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7KLV�SDSHU�GHVFULEHV�WKH�ELRWLWH�FKORULWL]DWLRQ�SURFHVV�ZLWK�D�IRFXV�RQ�PDVV�WUDQVIHU�LQ�WKH�7RNL�
JUDQLWLF�SOXWRQ��&HQWUDO�-DSDQ��DQG�DOVR�GHSLFWV�WKH�WHPSRUDO�YDULDWLRQV�LQ�FKHPLFDO�FKDUDFWHULVWLFV�RI�
K\GURWKHUPDO�ÀXLG�DVVRFLDWHG�ZLWK�FKORULWL]DWLRQ�GXULQJ�WKH�VXE�VROLGXV�FRROLQJ�RI�WKH�SOXWRQ��6LQJXODU�
YDOXH�GHFRPSRVLWLRQ��69'��DQDO\VLV�UHVXOWV�LQ�FKORULWL]DWLRQ�UHDFWLRQ�HTXDWLRQV�IRU�HLJKW�PLQHUDO�DV�
VHPEODJHV��OHDGLQJ�WR�WKH�TXDQWLWDWLYH�DVVHVVPHQW�RI�PDVV�WUDQVIHU�EHWZHHQ�WKH�UHDFWDQW�DQG�SURGXFW�
PLQHUDOV��DQG�LQÀRZ�DQG�RXWÀRZ�RI�FRPSRQHQWV�WKURXJK�WKH�K\GURWKHUPDO�ÀXLG��7KH�PDWULFHV�IRU�69'�
DQDO\VLV�FRQVLVW�RI�DUELWUDU\�FRPELQDWLRQV�RI�PRODU�YROXPH�DQG�FORVXUH�FRPSRQHQW�LQ�WKH�UHDFWDQW�DQG�
SURGXFW�PLQHUDOV��7KH�HLJKW�UHDFWLRQV�UHSUHVHQW�WKH�WHPSRUDO�YDULDWLRQV�RI�FKHPLFDO�FKDUDFWHULVWLFV�RI�
WKH�K\GURWKHUPDO�ÀXLG�DVVRFLDWHG�ZLWK�FKORULWL]DWLRQ��WKH�SURJUHVV�RI�FKORULWL]DWLRQ�UHVXOWV�LQ�JUDGXDO�
LQFUHDVH�RI�VLOLFRQ��SRWDVVLXP��DQG�FKORULQH�DQG�JUDGXDO�GHFUHDVH�RI�FDOFLXP�DQG�VRGLXP�LQ�WKH�K\GUR�
WKHUPDO�ÀXLG�ZLWK�WHPSHUDWXUH�GHFUHDVH��7KH�ELRWLWH�FKORULWL]DWLRQ�LQYROYHV�WZR�HVVHQWLDO�IRUPDWLRQ�
PHFKDQLVPV��FKORULWH�IRUPDWLRQ��&)��PHFKDQLVP����VPDOO�YROXPH�GHFUHDVH�IURP�ELRWLWH�WR�FKORULWH�DQG�
ODUJH�LQÀRZ�RI�PHWDOOLF�LRQV�VXFK�DV�$O����)H��, Mn��, and Mg���IURP�WKH�K\GURWKHUPDO�ÀXLG��DQG�&)�
PHFKDQLVP����ODUJH�YROXPH�GHFUHDVH�DQG�ODUJH�RXWÀRZ�RI�WKH�PHWDOOLF�LRQV�LQWR�K\GURWKHUPDO�ÀXLG��
&KORULWH�SURGXFHG�ZLWK�&)�PHFKDQLVP���GRPLQDWHV�RYHU�WKDW�RI�&)�PHFKDQLVP����UHVXOWLQJ�LQ�WKH�
JUDGXDO�GHFUHDVH�RI�WKH�PHWDOOLF�FRPSRQHQWV�LQ�WKH�K\GURWKHUPDO�ÀXLG�ZLWK�FKORULWL]DWLRQ�SURJUHVV��7KH�
FKORULWL]DWLRQ�UHDFWLRQV�DOVR�JLYH�WKH�WHPSRUDO�YDULDWLRQV�LQ�SK\VLFRFKHPLFDO�SDUDPHWHU�RI�WKH�K\GUR�
WKHUPDO�ÀXLG��D�JUDGXDO�GHFUHDVH�RI�S+�DQG�D�JUDGXDO�LQFUHDVH�RI�UHGR[�SRWHQWLDO�LQ�WKH�K\GURWKHUPDO�
ÀXLG�DV� FKORULWL]DWLRQ�SURFHHGV��7KH�FRPELQDWLRQ�RI� FRQWLQXRXV� UHDFWLRQV�EDVHG�RQ�FRPSRVLWLRQDO�
YDULDWLRQV�LQ�FKORULWH�WRJHWKHU�ZLWK�FRUUHVSRQGLQJ�FRQWLQXRXV�$O,9�YDULDWLRQV�JLYHV�DQ�LQGLFDWLRQ�RI�
WKH�WHPSRUDO�YDULDWLRQV�LQ�UDWHV�RI�GHFUHDVLQJ�DQG�LQFUHDVLQJ�FRQFHQWUDWLRQ�RI�FKHPLFDO�FRPSRQHQWV�LQ�
WKH�K\GURWKHUPDO�ÀXLG�DVVRFLDWHG�ZLWK�FKORULWL]DWLRQ��7KH�ELRWLWH�FKORULWL]DWLRQ�DQG�UHVXOWDQW�WHPSRUDO�
YDULDWLRQV�RI�FKHPLFDO�DQG�SK\VLFRFKHPLFDO�FKDUDFWHULVWLFV�LQ�K\GURWKHUPDO�ÀXLG�DFW�DV�D�WULJJHU�IRU�
WKH�VXFFHVVLYH�GLVVROXWLRQ±SUHFLSLWDWLRQ�SURFHVV�RI�D�JUDQLWLF�URFN��

.H\ZRUGV��&KORULWL]DWLRQ��IOXRULQH�EHDULQJ�ELRWLWH��K\GURWKHUPDO�IOXLG��WHWUDKHGUDO�DOXPLQXP�LQ�
FKORULWH��VLQJXODU�YDOXH�GHFRPSRVLWLRQ��69'��DQDO\VLV

inTroducTion

7KLV�VWXG\�IRFXVHV�RQ�ELRWLWH�FKORULWL]DWLRQ�LQ�JUDQLWH�GXH�WR�
K\GURWKHUPDO�DOWHUDWLRQ��+\GURWKHUPDO�DOWHUDWLRQ�LQIOXHQFHV�WKH�
JHRFKHPLFDO�IHDWXUHV�LQ�D�JUDQLWLF�URFN��)HUU\��������7KH�GHJUHH�
DQG�H[WHQW�RI�WKH�K\GURWKHUPDO�DOWHUDWLRQ�LQ�D�JUDQLWLF�URFN�KDV�D�
VLJQLILFDQW�HIIHFW�RQ�ZHDWKHULQJ�SURFHVVHV��ZKLFK�DOVR�LQIOXHQFH�
WKH�FKHPLFDO�FKDUDFWHULVWLFV�RI�WKH�JURXQGZDWHU�GXH�WR�ZDWHU�URFN�
LQWHUDFWLRQ��1LVKLPRWR�DQG�<RVKLGD��������GHVFULEHG�KRZ�WKH�
K\GURWKHUPDO�DOWHUDWLRQ�LQ�WKH�JUDQLWLF�URFN�LV�FRQVWUDLQHG�PDLQO\�
E\�WKH�GLVVROXWLRQ±SUHFLSLWDWLRQ�SURFHVV�GXULQJ�WKH�LQILOWUDWLRQ�RI�
K\GURWKHUPDO�IOXLG�DORQJ�PLFURFUDFNV��7KH�K\GURWKHUPDO�DOWHUD�
WLRQ�RI�WKH�JUDQLWH�SURJUHVVHG�WKURXJK�WKUHH�VXFFHVVLYH�VWDJHV��

����SDUWLDO�GLVVROXWLRQ�RI�SODJLRFODVH�DQG�SDUWLDO�FKORULWL]DWLRQ�RI�
ELRWLWH������ELRWLWH�FKORULWL]DWLRQ�DQG�SUHFLSLWDWLRQ�RI�FRUUHQVLWH�
DQG� VPHFWLWH� LQ� WKH� GLVVROXWLRQ� SRUHV� RI� SODJLRFODVH�� DQG� ����
GLVVROXWLRQ�RI�.�IHOGVSDU��WKH�FKORULWH��FRUUHQVLWH��DQG�VPHFWLWH�
DQG�SUHFLSLWDWLRQ�RI�LOOLWH��L�H���VHULFLWL]DWLRQ���,Q�VXFK�D�K\GUR�
WKHUPDO�DOWHUDWLRQ�SURFHVV��ELRWLWH�FKORULWL]DWLRQ�RFFXUV�XQGHU�D�
ZLGH�WHPSHUDWXUH�UDQJH�EHORZ�DERXW�����s&��H�J���'H�&DULWDW�
HW�DO��������<RQHGD�DQG�0DHGD�������DQG�RFFXUV�XELTXLWRXVO\�
WKURXJKRXW� WKH�JUDQLWLF� URFN�ERG\��&KORULWHV� RI� K\GURWKHUPDO�
RULJLQ�LQ�JUDQLWLF�URFNV�UHFRUG�WKH�FKHPLFDO�FKDUDFWHULVWLFV�RI�WKH�
K\GURWKHUPDO�IOXLG��ZKLFK�ZLOO�WKHUHIRUH�SURYLGH�DQ�LPSRUWDQW�
FOXH�WR�WKH�QDWXUH�RI�DOWHUDWLRQ�UHDFWLRQV�DQG�PDVV�WUDQVIHU�GXH�
WR�K\GURWKHUPDO�IOXLG�DGYHFWLRQ�LQ�WKH�JUDQLWLF�SOXWRQ�WKURXJK�D�
ZLGH�WHPSHUDWXUH�UDQJH�GXULQJ�VXE�VROLGXV�FRROLQJ�

7KH� ELRWLWH� FKORULWL]DWLRQ� UHDFWLRQ� LQ� JUDQLWLF� URFNV� KDV�
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