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5HFHLYHG�)HEUXDU\����������

3RO\�HWK\OHQH�WHUHSKWKDODWH��KDV�EHHQ�K\GURO\]HG�XVLQJ�FRPPHUFLDO�VXOIXULF�DFLG�SURGXFHG�E\�WKH�6\ULDQ�&KHPLFDO�&RUSRUDWLRQ�LQ�
RUGHU� WR�REWDLQ�WKH�UDZ�PDWHULDOV��7KH�UHDFWLRQ�SDUDPHWHUV�KDYH�EHHQ�LQYHVWLJDWHG��ZKLFK�DIIHFW� WKH�K\GURO\VLV�FRQYHUVLRQ�VXFK�DV��
DFLG�SXULW\�DQG�FRQFHQWUDWLRQ��UHDFWLRQ�WLPH��UHDFWLRQ�WHPSHUDWXUH�DQG�3(7�SDUWLFOH�VL]H��7KH�DFLG�FRQFHQWUDWLRQ�SOD\V�DQ�LPSRUWDQW�
UROH�� WKH� K\GURO\VLV� RFFXUV� ZLWK� DQ� DFLG� FRQFHQWUDWLRQ� RI� �� 0�� WKH� UHDFWLRQ� FRQYHUVLRQ� LQFUHDVHV� ZLWK� LQFUHDVLQJ� WKH� DFLG�
FRQFHQWUDWLRQ�XQWLO�����0��DQG�WKHQ�LW�WHQGV�WR�GHFUHDVH��7KH�XVH�RI�FRPPHUFLDO�VXOIXULF�DFLGV�OHG�WR�KLJKHU�K\GURO\VLV�\LHOG�WKDQ�WKH�
SXUH�VXOIXULF�DFLG��$V�H[SHFWHG�WKH�UHDFWLRQ�WLPH�OHDGV�WR�KLJKHU�FRQYHUVLRQ�XQWLO�DFKLHYLQJ�WKH�HTXLOLEULXP��7KH�UHDFWLRQ�\LHOG�LV�DOVR�
LQFUHDVHG�ZLWK�LQFUHDVLQJ�WKH�WHPSHUDWXUH�RI�WKH�RLO�EDWK�DQG�ZLWK�GHFUHDVLQJ�WKH�3(7�SDUWLFOH�VL]H��
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3ODVWLFV� KDYH� EHFRPH� FRPPRQ� PDWHULDOV� RI� RXU�
HYHU\GD\�OLYHV��DQG�PDQ\�RI�WKHLU�SURSHUWLHV��VXFK�DV�
GXUDELOLW\�� YHUVDWLOLW\� DQG� OLJKW�ZHLJKW�� FDQ� EH� D�
VLJQLILFDQW� IDFWRU� LQ� DFKLHYLQJ� VXVWDLQDEOH�
GHYHORSPHQW��6R�WKH\�DUH�SURGXFHG�LQ�KXJH�DPRXQWV��
���� 0� WRQH� LQ� ������� 1DWLRQZLGH�� VL[� SODVWLFV�
DFFRXQW�IRU�RYHU�VHYHQW\�SHUFHQW�RI�DOO�SODVWLFV�VDOHV��
ORZ�GHQVLW\�SRO\HWK\OHQH�� SRO\�YLQ\O� FKORULGH���KLJK�
GHQVLW\� SRO\HWK\OHQH�� SRO\SURS\OHQH�� SRO\VW\UHQH���
DQG� SRO\�HWK\OHQH� WHUHSKWKDODWH���� +RZHYHU�� SODVWLF�
DSSOLFDWLRQV� DOVR� FRQWULEXWH� WR� WKH�JURZLQJ� DPRXQWV�
RI�VROLG�ZDVWH�JHQHUDWHG��DV�SODVWLF�SURGXFWV�DUH�RIWHQ�
XVHG�RQO\�RQFH�EHIRUH�GLVSRVDO��7KH�GLVSRVDO�SUREOHP�
LV� QRW� VLPSO\� WHFKQLFDO�� EXW� LW� DOVR� KDV� VRFLDO��
HFRQRPLF�DQG�HYHQ�SROLWLFDO�DVSHFWV���

3RO\�HWK\OHQH� WHUHSKWKDODWH�� �3(7�� LV� D� VHPL�
FU\VWDOOLQH� WKHUPRSODVWLF� SRO\HVWHU�ZLGHO\� XVHG� LQ�
WKH�PDQXIDFWXUH�RI�DSSDUHO�ILEHUV��GLVSRVDEOH�VRIW�
GULQN� ERWWOHV�� SKRWRJUDSKLF� ILOPV�� HWF�� ,W� LV� XVHG�
ODUJHO\� LQ� WKH� SURGXFWLRQ� RI� WH[WLOH� ILEHUV� VLQFH�
PLG�����V���7KH�ZRUOG�SURGXFWLRQ�RI�3(7�LQ������
ZDV� ��� PLOOLRQ� WRQV� ZKLFK� LV� H[SHFWHG� WR� ULVH� WR��
�������������������������������������������������
�&RUUHVSRQGLQJ�DXWKRU��VFLHQWLILF#DHF�RUJ�V\��=��$MML�����

���PLOOLRQ�WRQ�LQ��������,Q�����V��3(7�DOVR�EHJDQ�
WR� EH� XVHG� SRSXODUO\� IRU� WKH� SURGXFWLRQ� RI�
GLVSRVDEOH� VRIW�GULQN� ERWWOHV� ZLWK� D� KLJK� JURZWK�
UDWH��� $� VHULRXV� FDXVH� RI� FRQFHUQ� WR� WKH�
HQYLURQPHQWDOLVWV� LV� WKH� QRQELRGHJUDGDELOLW\� RI�
3(7�LQ�VSLWH�RI�VHYHUDO�DGYDQWDJHV�DV�WKH�QRQWR[LF�
QDWXUH�� GXUDELOLW\� DQG� FU\VWDO� FOHDU� WUDQVSDUHQF\���
3(7� DFFRXQWV� IRU� PRUH� WKDQ� ��� E\� ZHLJKW� DQG�
����E\�YROXPH�RI�WKH�ZRUOG¶V�VROLG�ZDVWH���6LQFH�
ODQG� ILOOLQJ� RI� VXFK� QRQELRGHJUDGDEOH� ZDVWH� KDV�
VHYHUH� OLPLWDWLRQV�� FKHPLFDO� UHF\FOLQJ� LV� WKH� EHVW�
SRVVLEOH� DOWHUQDWLYH�� 7KH� PDMRU� VRXUFHV� RI� 3(7�
ILEHU�ZDVWH�JHQHUDWLRQ�DUH�WKH�PDQXIDFWXULQJ�ZDVWH�
DQG�WKH�SRVW�FRQVXPHU�ZDVWH����

7KH� FKHPLFDO� UHF\FOLQJ� RI� ZDVWH� SODVWLFV� KDV�
UHFHLYHG� PXFK� DWWHQWLRQ� E\� VRPH� VFLHQWLVWV� DV� D�
PHDQV� RI� REWDLQLQJ� YDOXDEOH� SURGXFWV�� 7KH�
SURFHVVHV� IRU� WKH� FKHPLFDO� UHF\FOLQJ� RI� ZDVWH�
SRO\�HWK\OHQH� WHUHSKWKDODWH�� �3(7�� DUH� PDLQO\�
GLYLGHG� LQWR� �O�� PHWKDQRO\VLV�� ���� JO\FRO\VLV�� ����
K\GURO\VLV�� ���� VXSHUFULWLFDO�PHWKDQRO\VLV�� DQG� ����
VXSHUFULWLFDO� K\GURO\VLV��� *URZLQJ� LQWHUHVW� KDV�
EHHQ� IRFXVHG� RQ� WKH� SURFHVV� GHYHORSPHQW� RI� WKH�
K\GURO\WLF� GHSRO\PHUL]DWLRQ� RI� 3(7�� LQ� ZKLFK�
�
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WHUHSKWKDOLF� DFLG� �73$�� DQG� HWK\OHQH� JO\FRO� �(*��
DUH� UHFRYHUHG� DQG� FDQ� EH� GLUHFWO\� XVHG� LQ� WKH�
V\QWKHVLV� RI� YLUJLQ� 3(7� RU� � RWKHU� QHHGHG�
FRPSRXQGV������ 6HYHUDO� UHVHDUFKHUV� WULHG� DFLGLF�
K\GURO\VLV� RI� 3(7� XQGHU� YDULRXV� UHDFWLRQ�
FRQGLWLRQV�� SUHVVXUH�� WHPSHUDWXUHV�� DFLG�
FRQFHQWUDWLRQ�HWF���������

7KH� SUHVHQW� ZRUN� UHSRUWV� RQ� WKH� XVH� RI�
FRPPHUFLDO� VXOIXULF� DFLG� SURGXFHG� E\� WKH� 6\ULDQ�
FRUSRUDWLRQ�IRU�IHUWLOL]HU�SURGXFWLRQ�IRU�WKH�K\GURO\VLV�
RI�3(7�ZDVWH�XQGHU�QRUPDO�SUHVVXUH��WKH�LQIOXHQFH�RI�
YDULRXV�UHDFWLRQ�SDUDPHWHUV�KDV�EHHQ�VWXGLHG�DV�DFLG�
FRQFHQWUDWLRQ�� WHPSHUDWXUH�� UHDFWLRQ� WLPH�� DQG� WKH�
SDUWLFOHV� VL]H�� $OVR� WKH� K\GURO\VLV� RI� SXUH��PROGHG��
DQG� ZDVWH� 3(7� KDV� EHHQ� FRPSDUHG�� )XUWKHUPRUH��
3XUH�DQG�FRPPHUFLDO� VXOIXULF� DFLG�KDYH�EHHQ� WHVWHG�
IRU�WKH�K\GURO\VLV�UHDFWLRQ���

5(68/76�$1'�',6&866,216�

���$FLG�FRQFHQWUDWLRQ�HIIHFW�

)LJ�� �� UHSUHVHQWV� WKH� FRQYHUVLRQ� RI� WKH� 3(7�
K\GURO\VLV� ZLWK� UHVSHFW� WR� VXOIXULF� DFLG�

FRQFHQWUDWLRQ�� DQG� WKH� RWKHU� UHDFWLRQ� SDUDPHWHUV�
DUH� FRQVWDQW�� UHDFWLRQ� WLPH�  � �� K�� SDUWLFOH��
VL]H ������PP��WHPSHUDWXUH�RI�WKH�RLO�EDWK� �����R&��
,W�FDQ�EH� VHHQ� WKDW� WKH�K\GURO\VLV� VWDUWV�DW� DQ�DFLG�
FRQFHQWUDWLRQ� RI� �� PROHV�� 7KHQ� WKH� GHJUDGDWLRQ�
LQFUHDVHV� ZLWK� LQFUHDVLQJ� WKH� DFLG� FRQFHQWUDWLRQ�
XQWLO�DQ�DFLG�FRQFHQWUDWLRQ�RI�����0��7KHUHDIWHU�WKH�
UHDFWLRQ� FRQYHUVLRQ� GHFUHDVHV� GXH� WR� R[LGDWLRQ� RI�
WKH�FRPSRXQGV�� WKH�FRORU�RI� WKH�VROXWLRQ�EHFRPHV�
GDUN�� 7KH� HVWHUILFDWLRQ� LV� DQ� HTXLOLEULXP� UHDFWLRQ��
DQG� WKH� FRQFHQWUDWLRQ� RI� WKH� DFLG� SOD\V� DQ�
LPSRUWDQW� UROH� WR� HQKDQFH� WKH� UHDFWLRQ� YHORFLW\� LQ�
ERWK�GLUHFWLRQV��7KH�SURWRQDWLRQ�RI�WKH�HVWHU�JURXS�
OHDGV� WR� WKH� EDFN� UHDFWLRQ� DFFRUGLQJ� WR� WKH�
FKHPLFDO�NLQHWLFV�����

7KH� K\GURO\VLV� RFFXUV� DW� KLJKHU� DFLG�
FRQFHQWUDWLRQ� FRPSDUHG� ZLWK� SXEOLVKHG� ZRUN����
ZKHUH� WKH� K\GURO\VLV� ZDV� SHUIRUPHG� LQ� VHDOHG�
3\UH[� WXEHV�� 7KH� SUHVVXUH� VHHPV� WR� LQIOXHQFH� WKH�
K\GURO\VLV�UHDFWLRQ��DQG�D�ORZHU�DFLG�FRQFHQWUDWLRQ�
LV�QHHGHG����

,Q� WKH� QH[W� H[SHULPHQWV�� DQ� DFLG� FRQFHQWUDWLRQ�
RI� �� PROHV� KDV� EHHQ� XVHG� WR� DYRLG� WKH� R[LGDWLRQ�
HIIHFW�RI�WKH�FRQFHQWUDWHG�VXOIXULF�DFLG���
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$FLG�FRQFHQWUDWLRQ�>PROH@ �
)LJ����±�7KH�K\GURO\VLV�FRQYHUVLRQ�ZLWK�UHVSHFW�WR�VXOIXULF�DFLG�FRQFHQWUDWLRQ���UHDFWLRQ�LQWHUYDO� ���KRXUV���

SDUWLFOH�VL]H� ������PP��RLO�EDWK�WHPSHUDWXUH� �����R&��

�
���(IIHFW�RI�UHDFWLRQ�WLPH�

)LJ�� �� VKRZV� WKH� FRQYHUVLRQ� RI� WKH� 3(7�
K\GURO\VLV�YHUVXV�WKH�UHDFWLRQ�WLPH��ZKLOH�WKH�RWKHU�
UHDFWLRQ� SDUDPHWHUV� DUH� FRQVWDQW�� VXOIXULF� DFLG�
FRQFHQWUDWLRQ�  � �0�� SDUWLFOH� VL]H � ����� PP��

WHPSHUDWXUH�RI�WKH�RLO�EDWK� �����R&��,W�FDQ�EH�VHHQ�
WKDW� WKH�K\GURO\VLV�\LHOG� LQFUHDVHV�ZLWK� LQFUHDVLQJ�
WKH� UHDFWLRQ� WLPH�� ZKLFK� LV� DOVR� REVHUYHG� LQ����
$OPRVW� ������KRXUV� DUH� QHHGHG� WR� DFKLHYH� D� WRWDO�
FRQYHUVLRQ�
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)LJ����±�7KH�K\GURO\VLV�FRQYHUVLRQ�ZLWK�UHVSHFW�WR�UHDFWLRQ�WLPH��VXOIXULF�DFLG�FRQFHQWUDWLRQ� ���0���
SDUWLFOH�VL]H� ������PP��RLO�EDWK�WHPSHUDWXUH� �����R&��

�
���(IIHFW�RI�UHDFWLRQ�WHPSHUDWXUH�

7KH� FRQYHUVLRQ� RI� WKH� 3(7� K\GURO\VLV� LV�
LOOXVWUDWHG� LQ� )LJ�� �� ZLWK� UHVSHFW� WR� WKH� UHDFWLRQ�
WHPSHUDWXUH��DQG�WKH�RWKHU�UHDFWLRQ�SDUDPHWHUV�DUH�
FRQVWDQW�� VXOIXULF� DFLG� FRQFHQWUDWLRQ�  � �0��
UHDFWLRQ�WLPH� ���K��ZKLOH�SDUWLFOH�VL]H� ������PP���
7KH� JUDSK� VKRZV� WKDW� WKH� K\GURO\VLV� VWDUWV� ZLWK�
OLPLWHG�FRQYHUVLRQ�DW�D�WHPSHUDWXUH�RI�����R&��DQG�

LW� LQFUHDVHV� ZLWK� WKH� LQFUHDVH� LQ� WKH� RLO� EDWK�
WHPSHUDWXUH�� ,W� LV� NQRZQ� IURP� FKHPLFDO� NLQHWLFV�
WKDW� UHDFWLRQ� YHORFLW\� GRXEOHV� ZKHQ� WKH� UHDFWLRQ�
WHPSHUDWXUH� LV� LQFUHDVHG� ��� GHJUHHV�� 7KH�
K\GURO\VLV�FRQYHUVLRQ�LV�ORZHU�WKDQ�LQ�>��@��ZKLFK�
LV� GXH� WR� WKH� SUHVVXUH� DSSOLHG� LQ� WKH� SXEOLVKHG�
ZRUN���
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7HPSHUDWXUH�>R&@
�

)LJ����±�7KH�K\GURO\VLV�FRQYHUVLRQ�ZLWK�UHVSHFW�WR�WKH�WHPSHUDWXUH�RI�WKH�RLO�EDWK��VXOIXULF�DFLG�FRQFHQWUDWLRQ� ���0���
UHDFWLRQ�WLPH�� ���KRXUV��SDUWLFOH�VL]H� ������PP��RLO�EDWK�WHPSHUDWXUH� �����R&��
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���(IIHFW�RI�SDUWLFOH�VL]H�

)LJ�� �� LOOXVWUDWHV� WKH� FRQYHUVLRQ� RI� WKH� 3(7�
K\GURO\VLV� YHUVXV� SDUWLFOH� VL]H� RI� 3(7�� ZKLOH� WKH�
RWKHU�UHDFWLRQ�SDUDPHWHUV�DUH�FRQVWDQW��WKH�UHDFWLRQ�
WHPSHUDWXUH� �����R&��VXOIXULF�DFLG�FRQFHQWUDWLRQ� �
�0�� UHDFWLRQ� WLPH� ���K�� � ,W�FDQ�EH�VHHQ� IURP� WKH�

JUDSK� WKDW� WKH� K\GURO\VLV� FRQYHUVLRQ� GHFUHDVHV�
GUDVWLFDOO\�ZLWK�LQFUHDVLQJ�WKH�SDUWLFOH�VL]H�RI�3(7��
7KLV� EHKDYLRXU� FDQ� EH� H[SODLQHG� ZLWK� LQFUHDVHG�
VXUIDFH�DUHD�DYDLODEOH�IRU�WKH�UHDFWLRQ�ZLWK�VPDOOHU�
SDUWLFOH�VL]H���
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3DUWLFOH�VL]H�>R&@ �
)LJ����±�7KH�K\GURO\VLV�FRQYHUVLRQ�ZLWK�UHVSHFW�WR�SDUWLFOH�VL]H��VXOIXULF�DFLG�FRQFHQWUDWLRQ� ���0���

UHDFWLRQ�WLPH� ���KRXUV��RLO�EDWK�WHPSHUDWXUH� �����R&��
�

���(IIHFW�RI�XVH�KLVWRU\�

)LJ����VKRZV�WKH�K\GURO\VLV�FRQYHUVLRQ�RI�SXUH�
3(7�JUDQXODWHV��PROGHG�3(7��DQG�XVHG�3(7�ERWWOH��
DQG�WKH�RWKHU�UHDFWLRQ�SDUDPHWHUV�DUH�FRQVWDQW��WKH�
UHDFWLRQ� WHPSHUDWXUH�  � ���� R&�� � VXOIXULF� DFLG�
FRQFHQWUDWLRQ�  � �0�� UHDFWLRQ� WLPH�  � �� K�� � 7KH�

JUDSK� LQGLFDWHV� WKDW� WKHUH� LV� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ�WKH�WKUHH�GLIIHUHQW�3(7�W\SHV��7KH�WKHUPDO�
PROGLQJ� DQG� WKH� XVH� RI� 3(7� GR� QRW� VHHP� WR�
LQIOXHQFH� WKH� FKHPLFDO� VWUXFWXUH� RI� 3HW� DQG�
FRQVHTXHQWO\�K\GURO\VLV�UHDFWLRQ��FRQYHUVLRQ��
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)LJ����±�7KH�K\GURO\VLV�FRQYHUVLRQ�IRU�WKUHH�GLIIHUHQW�3(7�W\SH��VXOIXULF�DFLG�FRQFHQWUDWLRQ� ���0���

UHDFWLRQ�WLPH� ���KRXUV��SDUWLFOH�VL]H� ������PP��RLO�EDWK�WHPSHUDWXUH� �����R&���
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���(IIHFW�RI�DFLG�SXULW\�

)LJ�� �� UHSUHVHQWV� WKH� FRQYHUVLRQ� RI� WKH� 3(7�
K\GURO\VLV� XVLQJ� 6\ULDQ� FRPPHUFLDO� VXOIXULF� DFLG�
DQG� SXUH� VXOIXULF� DFLG� REWDLQHG� IURP�0HUFN�� DQG�
WKH�RWKHU�UHDFWLRQ�SDUDPHWHUV�DUH�FRQVWDQW��SDUWLFOH�
VL]H�  � ����� PP�� UHDFWLRQ� WHPSHUDWXUH�  � ���� R&��
VXOIXULF�DFLG�FRQFHQWUDWLRQ� ��0��UHDFWLRQ�WLPH� ���K��
7KH� 6\ULDQ� FRPPHUFLDO� VXOIXULF� DFLG� FRQWDLQV�

VHYHUDO� KHDY\� PHWDOV�� 7KH� JUDSK� VKRZV� D� ����
KLJKHU� FRQYHUVLRQ� XVLQJ� WKH� 6\ULDQ� FRPPHUFLDO�
DFLG�WKDQ�WKH�SXUH�DFLG��7KH�UHDVRQ�IRU�WKLV�LQFUHDVH�
FRXOG� EH� GXH� WR� WKH� SUHVHQFH� RI� KHDY\� PHWDOV��
ZKLFK�FRXOG�DFW�DV�FDWDO\VW��6RPH�SXEOLVKHG�ZRUNV�
UHSRUW� DERXW� XVLQJ� RI� FDWDO\VW� LQ� WKH� GHJUDGDWLRQ�
GHSRO\PHUL]DWLRQ�RI�3(7���������
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������������3XUH�+�62�����������������&RPPHUFLDO�+�62� �
)LJ����±�7KH�K\GURO\VLV�FRQYHUVLRQ�XVLQJ�FRPPHUFLDO�DQG�SXUH�VXOIXULF�DFLG��VXOIXULF�DFLG�FRQFHQWUDWLRQ� ���0���

UHDFWLRQ�WLPH� ���KRXUV��SDUWLFOH�VL]H� ������PP��RLO�EDWK�WHPSHUDWXUH� ����R&��
�

(;3(5,0(17$/��

���0DWHULDOV�

3RZGHUHG� YLUJLQ� 3(7� IURP� 6DELF�� SRZGHUHG� 3(7� IURP�
3(7�ERWWOHV�EHIRUH�XVLQJ�� DQG�SRZGHUHG�ZDVWHG�3(7�ERWWOHV��
+\GURFKORULF� DFLG�� 6FKDUODX� &KHPLH� 6�$�� %DUFHORQD�� 6SDLQ��

6RGLXP� +\GUR[LGH� �0HUFN��� FRPPHUFLDO� VXOSKXULF� DFLG��
REWDLQHG� IURP� WKH� 6\ULDQ� &RPSDQ\� IRU� 3URGXFWLRQ� RI��
)HUWLOL]HUV�� WKH� TXDOLW\� RI� WKH� SURGXFHG� FRPPHUFLDO� VXOIXULF�
DFLG�KDV�EHHQ�VWXGLHG����DQG�WKH�LPSXULWLHV�LQFOXGHG�LQ�WKH�DFLG�
DUH�OLVWHG�LQ�7DEOH������

�
7DEOH���

7KH�FRQWHQW�RI��LPSXULWLHV�LQ�VXOIXULF�DFLGV�

,PSXULW\�>PJ�NJ@� SXUH�DFLG� FRPPHUFLDO�DFLG�
&KORULGH� ������ �����
$UVHQLF� ������� ����

&DGPLXP� ������� ������

&DOFLXP� ������ ���

&RSSHU� ������� ������

,URQ�)H�� ������ ���

3RWDVVLXP� ������ ������

0DJQHVLXP� ������� ����

0DQJDQHVH� ������� ������

6RGLXP� ������ ����

1LFNHO� ������� �����

/HDG�3E�� ������� �����

=LQF� ������� ������
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���0HWKRGV�

3(7�SRZGHU�ZDV� SODFHG�ZLWK�+�62�� LQ� D� IODVN� � ��� JU� RI�
3(7� SRZGHU� DQG� ��� PO� +�62���� ZKLFK� LV� FRQQHFWHG� ZLWK�
ZDWHU�FRROHG� � FRQGHQVHU�� 7KH� IODVN� ZDV� KHDWHG� LQ� RLO� EDWK�
�VLOLFRQ�RLO��IRU�GHVLUHG�WLPH�LQWHUYDOV��$IWHU�FRPSOHWLRQ�RI�WKH�
UHDFWLRQ�� 73$� DQG� UHPDLQLQJ� 3(7� PL[WXUH� ZHUH� VHSDUDWHG�
IURP� (*� DQG� +�62�� VROXWLRQ� XVLQJ� D� ILOWHU� JODVV�� 73$� ZDV�
FRQYHUWHG� LQWR� WHUHSKWKDODWH� VDOW� E\� UHDFWLRQ� ZLWK� 1D2+�
VROXWLRQ����0���DQG�WKHQ�VHSDUDWHG�IURP�3(7���73$�ZDV�WKHQ�
SUHFLSLWDWHG�DJDLQ�LQ�DQ�DFLGLF�PHGLXP��+&O������DQG�ILOWHUHG�
XVLQJ� D� ILOWHU� JODVV� DQG� GULHG� LQ� DQ� RYHQ� ���� R&��� 7KH� 3(7�
GHJUDGDWLRQ� FRQYHUVLRQ� DQG� WKH� DFLG� \LHOG� ZHUH� PHDVXUHG�
JUDYLPHWULFDOO\���
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XVLQJ� FRPPHUFLDO� VXOIXULF� DFLG� SURGXFHG� E\� WKH�
6\ULDQ� &KHPLFDO� &RUSRUDWLRQ� LQ� RUGHU� WR� REWDLQ�
UDZ�PDWHULDOV��7KH� UHDFWLRQ�SDUDPHWHUV� KDYH�EHHQ�
LQYHVWLJDWHG�� ZKLFK� DIIHFW� WKH� K\GURO\VLV�
FRQYHUVLRQ�VXFK�DV���DFLG�SXULW\�DQG�FRQFHQWUDWLRQ��
UHDFWLRQ� WLPH�� UHDFWLRQ� WHPSHUDWXUH� DQG� 3(7�
SDUWLFOH� VL]H�� 7KH� DFLG� FRQFHQWUDWLRQ� SOD\V� DQ�
LPSRUWDQW� UROH�� WKH�K\GURO\VLV�RFFXUV�ZLWK�DQ�DFLG�
FRQFHQWUDWLRQ� RI� �� 0�� WKH� UHDFWLRQ� FRQYHUVLRQ�
LQFUHDVHV� ZLWK� LQFUHDVLQJ� WKH� DFLG� FRQFHQWUDWLRQ�
XQWLO�����0��DQG�WKHQ�LW�WHQGV�WR�GHFUHDVH��7KH�XVH�
RI� FRPPHUFLDO� VXOIXULF� DFLGV� OHG� WR� KLJKHU�
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UHDFWLRQ�\LHOG�LV�DOVR�LQFUHDVHG�ZLWK�LQFUHDVLQJ�WKH�
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