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5HDJHQWV��
�$OO� FKHPLFDOV� XVHG� ZHUH� RI� DQDO\WLFDO� UHDJHQW� JUDGH� DQG� IROLF� DFLG��IOXND���)ROLF�DFLG��)$��VWRFN�VROXWLRQ�������PJ��PO�����$�����J�DPRXQW�RI�)$�ZDV�GLVVROYHG�LQ�VROXWLRQ�RI�VRGLXP�K\GUR[LGH�����0��DQG�PDGH�XS�WR����PO�YROXPHWULF�IODVN�ZLWK�WKH�VDPH�VROXWLRQ��)$� ZRUNLQJ� VROXWLRQ� ����� PJ�� PO����� SUHSDUHG� E\� GLOXWLQJ� ��PO� RI�VWRFN�WR����PO�YROXPHWULF�IODVN�ZLWK�GLVWLOOHG�ZDWHU��3�DPLQRSKHQDO� UHDJHQW� ��[�����0���SUHSDUHG�E\�GLVVROYLQJ��������J�RI 3�DPLQRSKHQRO�UHJHQW�LQ�HWKDQRO�DQG�PDGH�XS�WR����PO�YROXPHWULF�IODVN�ZLWK�WKH�VDPH�VROYHQW��3RWDVVLXP�LRGDWH�VROXWLRQ���[�����0���SUHSDUHG�E\�GLVVROYLQJ��������J�RI SRWDVVLXP� LRGDWH� LQ� GLVWLOOHG� ZDWHU� DQG� PDGH� XS� WR� ���� PO�YROXPHWULF�IODVN�ZLWK�GLVWLOOHG�ZDWHU��3URFHGXUH��,QWR�D�VHULHV�RI���PO�FDOLEUDWHG�IODVN��WUDQVIHU�LQFUHDVLQJ�YROXPH�RI�)$�ZRUNLQJ�VROXWLRQ������PJ��PO��� WR�FRQYHUW�WKH�UDQJH�RI�WKH�FDOLEUDWLRQ�FXUYH�����������J��PO���,Q�ILQG�YROXPH�RI���PO��DGG�����PO�RI���[�����0��RI�SRWDVVLXP�LRGDWH�VROXWLRQ� DQG� ���PO� RI� ��[�����0�� RI� S�DPLQRSKHQRO� DQG� VKDNH�ZLOO��IROORZHG�E\��PO��0��RI�K\GURFKORULF�DFLG��'LOXWH�WKH�VROXWLRQ�WR�PDUN�ZLWK�GLVWLOOHG�ZDWHU�DQG�DOORZ�WKH�UHDFWLRQ�PL[WXUH� WR� XVH� IRU� ��� PLQ� DW� URRP� WHPSHUDWXUH�� 0HDVXUH� WKH�DEVRUEDQFH� DW� ���� QP�DJDLQVW� D� UHDJHQW� EODQN�SUHSDUHG� LQ� WKH� VDPH�ZD\�EXW�FRQWDLQLQJ�QR�)$��7KH�FRORXU�RI�WKH�IRUPHG�SURGXFW�LQVWDEOH�IRU�����PLQ��)RU�WKH�RSWLPL]DWLRQ�RI�FRQGLWLRQV�DQG�LQ�DOO�VXEVHTXHQW�H[SHULPHQWV��VROXWLRQ�RI�����PJ�RI�)$�LQ�D�ILQDO�YROXPH�RI���PO�ZDV�XVHG��
����3URFHGXUH�IRU�3KDUPDFHXWLFDO�7DEOHWV�
�:HLJK�DQG�ILQDOO\�SRZGHU�DQ�HQRXJK�QXPEHU�RI� WDEOHWV� IROORZHG�E\�H[WUDFWLRQ�RI� DQ�FXWHO\�ZHLJKHG�SRUWLRQ�RI� WKH�SRZGHU�HTXLYDOHQW� WR�DERXW�����RI�)$�LQ�D�VROXWLRQ�RI�VRGLXP�K\GUR[LGH�����0���6KDNH�DQG�ILOWHU�WKH�VROXWLRQ�LQWR�D����PO�YROXPHWULF�IODVN��:DVK�WKH�UHVLGXH�DQG�GLOXWH�WR�YROXPH�ZLWK�VROXWLRQ�RI�VRGLXP�K\GUR[LGH�����0��WR�REWDLQ�������J��PO��� RI�)$��GLOXWH���PO�RI�WKLV�VROXWLRQ�WR����PO�E\�GLVWLOOHG�ZDWHU� WR� SUHSDUH� �����J�� PO��� RI� )$�� 8VH� VXLWDEOH� YROXPH� RI� LW�VROXWLRQ� IRU� WKH� FRORXU� IRUPDWLRQ� ZLWK� SRWDVVLXP� LRGDWH�� S��DPLQRSKHQRO�DQG�DFLG�D�GHVFULEHG�XQGHU�FDOLEUDWLRQ�SURFHGXUH���
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���5HVXOWV�DQG�'LVFXVVLRQ��$EVRUSWLRQ�6SHFWUD��
�:KHQ�$YHU\� GLOXWH� DTXHRXV� VROXWLRQ�)$�ZDV�PL[HG�ZLWK� SRWDVVLXP�LRGDWH� DQG� S�DPLQRSKHQDO� UHDJHQW� DQG� K\GURFKORULF� DFLG�� DQ� LQWHQVH�UHG�FRORXU�IRUPV�DIWHU���PLQ��ZKLFK�EHFDPH�VWDEOH�DIWHU����PLQ�� WKH�UHG�SURGXFW�KDV�D�PD[LPXP�DEVRUSWLRQ�DW�����QP��>)LJ�����@�VKRZV�WKH�VSHFWUD� RI� WKH� UHG� SURGXFW� IRUPHG� DQG� RI� WKH� UHDJHQW� EODQN�� WKH�PD[LPXP� DEVRUSWLRQ� DW� ���� QP� ZDV� XVHG� LQ� DOO� VXEVHTXHQW�H[SHULPHQWV�

)LJ�������$EVRUSWLRQ�6SHFWUD�RI�$�������J����PO��RI�)$�WUHDWHG�DV�GHVFULEHG�� XQGHU�SURFHGXUH�DQG�PHDVXUHG�DJDLQVW�UHDJHQW�EODQN�DQG�%�WKH�� UHDJHQW�EODQN�PHDVXUHG�DJDLQVW�GLVWLOOHG�ZDWHU���6WXG\�RI�WKH�2SWLPXP�5HDFWLRQ�&RQGLWLRQV��
�7KH� HIIHFW� RI� YDULRXV� SDUDPHWHUV� RQ� WKH� DEVRUSWLRQ� LQWHQVLW\� RI� WKH�IRUPHG� SURGXFW� ZHUH� VWXGLHG� DQG� WKH� UHDFWLRQ� FRQGLWLRQV� ZHUH�RSWLPL]HG�
�(IIHFW�RI�$FLG��
�,W�ZDV�IRXQG�H[SHULPHQWDOO\�WKDW�FRORXUHG�SURGXFW�ZDV�IRUPHG�RQO\�LQ�DFLGLF� PHGLXP�� 'LIIHUHQW� DFLGV� ZHUH� H[DPLQHG� DQG� WKHVH� LQFOXGH�K\GURFKORULF�� VXOSKXUHLF�� SKRVSKRULF� DQG� DFHWLF� DFLG�� RQO\�K\GURFKORULF�DFLG�ZDV�IRXQG�RSWLPXP�VLQFH�LW�JLYH�D�KLJK�VHQVLWLYLW\��
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PLQLPXP�EODQN�YDOXH�DQG�KLJK�VWDELOLW\�RI�WKH�FRORXUHG�SURGXFW��7KH�HIIHFW� RI� WKH� DPRXQW� RI� K\GURFKORULF� DFLG�ZDV� DOVR� LQYHVWLJDWHG� DQG��PO�RI��0�ZDV�VHOHFWHG�DQG�ZDV�XVHG�LQ�DOO�VXEVHTXHQW�H[SHULPHQWV��
�(IIHFW�RI�5HDJHQW�&RQFHQWUDWLRQ��
�:KHQ�YDULRXV�FRQFHQWUDWLRQV�RI�S�DPLQRSKHQDO�VROXWLRQ�ZHUH�DGGHG�WR�IL[HG�DPRXQW�RI�)$�VROXWLRQ�����PO�RI���[����0��VROXWLRQ�ZDV�IRXQG�HQRXJK�WR�GHYHORS�WKH�FRORXU�WR�LWV�IXOO�LQWHQVLW\�DQG�JLYH�D�PLQLPXP�EODQN� YDOXH� DQG� WKHUHIRUH� FRQVLGHUHG� WR� EH� RSWLPXP� IRU� WKH�FRQFHQWUDWLRQ�UDQJH�RI����������J���PO��RI�)$��
�(IIHFW�RI�2[LGDQW�&RQFHQWUDWLRQ��
�7KH�SURGXFW�IRUPDWLRQ�UHDFKHG�PD[LPXP�ZLWK�DERXW�����PO�RI���[�����0�� SRWDVVLXP� LRGDWH� VROXWLRQ� DQG� UHPDLQHG� DW� WKLV�PD[LPXP�ZKHQ������ �� �PO�� RI� WKH� R[LGDQW� FRQFHQWUDWLRQ� ZDV� DGGHG� WR� )$�� ���� PO�YROXPH� RI� WKH� R[LGHL]LQJ� DJHQW� VROXWLRQ� ZDV� WKHUHIRUH� XVHG� LQ� WKH�SURFHGXUH� VLQFH� LW� JLYH� KLJK� VHQVLWLYLW\� PLQLPXP� EODQN� YDOXH� DQG�HQVXUH� TXDQWLWDWLYH� GHWHUPLQDWLRQ� DW� WKH� XSSHU� OLPLW� RI� FDOLEUDWLRQ�JUDSK��
�(IIHFW�RI�2UGHU�RI�$GGLWLRQ��
�7R�REWDLQ�RSWLPXP�UHVXOWV��WKH�RUGHU�RI�WKH�DGGLWLRQ�RI�UHDJHQW�VKRXOG�EH IROORZHG� DV� JLYHQ� XQGHU� WKH� SURFHGXUH�� RWKHUZLVH� D� ORVV� LQ� WKH�FRORXU�LQWHQVLW\�DQG�VWDELOLW\�ZHUH�REVHUYHG��
�(IIHFW�RI�5HDFWLRQ�7LPH��
�7KH�FRORXU�LQWHQVLW\�UHDFKHG�D�PD[LPXP�DIWHU�)$�VROXWLRQ�KDG�EHHQ�UHDFKHG� LPPHGLDWHO\� ZLWK� SRWDVVLXP� LRGDWH� DQG� S�DPLQRSKHQO� LQ�DFLGLF� PHGLXP� DQG� EHFDPH� VWDEOH� DIWHU� ��� PLQ�� WKHUHIRUH� ��� PLQ�GHYHORSPHQW� WLPH�ZDV� HOHFWHG� D� RSWLPXP� LQ� WKH� JHQHUDO� SURFHGXUH��7KH�FRORXU�REWDLQHG�ZDV�VWDEOH�IRU�����PLQ��
�(IIHFW�RI�7HPSHUDWXUH��
�7KH�HIIHFW�RI� WHPSHUDWXUH�RQ�WKH�FRORXU� LQWHQVLW\�RI� WKH�SURGXFW�ZDV�VWXGLHG�� ,Q� SUDFWLFH� WKH� VDPH� � DEVRUEDQFH� ZDV� REWDLQHG� ZKHQ� WKH�FRORXU� ZDV� GHYHORSHG� DW� URRP� WHPSHUDWXUH� ���&R� EXW� ZKHQ� WKH�FDOLEUDWHG�IODVN�ZDV�SODFHG�LQ�DQ�LFH��EDWK�DW���&R� RU�LQ�D�ZDWHU�EDWK�DW� ���&R� D� ORVV� LQ�FRORXU� LQWHQVLW\�DQG�VWDELOLW\�ZHUH�REVHUYHG�� LW� LV�
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WKHUHIRUH�UHFRPPHQGHG�WKDW�WKH�FRORXU�UHDFWLRQ�VKRXOG�EH�FDUULHG�RXW�DW�URRP�WHPSHUDWXUH���&R���
�$FFXUDF\�DQG�3UHFLVLRQ��
�7R� GHWHUPLQH� WKH� DFFXUDF\� DQG� SUHFLVLRQ� RI� WKH� PHWKRG�� )$� ZDV�GHWHUPLQHG�DW�WZR�GLIIHUHQW�FRQFHQWUDWLRQV��7KH�UHVXOWV�VKRZQ�LQ�7DEOH������ LQGLFDWH� WKDW� D� VDWLVIDFWRU\� SUHFLVLRQ� DQG� DFFXUDF\� FRXOG� EH�REWDLQHG�ZLWK�WKH�SURSRVHG�PHWKRG�����

7DEOH������$FFXUDF\�DQG�SUHFLVLRQ�RI�WKH�SURSRVHG�PHWKRG��
� 5HODWLYH�6WDQGDUG�'HYLDWLRQ�5HFRYHU\���$PRXQW�RI�)$�WDNHQ��J�PO� ��������������

��������������
$YHUDJH�RI�ILYH�GHWHUPLQDWLRQV��
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&DOLEUDWLRQ�&XUYH��
(PSOR\LQJ� WKH� FRQGLWLRQV� GHVFULEHG� XQGHU� SURFHGXUH�� D� OLQHU�FDOLEUDWLRQ� FXUYH� >)LJ����@� IRU� )$� ZDV� REWDLQHG� �ZKLFK� VKRZ� WKDW�%HHU¶V� ODZ� ZDV� REH\HG� RYHU� WKH� FRQFHQWUDWLRQ� UDQJH� RI� ����������J����PO����RU�������SSP��ZLWK�FRUUHODWLRQ�FRHIILFLHQW�RI����������DQG�DQ�LQWHUFHSW�RI�����������7KH�FRQGLWLRQDO�PRODU�DEVRUSWLYLW\�RI�WKH�UHG�SURGXFW�IRUPHG�ZLWK�)$�ZDV�IRXQG�WR�EH�����[����/��PRO���FP��� ZLWK�UHIHUHQFH�WR�)$�DQG�D�6DQGHOO�VHQVLWLYLW\�ZDV���������J�FP���
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6WUXFWXUH�RI�WKH�3URGXFW���7KH�VWRLFKLRPHWU\�RI�WKH�UHDFWLRQ�EHWZHHQ�)$�DQG�S�DPLQRSKHQRO�ZDV�LQYHVWLJDWHG�XVLQJ� UDWLR�PHWKRG��7KH� UHVXOWV�REWDLQHG� >)LJ����@� VKRZ�WKDW�D������SURGXFW�ZDV�IRUPHG�EHWZHHQ�)$�DQG�S�DPLQRSKHQRO�UHJHQW�DW�����QP��WKHUHIRUH�WKH�IRUPDWLRQ�RI�WKH�SURGXFW�SUREDEO\�RFFXUV�DV�IROORZV���
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� )LJ�������0ROH�UDWLR�RI�UHDJHQW�WR�VDPSOH�IRU�WKH�SURGXFW�IRUPHG�
7KH�FRQFHQWUDWLRQ�RI�ERWK�WKH�VDPSOH�DQG�UHDJHQW�DUH��[�����

7KH� SURGXFW� IRUPHG� ZDV� VROXEOH� LQ� ZDWHU�� 7KH� DSSDUHQW� VWDELOLW\�FRQVWDQW� ZDV� FDOFXODWHG� E\� FRPSDULQJ� WKH� DEVRUEDQFH� RI� VROXWLRQ�FRQWDLQLQJ�VWRLFKLRPHWULF�DPRXQW�RI�)$�DQG�S�DPLQRSKHQRO�ZLWK�WKDW�RI D�VROXWLRQ�FRQWDLQLQJ�D�ILYH�IROG�H[FHVV�RI�S�DPLQRSKHQRO�UHDJHQW��
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7KH� VWDELOLW\� FRQVWDQW� RI� WKH� SURGXFW� LQ� ZDWHU� XQGHU� WKH� GHVFULEHG�H[SHULPHQW�RI�FRQGLWLRQ�ZDV�����[����/��PRO������
�$QDO\WLFDO�$SSOLFDWLRQV��
�7KUHH� W\SHV� RI� WDEOHWV� FRQWDLQLQJ� )$� KDYH� EHHQ� DQDO\]HG� DQG� WKH\�JDYH�D�JRRG�DFFXUDF\�DQG�SUHFLVLRQ�>7DEOH����@�WKH�SURSRVHG�PHWKRG�ZDV�FRPSDUHG� VXFFHVVIXOO\�ZLWK� WKH�%ULWLVK�SKDUPDFRSRHLD� VWDQGDUG�PHWKRG�>7DEOH����@��VLQFH�)�WHVW�DQG�7�WHVW�VKRZHG�WKDW�WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�SURSRVHG�PHWKRG�DQG�WKH�VWDQGDUG�PHWKRG������
� 7DEOH������$SSOLFDWLRQ�RI�WKH�SURSRVHG�PHWKRG�IRU�WKH�GHWHUPLQDWLRQ��� RI�)$�LQ�SKDUPDFHXWLFDO�WDEOHWV���

5HFRYHU\�5�6�'��$PRXQW�RI�)$�WDNHQ��J�PO��:W�RI�)$��PJ�
:W�RI�

WDEOHW��PJ��
7DEOHW�VDPSOH

�������������������������)ROLF�DFLG
�������������������������)XUDIROLF�
������������������������IROPHG�

$YHUDJH�RI�ILYH�GHWHUPLQDWLRQV���
7DEOH������&RPSDULVRQ�RI�WKH�SURSRVHG�PHWKRG�ZLWK�VWDQGDUG��� PHWKRG�WR�GHWHUPLQDWLRQ�RI�)$�LQ�SKDUPDFHXWLFDO�WDEOHWV���

5HFRYHU\��)$�WDEOHW�VDPSOH� 6WDQGDUG�PHWKRG�3URSRVHG�PHWKRG�
�������������������������

�������������������������

3XUH�IROLF�DFLG�)ROLF�FLG�)XU�IROLF�)ROPHG�
$YHUDJH�RI�ILYH�GHWHUPLQDWLRQV���

5HIHUHQFHV���� $/�6KDPPDU\��)��-���$/�5DVKRRG��.��$���0LDQ��1��$��DQG�0DLQ��0��6���$QDO\WLFDO�3URILOHV�RI�'UXJ�6XEVWDQFHV� ����������� ������� *UHJRU\�� /�� )���'D\��%�� 3�� )�� DQG�5LVWRZ��.��$��� -�� 3KDUP�� 6FL������������� ���������� ,FKLQRVH��1��� 7VXQH\RVKL�� 7��� .DWR��0��� 6X]XNL�� 7�� DQG� ,NHGD�� 6��)UHVHQLFHV��-��$QDO��&KHP�� ����������������
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���1HOVRQ��%��&���3IHLIIHU��&��0���0DUROLV��6��$�� DQG�1HOVRQ��$��8���$QDO��%LRFKHP� ����������������������� $NKWDU��0�� -��� .KDQ��0�� $�� DQG� $KPDG�� ,��� -�� 3KDUP� �%LRFKHP��$QDO������������� ���������/L��+��%��DQG�&KHQ���)���- �6HS��6FL������������ ������������+RHOOHU��8���%URGKDQ��&���.QRHEHO��$��DQG�+RIPDQQ��3��-��3KDUP��%LRPDG��$QDO� ���������������������� +XWFKLQJV��%��/���6WRNVWHG��(�� ,��5���%RR�� WKH�-��+���0RZDW���-��+��DQG�6XEEDURZ��<��-��%LRO��&KHP� ������������ ��������(/�.RPPRV��0��(�� DQG�(PDUD��.��0���-��3KDUP�� 6FL� �������� ���������� *KDVHPL�� -�� DQG�9RVRXJK��0���6SHFWURVF�� /HWW� �������� ��� ������������ -FREVHQ�� (��� %MRHUQVHQ�� 0�� DQG� :LHVH�� 0��� $QDO�� &KLP�� $FWD������������� ��������� =KDQJ�� -�� 5��� <LQJ�� =�� *��� DQG� =KDQJ�� =�� ;���)HQ[L�� 6KL\DQVKL������������� ���������6]F]HSDQLDN��:��DQG�5HQ��0���(OHFWURDQDO\VLV� ���������� ������� /XR��'���$QDO��&KLP�5HQ� 0�������������� �������� :DQ��4��-���<X��-��+���<DQJ��1��-��DQG�:DQJ��*���)HQ[L��.H[XH��;XUEDR� ����������� ������������ $/�:DUWKDQ��$��$���$QDO��6FL�������������� ���������6XQ���&��<���=KDR���+�&�DQG�2X���<��-���)HQ[L��6KL\DQVKL������������� �����������$OOIUH\�� 9��� 7HSO\�� /���*HIIHQ�� &�� DQG�.LQJ�� &��� -�� %LRO�� &KHP������������� ���������/LX��;��DQG�+XDQJ��+��*���)HQ[L�+XD[XH������������� �������������� $/�$EDFL�� 0�� 4��� $/�*KDEVED�� 7�� 6�� DQG� 6DOLK�� (�� 6���0LFUR��&KHP�-� ����������� ������� DO�$EDFKL��0��4��DQG�$/�$EDLGL��6���1DWLRQDO�-��&KHP� ����������������� %ULWLVK�3KDUPDFRSRHLD� +206��/RQGRQ�� ��������9RO�����3����±�������


