQH

JURXS� IRUPHG� QHZO\� LQFUHDVHV� DW� ����� FP−��� +RZHYHU�� LW

ZDV�LGHQWLILHG�WKDW�WKH�)7�,5�VSHFWUXP�RI�WKH�ORZ�PROHFXODU

ZHLJKW�FKLWRVDQ��/0:&��SUHSDUHG�E\�DFLGLF�GHJUDGDWLRQ�LV

QRWLFHDEO\�VSOLW�DW������DQG������FP−�����7KLV�LV�FRQVLGHUHG

WKDW�WKH�SHDN�E\�DPLGH�,�JURXS��& 2��LV�VKRZHG�WKH�VWURQJ

DEVRUSWLRQ�EDQG�GXH�WR�WKH�ZHDNQHVV�RI�WKH�K\GURJHQ�ERQG�

7DEOH� �� VKRZV� WKH� FKDUDFWHULVWLF� SHDN� RI� WKH� FKLWLQ� DQG

FKLWRVDQ�)7�,5�VSHFWUXP�

7KH�VSHFWUXP�RI�FRQWURO�FKLWRVDQ�DQG�/0�:6)&�SUHSDUHG

LQ�WKLV�ZRUN�ZDV�FRPSDUHG�WR�LGHQWLI\�WKH�V\QWKHVLV�RI�/0�

:6)&��$W�WKH�VSHFWUXP�RI�FRQWURO�FKLWRVDQ��)LJXUH�����WKH

DEVRUSWLRQ�EDQG�E\�FDUER[\O�JURXS�GHULYHG�IURP�ODFWLF�DFLG

DW������FP−��DQG�WKH�LPSXULW\�IRUPHG�LQ�WKH�HQ]\PH�GHJUDG�

DWLRQ�SURFHVV�DW������FP−��ZDV�LGHQWLILHG��+RZHYHU��DW�WKH

VSHFWUXP� RI� /0�:6)&� SUHSDUHG� LQ� WKLV� H[SHULPHQW� WKH

DEVRUSWLRQ� EDQG� DW� ����� FP−�� GLVDSSHDUHG� DQG� WKH� VWURQJ
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WUXP��7KXV��LW�ZDV�LGHQWLILHG�WKDW�WKH�/0�:6)&�SUHSDUHG�LQ

WKLV� PDQQHU� LV� SXUH� ZDWHU�VROXEOH� FKLWRVDQ�� KDYLQJ� D� IUHH
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