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$EVWUDFW��
=HROLWHV DUH FU\VWDOOLQH PDWHULDOV PRVW ZLGHO\ XVHG DV PROHFXODU VLHYHV DQG LRQ H[FKDQJHUV�

7KH SURGXFWLRQ SURFHVV \LHOGV WKH EDVH ]HROLWH PDWHULDO ZLWK DYHUDJH SDUWLFOH VL]H RI DERXW �

�P� 7KHVH SDUWLFOHV DUH ODWHU PL[HG ZLWK ELQGHU DQG DJJORPHUDWHG GXULQJ GU\LQJ LQ VSUD\�

GU\HUV WR SURGXFH ODUJHU SDUWLFOHV ZLWK XSSHU VL]H UDQJH RI DERXW ��� �P� GHSHQGLQJ

SUHGRPLQDWHO\ RQ WKH JHRPHWU\ RI WKH DWRPL]HU DQG LW¶V VSHHG RI URWDWLRQ� +RZHYHU� VRPH

DSSOLFDWLRQV UHTXLUH HYHQ ODUJHU SDUWLFOHV WKDW FDQQRW EH SURGXFHG E\ VSUD\�GU\LQJ WHFKQLTXH�

$Q LPSRUWDQW WHFKQLTXH IRU SURGXFLQJ ODUJH JUDQXODWHV LV DJJORPHUDWLRQ LQ WKH IOXLGL]HG EHG�

7KH LQWHQVLYH PL[LQJ RI VROLG SDUWLFOHV LQ WKH IOXLGL]HG EHG IDFLOLWDWHV KLJK KHDW DQG PDVV

WUDQVIHU UDWHV DQG FRQVHFXWLYHO\ DOPRVW LVRWKHUPDO FRQGLWLRQV WKURXJKRXW WKH EHG� UHVXOWLQJ LQ

KLJK SURFHVV \LHOGV DQG HIIHFWLYH FRQWURO� 7KH DEVHQFH RI PRYLQJ PHFKDQLFDO SDUWV DOVR

ORZHUV WKH PDLQWHQDQFH FRVWV� +RZHYHU� WKHUH LV VWLOO D ODFN RI XQGHUVWDQGLQJ FRQFHUQLQJ WKH

PHFKDQLVPV RI SDUWLFOH IRUPDWLRQ DQG JURZWK LQ WKH IOXLGL]HG EHG WKDW OHDGV WR GLIILFXOWLHV LQ

SODQQLQJ DQG RSHUDWLQJ VXFK SURFHVVHV� KHQFH WKH H[SHULPHQWV RQ VHPL�LQGXVWULDO VFDOH

HTXLSPHQW DUH QHHGHG WR REWDLQ WKH QHFHVVDU\ SURFHVV SDUDPHWHUV�

7KH SUHVHQW ZRUN LV FRQFHUQHG ZLWK WKH GHWHUPLQDWLRQ RI WKH SURFHVV SDUDPHWHUV IRU

SURGXFLQJ JUDQXODWHG ]HROLWH ZLWK GHPDQGHG SURGXFW FKDUDFWHULVWLFV LQ D VHPL�LQGXVWULDO

VFDOH IOXLGL]HG EHG GU\HU� 7KH WKHRUHWLFDO �DQG VRPHWLPHV HPSLULFDO� NQRZOHGJH RI WKH

RSHUDWLRQV LQYROYHG ± IOXLGL]DWLRQ� DJJORPHUDWLRQ� GU\LQJ ± ZDV XVHG WR FRQVWUXFW WKH PRGHO

RI WKH SURFHVV� ZKLFK HQDEOHG XV WR LGHQWLI\ WKH UHOHYDQW SURFHVV SDUDPHWHUV� L�H� WKRVH

FRQWUROOLQJ WKH SURFHVV DQG WKRVH DIIHFWLQJ WKH SURGXFW FKDUDFWHULVWLFV� DQG SUHGLFW WKHLU

YDOXHV� 1H[W� WKH GHPDQGHG SURGXFW FKDUDFWHULVWLFV ZHUH VHW DQG WKHQ XVHG DV D PHDVXUH RI

DGHTXDF\ RI WKH FKRVHQ SURFHVV SDUDPHWHUV DQG WKHLU RSWLPL]DWLRQ�

7KH UHVXOWV RI RXU H[SHULPHQWDO SURJUDP FRQILUPHG WKH YDOLGLW\ RI WKH PRGHO DQG WKH

SRVVLELOLW\ RI XVLQJ IOXLGL]HG EHG DJJORPHUDWLRQ IRU SURGXFLQJ ODUJH ]HROLWH SDUWLFOHV�

,QWURGXFWLRQ��

$JJORPHUDWLRQ�

$JJORPHUDWLRQ� LV� D� SURFHVV� RI� FRPELQLQJ� VPDOO� SDUWLFOHV� LQWR� ODUJHU� VWUXFWXUHV�

WKURXJK�VRPH�VRUW�RI�ELQGLQJ�PHFKDQLVP��)LJXUH����VKRZV�WKH�EDVLF�ELQGLQJ�PHFKDQLVPV�

EHWZHHQ�WZR�VROLG�SDUWLFOHV��
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VLQWHULQJ EULGJHV
SDUWO\ PHOWHG
VXEVWDQFH

FKHPLFDO UHDFWLRQ
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PROHFXODU
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IRUFHV
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)LJXUH�����%DVLF�ELQGLQJ�PHFKDQLVPV�EHWZHHQ�WZR�VROLG�SDUWLFOHV�

:LWK�WKH�H[FHSWLRQ�RI�VLQWHULQJ�DOO�RWKHU�ELQGLQJ�PHFKDQLVPV�FDQ�EH�FODVVLILHG�LQ�

WZR�DJJORPHUDWLQJ�WHFKQLTXHV��

�� DJJORPHUDWLRQ�ZLWKRXW�ELQGHU�DQG�

�� DJJORPHUDWLRQ�ZLWK�ELQGHU��

�

$JJORPHUDWLRQ�RI�=HROLWH�

)LJXUH����VKRZV�VFKHPDWLFDOO\�WKH�PHFKDQLVP�RI�]HROLWH�DJJORPHUDWLRQ���
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7KH� VPDOO� VROLG� SDUWLFOHV� ±� L�H�� VPDOOHU� WKDQ� ���P�� DUH� VPDOO� HQRXJK� WR�

VSRQWDQHRXVO\� IRUP� VPDOO� DJJORPHUDWHV� ZKHQ� LQWHQVHO\� PL[HG�� )RU� IXUWKHU� JURZWK� D�

ELQGHU�VXVSHQVLRQ�LV�VSUD\HG�RQ�WKH�EHG��$V�WKH�SDUWLFOH�DUH�ZHWWHG��D�OLTXLG�VXUIDFH�ILOP�

IRUPV�RQ�WKHLU�VXUIDFH��ZKLFK�IDFLOLWDWHV�GHSRVLWLRQ�RI�WKH�VRGLXP�ZDWHU�JODVV�FRPSRQHQW�

RQ� WKH� VXUIDFH� RI� SDUWLFOHV� DQG� SURYLGHV� WKH� ELQGLQJ� PHFKDQLVP�� :KHQ� WZR� ZHWWHG�

SDUWLFOHV� FROOLGH�� D� OLTXLG� EULGJH� IRUPV� EHWZHHQ� WKHP� RQ� WKH� SRLQW� RI� FRQWDFW�� $V� WKH�

DJJORPHUDWLQJ�SDUWLFOHV� DUH�GULHG�E\� WKH� IOXLGL]LQJ� DLU�� WKH�ZDWHU�HYDSRUDWHV� IURP� WKHLU�

VXUIDFH� DQG� WKH� ZDWHU� JODVV� KDUGHQV� LQWR� D� VROLG�� JODVV�OLNH� VXEVWDQFH� ±� ³WKH� VLOLFRQ�

SRO\PHU´� ±� WKDW� ILUPO\� ELQGV� WKH� VPDOOHU� SDUWLFOHV� LQWR� ODUJHU� DJJORPHUDWHV� ZLWKRXW�

DOWHULQJ�WKHLU�EDVLF�FU\VWDO�VWUXFWXUH��

�

)OXLGL]DWLRQ�

)OXLGL]DWLRQ� LV� DQ� RSHUDWLRQ� E\�ZKLFK� ILQH� VROLG� SDUWLFOHV� DUH� WUDQVIRUPHG� LQWR� D�

IOXLG�OLNH�VWDWH� WKURXJK�WKH�FRQWDFW�ZLWK�D�IORZLQJ�IOXLG��7KH�DGYDQWDJHV�RI�IOXLGL]DWLRQ�

IRU�LQGXVWULDO�RSHUDWLRQV�DUH
�
��

�� WKH�VPRRWK��OLTXLG�OLNH�IORZ�RI�SDUWLFOHV�DOORZV�FRQWLQXRXV�DXWRPDWLFDOO\�

FRQWUROOHG�RSHUDWLRQV��

�� WKH� UDSLG� PL[LQJ� RI� VROLGV� OHDGV� WR� QHDUO\� LVRWKHUPDO� FRQGLWLRQV�

WKURXJKRXW�WKH�DSSDUDWXV��VR�WKH�RSHUDWLRQ�FDQ�EH�FRQWUROOHG�VLPSO\�DQG�UHOLDEO\��

�� LW�LV�VXLWHG�IRU�ODUJH�VFDOH�RSHUDWLRQV��

�� KHDW�DQG�PDVV�WUDQVIHU�UDWHV�EHWZHHQ�JDV�DQG�SDUWLFOHV�DUH�KLJK�FRPSDUHG�

WR�RWKHU�PRGHV�RI�FRQWDFWLQJ��

7KHUH�DUH��KRZHYHU�DOVR�VHYHUDO�GLVDGYDQWDJHV�WR�WKLV�WHFKQLTXH��

�� WKH�UDSLG�PL[LQJ�RI�VROLGV�LQ�WKH�EHG�OHDGV�WR�QRQXQLIRUP�UHVLGHQFH�WLPHV�

RI�VROLGV� LQ� WKH� UHDFWRU��)RU�FRQWLQXRXV� WUHDWPHQW�RI�VROLGV� WKLV�JLYHV�D�QRQXQLIRUP�

SURGXFW�DQG�ORZHU�FRQYHUVLRQV��)RU�EDWFK�WUHDWPHQW�RI�VROLGV�KRZHYHU��WKLV�PL[LQJ�LV�

KHOSIXO�VLQFH�LW�JLYHV�D�XQLIRUP�VROLG�SURGXFW��

�� HURVLRQ�RI�SLSHV�DQG�YHVVHOV�IURP�DEUDVLRQ�E\�SDUWLFOHV�FDQ�EH�VHULRXV��

�� IRU� RSHUDWLRQV� DW� KLJK� WHPSHUDWXUH� WKH� VLQWHULQJ� RI� ILQH� SDUWLFOHV� FDQ�

QHFHVVLWDWH�D�ORZHULQJ�RI�WHPSHUDWXUH�RI�RSHUDWLRQ���
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)LJXUH�����3UHVVXUH�GURS�WKURXJK�D�EHG�RI�VROLGV�

)LJXUH� ��� VKRZV� WKH�SUHVVXUH�GURS� WKURXJK�D�EHG�RI� VROLGV� LQ�GHSHQGHQF\�RI� WKH�

VXSHUILFLDO�YHORFLW\�RI�WKH�IOXLGL]LQJ�JDV��:KHQ�WKH�JDV�SDVVHV�WKURXJK�WKH�EHG�DW�D�ORZ�

IORZ�UDWH��LW�PHUHO\�SHUFRODWHV�WKURXJK�WKH�YRLG�VSDFHV�EHWZHHQ�WKH�VWDWLRQDU\�SDUWLFOHV�±�

IL[HG� EHG�� $V� WKH� IORZ� UDWH� LV� LQFUHDVHG�� D� SRLQW� LV� UHDFKHG� ZKHQ� WKH� IULFWLRQDO� IRUFH�

EHWZHHQ�D�SDUWLFOH� DQG�JDV� FRXQWHUEDODQFHV� WKH�ZHLJKW�RI� WKH�SDUWLFOH�DQG� WKH�SUHVVXUH�

GURS�WKURXJK�DQ\�VHFWLRQ�RI�WKH�EHG�DERXW�HTXDOV�WKH�ZHLJKW�RI�JDV�DQG�SDUWLFOHV�LQ�WKDW�

VHFWLRQ�±�EHG�DW�PLQLPXP�IOXLGL]DWLRQ��$V�WKH�IORZ�UDWH�LV�LQFUHDVHG�VWLOO�IXUWKHU��WKH�EHG�

GRHV� QRW� H[SDQG� PXFK� IXUWKHU� EH\RQG� LWV� YROXPH� DW� PLQLPDO� IOXLGL]DWLRQ� �ZKHQ� WKH�

IOXLGL]LQJ�PHGLXP�LV�JDV���EXW�DJLWDWLRQ�DQG�PRYHPHQW�RI�VROLGV�EHFRPH�PRUH�YLJRURXV��

$W� D� VXIILFLHQWO\� KLJK� IORZ� UDWH� WKH� WHUPLQDO� YHORFLW\� RI� WKH� SDUWLFOHV� LV� H[FHHGHG��

HQWUDLQPHQW�RI�VROLGV�ZLWKLQ�WKH�JDV�IORZ�EHFRPHV�DSSUHFLDEOH�DQG�WKH\�DUH�FDUULHG�RXW�

RI�WKH�EHG�±�SQHXPDWLF�WUDQVSRUW��

$V�FDQ�EH�VHHQ�IURP�WKH�)LJXUH����WKH�³XVDEOH´�UDQJH�RI�YHORFLWLHV�OLHV�EHWZHHQ���

D�� WKH�PLQLPDO�IOXLGL]LQJ�YHORFLW\��YPI��±�ORZHU�ERXQGDU\��

E�� WKH�WHUPLQDO�YHORFLW\��YW��±�XSSHU�ERXQGDU\��
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$V� VWDWHG� DERYH�� WKH� EHJLQQLQJ� RI� IOXLGL]DWLRQ� RFFXUV� ZKHQ� WKH� GUDJ� IRUFH� E\�

XSZDUG�PRYLQJ�JDV�HTXDOV�WKH�ZHLJKW�RI�WKH�SDUWLFOHV�RU�

�

»
¼

º
«
¬

ª
�»
¼

º
«
¬

ª
�»
¼

º
«
¬

ª
 »

¼

º
«
¬

ª
�»
¼

º
«
¬

ª

VROLGV�RI

�ZHLJKWVSHFLILF

VROLGV

RIIUDFWLRQ�

EHG�WKH

RI�YROXPH

�WXEH�WKHRI�DUHD

VHFWLRQDO�FURVV

EHG��WKHDFURVV

GURS�SUHVVXUH
�����������

�

7KH� SUHVVXUH� GURS� DFURVV� WKH� EHG� LV� FRUUHODWHG� E\� WKH� (UJXQ� HTXDWLRQ
�
�� DQG� WKH�

YRLGDJH�DW�PLQLPXP�IOXLGL]DWLRQ��HPI��FDQ�HLWKHU�EH�HVWLPDWHG�IURP�WKH�UDQGRP�SDFNLQJ�

GDWD�� RU� EHWWHU� VWLOO� PHDVXUHG� H[SHULPHQWDOO\�� 7KLV� GHULYDWLRQ� UHVXOWV� LQ� D� TXDGUDWLF�

H[SUHVVLRQ�IRU�YPI��+RZHYHU��IRU�VPDOO�SDUWLFOHV�DQG�ORZ�5H\QROGV�QXPEHUV�WKH�YLVFRXV�

HQHUJ\�ORVVHV�SUHGRPLQDWH�DQG�WKH�HTXDWLRQ�VLPSOLILHV�WR��
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7HUPLQDO�9HORFLW\�

7KH� XSSHU� OLPLW� WR� JDV� IORZ� UDWH� LV� DSSUR[LPDWHG� E\� WKH� WHUPLQDO� RU� IUHH�IDOO�

YHORFLW\�RI�WKH�SDUWLFOHV��ZKLFK�FDQ�EH�HVWLPDWHG�IURP�WKH�IOXLG�PHFKDQLFV��
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:KHUH� &G� LV� WKH� H[SHULPHQWDOO\� GHWHUPLQHG� GUDJ� FRHIILFLHQW�� 8QIRUWXQDWHO\� QR�

VLPSOH� H[SUHVVLRQ� FDQ� UHSUHVHQW� WKH� H[SHULPHQWDO� ILQGLQJV� IRU� WKH� HQWLUH� UDQJH� RI�

5H\QROGV�QXPEHUV��VR�IRU�SDUWLFXODU�5H�ZH�KDYH��
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7KH�0RGHO�RI�WKH�3URFHVV�

$V�FDQ�EH� VHHQ� IURP� WKH�PHFKDQLVP�RI�DJJORPHUDWLRQ�� WKH�]HROLWH�SDUWLFOHV�PXVW�

ILUVW�EH�VXIILFLHQWO\�ZHWWHG�WR�IRUP�D�VXUIDFH�OLTXLG�ILOP��ZKLFK�IDFLOLWDWHV�WKH�IRUPLQJ�RI�

OLTXLG�EULGJHV�RQ�WKH�SRLQWV�RI�FRQWDFW�EHWZHHQ�FROOLGLQJ�SDUWLFOHV�LQ�WKH�EHG�DQG�DW�WKH�

VDPH� WLPH� GHSRVLWV� WKH� VRGLXP� ZDWHU� JODVV� RQ� WKH� VXUIDFH�� ,I� WKDW� LV� WR� KDSSHQ�� WKH�

ZHWQHVV�RI�SDUWLFOHV�PXVW�H[FHHG�WKH�FULWLFDO�ZHWQHVV��;FU��RI�]HROLWH��)LJXUH������

7KH� RSWLPDO� ZHWQHVV� RI� PDWHULDO� IRU� DJJORPHUDWLRQ� FDQ� EH� GHILQHG� DV� WKH�

DJJORPHUDWLRQ�ZHWQHVV��;$JJ���;$JJ�LV�DQ�RSHUDWLQJ�SDUDPHWHU�ZKLFK�PXVW�EH�PDLQWDLQHG�

D� FRQVWDQW� WKURXJKRXW� WKH� DJJORPHUDWLRQ� SURFHVV�� � ,I� WKH�ZHWQHVV� RI� SDUWLFOHV� LV� ORZHU�

WKDQ�;$JJ� �� WKH� OLTXLG�EULGJHV�PD\�QRW� IRUP�XSRQ�SDUWLFOH�FROOLVLRQV�DQG�RU� WKH�VRGLXP�

ZDWHU� JODVV� PD\� QRW� JHW� GHSRVLWHG� RQ� WKH� VXUIDFH� LQ� D� PDQQHU� WKDW� HQVXUHV� WKH� ILQDO�

ELQGLQJ� RI� SDUWLFOHV� ZKHQ� WKH� DJJORPHUDWHG� PDWHULDO� LV� GULHG� DQG� WKH� DJJORPHUDWHV�

TXLFNO\�EUHDN�GRZQ��,I�;$JJ�LV�H[FHHGHG��WKH�VSUD\HG�ELQGHU�DQG�IOXLGL]HG�SDUWLFOHV�LQ�WKH�
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EHG�PD\�VWDUW�IRUPLQJ�D�VOXUU\�WKDW�FDQ�QRW�EH�IOXLGL]HG�DQG�DFFXPXODWHV�RQ�WKH�ERWWRP�

RI�WKH�ORDGLQJ�FKDPEHU��EORFNLQJ�WKH�DLU�IORZ���

'U\LQJ $JJORPHUDWLRQ

�

)LJXUH�����.LQHWLF�GLDJUDP�RI�ZHWWLQJ�GU\LQJ�RI�]HROLWH�

7KH� ZHWQHVV� RI� SDUWLFOHV� LQ� WKH� EHG� GHSHQGV� RQ� WKH� EDODQFH� EHWZHHQ� WKH� WZR�

RSSRVLWH� SURFHVVHV� ±� ZHWWLQJ� �VSUD\LQJ� WKH� ELQGHU� VROXWLRQ�� DQG� GU\LQJ� �UHPRYLQJ� RI�

PRLVWXUH� E\� WKH� IOXLGL]LQJ� DLU��� $� FDUHIXO� PDQLSXODWLRQ� RI� SDUDPHWHUV� DIIHFWLQJ� WKHVH�

SURFHVVHV�LV�WKHUHIRUH�QHHGHG�IRU�VXFFHVVIXO�DJJORPHUDWLRQ��

7KH�PDVV�EDODQFH�RI�ZDWHU�IRU�DJJORPHUDWLRQ��
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�� � � � ������

ZKHUH� � �
��

��

�
� [PP PG �� � DQG�

�

�'
Y6Y*
DLUDLU

�
� � 
S

� � � ������

7KHUHIRUH��WKH�RSHUDWLQJ�ZHWQHVV�RI�SDUWLFOHV�LQ�WKH�EHG�GHSHQGV�RQ�WKH�IOXLGL]LQJ�

DLU�YHORFLW\��YDLU���WKH�LQOHW�DLU�FRQGLWLRQV��WHPSHUDWXUH�±�7DLU�DQG�KXPLGLW\���<LQ��DQG�WKH�

UDWH�RI�ELQGHU�VSUD\LQJ��
%%ELQ

9P �� � U ���
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$LU�9HORFLW\�±�%RXQGDU\�&RQGLWLRQV�

$V� H[SODLQHG� SUHYLRXVO\�� WKH� ZRUNLQJ� UDQJH� RI� DLU� YHORFLWLHV� LV� EHWZHHQ� WKH�

PLQLPDO� IOXLGL]LQJ� YHORFLW\� RI� SDUWLFOHV� LQ� WKH� EHG� DQG� WKHLU� WHUPLQDO� YHORFLW\�� 7KDW��

KRZHYHU�LV�RQO\�WUXH�LQ�FDVH�RI�D�KRPRJHQRXV�EHG�±�L�H��DOO�SDUWLFOHV�LQ�WKH�EHG�DUH�RI�WKH�

VDPH�VL]H��,Q� WKH�FDVH�RI�D�KHWHURJHQHRXV�EHG�� WKH�YHORFLW\�ERXQGDULHV�DUH� WKH�PLQLPDO�

IOXLGL]LQJ� YHORFLW\� RI� WKH� ODUJHVW� SDUWLFOH� LQ� WKH� EHG� DQG� WKH� WHUPLQDO� YHORFLW\� RI� WKH�

VPDOOHVW�RQH��

,Q�WKH�FDVH�RI�DJJORPHUDWLRQ�LQ�WKH�IOXLG�EHG�WKH�VLWXDWLRQ�LV�IXUWKHU�FRPSOLFDWHG�E\�

WKH�IDFW�� WKDW�SDUWLFOHV�JURZ�GXULQJ�WKH�SURFHVV�VR�WKH�ERXQGDU\�FRQGLWLRQV�FKDQJH�ZLWK�

WLPH��7KH�ERXQGDU\�FRQGLWLRQV�LQ�WKLV�FDVH�DUH��

D�� ORZHU�ERXQGDU\�±�WKH�PLQLPDO�IOXLGL]LQJ�YHORFLW\�RI�WKH�ODUJHVW�SDUWLFOH�LQ�

WKH�DJJORPHUDWHG�SURGXFW��YPI>G�
PD[

@���

E�� XSSHU�ERXQGDU\�±�WKH�WHUPLQDO�YHORFLW\�RI�WKH�VPDOOHVW�SDUWLFOH�LQ�WKH�EDVH�

PDWHULDO��YW>G�
PLQ

@���

7KH�YDOXHV�RI� WKHVH�YHORFLWLHV�FDQ�EH�FDOFXODWHG�XVLQJ� WKH�HTXDWLRQV� ����� WR��������

0DWHULDO�GDWD�QHHGHG�IRU�FDOFXODWLRQV�DUH��

GHQVLW\�RI�]HROLWH���U6  ������NJ�P
�
��DLU�GHQVLW\���U* ���

�
&�� �����NJ�P

�
��DLU�YLVFRVLW\�P*�

 �������
��
�3D�V��

�

/RZHU�%RXQGDU\�

$V�VWDWHG��LV�WKH�PLQLPDO�IOXLGL]LQJ�YHORFLW\�RI�WKH�ODUJHVW�SDUWLFOH�LQ�WKH�EHG��6LQFH�

ZH�FDQ�QRW�SUHGLFW� WKH� VL]H�GLVWULEXWLRQ�RI� WKH�SURGXFW�� WKH�GHPDQGHG� �PHGLDQ�SDUWLFOH�

VL]H��G����ZLOO�EH�XVHG�±������P��

8VLQJ� WKH� HTXDWLRQ� ������ ZH� JHW� D� YDOXH� IRU� YHORFLW\� RI� �� P�V� DQG� D� 5H\QROGV�

QXPEHU� �5HS��������
�
� �5HS�!��������6LQFH�WKLV� LV� WKH�PHGLDQ�SDUWLFOH�VL]H��D�VRPHZKDW�

KLJKHU� YHORFLW\� ZLOO� KDYH� WR� EH� XVHG� WR� HQVXUH�� WKDW� HYHQ� WKH� ODUJHVW� SDUWLFOHV� RI� WKH�

DJJORPHUDWHG�SURGXFW�UHPDLQ�IOXLGL]HG�WLOO�WKH�HQG�RI�WKH�DJJORPHUDWLRQ�SURFHVV��

�

�

�
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8SSHU�%RXQGDU\�

5HSUHVHQWV� WKH� WHUPLQDO�YHORFLW\�RI� WKH�VPDOOHVW�SDUWLFOH� LQ� WKH�EHG�DW� WKH�VWDUW�RI�

DJJORPHUDWLRQ�� ,I� WKLV�YDOXH� LV�EHORZ�WKDW�RI� WKH�XSSHU�ERXQGDU\��D�SRUWLRQ�RI� WKH�EDVH�

PDWHULDO�ZLOO�EH�HQWUDLQHG� LQ� WKH�DLU� IORZ�DQG�FDUULHG�RXW�RI� WKH�ZRUNLQJ�FKDPEHU��7KH�

FRQVHTXHQFH�LV�WKH�QHHG�WR�FRQVWUXFW�D�UHF\FOLQJ�V\VWHP�WKDW�ZLOO�UHORDG�WKHVH�SDUWLFOHV�LQ�

WKH�EHG��

2QFH� DJDLQ�� LW� LV� PRUH� SUDFWLFDO� WR� FDOFXODWH� WKLV� ERXQGDU\� YHORFLW\� XVLQJ� WKH�

PHGLDQ�SDUWLFOH�VL]H�RI�WKH�EDVH�PDWHULDO��6LQFH�WKH�RSHUDWLQJ�YHORFLW\�RI�WKH�SURFHVV�ZLOO�

EH� VRPHZKDW� ORZHU� WKDQ� WKH� ERXQGDU\� YDOXH�� WKH� OHYHO� RI� HQWUDLQPHQW� LV� H[SHFWHG� WR�

UHPDLQ�VPDOO�HYHQ�IRU�VPDOOHU�SDUWLFOHV��

$V�WKH�EDVH�PDWHULDO�IRU�DJJORPHUDWLRQ��]HROLWH�ZLWK�WKUHH�GLIIHUHQW�PHGLDQ�SDUWLFOH�

VL]HV�FDQ�EH�XVHG�����P������P�DQG������P��

D��G��
�
� ����P�� XVLQJ�WKH�HTXDWLRQ������ZH�JHW�D�YDOXH�YW� ������P�V�DW�5HS� �����

E��G��
�
� �����P��XVLQJ�WKH�HTXDWLRQ�������ZH�JHW�D�YDOXH�YW� ������P�V�DW�5HS� ��������

F��G��
�
� ������P��XVLQJ�WKH�HTXDWLRQ�������ZH�JHW�D�YDOXH�YW� ������P�V�DW�5HS� �������

�
��

$� UHYLHZ� RI� WKH� FDOFXODWHG� YDOXHV� VKRZV�� WKDW� WKH� VXLWDEOH� EDVH� PDWHULDO� IRU�

SURGXFLQJ� SDUWLFOHV� RI� ���� �P� ZLWK� WKH� IOXLGL]HG� EHG� DJJORPHUDWLRQ� LV� WKDW� ZLWK� WKH�

PHGLDQ� SDUWLFOH� VL]H� RI� � ���� �P�� $JJORPHUDWLQJ� WKH� ��� �P� SDUWLFOHV� ZLOO� LQFOXGH� D�

QRWLFHDEOH�GHJUHH�RI�HQWUDLQPHQW�RI�WKH�EDVH�PDWHULDO��ZKLOH�WKH�PDWHULDO�ZLWK�WKH�PHGLDQ�

VL]H�RI����P�ZLOO�EH�HQWLUHO\�HQWUDLQHG�LQ�WKH�DLU�IORZ�DQG�SQHXPDWLFDOO\�WUDQVSRUWHG�RXW�

RI�WKH�FKDPEHU�±�L�H��D�SUDFWLFDOO\�������UHF\FOH�ZRXOG�EH�QHHGHG��

:LWK�WKXV�VHOHFWHG�EDVH�PDWHULDO�ZLWK�PHGLDQ�SDUWLFOH�VL]H�RI������P��WKH�ZRUNLQJ�

UDQJH�RI�DLU�YHORFLWLHV�LV��

� � ��P�V��d��YDLU��d������P�V�

�

,QOHW�$LU�7HPSHUDWXUH��WKH�5DWH�RI�%LQGHU�6SUD\LQJ�

7KH�HTXDWLRQ�������UHSUHVHQWV�WKH�PDVV�EDODQFH�RI�ZDWHU�GXULQJ�WKH�DJJORPHUDWLRQ�

SURFHVV��,QOHW�DLU�WHPSHUDWXUH�DIIHFWV�WKH�FDSDFLW\�RI�DLU�IRU�DFFHSWLQJ�PRLVWXUH�±�GU\LQJ�

WKH�PDWHULDO��+LJKHU� LQOHW�DLU� WHPSHUDWXUH�PHDQV�D�KLJKHU�GU\LQJ�UDWH��7KDW��KRZHYHU� LV�

QRW� GHVLUDEOH�� VLQFH� LW� LV� RI� YLWDO� LPSRUWDQFH� WKDW� WKH� DJJORPHUDWLQJ� SDUWLFOHV� UHPDLQ�
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����

ZHWWHG�DERYH�WKHLU�FULWLFDO�ZHWQHVV�WKURXJKRXW�WKH�DJJORPHUDWLRQ�SURFHVV��$�KLJKHU�LQOHW�

DLU� WHPSHUDWXUH� WKHUHIRUH�PHDQV� WKDW� ELQGHU�ZLOO� KDYH� WR�EH� VSUD\HG�DW� D� IDVWHU� UDWH�� WR�

PDLQWDLQ� WKH�DJJORPHUDWLRQ�ZHWQHVV�RI�PDWHULDO��ZKLOH� LW� LV�GRXEWIXO� WKDW� WKH� UHVLGHQFH�

WLPH�ZLOO�EH�VKRUWHQHG�LQ�D�VLJQLILFDQW�PHDVXUH��

7R� YDOLGDWH� WKLV� VXSSRVLWLRQV�� H[SHULPHQWV�ZLOO� EH� FRQGXFWHG� DW� WZR�GLIIHUHQW� DLU�

WHPSHUDWXUHV�±����&� �³ORZ� WHPSHUDWXUH�DJJORPHUDWLRQ´��DQG����&� � �³KLJK� WHPSHUDWXUH�

DJJORPHUDWLRQ´��UHVSHFWLYHO\��

'XULQJ�WKH�DJJORPHUDWLRQ�SURFHVV�WKH�ELQGHU�±�D�VXVSHQVLRQ�RI�VRGLXP�ZDWHU�JODVV�

±�LV�VSUD\HG�RQ�WKH�EHG�E\�D�ZD\�RI�D�WZR�SKDVH�VSUD\�QR]]OH��7KH�UDWH�RI�VSUD\LQJ�PXVW�

EH� VXIILFLHQWO\� KLJK� WR� HQVXUH�� WKDW� SDUWLFOHV� ZLOO� UHPDLQ� ZHWWHG� DERYH� WKHLU� FULWLFDO�

ZHWQHVV�WKURXJKRXW�WKH�SURFHVV��2Q�WKH�RWKHU�KDQG��WRR�KLJK�D�UDWH�FDQ�FDXVH�WKH�IRUPLQJ�

RI�D�VOXUU\��ZKLFK�FDQQRW�UHPDLQ�IOXLGL]HG��7KH�VOXUU\�DFFXPXODWHV�RQ�WKH�ERWWRP�RI�WKH�

FKDPEHU� WKHUHE\� KLQGHULQJ� WKH� DLU� IORZ�� ,Q� VKRUW�� WKH� UDWH� RI� ELQGHU� VSUD\LQJ�PXVW� EH�

VXFK�� WKDW� D� EDODQFH� EHWZHHQ� ZHWWLQJ� DQG� GU\LQJ� SURFHVVHV� LV� HVWDEOLVKHG� DW� WKH�

DJJORPHUDWLRQ�ZHWQHVV�RI�WKH�PDWHULDO��

�

�

([SHULPHQWDO�

3URGXFW�&ULWHULD�

$UH�WKH�GHPDQGHG�YDOXHV�RI�WKH�SURGXFW�SDUDPHWHUV�±�WKH�UHOHYDQW�SURGXFW�

FKDUDFWHULVWLFV��WKH�DFWXDO�JRDOV�RI�DJJORPHUDWLRQ���%\�FRPSDULQJ�WKH�UHVXOWDQW�SURGXFW�

SDUDPHWHUV�WR�WKHVH�YDOXHV��WKH�VXLWDELOLW\�RI�WKH�FKRVHQ�YDOXHV�RI�WKH�SURFHVV�SDUDPHWHUV�

LV�HYDOXDWHG��

7KH�SURGXFW�FULWHULD�DUH��

��WKH�PHGLDQ�SDUWLFOH�VL]H�RI�DJJORPHUDWHG�SURGXFW�� � G����t�������P�

��WKH�ZLGHQHVV�RI�WKH�SURGXFW�SDUWLFOH�VL]H�GLVWULEXWLRQ��
��

��

G
G

d����

,I� WKH� DJJORPHUDWLRQ� SURFHVV� LV� WR� EH� FRQVLGHUHG� VXFFHVVIXO�� WKH� SURGXFW�

FKDUDFWHULVWLFV�PXVW�FRQIRUP�WR�WKHVH�FULWHULD��

�

�
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(TXLSPHQW�

A ir co m p resso r

P u m p

B in d er su sp en sio n

H eater

In le t air

B atch  - sam p le
lo ad in g ch am b er

F lu id -b ed  

T w o -p h ase
sp ray-n o zzle

ch am b er

F ilte r b ags

O u tle t air

E xh au st ven t

T h erm o m eter

*DV IORZ PHDVXUHPHQW

'

�

)LJXUH�����7KH�VFKHPDWLF�SUHVHQWDWLRQ�RI�WKH�H[SHULPHQWDO�VHW�XS�

�

)LJXUH� ��� VKRZV� VFKHPDWLFDOO\� WKH� H[SHULPHQWDO� VHW�XS� XVHG�� ([SHULPHQWV� ZHUH�

SHUIRUPHG�LQ�D�*ODWW�:6*��VHPL�LQGXVWULDO�EDWFK�IOXLGL]HG�EHG�GU\HU��7KH�ELQGHU�OLTXLG�

LV� VSUD\HG� RQ� WKH� DJJORPHUDWLQJ� SDUWLFOHV� E\� PHDQV� RI� D� WZR�SKDVH� VSUD\� QR]]OH��

RSHUDWLQJ�DW�WKH�DLU�SUHVVXUH�RI�����%DU��

�

0HDVXUHPHQW�0HWKRGV�DQG�(TXLSPHQW�

7KH� SURGXFW� SDUDPHWHUV� ZHUH� GHWHUPLQHG� E\� WKH� VLHYH� DQDO\VLV�� )LYH� GLIIHUHQW�

VLHYHV�ZHUH�XVHG�LQ�WKH�SDUWLFOH�VL]H�GLVWULEXWLRQ�PHDVXUHPHQWV��QDPHO\������P�������P��

�����P��������P�DQG�������P��
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G���� G��� DQG� G��� ZHUH� GHWHUPLQHG� E\� SORWWLQJ� WKH� FXPXODWLYH� PDVV� SHUFHQWDJHV�

RYHUVL]H��65��DJDLQVW�WKH�VL]H�RI�WKH�VLHYH��

�

5DZ�0DWHULDO�'DWD�

=HROLWH�

=HROLWHV�DUH� WKH�K\GUDWHG�DOXPRVLOLFDWHV�RI�HOHPHQWV� IURP� WKH� ,�� DQG�,,��*URXS�RI�

WKH�SHULRGLF�V\VWHP��:KHQ�GHK\GUDWHG��WKHVH�PDWHULDOV�NHHS�WKHLU�EDVLF�FU\VWDO�VWUXFWXUH��

:DWHU� PROHFXOHV� DUH� UHSODFHG� E\� YRLGV� LQ� WKH� VWUXFWXUH�� ZKLFK� IDFLOLWDWHV� WKH� XVH� RI�

]HROLWHV� DV� WKH� PROHFXODU� VLHYHV�� 7KH\� DUH� DOVR� XVHG� DV� LRQ� H[FKDQJHUV�� GHWHUJHQW�

DGGLWLYHV��HWF��

$V� D� EDVH� PDWHULDO� IRU� WKH� DJJORPHUDWLRQ�� ]HROLWH� SDUWLFOHV�� SUHYLRXVO\�

DJJORPHUDWHG�E\�WKH�VSUD\�GU\LQJ�PHWKRG�WR�D�PHGLDQ�SDUWLFOH�VL]H��G����RI������P�ZHUH�

XVHG��

�

�(TXLOLEULXP�'DWD�

%\�PHDVXULQJ� WKH� HTXLOLEULXP�ZHWQHVV�RI� ]HROLWH� DW� GLIIHUHQW� UHODWLYH�DWPRVSKHUH�

PRLVWXUHV��WKH�VRUSWLRQ�LVRWKHUP�ZDV�SORWWHG��7KH�PD[LPXP�ZHWQHVV�RI�WKH�]HROLWH�ZDV�

GHWHUPLQHG�WR�EH���;PD[� ������

�

.LQHWLFV�RI�'U\LQJ��WKH�&ULWLFDO�:HWQHVV�

7R� GHWHUPLQH� WKH� HTXLOLEULXP� DQG� WKH� FULWLFDO� PRLVWXUH� FRQWHQWV� RI� ]HROLWH�� D�

VWDQGDUG�GU\LQJ�WHVW�ZDV�SHUIRUPHG��7KH�UHVSHFWLYH�YDOXHV�DUH��

��WKH�HTXLOLEULXP�ZHWQHVV�� � ;(T� �������

��WKH�FULWLFDO�ZHWQHVV�� � � ;&U� �������

�

�

6RGLXP�:DWHU�*ODVV�

:DWHU�JODVV� LV�D�VLOLFDWH�PDWHULDO�ZLWK�HPSLULFDO�IRUPXOD���0�2�6L2���ZKHUH�0� �

1D��.� RU� /L�� 7KH� UDWLR� EHWZHHQ� WKH� VLOLFDWH� DQG� WKH� DONDOLQH� FRPSRQHQWV� LV� FDOOHG� WKH�
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PRGXOH�RI�WKH�ZDWHU�JODVV���
20

6L2

PRODU

Q

Q
0

�

� � � � � �

� ������

:KHQ� WKH�ZDWHU�JODVV� LV�GULHG�� D�KLJKO\�HQWDQJOHG��DPRUSKRXV�XQGHUFRROHG�PHOW��

VLPLODU�WR�WKH�JODVV�±�KHQFH�LWV�QDPH�±�LV�IRUPHG��%HFDXVH�WKH�HQWDQJOHPHQW�LV�FDUULHG�RXW�

WKURXJK�WKH�>6L2�@
��
� WHWUDKHGURQV�� WKH�GHJUHH�RI�HQWDQJOHPHQW� LQFUHDVHV�ZLWK�LQFUHDVLQJ�

VLOLFDWH�FRQWHQW�±�L�H��ZLWK�LQFUHDVLQJ�ZDWHU�JODVV�PRGXOH��

$V�WKH�ELQGHU�OLTXLG��D�VRGLXP�ZDWHU�JODVV��ZLWK�WKH�IROORZLQJ�SURSHUWLHV�ZDV�XVHG��

PRGXOH���0PRODU� �������GHQVLW\���U%� �������NJ�P
�
��GU\�PDWWHU�FRQWHQW���Z6� ���������

�

([SHULPHQWDO�3URJUDP�

$LU�9HORFLW\�

$V�SUHYLRXVO\�GHWHUPLQHG��WKH�³XVHIXO´�UDQJH�RI�DLU�YHORFLWLHV�LV�EHWZHHQ���P�V�DQG�

����P�V��,Q�RUGHU�WR�SURGXFH�ODUJH�SDUWLFOHV��LW�LV�GHVLUDEOH��WKDW�WKH�RSHUDWLQJ�YHORFLW\�LV�

DV� FORVH� WR� WKH� XSSHU� ERXQGDU\� DV� SRVVLEOH�� VR� WKDW� WKH� ODUJH� SDUWLFOHV� FDQ� UHPDLQ�

IOXLGL]HG��

7KH�H[SHULPHQWV�ZHUH�SHUIRUPHG�DW�WZR�GLIIHUHQW�DLU�YHORFLWLHV��

YDLU���� ���P�V� DQG��YDLU���� �����P�V��

�

,QOHW�$LU�7HPSHUDWXUH�

$IIHFWV� WKH�UDWH�RI�PRLVWXUH�UHPRYDO�±� L�H��GU\LQJ�RI�DJJORPHUDWLQJ�PDWHULDO�±�E\�

WKH�IOXLGL]LQJ�DLU��7RR�KLJK�D�WHPSHUDWXUH�FDQ�SUHYHQW�WKH�ZHWWLQJ�RI�PDWHULDO�DERYH�LWV�

FULWLFDO�ZHWQHVV�DQG�VR�SUHYHQW�WKH�IRUPDWLRQ�RI�WKH�OLTXLG�EULGJHV�EHWZHHQ�WKH�FROOLGLQJ�

SDUWLFOHV�DQG�WKH�GHSRVLWLRQ�RI�WKH�ZDWHU�JODVV�RQ�WKHLU�VXUIDFH��7RR�ORZ�D�WHPSHUDWXUH��

RQ�WKH�RWKHU�KDQG��FDQ�FDXVH�WKH�IRUPDWLRQ�RI�VOXUU\�DQG�WKHUHIRUH�GLVUXSW�WKH�DELOLW\�RI�

ZHWWHG�SDUWLFOHV�WR�IOXLGL]H��

7KH�H[SHULPHQWV�ZHUH�SHUIRUPHG�DW�WZR�GLIIHUHQW�LQOHW�DLU�WHPSHUDWXUHV��

��7DLU���� �����&���� ORZ�WHPSHUDWXUH�DJJORPHUDWLRQ��

��7DLU���� �����&���� KLJK�WHPSHUDWXUH�DJJORPHUDWLRQ��
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7KH�5DWH�RI�%LQGHU�6SUD\LQJ�

3URYLGHV�WKH�EDODQFLQJ�SURFHVV� WR� WKH�GU\LQJ�RI�DJJORPHUDWLQJ�PDWHULDO��'LIIHUHQW�

UDWHV�RI�ELQGHU�VSUD\LQJ� WKHUHIRUH�DIIHFW� WKH�DJJORPHUDWLRQ�SURFHVV� LQ� WKH�RSSRVLWH�ZD\�

WKDQ�WKH�LQOHW�DLU�WHPSHUDWXUH�DQG�WKH�DLU�YHORFLW\�±�WKH�SDUDPHWHUV�DIIHFWLQJ�WKH�GU\LQJ��

+RZHYHU��FKRRVLQJ�D�VXLWDEOH�UDWH�DOVR�GHSHQGV�RQ�WKH�FKDUDFWHULVWLFV�RI�WKH�WZR�

SKDVH�VSUD\�QR]]OH��7KH�ELQGHU�OLTXLG�PXVW�EH�VSUD\HG�RQ�WKH�IOXLGL]HG�SDUWLFOHV�LQ�IRUP�

RI�D�MHW�FRQVLVWLQJ�RI�YHU\�VPDOO�GURSOHWV��)XUWKHUPRUH��WKH�MHW�PXVW�EH�ZLGH�HQRXJK��VR�

WKDW� WKH� HQWLUH� IOXLGL]HG� EHG� LV� FDSWXUHG�� RU� WKH� SDUWLFOHV� DUH� QRW�ZHWWHG� HTXDOO\� DQG� D�

QRQXQLIRUP�SURGXFW�UHVXOWV��

7KH� VXLWDEOH� VSUD\LQJ� UDWH� ZDV� GHWHUPLQHG� H[SHULPHQWDOO\�� DW� WKH� SUHYLRXVO\�

PHQWLRQHG�DLU�SUHVVXUH�RQ�WKH�VSUD\�QR]]OH�RI�����%DU��7KLV�UDWH�±�����PO�V�ZDV�±�XVHG�LQ�

DOO�VHULHV�RI�H[SHULPHQWV��

�

7KH�5HVLGHQFH�7LPH�

7KH� H[SHULPHQWV� ZHUH� SHUIRUPHG� LQ� VHULHV�� $OO� WKH� SURFHVV� SDUDPHWHUV� ZLWKLQ� D�

VHULHV�±�L�H��YDLU��7DLU�DQG� %
9� �KDG�WKH�VDPH�YDOXHV��DQG�WKH�VDPSOHV�ZHUH�DJJORPHUDWHG�IRU�

SURJUHVVLYHO\�ORQJHU� WLPHV��%\�FRPSDULQJ�WKH�SURGXFW�SDUDPHWHUV�RI�WKH�VDPSOHV�WR�WKH�

FULWHULD��WKH�RSWLPDO�UHVLGHQFH�WLPH�ZDV�FKRVHQ��

�

5HVXOWV�DQG�'LVFXVVLRQ�

7KH�3URFHVV�3DUDPHWHUV�

7KH�H[SHULPHQWV�ZHUH�SHUIRUPHG�LQ�VHULHV��7KH�VHULHV�KDYH�GLIIHUHQW�FRPELQDWLRQV�

RI� YDLU� DQG�7DLU��ZKLOH� WKH� VDPSOHV�ZLWKLQ� D� VHULHV� KDYH� SURJUHVVLYHO\� ORQJHU� UHVLGHQFH�

WLPHV��$OO�WKH�H[SHULPHQWV�ZHUH�SHUIRUPHG�ZLWK�WKH�VDPH�UDWH�RI�ELQGHU�VSUD\LQJ���
%

9�  �

����PO�PLQ��DQG�ZLWK�D�VWDQGDUG�EDWFK�ORDG�RI������J��P����

7KH� FRPSDULVRQ� RI� WKH� SURGXFW� SDUDPHWHUV� RI� GLIIHUHQW� VDPSOHV� WR� WKH� FULWHULD�

VKRZV�� WKDW� WKH� RSWLPDO� FRQGLWLRQV� IRU� DJJORPHUDWLRQ� ZHUH� DFKLHYHG� XQGHU� ORZ�

WHPSHUDWXUH��KLJK�YHORFLW\�FRQGLWLRQV���

�

�
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����

7KH�SURFHVV�SDUDPHWHUV�IRU�WKH�IOXLGL]HG�EHG�DJJORPHUDWLRQ�RI�]HROLWH�DUH��

��� WKH�IOXLGL]LQJ�DLU�YHORFLW\�±�YDLU� �����P�V��

��� LQOHW�DLU�WHPSHUDWXUH�±�7DLU� �����&��

��� WKH�UDWH�RI�ELQGHU�VSUD\LQJ�±�
%

9�  ��� PO�PLQ�

��� WKH�UHVLGHQFH�WLPH���W� ���PLQ��

7DEOH����VKRZV�WKH�UHVXOWV�RI�RXU�H[SHULPHQWDO�SURJUDP��

�

7DEOH�����7KH�UHVXOWV�RI�H[SHULPHQWV��IRU�GLIIHUHQW�VHWV�RI�SURFHVV�SDUDPHWHUV�

6HULHV� &RQVHFXWLYH�

QXPEHU�

2I�WKH�VDPSOH�LQ�

WKH�VHULHV�

5HVLGHQFH�

7LPH���W�

>PLQ@�

G���>PP@� G���G��

+LJK�WHPSHUDWXUH�

$JJORPHUDWLRQ��

7DLU� �����&�

�� �� ���� ����

YDLU� �����P�V�

%
9�  �����PO�PLQ�

�� �� ���� ����

� �� �� ���� ����

/RZ�WHPSHUDWXUH� �� �� ���� ����

$JJORPHUDWLRQ��� �� �� ���� ����

7DLU  �����&� �� �� ���� ����

9DLU� ���P�V� �� �� ���� ����

%
9�  �����PO�PLQ� �� �� ���� ����

� �� �� ���� ����

/RZ�WHPSHUDWXUH� �� �� ���� ����

$JJORPHUDWLRQ��� �� �� ���� ����

7DLU  �����&� �� �� ���� ����

YDLU� �����P�V� �� �� ���� ����

%
9�  �����PO�PLQ� ������ �� ���� ����

� �� �� ���� ����

&ULWHULD� �� �� t����� d���

�
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����

7KH�DJJORPHUDWLRQ�ZHWQHVV�±�WKH�ZHWQHVV�RI�PDWHULDO�DW�ZKLFK�WKH�DJJORPHUDWLQJ�

SURFHVV�ZDV�FRQGXFWHG�±�LV�FDOFXODWHG�IURP�WKH�HTXDWLRQ��������

�������� � � � �
��

��

�
� <<*P;P VELQ$JJ

PG ����� � WZ ��

� � � �
� �

��

��

�

�

[P

<<6Y9
; DLUDLU6%%

$JJ
��

����������
 

WUZWU�

� � � ������

7KH�GDWD�IRU�WKH�FDOFXODWLRQ��

%
9�  �����PO�PLQ� � U%� ������NJ�P

�
� � � Z6� �������

YDLU� �����P�V� � � UDLU�����&�� ������NJ�P
�
� � 6� �����P

�
�

<���7� �����&�� ������� � <���7� �����&�� ������� � [�� ������

P�� ������J� � � W� ���PLQ�

�

7KH�DJJORPHUDWLRQ�ZHWQHVV�LV�;$JJ� �������

�

�

&RQFOXVLRQV�

$� VXFFHVVIXO� LPSOHPHQWDWLRQ� RI� DQ� DJJORPHUDWLRQ� SURFHVV� LQ� WKH� IOXLGL]HG� EHG�

UHTXLUHV� D� FRPELQDWLRQ� RI� NQRZOHGJHV� FRQFHUQLQJ� DOO� WKH� RSHUDWLRQV� LQYROYHG� ±�

DJJORPHUDWLRQ��IOXLGL]DWLRQ�DQG�GU\LQJ��

)XUWKHUPRUH�� WKH� GHWHUPLQDWLRQ� DQG� RSWLPL]DWLRQ� RI� WKH� SURFHVV� SDUDPHWHUV�

UHTXLUHV�DQ�H[SHULPHQWDO�SURJUDP�SHUIRUPHG�RQ�SLORW�VFDOH�SODQWV�EHIRUH�DSSURDFKLQJ�WKH�

SODQQLQJ�RI�DQ�LQGXVWULDO�VFDOH�FRQWLQXRXV�SURFHVV��

$� FDUHIXO� PDQLSXODWLRQ� RI� WKH� SURFHVV� SDUDPHWHUV� DOORZV� IRU� D� UHODWLYHO\� HDV\�

WUDQVLWLRQ�IURP�D�EDWFK�RSHUDWLRQ�WR�WKH�FRQWLQXRXV�RQH��

7KH�PRGHO�RI� WKH�DJJORPHUDWLRQ�SURFHVV� WKDW�ZDV�XVHG�IRU� WKH�GHWHUPLQDWLRQ�DQG�

RSWLPL]DWLRQ�RI� WKH�SURFHVV�SDUDPHWHUV�RQ� WKH�SDUWLFXODU�FDVH�RI�]HROLWH�DJJORPHUDWLRQ��

FDQ�DOVR�EH�XVHG�IRU�RWKHU�PDWHULDOV�DQG�ELQGLQJ�PHFKDQLVPV�WKDW�UHTXLUH�WKH�ZHWWLQJ�RI�

WKH�DJJORPHUDWLQJ�SDUWLFOHV��

�

�

6\PEROV�DQG�$EEUHYLDWLRQV�
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�
6\PEROV

YPI PLQLPDO IOXLGL]LQJ YHORFLW\ RI SDUWLFOHV >P�V@

YW WHUPLQDO YHORFLW\ RI SDUWLFOHV >P�V@

)V VSKHULFLW\ RI SDUWLFOHV >�@

HPI EHG YRLGDJH DW PLQLPXP IOXLGL]DWLRQ >�@

U GHQVLW\ RI PDWHULDO >NJ�P�
@

P YLVFRVLW\ RI PDWHULDO >3D V@

GS SDUWLFOH GLDPHWHU >P@

5HS 5H\QROGV QXPEHU RI SDUWLFOHV >�@

&G GUDJ FRHIILFLHQW >�@

;FU FULWLFDO PRLVWXUH FRQWHQW >J�JGU\ PDWWHU@

;$JJ DJJORPHUDWLRQ ZHWQHVV RI SDUWLFOHV >J�JGU\ PDWWHU@

;(T HTXLOLEULXP PRLVWXUH FRQWHQW >J�JGU\ PDWWHU@

;PD[ PD[LPXP PRLVWXUH FRQWHQW >J�JGU\ PDWWHU@

GW
G;� GU\LQJ UDWH RI PDWHULDO >V

��
@

< DLU ZHWQHVV >�@

* DLU PDVV IORZ UDWH >NJ�V@

W UHVLGHQFH WLPH >V@

6 FURVV�VHFWLRQDO DUHD >P�
@

Z PDVV VKDUH RI D FRPSRQHQW >�@

G�� PHGLDQ SDUWLFOH VL]H >P@

G�� SDUWLFOH VL]H DW �� � RYHUVL]H >P@

G�� SDUWLFOH VL]H DW �� � RYHUVL]H >P@

0PRODU PRODU PRGXOH RI WKH ZDWHU JODVV >�@

7 WHPSHUDWXUH >.� �&@

9� YROXPH IORZ UDWH >P
�
�V@

'3 SUHVVXUH GURS >3D@

6XEVFULSWV

LQ « LQOHW� RXW « RXWOHW� � « VWDUWLQJ� � « HQGLQJ� * « JDV� 6 « VROLG�

% « ELQGHU�

�

�

�

5HIHUHQFHV�DQG�1RWHV�
�� '� .XQLL� 2� /HYHQVSLHO� )OXLGL]DWLRQ (QJLQHHULQJ� -RKQ :LOH\ 	 6RQV ,QF�� 1�<�� �����

�� 5� +� 3HUU\� &KHPLFDO (QJLQHHUV¶ +DQGERRN� 0F*UDZ�+LOO &RPSDQ\ ,QF�� 1�<�� �����

�� &� *� -� %DNHU� <� 0� $O�5RRPL� 2SWLPDO 'HVLJQ RI :HOO�PL[HG )OXLGL]HG %HG 'U\HUV� 'U\LQJ

7HFKQRORJ\ ������ ����� SS� ���� ± �����

�� 6� +HLQULFK� /� 0|UO� 'HVFULSWLRQ RI WKH 7HPSHUDWXUH� +XPLGLW\ DQG &RQFHQWUDWLRQ 'LVWULEXWLRQ LQ

*DV ± /LTXLG ± 6ROLG )OXLGL]HG %HGV� &KHP� (QJ� 7HFKQRO� ��� ����� SS� ��� ± ����

�� 6� +HLQULFK� /� 0|UO� 0DVV DQG +HDW 7UDQVIHU LQ /LTXLG 6SUD\HG *DV�6ROLG )OXLGL]HG %HGV�

3URFHHGLQJV RI WKH ��
WK
,QWHUQDWLRQDO 'U\LQJ 6\PSRVLXP� ����� SS� ��� ± ����

�� -� =DQN� 0� .LQG� (��8� 6FKO�QGHU� 3DUWLFOH JURZWK DQG 'URSOHW 'HSRVLWLRQ LQ )OXLGL]HG %HG

*UDQXODWRUV� 3URFHHGLQJ RI WKH �
UG
(XURSHDQ &RQIHUHQFH RQ )OXLGL]DWLRQ� 7RXORXVH� �����
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�

3RY]HWHN�
=HROLWL VR NULVWDOLQLþQL PDWHULDOL� NL VH QDMYHþ XSRUDEOMDMR NRW PROHNXODUQD VLWD LQ LRQVNL

L]PHQMHYDOFL� 3URGXNW SURL]YRGQHJD SURFHVD VR GHOFL ]HROLWD V SRYSUHþQR YHOLNRVWMR RNROL

��P� 7H GHOFH VH QDWR ]PHãD ] YH]LYRP LQ DJORPHULUD PHG VXãHQMHP Y UD]SUãLOQLK VXãLOQLNLK

GR ]JRUQMH PHMH YHOLNRVWL QHNDNR ����P� RGYLVQR SUHGYVHP RG JHRPHWULMH LQ YUWLOQH KLWURVWL

DWRPL]HUMD� 1HNDWHUL QDþLQL XSRUDEH SD ]DKWHYDMR YHþMH GHOFH� NL MLK ] UD]SUãLOQLPL VXãLOQLNL

QL PRJRþH SULGRELYDWL�

3RPHPEQD WHKQLND ]D SULGRELYDQMH YHOLNLK DJORPHUDWRY MH DJORPHUDFLMD Y IOXLGL]LUDQHP

VORMX� ,QWHQ]LYQR PHãDQMH GHOFHY Y IOXLGL]LUDQHP VORMX RPRJRþD YLVRNH KLWURVWL SUHQRVD

WRSORWH LQ VQRYL LQ V WHP VNRUDM L]RWHUPQH SRJRMH Y FHORWQHP VORMX� =DUDGL SRPDQMNOMLYRVWL

SUL SR]QDYDQMX PHKDQL]PRY QDVWDQND LQ UDVWL GHOFHY MH QDþUWRYDQMH LQ L]YDMDQMH WKH SURFHVRY

WHåDYQR LQ SRWUHEQL VR HNVSHULPHQWL QD SLORWQLK VLVWHPLK ]D GRORþLWHY XVWUH]QLK SURFHVQLK

SDUDPHWURY�

9 SULþXMRþHP GHOX MH SUHGVWDYOMHQR GRORþDQMH SURFHVQLK SDUDPHWURY ]D SULGRELYDQMH

DJORPHULUDQHJD ]HROLWD ]DKWHYDQLK ODVWQRVWL QD SROLQGXVWULMVNHP ãDUåQHP VXãLOQLNX V

IOXLGL]LUDQLP VORMHP� 7HRUHWLþQD �LQ YþDVLK HPSLULþQD� ]QDQMD R SRVDPH]QLK RSHUDFLMDK

SURFHVD ± DJORPHUDFLMD� IOXLGL]DFLMD� VXãHQMH ± VPR XSRUDELOL ]D UD]YRM PRGHOD SURFHVD� NL MH

RPRJRþLO LGHQWLILNDFLMR UHOHYDQWQLK SURFHVQLK SDUDPHWURY ± WLVWLK� NL QDG]RUXMHMR SRWHN

SURFHVD LQ WLVWLK� NL YSOLYDMR QD ODVWQRVWL SURGXNWD ± WHU QDSRYHG QMLKRYLK YUHGQRVWL�

=DKWHYDQH ODVWQRVWL DJORPHULUDQHJD SURGXNWD SUL WHP VOXåLMR NRW PHULOR XVWUH]QRVWL L]EUDQLK

YUHGQRVWL SURFHVQLK SDUDPHWURY LQ QMLKRYR RSWLPL]DFLMR�

5H]XOWDWL HNVSHULPHQWDOQHJD GHOD VR SRWUGLOL XVWUH]QRVW SRVWDYOMHQHJD PRGHOD LQ PRåQRVW

XSRUDEH DJORPHUDFLMH Y IOXLGL]LUDQHP VORMX ]D SURL]YRGQMR YHOLNLK GHOFHY ]HROLWD�


