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7KH�VWXG\�RI�WKH�LURQ�SKRVSKDWH�FRDWLQJ�SRURVLW\�LQ�EXIHUHG�ERUDWH�VROXWLRQ

-RYDQ�3��3RSL RUH�  �-HOHQD�%� %DMDW HVQD� � 

,&70�'HSDUWPHQW�RI�(OHFWURFKHPLVWU\��8QLYHUVLW\�RI�%HOJUDGH


)DFXOW\�RI�7HFKQRORJ\�DQG�0HWDOOXUJ\��8QLYHUVLW\�RI�%HOJUDGH�.DUQHJLMHYD����%HOJUDGH��6HUELD

7KH� LURQ� SKRVSKDWH� OD\HU RQ� WKH� ORZ� FDUERQ� VWHHO� VXUIDFH� VORZV� VWHHO� FRUURVLRQ� LQ� DJJUHVLYH�
HQYLURQPHQWV� 7KH�TXDOLW\�RI�WKH�LURQ�SKRVSKDWH�OD\HU�GHSHQGV�RQ�WKH�IUDFWLRQ�RI�WKH�WRWDO�VXUIDFH�DUHD�
FRYHUHG� E\� SKRVSKDWH FRDWLQJ V� IDFWRUV� DIIHFW� WKLV� FRYHUDJH�
FRPSRVLWLRQ�RI�WKH GHSRVLWLRQ WKH�PRUSKRORJ\�RI�WKH�GHSRVLW�
DQG�DGGLWLYHV�XVHG�LQ�WKH�HOHFWURO\WH ��
7KH�VDPSOHV�XVHG�LQ�WKLV�VWXG\�ZHUH�ORZ�FDUER
VXUIDFH� ZDV GHJUH �JUDGH� HPHU\� SDSHU� DQG� ULQVHG� ZLWK�
GLVWLOOHG�ZDWHU��3KRVSKDWLQJ�ZDV�FDUULHG�LQ�WKH�SKRVSKDWH�VROXWLRQ��1D2+���+�32 ��1D12�

DW� GLIIHUHQW� WHPSHUDWXUHV� �� � R&� GXULQJ� ���� PLQ�� 7KH� SRURVLW\� RI� SKRVSKDWH� FRDWLQJ� RQ� ORZ�
FDUERQ� VWHHO� ZDV� GHWHUPLQHG� XVLQJ� HOHFWURFKHPLFDO� YROWDPPHWULF� DQRGLF� GLVVROXWLRQ� WHFKQLTXH

LQ� ERUDWH� VROXWLRQ�� 7KH PRUSKRORJ\� RI� SKRVSKDWH� FRDWLQJ� RQ� VWHHO� ZDV� VWXGLHG� XVLQJ�
VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0� HQG�DWRPLF�IRUFH�PLFURVFRS\��$)0���

WHFKQLTXH��IRU�EDUH�VWHHO�DQG�VWHHO�ZLWK�SKRVSKDWH�FRDWLQJV�LQ�ERUDWH�
VROXWLRQ�DUH� VKRZQ� LQ�)LJ�� ���7KH�SKRVSKDWH FRDWLQJ�GHSRVLWHG�RQ� WKH�VWHHO� VXUIDFH�GHFUHDVHG� WKH�

LQFUHDVH� RI� WKH� WHPSHUDWXUH� RI� SKRVSKDWH� VROXWLRQ UHVXOWHG� ZLWK� FRDWLQJV� WKDW� GHFUHDVHG� DQRGLF�
GLVVROXWLRQ�RI�VWHHO��
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)LJ����$QRGLF�SRODUL]DWLRQ�FXUYHV�
IRU�EDUH�VWHHO�DQG SKRVSKDWHG
VWHHO DW�GLIHUHQW�WHPSHUDWXUHV� LQ�
WKH�EXIIHUHG�ERUDWH�VROXWLRQ���
S+ �����Y� ���P9�V����

$�FRPSDULVRQ�RI� WKH�SDVVLYDWLRQ�FKDUJH�GHQVLW\�RI� WKH�EDUH�VXEVWUDWH� �VWDQGDUG�SDVVLYDWLRQ�FKDUJH�
4R

SDVV��DQG�WKDW�RI�WKH�FRDWHG�VXEVWUDWH��4SDVV��SURYLGHV�YDOXHV�RI�WKH�FRDWLQJ�SRURVLW\��(T�����

 �4SDVV ��4
R
SDVV� � � � � � � � � � ����

7KH�FKDUJH�GHQVLW\�XVHG�WR�FDOFXODWH WKH�SRURVLW\�FRUUHVSRQGV�WR�WKH�DUHD�XQGHU�WKH�FXUYH�XS�WR�WKH�
SDVVLYDWLRQ�SHDN��)LJ�����DQG� WKH�UHVXOWV�REWDLQHG� IRU�EDUH�VWHHO�DQG�SKRVSKDWHG�VWHHO�GHSRVLWHG�DW�
GLIIHUHQW�WHPSHUDWXUHV�RI�WKH�SKRVSKDWH�VROXWLRQ DUH�VKRZQ�LQ�7DEOH ���
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7DEOH����9DOXHV�RI�SDVVLYDWLRQ�FKDUJH�GHQVLW\��4SDVV��DQG� ��IRU�EDUH�VWHHO�DQG�
SKRVSKDWHG�VWHHO�GHSRVLWHG�DW�GLIIHUHQW�WHPSHUDWXUHV�RI�WKH�SKRVSKDWH�VROXWLRQ GXULQJ���PLQ

6XEVWUDWH 4SDVV P& FP��
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7KH� SRURVLW\� YDOXHV IRU� SKRVSKDWH� FRDWLQJV� RQ� VWHHO� R

VKRZQ�LQ�7DEOH����

7DEOH����9DOXHV�RI�SDVVLYDWLRQ�FKDUJH�GHQVLW\��4SDVV ��IRU�EDUH�VWHHO�DQG�
SKRVSKDWHG�VWHHO�GHSRVLWHG�GXULQJ�GLIIHUHQW�WLPH�SHULRG

6XEVWUDWH 4SDVV FP��

%DUH�VWHHO �����
R ����
R
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2Q�WKH�EDVLV�RI�WKH�UHVXOWV�SUHVHQWHG�LQ�)LJ����DQG�7DEV����DQG���ZH�FDQ�FRQFOXGH�WKDW�SRURVLW\�RI�WKH�
SKRVSKDWH�FRDWLQJV�GHSHQGV�RQ�WKH�WHPSHUDWXUH�RI�WKH�SKRVSKDWH�VROXWLRQ�DQG GHSRVLWLRQ WLPH��7KH�

WKH�SRURVLW\�RI�SKRVSKDWH�FRDWLQJ�RQ�VWHHO��7KH� ORZHVW�SRURVLW\�ZDV�REWDLQHG�IRU�SKRVSKDWH�FRDWLQJ�
R&

7KH�DGGLWLRQ RI�1D12� LQ�WKH�SKRVSKDWH�VROXWLRQ�VLJQLILFDQWO\�GHFUHDVHG�SKRVSKDWH�FRDWLQJ�SRURVLW\��
'LIIHUHQW� DPRXQWV� RI� 1D12� LQ� WKH� SKRVSKDWH� VROXWLRQ� ±� J� GP�� 1D12��� IRU�
GLIIHUHQW�VROXWLRQ� WHPSHUDWXUHV�DQG� WKH� ORZHVW�SRURVLW\�RI�SKRVSKDWH�FRDWLQJ� ������� ZDV�REWDLQHG�

�� 1D12��LQ
R& �7DEOH����

7DEOH����9DOXHV�RI�SDVVLYDWLRQ�FKDUJH�GHQVLW\��4SDVV�� IRU�EDUH�VWHHO�DQG�
SKRVSKDWHG�VWHHO�GHSRVLWHG�ZLWK�GLIIHUHQW�FRQFHQWUDWLRQ�1D12��LQ�WKH�SKRVSKDWH�VROXWLRQ�

6XEVWUDWH 4SDVV FP��

%DUH�VWHHO �����
� R& �
� R J�GP�� 1D12� ����
� R J�GP�� 1D12�

� R J�GP�� 1D12� ����

7KH�PRUSKRORJ\� RI� WKH� SKRVSKDWH� FRDWLQJ GH ��

1D12�� �  � R& VKRZQ� LQ� )LJ�� ��� 7KH� VWXG\� RI� WKH� SKRVSKDWH� FRDWLQJ�
PRUSKRORJ\� VKRZHG� WKDW� FRDWLQJ�ZDV� HYHQO\� GHSRVLWHG� RQ� WKH�ZKROH� VWHHO� VXUIDFH�� 7KHUH� DUH� WZR
FKDUDFWHULVWLF� IRUPV� RI� SKRVSKDWH� FRDWLQJ ODPLQDWHG� VWUXFWXUH� DQG QHHGOH�OLNH� IRUPV�� 7KH� ('6�
PHDVXUHPHQWV�SURYLGHG�WKH�LQIRUPDWLRQ�RI�WKH�FRQFHQWUDWLRQ�RI�SDUWLFXODU�HOHPHQWV�RQ�WKH�SKRVSKDWH�
FRDWLQJ VXUIDFH��

SKRVSKRU� ������ DQG� LURQ ��� VVXPLQJ� WKDW� SKRVSKDWH� FRDWLQJ�ZDV�PDGH� RI� LURQ� SKRVSKDWH
)H32 DQG�LURQ�R[LGH )H�2� LW�FRXOG�EH�SURSRVHG�WKDW�SKRVSKDWH�FRDWLQJ�FRQWDLQV ������)H32 HQG
� �2���
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)LJ����6XUIDFH�PRUSKRORJ\��6(0��RI�SKRVSKDWH�FRDWLQJ�GHSRVLWHG�RQ�VWHHO�IURP�WKH SKRVSKDWH�VROXWLRQ�ZLWK�
����J GP�� 1D12���GXULQJ���PLQ DW ��R&�DQG�WKH�('6�VSHFWUXPV�FRUUHVSRQGLQJ WR�SDUWLFXODU�VXUIDFH�VSRWV��

LW�ZDV�VKRZQ�WKDW�WKH�JUDLQ�KHLJKW�LV�� ZKHUHDV�WKH ZLGWK�UDQJHV�IURP���WR����P�

)LJ����$)0�LPDJH�RI SKRVSKDWH�FRDWLQJ�GHSRVLWHG�RQ�VWHHO�IURP�WKH SKRVSKDWH�VROXWLRQ�ZLWK�
����J GP�� 1D12���GXULQJ���PLQ� DW ��R&�
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2Q�WKH�EDVLV�RI�DOO�WKH�UHVXOWV�SUHVHQWHG�LW�FRXOG�EH FRQFOXGHG�WKDW�SRURVLW\�RI�SKRVSKDWH FRDWLQJV RQ�
WKH�WHPSHUDWXUH�RI�SKRVSKDWH�VROXWLRQ DQG�WKH�DGGLWLRQ�RI�1D12��LQ

WKH� SKRVSKDWH� VROXWLRQ� VLJQLILFDQWO\� GHFUHDVH� WKH� SRURVLW\� RI� WKH� SKRVSKDWH� FRDWLQJV�� 7KH� ORZHVW�
SRURVLW\� RI� WKH� SKRVSKDWH� FRDWLQJ� RQ� VWHHO� ZDV� REWDLQHG�ZLWK� � J� GP�� 1D12�� LQ� WKH� SKRVSKDWH�

R&��
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