
7KH�-RXUQDO�RI�WKH�$UJHQWLQH�&KHPLFDO�6RFLHW\�± 9RO������ 1q ���������� ����������

-��$UJ��&KHP��6RF������������ ����� ���

���(/(&752&+(0,&$/�5('8&7,21�2)�&$5%21�',2;,'(�21�&233(5�$//2<
3HWWLQLFFKL��6���%RJJHWWL��+���/ySH]�GH�0LVKLPD��%�$���0LVKLPD��+�7���5RGUtJXH]���-���3DVWRU���(�
,QVWLWXWR�GH�&LHQFLDV�4XtPLFDV��)DFXOWDG�GH�$JURQRPtD�\�$JURLQGXVWULDV��8QLYHUVLGDG�1DFLRQDO�GHO�6DQWLDJR�GHO�(VWHUR��$YGD��%HOJUDQR��V��������������6DQWLDJR�GHO�(VWHUR��$UJHQWLQD��H�PDLO��KPLVKLPD#XQVH�HGX�DU�'HSDUWDPHQWR�GH�4XtPLFD�)tVLFD��8QLYHUVLGDG�GH�/D�/DJXQD��&DOOH�$VWURItVLFR�)��6��V�Q�&DPSXV�GH�$QFKLHWD���������/D�/DJXQD��7HQHULIH��6SDLQ

5HFHLYHG�$SULO����������$FFHSWHG�LQ�)LQDO�)RUP�-XQH��������'HGLFDWHG�WR�3URIHVVRU�'U��$�-��$UYLD�RQ�RFFDVLRQ�RI�KLV���WK $QQLYHUVDU\$EVWUDFW7KH�HOHFWURFKHPLFDO�UHGXFWLRQ�RI�&2� XVLQJ�&X�=Q�DOOR\�HOHFWURGHV�VKRZV�WKDW�WKH�PHFKDQLFDO�DOOR\LQJ�V\QWKHVLV�PHWKRG�LV�EHFRPLQJ�YHU\�DWWUDFWLYH�IRU�WKH�SURGXFWLRQ�RI�&X�=Q�SRZGHU�DOOR\�ZLWK�VPDOO�JUDLQ�VL]HV��7KH�UHGXFWLRQ�ZDV�VWXGLHG�LQ�.+&2�DQG� 1D&O2� VROXWLRQV� XVLQJ� FDUERQ� SDVWH� HOHFWURGH� DQG� SDLQWLQJ� HOHFWURGH�VXSSRUWHG�RQ�PHPEUDQH��7KH�DQDO\VLV�RI�WKH�UHGXFWLRQ�SURGXFWV�XVLQJ�H[�VLWX�DQG�LQ�VLWX� WHFKQLTXHV�� JDV� FKURPDWRJUDSK\� �&*�� DQG� GLIIHUHQWLDO� HOHFWURFKHPLFDO� PDVV�VSHFWURVFRS\��'(06���VKRZV�WKH�SUHVHQFH�RI�DOFRKROV�DQG�K\GURFDUERQV��0HWKDQRO��HWKDQRO��DFHWRQH��PHWKDQH��HWKDQH�DQG�HWK\OHQH�ZHUH�GHWHFWHG��7KH�SURGXFWV�GHSHQG�RQ�WKH�HOHFWURGH�SRWHQWLDO�DQG�HOHFWURO\WH�VROXWLRQ��7KH�6(0� ('$;�DQDO\VHV�VKRZ�WKH�UHODWLYH�VWDELOLW\�RI�WKH�=Q�&X�DOOR\V�ZKHQ�WKH\�DUH�XVHG�DV�FDWDO\VW�LQ�WKH�FDUERQ�GLR[LGH� UHGXFWLRQ��2Q� WKH�RWKHU�KDQG� WKH� FXUUHQW�WLPH� UHVSRQVH� WR� WKH�SUHVHQFH�RI�&2� LV� UHSURGXFLEOH� DQG� LW� LV� SRVVLEOH� LWV� DSSOLFDWLRQ� WR� DQ� DPSHURPHWULF� VHQVRU��7KH�&X�=Q�DOOR\�SUHSDUHG�E\�PHFKDQLFDO�DOOR\LQJ�VHHPV�WR�EH�DQ�DGHTXDWH�FDWDO\VW�IRU�WKH�FDUERQ�GLR[LGH�UHGXFWLRQ�5HVXPHQ6H�HVWXGLD�OD�UHGXFFLyQ�HOHFWURTXtPLFD�GH�&2� VREUH�HOHFWURGRV�TXH�FRQWLHQHQ�DOHDFLRQHV�GH�&X�=Q�SUHSDUDGDV�SRU�DOHDGR�PHFiQLFR��6H�XWLOL]DQ�FRPR�HOHFWUROLWR�VRSRUWH� VROXFLRQHV� DFXRVDV� GH� .+&2� \� 1D&O2��� 6H� SUHSDUDURQ� GRV� WLSRV� GH�HOHFWURGRV�� HOHFWURGR� PRGLILFDGR� GH� SDVWD� GH� FDUERQR� \� HOHFWURGRV� SLQWDGRV�VRSRUWDGRV�VREUH�PHPEUDQD��(O�DQiOLVLV�GH� ORV�SURGXFWRV�GH�UHDFFLyQ�REWHQLGRV�D�GLIHUHQWHV� SRWHQFLDOHV�� IXHURQ� DQDOL]DGRV� SRU� FURPDWRJUDItD� JDVHRVD� �&*�� \�HVSHFWURVFRSLD� GH� PDVD� GLIHUHQFLDO� �'(06��� 6H� GHWHFWDURQ� DOFRKROHV� H�KLGURFDUEXURV��PHWDQRO��HWDQRO��DFHWRQD��PHWDQR��HWDQR�\�HWLOHQR��/RV�SURGXFWRV�GH�UHDFFLyQ� REWHQLGRV� GHSHQGHQ� GHO� SRWHQFLDO� GH� HOHFWURGR� \� GH� OD� VROXFLyQ�HOHFWUROtWLFD��/D�DOHDFLRQHV�GH�&X�=Q�IXHURQ�FDUDFWHUL]DGDV�SRU�GLIUDFFLyQ�GH�UD\RV�;��;5'���PLFURVFRStD�HOHFWUyQLFD�GH�EDUULGR��6(0��\�DQiOLVLV�GH�HQHUJtD�GLVSHUVLYD�GH� UD\RV� ;� �('$;��� /D� UHVSXHVWD� FRUULHQWH�WLHPSR� D� SRWHQFLDO� FRQVWDQWH� D� OD�SUHVHQFLD� GH� 'Ly[LGR� GH� &DUERQR� HV� UHSURGXFLEOH� \� PXHVWUD� TXH� OD� UHDFFLyQ� GH�UHGXFFLyQ� GH� &2� VREUH� HOHFWURGRV� GH� &X�=Q� SXHGH� VHU� XWLOL]DGD� HQ� XQ� VHQVRU�DPSHURPpWULFR�



3HWWLQLFFKL��6��HW�DO���,QWURGXFWLRQ(OHFWURFKHPLFDO� UHGXFWLRQ� RI� &2� WR� XVHIXO� SURGXFWV� LV� DQ� LPSRUWDQW� VXEMHFW� LQ�PRGHUQ�HOHFWURFKHPLVWU\��ZKLFK�ZLOO�FRQWULEXWH�WR�QHZ�HQHUJ\�VWRUDJH�WHFKQRORJ\�LQ�WKH�QH[W� JHQHUDWLRQ�� ,W� LV� DOVR� D�SURPLVLQJ� DSSURDFK� IRU� UHGXFLQJ� WKH� DFFXPXODWLRQ�RI�&2�RQH� RI� WKH� RULJLQV� RI� WKH� JOREDO� JUHHQ� KRXVH� HIIHFW� RU� DFLG� UDLQ�� 7KH� FDSDFLW\� RI� WKH�ELRVSKHUH� KDV� EHHQ� H[FHHGHG� DQ� PDQ\� VWXGLHV� KDYH� EHHQ� UHDOL]HG� WR� RYHUFRPH� WKLV�SUREOHP�EXW�WKH\�KDYH�QRW�EHHQ�VXFFHVVIXO�>���@2Q�WKH�RWKHU�KDQG��WKH�GHPDQG�IRU�&2� PRQLWRULQJ�KDV�LQFUHDVHG�IRU�FRQWUROOLQJ�HQYLURQPHQWDO�� DJULFXOWXUDO� DQG� ELRORJLFDO� SURFHVV�� 6HYHUDO� SURFHGXUHV� IRU� &DUERQ�'LR[LGH� VHQVLQJ� KDYH� EHHQ� VWXGLHG� LQ� RUGHU� WR� VLPSOLI\� WKH� FRPPHUFLDO� DYDLODEOH�GHWHFWLRQ�V\VWHPV��7KH\�DUH�H[SHQVLYH�DQG�DUH�XQVXLWDEOH�IRU�URXWLQH�GHWHFWLRQ��6HQVLQJ�PDWHULDOV� KDYH� EHHQ� XVHG� LQFOXGLQJ� VROLG� HOHFWURO\WHV�� R[LGH� FHUDPLFV� DQG� RUJDQLF�SRO\PHUV�� 7KH� FRPSRVLWH� ILOPV� FRQVLVWLQJ� RI� EDVH�W\SH� SRO\DQLOLQH� DQG� SRO\�YLQLO�DOFRKRO��ZDV� VWXGLHG� E\�2JXUD� HW DO�>�@�� $V� UHJDUGV� WKH� DPSHURPHWULF� VHQVRUV� WKHUH� LV�OLWWOH�LQIRUPDWLRQ��7KH�PDLQ�SUREOHP�LV�WKH�HOHFWURFKHPLFDO�UHGXFWLRQ�RI�&DUERQ�'LR[LGH�7KH� HOHFWUR�UHGXFWLRQ� RI� &DUERQ� 'LR[LGH� XVLQJ� YDULRXV� PHWDO� HOHFWURGHV� LQ�DTXHRXV� DQG� QRQ�DTXHRXV� VROXWLRQV� KDYH� VKRZQ� D� VHOHFWLYH� �KLJK� IDUDGDLF� HIILFLHQF\��UHGXFWLRQ�\LHOGLQJ��H�J���IRUPLF�DFLG�RQ�+J��3E��,Q��=Q��&2�RQ�$J�DQG�$X��PHWKDQH�DQG�HWK\OHQH�RQ�&X�DQG�VRPH�K\GURFDUERQV�RQ�YDULRXV�WUDQVLWLRQ�PHWDOV�>�@�+RZHYHU�DOPRVW�DOO�WKH�HOHFWURGH�UHDFWLRQV�UHTXLUH�D�ODUJH�RYHU�SRWHQWLDO�IRU�WKH�HOHFWUR�UHGXFWLRQ�%HVLGHV� H[SHULPHQWDO� UHVXOWV� LQGLFDWH� WKDW� WKH� UHGXFWLRQ� UDWH� RI�&2� DQG�FXUUHQW�HIILFLHQF\� IRU� SURGXFW� IRUPDWLRQ� GHSHQGV� RI� FU\VWDOORJUDSKLF� SDUDPHWHUV� DQG� VXUIDFH�PRUSKRORJ\�RI� WKH�HOHFWURGH��>���@�WKH�WHPSHUDWXUH�� WKH�&2� SUHVVXUH�� WKH�FRQFHQWUDWLRQ�DQG� QDWXUH� RI� WKH� HOHFWURO\WH� DQLRQ�� )RUPDWLRQ� RI�&�+� LV� IDYRUHG� LQ� VROXWLRQV� RI�.&O��.&O2��DQG�GLOXWH�.+&2���ZKHUHDV�IRUPDWLRQ�RI�&+��LV�IDYRUHG�LQ�����0�.+&2�>�@5HGXFWLRQ�UHDFWLRQ�RI�&DUERQ�'LR[LGH�ZDV�SHUIRUPHG�RQ�PRGLILHG�JODVV\�FDUERQ�HOHFWURGHV�>�@�DSSO\LQJ�GLIIHUHQW�SRWHQWLDO�SXOVHV�\LHOG�FDUERQ�PRQR[LGH�DQG�PHWKDQRO�DV�SURGXFWV��7KH� KLJKHVW� YDOXH�ZDV� REWDLQHG� IRU�PHWKDQRO� LQ� VRGLXP� FKORULGH� DQG� FDUERQ�PRQR[LGH�LQ�DPPRQLXP�R[DODWH��-LWDUX�HW�DO�� LQ�DQ�LPSRUWDQW�UHYLHZ�>��@�GLVFXVVHG�WKH�SURFHGXUH� IRU� WKH� VHOHFWLYH� SUHSDUDWLRQ� IRU� WKH�PDQXIDFWXULQJ� RI� K\GURFDUERQV� DQG� �RU�DOFRKROV� XVLQJ� FDUERQ� GLR[LGH� DV� WKH� FDUERQ� VRXUFH�� 7KH� HOHFWUR�UHGXFWLRQ� SURFHGXUHV�KDYH� EHHQ� JURXSHG� DFFRUGLQJ� WR� ERWK� WKH� QDWXUH� RI� WKH� FDWKRGH� �VS RU� G JURXS�PHWDO�HOHFWURGHV�� DQG� WKH�VROYHQW�XVHG�IRU� WKH VXSSRUWLQJ�HOHFWURO\WH��7KH\�DOVR� LQIRUPHG�WKDW�FRSSHU�FDWKRGHV�DUH�DPRQJ�WKH�PRVW�SURPLVLQJ�RSWLRQV�IRU�K\GURFDUERQ�PDQXIDFWXULQJ��7KH� HOHFWURFKHPLFDO� UHGXFWLRQ� RI� &2� RQ� D� FRSSHU� HOHFWURGH� KDV� EHHQ� H[WHQVLYHO\�LQYHVWLJDWHG� >�����@�� $� FRRSHU� HOHFWURGH� SRVVHVVHV� KLJK� FDWDO\WLF� DFWLYLW\� EXW� WKH�HOHFWURGH� ORVHV� LWV�DFWLYLW\� IRU� WKH� UHGXFWLRQ��7KH�GHJUDGDWLRQ�RI�DFWLYLW\� LV�DWWULEXWHG� WR�WKH�GHSRVLWLRQ�RI�SRLVRQLQJ�VSHFLHV�VXFK�JUDSKLWLF�FDUERQ��DGVRUEHG�RUJDQLF�LQWHUPHGLDWHV�RU� FRSSHU�R[LGH��7KH�PDLQ�SURGXFWV�REWDLQHG�ZHUH�&2��&�+� DQG�&+� XVLQJ� D� WKUHH� ±SKDVH� LQWHUIDFH� >��@��0HWKDQRO��+&22���&�+�2+�DQG�&�+�2+�KDYH� DOVR� LQIRUPHG�E\�RWKHU�DXWKRUV�>��@7KH�=Q�&X�DQG�6Q�&X�DOOR\V�VWXGLHG� VKRZHG� WKH� HIIHFW� RI� WKH�PLFUR�FU\VWDOOLQH�VWUXFWXUHV�RQ� WKH� VHOHFWLYLW\�� UHYHUVLELOLW\� DQG� UHDFWLYLW\� IRU�&2�RU�+&22+�SURGXFWLRQ�>��@�



(OHFWURFKHPLFDO�UHGXFWLRQ�RI�FDUERQ�GLR[LGH�RQ�FRSSHU�DOOR\ ���
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$OO� H[SHULPHQWV� ZHUH� FDUULHG� RXW� DW� URRP� WHPSHUDWXUH�� 6ROXWLRQV� ZHUH�GHR[\JHQDWHG� DQG� WKH� HOHFWURFKHPLFDO� FHOO� ZDV� D� F\OLQGHU� RI� SOH[LJODVV�� 7KH�PRUSKRORJLHV� RI� WKH� DOOR\� SRZGHUV� ZHUH� FKDUDFWHUL]HG� ZLWK� 6FDQQLQJ� (OHFWURQ�0LFURVFRS\� �6(0�� DQG� (QHUJ\� 'LVSHUVLYH� $QDO\VLV� RI� ;�UD\� �('$;��� 7KH\� ZHUH�SHUIRUPHG�LQ�RUGHU�WR�REWDLQ�LQIRUPDWLRQ�DERXW�WKH�FRPSRVLWLRQ�RI�WKH�&X�=Q�DOOR\V��7KH�VFDQQLQJ�PLFURVFRSH�-60������ZDV�XVHG�5HVXOWV�DQG�GLVFXVVLRQ)LJXUH� �� VKRZV� WKH� ;5'� SDWWHUQV� RI� DOOR\� SRZGHU� REWDLQHG� E\� PHFKDQLFDO�DOOR\LQJ�� )LJXUH� ��D�� FRUUHVSRQG� WR� =Q� FRQWHQW� RI� ��� DWRP� SHUFHQW� DQG� ��E�� ��� DWRP�
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SHUFHQW� RI� =Q� FRQWHQW�� 7KH� LQIRUPHG� JURVV� FRPSRVLWLRQ� FRUUHVSRQGV� WR� WKH� LQLWLDO�FRPSRVLWLRQ� RI� WKH�&X�=Q� SRZGHU�PL[WXUH� SXWWHG� LQ� WKH� EDOO�PLOOLQJ� IRU� SUHSDULQJ� WKH�DOOR\���)LJXUH���VKRZV�WKH�FRPSRVLWLRQ�GHWHUPLQHG�IURP�WKH�('$;�VSHFWUXP��)LJXUH� ��D�� VKRZV� WKH SUHVHQFH� RI� WKH� LQWHU�PHWDOOLF� FRPSRXQG� &X�=Q�� �FXELF��>��@ DQG�WKH�&X��RQH�SHDNV�RI�SXUH�&X�LV�VXSHULPSRVHG�ZLWK�RQH�SHDN�RI�&X�=Q����:KHQ�WKH� =Q� FRQWHQW� LQ� WKH� DOOR\� LQFUHDVHV� ZH� FDQ� REVHUYH� WKH� SHDNV� RI� ERWK� WKH� &X�=Q�FRPSRXQG�DQG�&X�DQG�DOVR�DSSHDUV�WKH�GLIIUDFWLRQ�SHDNV�DVVLJQHG�WR�&X=Q� �FXELF��>��@�DQG� VPDOO� SHDNV� RI� =Q� �KFS��� 7KH� ;5'� SDWWHUQV� REWDLQHG� E\� PHFKDQLFDO� DOOR\LQJ� DUH�VOLJKWO\�GLIIHUHQW�ZLWK�WKH�SDWWHUQV�RI�WKH�&X�=Q�DOOR\V�SUHSDUHG�E\�HOHFWURGHSRVLWLRQ��7KH�&X=Q� FRPSRXQG�ZDV�REVHUYHG�ZKHQ�WKH�=Q�FRQWHQW�ZDV����DWRP�SHUFHQW�>��@�7KH�DOOR\�ZDV�XVHG�IRU�SUHSDULQJ�WKH�PRGLILHG�FDUERQ�SDVWH�HOHFWURGH�DQG�SDLQWLQJ�HOHFWURGH�VXSSRUWHG�RQ�PHPEUDQH�IRU�'(06�H[SHULPHQWV��7KH�HOHFWURFKHPLFDO�UHGXFWLRQ�RI�FDUERQ�GLR[LGH�ZDV�VWXGLHG�XVLQJ�F\FOLF�YROWDPPRJUDPV�DQG�FXUUHQW�WLPH�FXUYHV�7KH�YROWDPPRJUDPV�REWDLQHG�XVLQJ�PRGLILHG�FDUERQ�SDVWH�HOHFWURGH� LQ�.+&2��VROXWLRQ� VKRZHG� WKDW� WKH� FDUERQ� GLR[LGH� UHGXFWLRQ� VWDUWV� DW� ±����� 9�� 7KH� UHGXFWLRQ�FXUUHQW�LQFUHDVHV�ZLWK�WKH�FDUERQ�GLR[LGH�SUHVVXUH�DOWKRXJK�WKH UHDFWLRQ�RFFXUV�WRJHWKHU�ZLWK�K\GURJHQ�UHGXFWLRQ��$W�KLJKHU�SRWHQWLDO�WKH�JDV�K\GURJHQ�SURGXFHG�LQVLGH�RI�FDUERQ�SDVWH�LV�WKH�FDXVH�RI�ORVV�RI�HOHFWURGH�VWDELOLW\��7KLV�LV�ZK\�LW�LV�QR�SRVVLEOH�WR�VWXG\�WKH�&2� UHGXFWLRQ�DW�SRWHQWLDO�PRUH�QHJDWLYH�WKDQ�������9�RQ�FDUERQ�SDVWH�HOHFWURGH�

)LJXUH����0DVV�VLJQDO�UHVSRQVH�RI�WKH�FKURPDWRJUDP�LQ�)LJXUH���



(OHFWURFKHPLFDO�UHGXFWLRQ�RI�FDUERQ�GLR[LGH�RQ�FRSSHU�DOOR\ ���
7KH�SURGXFW�DQDO\VLV�REWDLQHG�DW�GLIIHUHQW�SRWHQWLDO�ZDV�SHUIRUPHG�XVLQJ�&*�),'�DQG�&*�06�DV�GHVFULEHG�LQ�H[SHULPHQWDO�VHFWLRQ��7KH�UHVXOWV�DUH�LQ�)LJXUHV �����)LJXUHV��� VKRZ� D� FKURPDWRJUDP� DW� ������ 9�� ������ 9� DQG� ������ 9� XVLQJ� D� ),'� GHWHFWRU�� 7KH�DQDO\]HG�VDPSOHV�JLYH�FKDUDFWHULVWLF�VLJQDOV�FRUUHVSRQG�WR�PHWKDQRO��HWKDQRO�DQG�DFHWRQH��UHWHQWLRQ�WLPH������PLQ��������PLQ��DQG������PLQ�UHVSHFWLYHO\���$�EHWWHU VHSDUDWLRQ�ZDV�REWDLQHG� XVLQJ� PRUH� SRODU� '%���� FROXPQ� DQG� WKH� VLJQDOV� DUH� KLJKHU� DW� ������ 9�� 7KH�SURGXFWV�ZHUH�FRQILUPHG�ZLWK�&*�06��)LJXUHV���DQG����7KH�FXUUHQW�SRWHQWLDO�SURILOH�XVLQJ�&X�=Q�HOHFWURGH�������DWRP�SHUFHQW��SDLQWLQJ�HOHFWURGH�VXSSRUWHG�RQ�PHPEUDQH��LQ�VRGLXP�SHUFKORUDWH�VROXWLRQ�LV�VKRZQ�LQ�)LJXUH����7KH� UHGXFWLRQ� RI� &2� VWDUWV� DSSUR[LPDWHO\� DW� ������ 9�� 7KH� FRUUHVSRQGLQJ� '(06�H[SHULPHQWV� ZHUH� SHUIRUPHG�� )LJ� �� VKRZV� WKH� PDVV� VLJQDO� LQ� IXQFWLRQ� RI� WLPH�� IRU�PHDVXUHPHQWV� UHDOL]HG�DV�IROORZ��WKH�LQLWLDO�SRWHQWLDO��(L��ZDV�IL[HG�DW� ������9�XQWLO�DQ�VWDELOL]HG�FXUUHQW�ZDV�REWDLQHG��7KH�SRWHQWLDO�VWHS�ZDV�DSSOLHG�WR�±�����9�GXULQJ�����V�DQG�DIWHU�WKDW�LW�ZDV�UHWXUQHG�WR�WKH�(L��$�F\FOLF�VFDQ�ZDV�DSSOLHG�ZLWK�������9�V�EHWZHHQ�(L�DQG�������9��$�SHUPDQHQW�EXEEOLQJ�RI�&2� ZDV�PDLQWDLQHG��7KH�PDVV�VLJQDO�LQ�)LJXUH���D��FRUUHVSRQGV�WR�WKH�UDWLR�P�]� �����D�IUDJPHQW�RI�&+���)LJXUH���E��VKRZV�P�]� �����D�IUDJPHQW�RI�&�+� DQG�)LJXUH���F��VKRZV�P�]� ����D�IUDJPHQW�RI�&�+���7KH�LQWHQVLW\�RI�PHWKDQH� �P�]�  � ��� VLJQDO� LV� KLJKHU� WKDQ� HWKDQH� DQG� HWK\OHQH�� 7KH� H[SHULPHQWV� ZHUH�UHSHDWHG� FKDQJLQJ� WKH� LQLWLDO� SRWHQWLDO� EHWZHHQ� ������ WR� �����9�� 7KH� LQWHQVLWLHV� RI� WKH�VLJQDOV� LQFUHDVH� DV� (L� LV� PRUH� QHJDWLYH�� 2JXUD� HW� DO��� LQ� D� UHFHQW� SDSHU�� VKRZHG� WKH�FRQYHUVLRQ� RI� FDUERQ� GLR[LGH� WR� &2�� &�+� DQG� &+� RQ� D� &X� QHW� HOHFWURGH� LQ� DFLGLF�VROXWLRQ�>��@��2Q�WKH�RWKHU�KDQG��PHDVXUHPHQWV�VHOHFWLQJ�UDWLR�P�]� ���ZHUH�GRQH��7KH�LQLWLDO�SRWHQWLDO�ZDV�IL[HG�EHWZHHQ�������9�DQG�������9�DQG�D�SRWHQWLDO�VWHS�IURP�(L�WR�������9�ZDV�DSSOLHG��,Q�DOO�RI�WKH�H[SHULPHQWV�PHWKDQH�ZDV�SURGXFHG�

)LJXUH����&XUUHQW�±SRWHQWLDO�FXUYHV�RI�&X�=Q���������LQ�����1D&O2��
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2WKHU�H[SHULPHQWV�ZHUH�SHUIRUPHG�XVLQJ�D�VPDOO� IORZ�FHOO�� ,Q� WKLV�FHOO�� VROXWLRQ�FKDQJH�ZDV� FDUULHG� RXW� KROGLQJ� WKH� FRQWURO� RI� SRWHQWLDO� RQ� WKH�ZRUNLQJ� HOHFWURGH��7KH�SRWHQWLDO� ZDV� IL[HG� DW� ������ 9�� WKH� VXSSRUWLQJ� HOHFWURO\WH� ZDV� UHSODFHG� E\� VRGLXP�SHUFKORUDWH� VROXWLRQ�SUHYLRXVO\� VDWXUDWHG�ZLWK�FDUERQ�GLR[LGH��%RWK� WKH�FXUUHQW� DQG� WKH�P�]� ����UDWLR�ZHUH�UHFRUGHG�DV�D�IXQFWLRQ�RI�WLPH��:H�FDQ�REVHUYH�WKH�FXUUHQW�WUDQVLHQW�RI�WKH�FDUERQ�GLR[LGH�UHGXFWLRQ�LQ�)LJXUH���D��DQG�WKH�PDVV�WUDQVLHQW�IRU�&+� LQ�)LJXUH���E�� $IWHU�����V�D�F\FOLF�VFDQ�ZDV�DSSOLHG�EHWZHHQ� ������9�WR�������9��7KH�FXUUHQW�SRWHQWLDO�UHVSRQVH�IRU�WKH�ILUVW�F\FOH�LV�LQ�ILJXUH���D��DQG�WKH�PDVV�VLJQDO�UHVSRQVH��P�]� ����UDWLR��LV�LQ�)LJXUH���E���$OVR�WKH�SUHVHQFH�RI�PHWKDQH�LV�REVHUYHG��7KH� SUHOLPLQDU\� UHVXOWV� IURP� '(06� WHFKQLTXH� VKRZ� WKDW� WKH� PDMRU� SURGXFW� LV�PHWKDQH��EXW�LW�LV�QR�SRVVLEOH�WR�GLVFDUG�WKH�RWKHU�SURGXFWV�LQ�SHUFKORUDWH�VROXWLRQV�,Q�RUGHU�WR�REWDLQ�LQIRUPDWLRQ�DERXW�WKH�PRUSKRORJ\�DQG�FRPSRVLWLRQ�RI�WKH�&X�=Q�DOOR\�DQG�WKH�SRVVLEOH�FKDQJHV�GXULQJ�WKH�FDUERQ�GLR[LGH�UHGXFWLRQ��6(0�DQG�('$;�DQDO\VHV�ZHUH� SHUIRUPHG�� )LJXUH� ��D�� VKRZV� WKH�PLFURSKRWRJUDSK� RI� WKH� ������ DWRPLF�UHODWLRQ� RI� WKH� &X�=Q� HOHFWURGH� XVLQJ� IRU� WKH� 6(0� H[SHULPHQWV�� 7KH� SDUWLFOH� VL]H� LV�EHWZHHQ����PP�WR�����PP��7KH�HQHUJ\�VSHFWUXP�REWDLQHG�E\�('$;�LV�VKRZQ�LQ�)LJXUH���E���7KH�FDOFXODWHG�FRPSRVLWLRQ�IRU�WKH�DOOR\�UHVXOWV�&X� ������DWRP�SHUFHQW� DQG�=Q� ������DWRP�SHUFHQW�

)LJXUH����0DVV�VLJQDO�YV�SRWHQWLDO�DW�&X�=Q�HOHFWURGH�LQ�����1D&O2���D��P�]� �����E��P�]� ����F��P�]� ������6FDQ�UDWH��������9�V��$UJRQ�SXUJLQJ�
)LJXUH����VKRZV�GH�6(0�SLFWXUHV�DQG�('$;�VSHFWUXP�DIWHU�XVLQJ�WKH�HOHFWURGH�LQ WKH�FDUERQ�GLR[LGH�UHGXFWLRQ��7KHUH�DUH�VOLJKW�PRGLILFDWLRQV�LQ�WKH�PRUSKRORJ\�DQG�WKH�FRPSRVLWLRQ� RI� WKH� =Q�&X� HOHFWURGH� DIWHU� HOHFWURO\VLV�� ('$;� DQDO\VLV� VKRZV� WKH�FRPSRVLWLRQ�RI�DOOR\�LV�&X� ������DWRP�SHUFHQW�DQG�=Q� ������DWRP�SHUFHQW�



(OHFWURFKHPLFDO�UHGXFWLRQ�RI�FDUERQ�GLR[LGH�RQ�FRSSHU�DOOR\ ���

)LJXUH����&XUUHQW�DQG�PDVV�VLJQDO��P�] �����YV�WLPH�DW�FRQVWDQW�SRWHQWLDO� �������9�

)LJXUH����&XUUHQW�DQG�PDVV�VLJQDO���P�]� �����YV�SRWHQWLDO�GXULQJ�D�SRWHQWLRG\QDPLF�H[SHULPHQWV�SHUIRUPHG�����V�DIWHU�H[SHULPHQW�RI�ILJXUH�����VW F\FOH��6FDQ�UDWH��������9�V�
,Q� RUGHU� WR� VWXG\� WKH� SHUIRUPDQFH� RI� WKH� FDUERQ� GLR[LGH� UHGXFWLRQ� IRU� LWV�DSSOLFDWLRQ�WR�DQ�DPSHURPHWULF�VHQVRU��H[SHULPHQWV�DW�FRQVWDQW�SRWHQWLDO�ZHUH�SHUIRUPHG�7KHVH�H[SHULPHQWV�ZHUH�FDUULHG�RXW�DV�IROORZ��D�FRQVWDQW�SRWHQWLDO�ZDV�DSSOLHG�WR�WKH�ZRUNLQJ� HOHFWURGH� DQG� WKH� FXUUHQW�ZDV� UHFRUGHG� DV� D� IXQFWLRQ� RI� WLPH�XQWLO� D� JRRG�
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EDVH� OLQH� ZDV� REWDLQHG�� WKHQ� D� FDUERQ� GLR[LGH� ZDV� EXEEOLQJ� WR� WKH� ZRUNLQJ� HOHFWURGH�FRPSDUWPHQW�� 7KH� SUHVHQFH� RI� FDUERQ� GLR[LGH� ZDV� GHWHFWHG� WKURXJK� WKH� FXUUHQW�WLPH�H[SHULPHQWV��7KH�FXUUHQW�WLPH�UHVSRQVH�DW�WZR�FRQVWDQW�SRWHQWLDO�LV�VKRZQ�LQ�)LJXUH����

)LJXUH����6(0�('$;�DQDO\VHV�RI�&X�=Q�HOHFWURGH�EHIRUH�UHGXFWLRQ�RI�FDUERQ�GLR[LGH�LQ�����0�1D&O2���

)LJXUH�����6(0�('$;�DQDO\VHV�RI�&X�=Q�HOHFWURGH�DIWHU�WKH�UHGXFWLRQ�RI�FDUERQ�GLR[LGH�LQ�����0�1D&O2��

)LJXUH�����&XUUHQW�WLPH�UHVSRQVH�RI�WKH�&X�=Q�FDUERQ�SDVWH�HOHFWURGH�DW�WKH�&2�SUHVVXUH�����0�.+&2����D��(� �� �����9�E��(� �������9



(OHFWURFKHPLFDO�UHGXFWLRQ�RI�FDUERQ�GLR[LGH�RQ�FRSSHU�DOOR\ ���
7KH� UHGXFWLRQ� FXUUHQW� LQFUHDVHV� UDSLGO\� WLOO� LW� UHDFKHV� LWV�PD[LPXP�ZKHUH� LW� VWDELOL]HV��DIWHU� WKDW� DLU� LV� EXEEOHG� DJDLQ� WR� UHDFK� WKH�EDVH� OLQH� DQG� FDUERQ�GLR[LGH� LV� DGGHG�RQFH�PRUH��7KH�H[SHULPHQWV�ZHUH�UHSHDWHG�DQG�WKH�UHVSRQVH�WR�WKH�&2��ZDV�UHSURGXFLEOH��,W�LV�DOVR�REVHUYHG�WKDW�DW�WKH�SRWHQWLDO�RI�±�����9�WKH�FXUUHQW�LV�KLJKHU�WKDQ�DW�������9�&RQFOXVLRQV7KH�HOHFWURFKHPLFDO�UHGXFWLRQ�RI�&2� RQ�&X�=Q�DOOR\�HOHFWURGHV�LQ�.+&2��DQG�1D&O2� VROXWLRQV�VKRZV��7KH�PHFKDQLFDO�DOOR\LQJ�V\QWKHVLV�PHWKRG�LV�EHFRPLQJ�YHU\�DWWUDFWLYH�IRU�WKH�SURGXFWLRQ�RI�PHWDO�DOOR\V��7KLV�QRQ�HTXLOLEULXP�PHWKRG�KDV�EHHQ�SURYHQ�WR�EH�DQ�HIILFLHQW�SURFHVVLQJ�WHFKQLTXH�WR�SUHSDUH�&X�=Q�SRZGHU�DOOR\�ZLWK�VPDOO�JUDLQ�VL]HV��,Q�.+&2��VROXWLRQ�DQG�XVLQJ�PRGLILHG�FDUERQ�SDVWH�HOHFWURGH�WKH�UHGXFWLRQ�RI�FDUERQ�GLR[LGH�ZDV�VWXGLHG�LQ�D�������9�WR�������9�SRWHQWLDO�UHJLRQ��7KH�DQDO\VLV�E\�H[� VLWX�FRQGLWLRQ�VKRZV�WKH�SUHVHQFH�RI�DOFRKROV�DQG�DFHWRQH��,Q�1D&O2� VROXWLRQ�DQG�XVLQJ�LQ�VLWX WHFKQLTXHV�DV�'(06�WKH�UHVXOWV�VKRZV�WKH�SUHVHQFH�RI�PHWKDQH��HWKDQH�DQG�HWK\OHQH��7KH�UHGXFWLRQ�SURGXFWV�GHSHQG�RQ�WKH�HOHFWURGH�SRWHQWLDO�DQG�WKH�HOHFWURO\WH�VROXWLRQ�7KH�6(0� ('$;�DQDO\VHV�VKRZ�WKH�UHODWLYH�VWDELOLW\�RI�WKH�=Q�&X�DOOR\V�ZKHQ�WKH\�DUH�XVHG�DV�FDWDO\VW�LQ�WKH�FDUERQ�GLR[LGH�UHGXFWLRQ��7KH�FXUUHQW�WLPH�UHVSRQVH�WR�WKH�SUHVHQFH�RI�&2� LV�UHSURGXFLEOH�DQG�LW�LV�SRVVLEOH�LWV�DSSOLFDWLRQ�WR�DQ�DPSHURPHWULF�VHQVRU��7KH�&X�=Q�DOOR\�SUHSDUHG�E\�PHFKDQLFDO�DOOR\LQJ�VHHPV�WR�EH�DQ�DGHTXDWH�FDWDO\VW�IRU�WKH FDUERQ�GLR[LGH�UHGXFWLRQ�$FNQRZOHGJHPHQWV)LQDQFLDO� VXSSRUW� IURP� WKH� &21,&(7� DQG� &,&\7�816(� $UJHQWLQD� LV�DFNQRZOHGJHG�� 6�3�� JUDWHIXOO\� DFNQRZOHGJHV� )20(&�3URJUDP� IRU� ILQDQFLDO� VXSSRUW� DW�/D�/DJXQD��7HQHULIH��6SDLQ�DQG�(�0��IRU�KLV�FRRSHUDWLRQ5HIHUHQFHV>�@�%HKU�$���&DUERQ�'LR[LGH�$FWLYDWLRQ�E\�PHWDO�FRPSOH[HV� �����9&+��:HLQKHLP�>�@�$\HUV��:�0��&DWDO\WLF�$FWLYDWLRQ�RI�&DUERQ�'LR[LGH��$&6�������6\PSKRVLXP�6HULHV�>�@�%URZQ��-�$��+RPV��1���%HOO��$�7��-��&DWDO� �������������>�@�2JXUD��.���6KLLJL��+��7KH�HOHFWURFKHPLFDO�DQG�VROLG�VWDWH�OHWWHUV��������������>�@�%DJRW]N\�9�6���2VHWURYD��1�9��5XVVLDQ�-RXUQDO�RI�(OHFWURFKHPLFDO �������������>�@�.LP��-���6XPPHUV��'���)UHVH��.��-��(OHFWURDQDO��&KHP�� ��������������>�@�&RRN��5���0F'XII��5���6DPPHOV��$��-��(OHFWURFKHP��6RF�� ���������������>�@�.\ULDFRX��*�=���$QDJQRVWRSRXORV��$�.��-��$SSO��(OHFWURFKHP� ������������>�@�+HUQiQGH]��5�0���0iUTXH]��-���0iUTXH]��2�3���&KR\��0���2YDOOHV��&���*DUFtD��-�-���6FKDULINHU��'��-��(OHFWURFKHP��6RF� ��������������>��@�-LWDUX�0���/RZ\��'�$���7RPD��0���7RPD��%�&���2QLFLX��/��-��$SSO��(OHFWURFKHP���������������>��@�+RUL��<���.LNXFKL��.���6X]XNL��6��&KHP��/HWW�����������>��@&RRN��5�/���0DF'XII��5�&���6DPPHOV��$�)��-��(OHFWURFKHP��6RF�����������������>��@�.LP��-�-���6XPPHUV��'�3���)UHVH�-U���.�:��-��(OHFWURDQDO��&KHP������� ��������>��@<DQR��+���6KLUDL��)���1DND\DPD��0���2JXUD��.��-��(OHFWURDQDO��&KHP������� �������>��@�)UHVH��.�:��-��(OHFWURFKHP��6RF����������������
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>��@�.DWRK��$���8FKLGD��+���6KLEDWD��0���:DWDQDEH��0��-�(OHFWURFKHP��6RF� ����� ���������>��@�,ZDNXUD��&���7DNH]DZD��6���,QRXH��+��-��(OHFWURDQDO��&KHP�����������������>��@�%LWWLQV�&DWWiQHR��%���&DWWiQHR��(���.RQLJVKRYHQ��3���9LHOVWLFK�:��,Q�(OHFWURDQDO\WLFDO�&KHPLVWU\��$�6HULHV�RI�$GYDQFHV��%DUG��$�-���(G���0DUFHO�'HNNHU��1HZ�<RUN��������9RO���>��@�3DVWRU��(���6FKPLGW��9�0��-��(OHFWURDQDO��&KHP�������� ��������>��@�-&3'6�,QWHUQDWLRQDO�&HQWHU�IRU�'LIIUDFWLRQ�'DWD��1R��������>��@�,ELG��1R���� ����


