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7KH�SUHSDUDWLRQ�RI�QDQRVL]H�FREDOW�DQG�QLFNHO�PHWDO�SRZGHUV�DQG�SRZGHUV�RI�VROLG�VROXWLRQV�

RI�FREDOW�DQG�QLFNHO�IURP�WKH�WKHUPDO�GHFRPSRVLWLRQ�RI�1�+�>0
�Q��1�+�&22�Q��@Â+�2�DQG�

WKH� LQWHUPHGLDWH� 0�Q��1�+�&22�QÂ1�+�� REWDLQHG� GXULQJ� WKLV� GHFRPSRVLWLRQ� LV� GHVFULEHG�

DQG� GLVFXVVHG� KHUH�� ,Q� DQ� LQHUW� RU� UHGXFLQJ� DWPRVSKHUH� WKHVH� FRPSRXQGV� GHFRPSRVH� WR�

PHWDO�SDUWLFOHV�RI����WR����QP�LQ�VL]H��7KHVH�SDUWLFOHV�DUH��LQ�WXUQ��FRPSRVHG�RI�HYHQ�VPDOOHU�

SDUWLFOHV� �� WR� �� QP� LQ� VL]H�� 7KH� DGYDQWDJHV�� GLVDGYDQWDJHV� DQG� SRVVLEOH� ZD\V� RI�

LPSOHPHQWLQJ�WKLV�PHWKRG�IRU�WKH�SUHSDUDWLRQ�RI�QDQRVL]H�SURGXFWV�DUH�GLVFXVVHG��

�

�

,QWURGXFWLRQ�

7KH�UDSLGO\�GHYHORSLQJ�ILHOG�RI�QDQRPDWHULDOV�DQG�QDQRFRPSRVLWHV�KDV�LQWHQVLILHG�

UHVHDUFK�LQWR�PHWKRGV�IRU�WKHLU�SUHSDUDWLRQ�DQG�HYHQ�VPDOO�VFDOH�SURGXFWLRQ��2QH�RI�WKH�

SRVVLEOH�PHWKRGV�IRU� WKH�SUHSDUDWLRQ�RI�QHZ�PDWHULDOV�RI�QDQRVFDOH�VL]H� LV� WKH� WKHUPDO�

GHFRPSRVLWLRQ�RI�VXLWDEOH�SUHFXUVRUV��7KH�VWDUWLQJ�FRPSRXQGV�RU�SUHFXUVRUV�DUH�FKRVHQ�

RQ� WKH� EDVLV� RI� WKH� FRPSRVLWLRQ� RI� WKH� GHVLUHG� SURGXFWV�� )RU� WKH� PHWDO� SRZGHU�

SUHSDUDWLRQ��FREDOW�DQG�QLFNHO�K\GUD]LGRFDUERQDWHV�KDYH�EHHQ�FKRVHQ��7KHVH�FRPSRXQGV�

DUH�GHULYHG�IURP�K\GUD]LGRFDUERQLF�DFLG
�
�E\�D�UHDFWLRQ�EHWZHHQ�LWV�DTXHRXV�VROXWLRQ�DQG�

D� VROXWLRQ� RI� D� PHWDO� FKORULGH� K\GUDWH�� 7KHUH� DUH� PRUH� WKDQ� ��� GLIIHUHQW� NQRZQ�

K\GUD]LGRFDUERQDWHV� XS� WR� WKH� SUHVHQW�� 7KH\� GLIIHU� LQ� JHQHUDO� W\SH� DV�ZHOO� DV� LQ� WKHLU�

PHWDO�FDWLRQ��7DEOH�����

(DUO\� ZRUN� RQ� WKH� SURSHUWLHV� RI� K\GUD]LGRFDUERQDWHV� VKRZHG� WKDW� VRPH� RI� WKH�

WUDQVLWLRQ�PHWDO�K\GUD]LGRFDUERQDWHV�FDQ�EH�GHFRPSRVHG�WR�D�PHWDO�SRZGHU�LQ�DQ�LQHUW�

DWPRVSKHUH
�
�� 7KLV� KDV� DOVR� EHHQ� REVHUYHG� IRU� FREDOW� DQG� QLFNHO� K\GUD]LGRFDUERQDWHV��

PHWDO�VXE�PLFURPHWHU�SDUWLFOHV�FDQ�EH�REWDLQHG�LQ�WKLV�ZD\�DV�ZHOO�
�
�
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7KH� SXUSRVH� RI� WKLV� UHVHDUFK� ZRUN� ZDV� WR� IXUWKHU� GHYHORS� WKLV� PHWKRG� WRZDUG�

QDQRVFDOH�SURGXFWV�DQG�FRPSRVLWHV�DQG�WR�FKDUDFWHUL]H�WKH�REWDLQHG�SURGXFWV�LQ�RUGHU�WR�

GHWHUPLQH�SRVVLEOH�XVHV��

([SHULPHQWDO�

+\GUD]LGRFDUERQDWHV�RI�FREDOW�DQG�QLFNHO�ZHUH�SUHSDUHG�LQ�D�FRQYHQWLRQDO�ZD\�E\�

GLVVROYLQJ� PHWDO� FKORULGH� KH[DK\GUDWH� �1L&O�Â�+�2� S�D�� )OXND�� &R&O�Â�+�2� S�D��

.HPLND��LQ�ZDWHU�LQWR�ZKLFK�D�VROXWLRQ�RI�K\GUD]LGRFDUERQLF�DFLG��SUHSDUHG�IURP�����

1�+���0HUFN��ZDV�DGGHG�XS�WR�D������PRODU�UDWLR�RI�PHWDO�WR�K\GUD]LQH��(YDSRUDWLQJ�WKH�

VROXWLRQ� LQ�D�VKDOORZ�3HWUL�GLVK�FDXVHG�FRORUHG�FU\VWDOV� WR�JURZ�LQ� WKH�VROXWLRQ�DIWHU�D�

GD\��7KH�FU\VWDOV�ZHUH�ILOWHUHG�RII��ZDVKHG�ZLWK�GLVWLOOHG�ZDWHU��DQG�GULHG�XQGHU�YDFXXP��

7KH�UHVXOWV�RI�WKH�FKHPLFDO�DQDO\VLV�DUH�JLYHQ�LQ�7DEOH����0L[HG�K\GUD]LQLXP������WULV�

K\GUD]LGR� FDUERQDWHV� ZHUH� SUHSDUHG� IURP� VROXWLRQV� RI� FREDOW� DQG� QLFNHO� FKORULGHV�

KH[DK\GUDWHV�LQ�D�����PRODU�UDWLR��$�VROXWLRQ�RI�K\GUD]LGRFDUERQLF�DFLG�ZDV�WKHQ�DGGHG�

XQWLO�WKH�PRODU�UDWLR�RI������PHWDO�WR�K\GUD]LQH�ZDV�UHDFKHG���

7KHUPRDQDO\WLFDO� VWXGLHV�ZHUH� FDUULHG� RXW� RQ�0HWWOHU� �����6\VWHP� DQG�1HW]VFK�

67$�����DSSDUDWXV��6DPSOH�PDVVHV�RI�����PJ�LQ�����PO�$O�2��FUXFLEOHV�ZHUH�XVHG��)RU�

WKH�GHFRPSRVLWLRQ�RI�ODUJHU�DQG�XQJURXQG�FU\VWDOV��VDPSOH�PDVVHV�RI�����PJ�LQ�D�����PO�

$O�2�� FUXFLEOH� ZHUH� XVHG�� +HDWLQJ� UDWHV� ZHUH� �� .�PLQ�� H[FHSW� LQ� WKH� FDVH� RI� WKH�

GHFRPSRVLWLRQ� RI� ODUJHU� VLQJOH� FU\VWDOV� ZKHQ� LW� ZDV� ORZHUHG� WR� �� .�PLQ�� $� G\QDPLF�

IXUQDFH�DWPRVSKHUH�PDGH�RI�D�PL[WXUH�RI�DUJRQ�DQG���YRO����RI�K\GURJHQ�ZLWK�D�IORZ�

UDWH�RI�����PO�PLQ�ZDV�XVHG�IRU�DOO�VDPSOHV��7KHUPRJUDYLPHWULF�PHDVXUHPHQWV�RQ�WKH�

0HWWOHU������6\VWHP�ZHUH�DOVR�PDGH�ERWK�ZLWK�DQG�ZLWKRXW�WKH�SUHVHQFH�RI�D�PDJQHWLF�

ILHOG�LQ�RUGHU�WR�GHWHUPLQH�WKH�&XULH�WHPSHUDWXUH�RI�WKH�VDPSOH���
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3URGXFWV� ZHUH� DOVR� FKDUDFWHUL]HG� E\� ;�UD\� SRZGHU� GLIIUDFWLRQ� XVLQJ� &X.D�

UDGLDWLRQ�DQG�D�3KLOLSV�3:������GLIIUDFWRPHWHU��3DUWLFOH�VKDSH�DQG�VL]H�ZHUH�GHWHUPLQHG�

E\�HOHFWURQ�PLFURVFRS\�RQ�D�-HRO�7�����VFDQQLQJ�HOHFWURQ�PLFURVFRSH�DQG�WUDQVPLVVLRQ�

HOHFWURQ�PLFURVFRSH�-HRO�7(0�±������);��ZLWK�PDSSLQJ�XVLQJ�D�-(2/��������

�

5HVXOWV�DQG�GLVFXVVLRQ�

7KH� SUHSDUDWLRQ� RI� WKH� K\GUD]LQLXP� ����� WULV�K\GUD]LGR� FDUERQDWH� SUHFXUVRUV� LV�

UDWKHU� VLPSOH� DQG� VWUDLJKWIRUZDUG�� 7KH� UHVXOWV� RI� WKH� FKHPLFDO� DQDO\VHV� DUH� JLYHQ� LQ�

7DEOH����%\�XVLQJ�D�PL[HG�VROXWLRQ�RI�ERWK�PHWDO�FDWLRQV��L�H��FREDOW�DQG�QLFNHO��PL[HG�

FRPSOH[HV�ZLWK�WKH�GHVLUHG�UDWLR�RI�ERWK�HOHPHQWV�FDQ�EH�SUHSDUHG���

�

7DEOH����&KHPLFDO�DQDO\VLV�RI�K\GUD]LGRFDUERQDWHV�

6DPSOH� 0REW���� 0FDOF���� 1�+��REW���� 1�+��FDOF����

1�+��&R�1�+�&22���Â+�2� ����� ������ ����� ������

1�+��1L�1�+�&22���Â+�2� ����� ������ ����� ������

1�+��1L���&R����1�+�&22���Â+�2� ����� ������ ����� ������

�

/DUJH�FU\VWDOV�VHYHUDO�PLOOLPHWHUV�LQ�VL]H�DUH�SURGXFHG�LQ�RQH�GD\��WKHVH�DUH�TXLWH�

VWDEOH� RQ� H[SRVXUH� WR� DLU� DQG� HYHQ� DIWHU� D� PRQWK� RU� WZR� GR� QRW� VKRZ� VLJQV� RI�

GHFRPSRVLWLRQ�� 7KHLU� VWDELOLW\� GHFUHDVHV�PDUNHGO\�ZKHQ� WKH\� DUH� JURXQG� WR� D� SRZGHU�

DQG� DIWHU� WHQ� GD\V� WKH� VPHOO� RI� DPPRQLD� FDQ� EH� GHWHFWHG�� LQGLFDWLQJ� WKH� EHJLQQLQJ�RI�

VDPSOH�GHFRPSRVLWLRQ��7KH�FREDOW�FRPSOH[� LV�DQ� LQWHQVH�UHG�FRORU��ZKHUHDV� WKH�QLFNHO�

FRPSRXQG� LV� EOXH��7KH� FU\VWDOV� RI� WKH�PL[HG� FRPSOH[�ZLWK� D�PRODU� UDWLR� RI� FREDOW� WR�

QLFNHO�RI�����DUH�YLROHW���

7KH�UDWLR�RI�ERWK�HOHPHQWV�LQ�D�����SUHFXUVRU�ZDV�GHWHUPLQHG�E\�FKHPLFDO�DQDO\VLV�

DQG� DWRPLF� DEVRUSWLRQ� VSHFWURPHWU\� DQG� WKH� &XULH� WHPSHUDWXUH� RI� WKH� UHVLGXH� E\� WKH�

WKHUPDO�GHFRPSRVLWLRQ�LQ�D�PDJQHWLF�ILHOG��7DEOH�����

�

�
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7DEOH����5HVXOWV�RI�WKH�FKHPLFDO�DQDO\VLV�RI�1�+��1L���&R����1�+�&22���Â+�2�

$QDO\WLFDO�PHWKRG� &R��Z��� 1L�Z���� 0��Z�����

$WRPLF�DEVRSWLRQ�VSHFWURPHWU\� ��� ��� �����

&XULH�WHPSHUDWXUH�RI�WKH�UHVLGXH��7*�� ����� ����� �����

(OHPHQW�PDSSLQJ� ��� ��� �

�Z����RI�HOHPHQW�RI�DOO�PHWDO�SUHVHQW�LQ�WKH�VDPSOH���Z����RI�PHWDO�LQ�D�FRPSRXQG�

�

7KH� FKHPLVWU\� RI� GHFRPSRVLWLRQ� RI� WKHVH� WZR� K\GUD]LQLXP� ����� WULV�K\GUD]LGR�

FDUERQDWHV� LQ� DQ� LQHUW� DWPRVSKHUH� KDV� DOUHDG\� EHHQ� GHVFULEHG
�
�� 7KH\� ERWK� ILUVW�

GHFRPSRVH�WR�K\GUD]LGR�FDUERQDWHV�K\GUD]LQHV�DFFRUGLQJO\�WR�UHDFWLRQ��

�

1�+�>0��1�+�&22��@Â+�2�o�0�1�+�&22���1�+����1�+����&2����+�2� ����

�

7KH� VHFRQG� VWHS� RI� WKH� WKHUPDO� GHFRPSRVLWLRQ� LV� FORVHO\� IROORZHG� E\� D� VPDOOHU�

WKLUG� VWHS� LQ� WKH� FDVH� RI� WKH� FREDOW� FRPSRXQG�� EXW� QRW� WKH�QLFNHO� FRPSRXQG�RU�PL[HG�

FREDOW�QLFNHO� FRPSOH[�� ,Q� WKH� FDVH� RI� SXUH� FREDOW� RU� QLFNHO� K\GUD]LQLXP� ����� WULV�

K\GUD]LGR�FDUERQDWHV��SXUH�PHWDO�SRZGHUV�DUH�SURGXFHG�DFFRPSDQLHG�E\�WKH�HYROXWLRQ�

RI� FDUERQ� GLR[LGH� DQG� YDU\LQJ� DPPRXQWV� RI� DPPRQLD�� QLWURJHQ� DQG� K\GURJHQ�� 7KH�

FKDQJHDEOH� FRQFHQWUDWLRQV� RI� WKH� ODVW� WKUHH� FRPSRQHQWV� LV� WKH� UHVXOW� RI� WKH� WKHUPDO�

GLVVRFLDWLRQ�RI�DPPRQLD�WR�QLWURJHQ�DQG�K\GURJHQ��

�

�0�1�+�&22���1�+��o��0����1+�����1����+�����&2�� ����

�

7KH�PL[HG�1�+��1L���&R����1�+�&22���Â+�2�FRPSOH[�EHKDYHV�XSRQ�KHDWLQJ�OLNH�

WKH�PRQRPHWDO�FRPSOH[HV��7KHUPRDQDO\WLFDO�GDWD�DUH�JLYHQ�LQ�)LJXUH�����
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)LJXUH����7KHUPRDQDO\WLFDO�GDWD�IRU�1�+��1L���&R����1�+�&22���Â+�2�

�

7KH�GHFRPSRVLWLRQ�SURFHHGV�LQ�WZR�VWHSV�ZLWK�WRWDO�PDVV�ORVV�RI���������DOWKRXJK�

LQ�WKH�ILUVW�VWHS�XS�WR������&�RQO\��������RI�WKH�LQLWLDO�PDVV�LV�ORVW��,Q�WKH�VHFRQG�VWHS�

IURP����� �&� WR����� �&�DQ� DGGLWLRQDO� ������� LV� ORVW��'7*�PLQLPXPV�DUH�REVHUYHG�DW�

�������&�DQG��������&��7KH�ILUVW�GHFRPSRVLWLRQ�VWHS�LV�IROORZHG�E\�DQ�HQGRWKHUPDO�SHDN�

DW��������&��IROORZHG�E\�DQ�H[RWKHUPDO�RQH�ZLWK�D�PD[LPXP�DW��������&��

6LPLODU�GHFRPSRVLWLRQ�LQ�WZR�VWHSV�RFFXUV�ZKHQ�ODUJH�FU\VWDOV�DUH�XVHG�LQVWHDG�RI�

D�SRZGHUHG�VDPSOH��7KH�WHPSHUDWXUHV�DUH�VKLIWHG�D�OLWWOH�DQG�WKH�VKDSHV�RI�WKH�FXUYHV�DUH�

DOVR�PRGLILHG�� 6(0�SKRWRV� VKRZ� WKDW� FU\VWDOV� GHFRPSRVH� LQWR� OD\HUHG� DUUD\V� RI� URGV�

DURXQG������PP�LQ�OHQJWK�DQG�����PP�ZLGH��)LJ�������

� �

)LJXUH����6(0�SKRWR�RI�1L���&R������WRS�YLHZ��� )LJXUH����6(0�SKRWR�RI�1L���&R�������VLGH�YLHZ��
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)URP� WKH� VLGH� YLHZ�� ODUJH� FDYLWLHV� DQG� FKDQQHOV� FDQ� EH� VHHQ� WKURXJK�ZKLFK� WKH�

HYROYHG�JDVHV�OHIW�WKH�VDPSOH��)LJ������7KH�REWDLQHG�SURGXFWV�ZHUH�JURXQG�DQG�SUHVVHG�

LQWR� WDEOHWV� XVLQJ� D�SUHVVXUH�RI� ����03D��$�SKRWR�RI� D� WKXV�SUHSDUHG� VDPSOH� �)LJ�����

UHYHDOV�WKDW�WKH�SDUWLFOHV�DUH�RI�D�VLPLODU�VL]H��H�J�����±����QP��7(0�SKRWRV�VKRZ�WKDW�

WKHVH� SDUWLFOHV� FRQVLVW� RI� HYHQ� ILQHU� SDUWLFOHV� RI� DURXQG� �� �� �� QP� LQ� VL]H� �)LJ�� ����

0DSSLQJ�RI�WKHVH�SRZGHUV�VKRZV�WKDW�VROLG�VROXWLRQV�DUH�REWDLQHG�VLQFH�QR�GLVWLQFW�DUHDV�

RI�SUHGRPLQDQWO\�RQH�PHWDO�FRXOG�EH�REVHUYHG��7KH�REWDLQHG�&XULH� WHPSHUDWXUH�RI� WKH�

VDPSOH�RI�����
R
&�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�YDOXH�IRU�WKH�HTXLPRODU�VROLG�VROXWLRQ�RI�

FREDOW�DQG�QLFNHO��������
R
&�

�
��

(YDOXDWLRQ� RI� WKLV� PHWKRG� IRU� QDQR� PHWDO� SRZGHU� SUHSDUDWLRQ� VKRZV� WKDW�

K\GUD]LQLXP������WULV�K\GUD]LGRFDUERQDWHV�PHWDODWHV�PRQRK\GUDWHV�RI�FREDOW�DQG�QLFNHO�

GHFRPSRVH�LQ�DQ�LQHUW�DWPRVSKHUH�WR�PHWDO�SRZGHUV�RI�KLJK�SXULW\�LI�YHU\�SXUH�IXUQDFH�

JDVVHV� DUH� XVHG�� 7KH� REWDLQHG�PHWDO� SRZGHUV� KDYH� KLJK� VSHFLILF� VXUIDFH� DUHDV� ZKLFK�

PDNHV�WKHP�YHU\�UHDFWLYH�DQG�WKH\�H[KLELW�S\URSKRULF�SURSHUWLHV�XSRQ�FRQWDFW�ZLWK�DLU��

9HU\�SXUH�DUJRQ�RU�QLWURJHQ�RI�DW�OHDVW�JUDGH�����VKRXOG�EH�XVHG�DV�IXUQDFH�DWPRVSKHUHV�

LQ� FRPELQDWLRQ� ZLWK� R[\JHQ� DQG� PRLVWXUH� DGVRUEHQWV�� ,Q� WKLV� SDUW� RI� RXU� UHVHDUFK� D�

JDVHRXV�PL[WXUH�RI����YRO����RI�DUJRQ�DQG���YRO����RI�K\GURJHQ�KDV�EHHQ�XVHG�LQ�RUGHU�

WR� SUHYHQW� DQ\� VXEVHTXHQW� R[LGDWLRQ� RI� WKH� VDPSOHV� DQG� WR� DVVXUH� WKH� SUHSDUDWLRQ� RI�

R[LGH�IUHH�PHWDO�SRZGHUV��DOWKRXJK�K\GUD]LGRFDUERQDWHV�FDQ�DOVR�GHFRPSRVH�WR�PHWDO�LQ�

DQ�LQHUW�DWPRVSKHUH���

� �

)LJXUH����6(0�SKRWR�RI�1L���&R�����

�SUHVVHG�LQWR�WDEOHWV���������&��

)LJXUH����7(0�SKRWR�RI�1L���&R�����������&�

�

�
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7KH�SUHSDUDWLRQ�RI� WKH�SUHFXUVRUV� LV� QRW� SUREOHPDWLF� LI�ZH� WDNH� LQWR� DFFRXQW� WKH�

SK\VLRORJLFDO�SURSHUWLHV�RI�K\GUD]LQH
�
��7KH�FREDOW�DQG�QLFNHO�FRPSOH[HV�GHFRPSRVH�WR�

PHWDO� SRZGHUV� YLD� DQ� LQWHUPHGLDWH�� 0�1�+�&22��1�+��� 7KLV� LQWHUPHGLDWH� LV� PRUH�

VWDEOH� WKDQ� WKH� K\GUD]LQLXP� ����� FRPSOH[� DQG� FDQ� EH� LVRODWHG� LQ� WKH� FDVH� RI� FREDOW�

FRPSRXQGV�� ZKHUHDV� WKH� GHFRPSRVLWLRQ� RI� WKH� QLFNHO� SUHFXUVRU� SURFHHGV� RYHU� D� OHVV�

SURQRXQFHG�LQWHUPHGLDWH�EXW�VKRZV�WZR�GLVWLQFW�'7*�SHDNV��7KH�PHWDO�UHVLGXH�GHSHQGV�

RQ�WKH�PHWDO�FDWLRQ�XVHG�IRU�WKH�SUHFXUVRU�SUHSDUDWLRQ�DQG�H[FHHGHV������RI�WKH�LQLWLDO�

PDVV�RI� WKH�VDPSOH��%HWWHU�PHWDO�\LHOGV�FDQ�EH�REWDLQHG�LI�� LQVWHDG�RI� WKH�K\GUD]LQLXP�

����� WULV�K\GUD]LGR� FDUERQDWH� PHWDODWH� PRQRK\GUDWH�� WKH� LQWHUPHGLDWH� FRPSRXQG��

0�1�+�&22���1�+��� LV� XVHG��7KLV� FDQ�EH�SUHSDUHG�E\� DQ� DOWHUQDWLYH�PHWKRG
�
�� ,Q� WKLV�

FDVH�PRUH�WKDQ������RI�PHWDO�UHVLGXH�LV�REWDLQHG���

7KLV�PHWKRG� KDV� LWV� DGYDQWDJHV� DV�ZHOO� DV� GLVDGYDQWDJHV��2QH� DGYDQWDJH� LV� WKH�

VWUDLJKWIRUZDUG� SUHSDUDWLRQ� RI� WKH� SUHFXUVRUV�� %\� WKH� XVH� RI� D� SUHFXUVRU� RI� D� VLQJOH�

FDWLRQ��SXUH�SRZGHUV�RI�WKH�FRUUHVSRQGLQJ�PHWDO�FDQ�EH�SUHSDUHG��,I�D�PL[WXUH�RI�WZR�RU�

PRUH�FDWLRQV�ZLWK�VLPLODU�FKHPLFDO�SURSHUWLHV� LV�XVHG�VROLG�VROXWLRQV�RI� WKH�PHWDOV�DUH�

REWDLQHG�� DV� ZDV� WKH� FDVH� ZLWK� FREDOW� DQG� QLFNHO�� 7KH� ILQDO� WHPSHUDWXUHV� RI� WKH�

GHFRPSRVLWLRQV� DUH� UHODWLYHO\� ORZ� GHSHQGLQJ� RQ� WKH� KHDWLQJ� UDWHV�� %\� WKH� LVRWKHUPDO�

GHFRPSRVLWLRQ�DW�ORZHU�WHPSHUDWXUHV��H�J�������&��GHFRPSRVLWLRQ�SURFHHGV�WR�WKH�PHWDO�

SRZGHU� DOVR��7KH� UHODWLYHO\� ORZ� WHPSHUDWXUHV� RI� SUHSDUDWLRQ� DUH� LPSRUWDQW� LQ� RUGHU� WR�

SUHYHQW� VLQWHULQJ� RI� WKH� REWDLQHG� QDQR� SRZGHUV�� 3URGXFWV� REWDLQHG� DW� ���� �&� VKRZ�

JURZWK�RI�WKH�SDUWLFOHV�WR�SDUWLFOH�VL]HV�RI����������QP���

7KH�SRVVLEOH�XVHV�RI�FREDOW�RU�QLFNHO�FRPSOH[HV�ZLWK�K\GUD]LGRFDUERQLF�DFLG�DUH��

IRU� H[DPSOH�� WKH� SUHSDUDWLRQ� RI� FDWDO\VWV� DQG� R[\JHQ� VFDYHQJHUV�� 7KH� UHODWLYHO\� ORZ�

PHWDO�FRQWHQW�RI�K\GUD]LQLXP������WULV�K\GUD]LGRFDUERQDWHV�PHWDODWHV�PRQRK\GUDWHV�RI�

DURXQG� ��� �� DQG� ��� �� IRU� PHWDO� K\GUD]LGRFDUERQDWHV� K\GUD]LQHV� FDQ� EH� DOVR�

DGYDQWDJHRXV�IRU�VSHFLDO�DSSOLFDWLRQV��3UHSDUDWLRQV�RI�PL[WXUHV�RI�WKHVH�SUHFXUVRUV�ZLWK�

JUHHQ� FHUDPLF� PDWHULDOV� FDQ�� DIWHU� WKHUPDO� WUHDWPHQW� RI� WKH� PL[WXUH�� UHVXOW� LQ� SRURXV�

PDWHULDOV� PDGH� RI� D� FHUDPLF� PDWUL[� LQ� ZKLFK� ILQH� SDUWLFOHV� RI� PHWDO� DUH� GLVSHUVHG��

+\GUD]LQH�GHFRPSRVHV�LQ�DQ�LQHUW�DWPRVSKHUH�E\�D�KRPRJHQRXV�UHDFWLRQ�LQWR�DPPRQLD�

DQG�QLWURJHQ�DFFRUGLQJ�WR�WKH�UHDFWLRQ�VFKHPH������
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$PPRQLD� LV� QRW� VWDEOH� DW� KLJKHU� WHPSHUDWXUHV� DQG� GLVVRFLDWHV� WR� LWV� FRQVWLWXWLYH�

HOHPHQWV�� SDUWLFXODUO\� LQ� WKH� SUHVHQFH� RI� FDWDO\VWV�� ,Q� DGGLWLRQ� WR� WKHVH� JDVVHV�� FDUERQ�

GLR[LGH�LV�DOVR�UHOHDVHG�GXULQJ�WKH�GHFRPSRVLWLRQ�RI�WKH�K\GUD]LGRFDUERQDWH�JURXS��7KH�

FDOFXODWLRQ� EDVHG� RQ� WKH� VWDUWLQJ� FRPSRVLWLRQ� RI� SUHFXUVRUV� VKRZV� WKDW�� DVVXPLQJ� WKH�

GHFRPSRVLWLRQ�UHDFWLRQ�SURFHHGV�WR�JDVHRXV�SURGXFWV�VXFK�DV�QLWURJHQ��DPPRQLD��FDUERQ�

GLR[LGH�DQG�ZDWHU�YDSRU�����PROHV�RI�JDVVHV�DUH�REWDLQHG�IRU�HDFK�PROH�RI�SUHFXUVRU��,Q�

WKH� FDVH� RI� WKH� RWKHU� H[WUHPH��ZKHQ� DOO� RI� WKH� DPPRQLD� GLVVRFLDWHV� WR� LWV� FRQVWLWXWLYH�

HOHPHQWV�� LW� LV� SRVVLEOH� IRU� HYHQ� ��� PROHV� RI� JDVVHV� WR� EH� UHOHDVHG�� )RU�

0�1�+�&22���1�+�� WKHVH� YDOXHV� DUH� �� DQG� ��� PROHV� RI� JDVVHV� SHU� PROH� RI� VWDUWLQJ�

FRPSRXQG��(YROYHG�JDVHV�IRUP�SRUHV�DQG�FKDQQHOV�RQ�OHDYLQJ�WKH�VDPSOH��DV�ZDV�DOVR�

REVHUYHG� LQ� WKH� FDVH� RI� WKH� GHFRPSRVLWLRQ� RI� SXUH� K\GUD]LQLXP� ����� WULV�K\GUD]LGR�

FDUERQDWHV���

�

&RQFOXVLRQV�

+\GUD]LQLXP������ WULV�K\GUD]LGR�FDUERQDWHV�PRQRK\GUDWHV�RI�FREDOW��QLFNHO��RU�D�

PL[HG�FRPSOH[�ZLWK�ERWK�FDWLRQV�GHFRPSRVH�WR�WKH�PHWDO��7KH�ILQDO�WHPSHUDWXUHV�RI�WKH�

GHFRPSRVLWLRQ�FDQ�EH�DV�ORZ�DV������&�DQG�SDUWLFOHV�RI�QDQR�VL]H�GLPHQVLRQV�IURP����±�

��� QP� DUH� REWDLQHG�� 7(0� UHYHDOV� WKDW� WKHVH� SDUWLFOHV� DUH� FRPSRVHG� RI� HYHQ� VPDOOHU�

SDUWLFOHV� VHYHUDO� QDQRPHWHUV� LQ� VL]H�� 7KHVH� SDUWLFOHV� H[KLELW� KLJK� UHDFWLYLW\� DQG�

S\URSKRULF�SURSHUWLHV�XSRQ�FRQWDFW�ZLWK�DLU��/DUJH�DPRXQWV�RI�JDVVHV�DUH�HYROYHG�GXULQJ�

WKH�SURFHVV��ZKLFK�FDQ�EH�DGYDQWDJHRXV�IRU�WKH�SUHSDUDWLRQ�RI�SRURXV�PDWHULDOV��

�

�

$FNQRZOHGJHPHQWV��

7KH�DXWKRUV�ZLVK�WR�WKDQN�'U��*RUDQ�'UDåLþ�IRU�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\�

FKDUDFWHULVDWLRQ�RI�WKH�VDPSOHV�DQG�WR�WKH�0LQLVWU\�RI�6FLHQFH�DQG�7HFKQRORJ\�IRU�WKHLU�

ILQDQFLDO�VXSSRUW���
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5HIHUHQFHV�

��� 6WROOH�5���+RIIPDQ��.���&KHP��±�=WJ������������������

��� 6OLYQLN��-���5LKDU��$���6HGHM��%���0RQDWVK��&KHP�����������������

��� 0DþHN��-���+URYDW��5���1RYRVHO��%��-��7KHUPDO�$QDO���������������������

��� 0DþHN��-���5DKWHQ��$��7HUPRFKLPLFD�$FWD���������������������

��� +DQVHQ��0���&RQVWLWXWLRQ�RI�ELQDU\�DOOR\V ��0F*UDZ�+LOO���QG�(G���1HZ�<RUN��������SS����������

��� 6FKPLGW��(��:��+\GUD]LQH�DQG�LWV�'HULYDWHV��-RKQ�:LOH\��1HZ�<RUN��������SS����������
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3RY]HWHN��

3ULSUDYD�NREDOWRYLK�LQ�QLNOMHYLK�SUDKRY�QDQR�YHOLNRVWL�LQ�SUDKRY�WUGQLK�UD]WRSLQ�NREDOWD�LQ�

QLNOMD� V� WHUPLþQLP� UD]NURMHP� 1�+�>0
�Q��1�+�&22�Q��@Â+�2� LQ� LQWHUPHGLDWD�

0�Q��1�+�&22�QÂ1�+�� MH� RSLVDQD� LQ� GLVNXWLUDQD�� 9� LQHUWQL� DOL� UHGXNFLMVNL� DWPRVIHUL� WH�

VSRMLQH�UD]SDGHMR�QD�NRYLQVNH�GHOFH�YHOLNRVWL�RG����GR����QP��7L�GHOFL�VR�VHVWDYOMHQL�L]�ãH�

PDQMãLK� GHOFHY� YHOLNRVWL� RG� �� GR� �� QP�� 3RGDQH� VR� SUHGQRVWL� LQ� VODERVWL� WH� PHWRGH� WHU�

PRåQRVWL�]D�QMHQR�XSRUDER�]D�SULSUDYR�QDQRSURGXNWRY���


