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'"HSDUWPHQW RI &LEBERRRILRIHPULQHHULQJ 23 -LQGDO 8QLYHUVLW\ 5DLJDUK ,QGLD
&LYLO DQG $UFKLWHFWXUD @R Q O H HRIIL QI LKPSTHIM. PH QW G &RPSXWHU 6FLHQFH -D]DQ 8QLYHUVL

$UWLFOH ,QIR $EVWUDFW

7KH GXPSLQJ RI PLQLQJ ZDVWH RFFXSLHV H[WHQVLYF

SHFHLY$G XVW
shyLvne HRQYLURQPHQWDO KD]DUGV LQFOXGLQJ KHDY\ PHWDO Ol

5HFHLYHG LQ

6HSWHPEHU IDLOXUH ,URQ PLQH RYHUEXUGHQ 02 D E\SURGXFW RI
$SFFHSWIRRY HPEHU LVVXHV ZKHQ B&EXBBH®Y MRKH FKDOOHQJHV RI VWRULQJ 02
3XEOLVKHG RR)LREH U IO\ DVK DQG FHPHQW WR\GMHYHQREBKFRRDWHRIOIDMH G&6RZ ,QL

ubz PDWHULDOV ZHUH H[DPLQHG IRU WKHLU SK\VLFDO
SURSHUWLHV B6XEVIHHXWQW®O PL[®/IXIUHHVY ZHUH SUHSDUH(
FHPHQW 10\ DVK WRLQQGBUZDWWURY 7KH IUHVK PL[HV Z

2, MP H IORZDELOLW\ EOHHGLQJ DQG IUHVK GHQVLW\ ZKLOH W
"H\ZRUGV GHQVLW\ XQFRQILQHG FRPBQE\G/YBIELW UW D JZHU HB &® VR
5HVXOWV VKRZHG WKDW DOO &/60 PL[HV ZHUH KLJKO\ IC
JORZDELOLWA H[FHHGLQJ PP DQG VRPHYHXLELWHXDFRBU 7KH
%OHHGLQJ FRPSUHVVLYH VWUHQJWK UDQJHG IURP V @30 QUR 03
6WUHOIWK VRIW HQRXJK IRU PDQXDO H[FDYDWLRQ 'XUDELOLW\ WH

RI WKH PDVV UHPDLQHG GQWBWW HMW B H PHRIQINKWU D MM Q
UHVLVWDQFH WR HURVLRQ 7KLV VWXG\ KLIJKOLJKWV WKH
VXVWDLQDEOH FR(

'XUDELOLW\

,QWURGXFWLRQ

OLQH RYHUEXUGHQ LV D ZDVVRY HUBXKHGHIO DWKD W QIDEOH WR UHVR
DYDLODEOH DERYH WKH PADQHN DS RBEGRK L WK LK RIRHIY XPHV ODUJH DU
PLQLQJ WKH RYHUEXUGHQ PXVW &8 UWHWPR WHKGE W R/ IIDFAH BPS O RUH B UWK H
WKH PLQHUDO GHSRVLWV 7KH P$RW HQW IUEX UDGSHE® PRDAMWICRQV RI PLQH
FRQVLVWYV Rl URFN DQG VRLO ZLRRQYDWIXBW SPQYWLEGNVWUIHY $ PL[W
BWRUDPHQ@H RYHUEXUGHQ SRVHR YHQEXUREHRH QWD OY K KIDQ/G EFHHHRH Q W
FKDOOHQJHV GXH WR KHDY\ PHWRXQGHWRKE®JIJDQ@HDBBEWIWH SDYHPH
DOVR VXVFHSWLEOH WR VORSH&RDUWMBEQK LRXHIWEOUBHQ@ &DQ DOVR
ZKLFK IXUWKHU H[DFHUEDWH W KH\GH S UIFDQHP VE BFNHODQQJ RIITHUL
UHVHDUFKHUV KDYH H[DPLQHG WKWMWVDPSDEWHRVFPAXWLRQ > @ :LWHK
RYHUEXUGHQ GRBSL@WRELOLON\FRPSUBVVLYH VWUHQJWK 8&6 UDQJL
9DULRXV WHFKQLTXHV VXFK DWR ELR3IBRFK® P [FFROWBIRGC K GP D WH U L
PHWKRGY DQG DGVRUSWLRQ PHWHOR GRHHKDN HVKEHHOWUHQJIJWK UHTX
HPSOR\HG WR PLWLJDWH HQYLURRQPHRKDLEDOU PECOR¥EWIORQV $GG
FDXVHG E\ WKH VWRUDJH @ PRQRIRYHUEXHGHQD®O DGYDQWDJHV RYH
UHGXFH SROOXWLRQ IURP VXO PRP DGV MR [LRLPEWHHOXEL @R & H\OH O
VHIJUHI®J PDWHULDOV EHIRUH GRPSDEW KON BHHRGHUWLHY WKDW
LGHQWLILHG DV DQ HIIHFWLYH BISSUBPRARW @RVWXHYBIEFHOHUDWH F
WKHVH VDIH GXPSLQJ WHFKQHQ@RH®OH DRWH IPQ FRQILQHG VSDFHV >

4 &RUUHVSRQGVRDDXRWHRD®KOWEX VD
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KDYH LQFUHDVHG LQWHUHVW LQ GHWHOWRBQQRILQMORMHRPEXUGHQ 02 >
LQGXVWULDO ZDVWH IRU DSSOLBEDWYRQW \UHPKHDVFKURRW I IREWDLQHG |
EDFNILOOLQJ DQG SD®HPIDQWREBWHHVPEQH VLWXDWHG LQ WKH 7HQV
ZDVWH PDWHULDOV LQFOXGLQJ6NXDGDWKDVYGEDELWWGLPWGRI 2GLVKD
DQG PLQH ZDVWH KDYH EHHQV VRPPHANFWMKGOURP -LQGDO 3RZHU |
LQFRUSRURNMHG 4 @VRBOWKRXJK,QGRDQ )RU WKHQBHRHG@R60O LURQ PLQ
PLQH RYHUEXUGHQ KDV EHHQ RWHKGHEXGGHRUZXVHKMWHG DV DJJUHJIDWI
FRQVWUXFWLRQ LQGXVWULHV DWN BIRMKHRWMGLQDIRU3IRWBWODQG FHP
GHYHORSPHQW UHPDLQV XQH[SORJHG ZBRQKWUB\GHDY WKHHELQGHU PDW
KHDY\ UHOLDQFH RQ QDWXUDO VPRQE IRWHEBRNQRAK® IIGDIB DVK ZHU
HPEDQNPHQW FRQVWUXRWURB HOHFGM LW RYHGWW KRXUWREHIR& HRU
GHSOHWLRQ 7R DGGUHVV FRQFEHL@V UNEBBWHE WHKH PL@A ,QLWLDO!
RYHUEXUGHQ KDQGOLQJ DQG PRWWNUD® ZXIMWRRKBHDFWHUL]JHG F
FRQVHUYDWLRQ WKLV UHVHDBRKSKRORYWLIDODWEFH WKHPLVWU\ PL
SRWHQWLDO XWLOL]DWLRQ RI LSRQ/PRED® KRYRSEUXWGHQY 7KH PRUSKRC
VWXG\ DLPV WR GHYHORS &/60FXWPQYWURDHBHQMQDO\]HG XVLQJ D V
RYHUEXUGHQ R® RRMELQDWIDVRLBPQREVERGH HTXLSSHG ZLWK DQ HQI
FHPHQW .H\ SURSHUWLHV VXKL VBWUMIRBDELQLW\ PLFURDQDO\]HU
EOHHGLQJ GHQVLW\ 8&6 ZDWGLQ HDENVRRBVFDRQFRPGE®VLWLRQ ZDV H
GXUDELOLW\ DUHOMYBOXRWHEHKBMDRGLIIUDFWLRQ ;5' DQDO\VLV Z
ZDV DVVHVVHG YLD WKH UHODWDGH DWRR QD FHRMHIBYSBR) Df WR f DW
ZKLOH H[FDYDWLRQ IHDVLELOLWFD@PM JGHDIWHN PRIQHGPLQ )LJIXUH
WKURXGD\ 8&6 DQG GHQVLW\ PHPOXHNMPRHQWRQ PLQH RYHUEXUGHQ DC
%\ LQFRUSRUDWLQJ LURQ PLQH PRNDUOEKXUKHQION@VKR )LIXUH D LV
&/60 WKLV UHVHDUFK VHHNV WRPPO\QDEH RIDVWSKHULFDO  SDUWLF
HIITHFWLYHO\ ZKLOH SURPRWHRMQRVSKNWHD\Y QDKELOHH 02 )LIXUH E F
FRQVWUXFWLRQ SUDFWLFHYV LUUHYXOBHG SDUWLFOHV LQ SODWHC
6LPLODMWYREWLRQV IRU 10 @VK SDUWL
DQG FRDO PLQH RYHUEXUGHQ > (
ODWHULDOV DQG OHWKRGRORJWHSRUWHG E\ HDUOLHU UHVHDUFKHUYV

4 =& > o st - S - : .
EHT=15.00 kV Sign: ) EHT=2000kV  Sign:
WD=878mm Mag= 250X Time: 115420 RAIGARH 1 WD=10.17mm  Mag= 250X Time: 11:56:25

YLIXUB(0 LPDJH RI D IO\ DVK DQG E LURQ PLQH RYHUEXUGHQ

7KH VXUIDFH FKHPLVWU\ RI ERWR PDWBGHLD OWKH X6K DVK VXUIDFH FR
IO\ DVK DQG LURQ PLQH RYHUERUNGHQ DZORQDIQBZDWK G VLOLFD DC
DFURVYV D VSHFLILHG DUHD ZLWROXPL QKR XOMBVOWXPPEWLHFKGLY YHU\ \
LQ 7DEOH ZKLOH WKH FRUUHWVBSRWOQAOAWY RE WHBWH¥FMNG B\ HDUOLHU UHVI
DUH GLVSOD\HG LQ )LIJXUH D D QFD L DXOUHR HEH RIBWIBINDMVKQOWHQVH SHDN
DORQWPLQH RYHUEXUGHQ UHVSHFWLYHO\ $FFRUGLQJ
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YLIXUH(':ERI LURQ PLQH RYHUEXUGHQ

7KH ('; UHVXOW RI
UHIOHFWYVY WKDW R[\JHQ

130

LURQ PLGRPBRMQEXBREBRQUPV WKH DEXQGDQF
LV WKKH/ B RRDWSIUHDPDOHQMW DOVR REVH

HOHPHQW DW WKH VXUIDFH RI WRKHPULR®Q/ BLQHD RFHUEXUGHQ

IROORZHG E\ VLOLFD
DOXPLQXP

FDUERQ DQG

$GGLWLRQDOO\_"MIEQRIKNU DDFFRIXFXWFLVWUN RI 02 DQG 10\

Rl SRWDVVLXPJQHVLRP DQG (OHWROQ 02 ZHL

)O\ DVK

ZHUH DOVR GHWHFWHG ZKLEK LV IXUWKHU

VXSSRUWHG E\ WKH ('; PLFURJUDSK A Q )LJXUH D

JXUWKHUPRUH WKH PLQHUDOR—J—\—%R—I—W—K—H—L—U—R—Q—P—L—Q—Hi

RYHUEXUGHQ DQG IO\ DVK LV SUHVE

WKH IRUP RI DQ ;5" JUDSK $Q LQWHQVH SHDN Ri

VLOLFD FDQ EH REVHUYHG LQ IO\ DYK ZKHUHDV D VWURQJ

SHDN RI PXVFRYLWH

LURQ DQXMOKPQ EH REVHUYHG LQ* WKH LURQ

D PLQHUDO EFRQWDLQLQJ VLOLFD

PLQH RYHUEXUGHQ

7KH VWURQJI—SHBDN—RI-VLOLFD——



*XSWWB DO

1 (a)

1- Silica Oxide

2- Dialumunium Silicate Oxide
3- Manganese Oxide

4- Boron Nitride

5- Nitrogen Oxide

-RXUQDO RI OLQLQJ

(®)

1- Cobalt Oxide
2- Boron Oxide

4- Muscovite

3- Sodium Cobalt Oxide
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JLIXUHS' JUDSK RI D IO\ DVK DQG E LURQ PLQH RYHUEXU
,Q 10\ DVK DOXPLQXP H[LVWV DOQ®OXPRQXWYKH WRWDWKKBU\ ZHLJ
VLOLFDWH ZKLOH LQ LURQ PLQH IRTYWUEX UGKH) YDW LDMWIIRRK@ R1 FHPHQ!'
LQ WKH IRUP RI WKH PLQHUDO BERVHBYRWHSUKRU;SUHVHDUFK ZKLFK
DQDO\WLYV )LJIXUH RI ERWK P DAMIPHIODND ¥ RY(HW H QW VU V@ HEQ® TUR P W

PLQHUDORJLFDO FRPSRVLWLRQ$ VUPIFRIO QL@ JKOBM EWHQFXWHG IRU GLI
FKHPLFDO FRPSWKEBOGAMXUIDFHV RRILWK® VZROMEHU UDWLR ZKHUH 3Q”° YL
WDLOLQJV DQG IO\ DVK 7DEOH WMRKH VHIBWHIGF LY DY E /M 7KH OL[ ,°
RI WKH PDWHULDOV ZDV PHDVXDRASOMLDUWIKIHRDMHIU GLIIHUHQW F
GLVSODFHPHQW PHWKRG XVLQJPDWSERROWRHGGHMEHUWLRY LV SUR)
3DUWLFOH VL]H GLVWULEXWLRQ 7DEDG\VLY SHUIRUPHG XVLQJ
PHFKDQLFDO VLHWMWUDWHKIG LY )IOXXUH
7KH UHVXOWV LQGLFDWH WKDW WEKBEDBR\YLPDO H RRFHHIBKIHEHY UDZ PDV
LV D SRRUO\ JUDGHG PDWHULDO ;gL WK RS URILPDWHO\

ILQH IUDFWLRQ ZKLOH QHDUQ) BRI 10O\ DYX )O\
SDUWLFOHVY DUH ILQHU WKDQ 6SHPLIDK UWKHUPRUH
02FRQWDLQVquminG@DuwmsgﬂHV“; 5
ZLWK ILQH 7KH ILQH SDUWLEF TREL
D OLTXLG OLPLW RI DQG D SGRMWIFT F®W CQGHT]

DQG FDQ EH FODVVLILHG DV SRRUO\ JUDGHG

JUDYHO ZLWK VLOW\ VDQG > @ o
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7DEOGIL[ ,' FRUUHVSRQGLQJ WR GLIIHUHQW SHUFHQWDJH RI FHPHQW
o %LQGI $JJUHJD
oLl - % &HP YO\ 02

0 :
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,Q 7TDEOH 0 GHQRWHV WKH7RH[3GH\SLWISHDWDLWRPGODFHG RQ D OHYH(
LQGLFDWLQJ YDU\LQJ SURSRUW IR/ RIOEHRHQWWR2&/BQG/OXUU\ 7KH !
IO\ DVK 7KH VV\PERO : UMSBRJHVHDWMXOION GDMWHWG WR DOORZ WKH PD
ELQGHU UDWLR UDQJLQJ IURP WKHWRXUIDBRG) ZDMW H JXUWKHU Wi
DGMXVWHG DFFRUGLQJ WR WKH 'O RDIYEPR & DWX WHIG XX WIIHPIHQ WHWDOOLF
RI &/60 )HK HORZDELOLW\ WHVWHDWKGNJIGGWPHWHU ZDV XVHG WR Fl
PLIWXUH ZDV SUHSDUHG ZLWK GUHPOMQWHS HORFH QWHD HY)RIXVLQJ (TXEC
FHPHQW [0\ DVK DQG 02 /DWHUWOWWHYWODMORA ZOMD LV LPSRUWDQYV
SUHSDUHG E\ DGGLQJ ZDWHU WWKW K®HH&BHO LIPQJWRUH IDWHQF\ RI WKH
GLIITHUHOWRLZ@GWHHWU UDWLRYV )ROBDBZLQOXWHOXUULQGLFDWHYV WKDW WKH
SUHSDUDWLRQ WQRZIDEDOL®ANUWRHBNRHOGLQJ SURSHUWLHYV > @
DFFRUGLQJ WR $670 ' VWDQGDUGYV > @ ¢()RU WKLYV
SXUSRVIHQFIK GLDPHWHU 39& SLSI—##’HMNQ_QS -5
LQFKHV LQ OHQJWK ZDV XVHG DV VKRZQ LQ )LJXUH

JLIXUHORZDELOLW\ WHVW VHWXS
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%OHHGLQJ LV D FULWLFDO SKHQR®HQRDUH &/60 WKDW
OHDGV WR WKH VHSDUDWLRQ RI ZDW | P K
FRQVWLWXHQWY ,Q WKLV VWXG\ o“ﬁ%lﬁ‘.?h%@ﬁ\é%%gv
HYDOXDWHG IROORZLQJ $670 & AW OB CHRVLWELQ NJ P
,QLWLDOO\ WKH &/60 VOXUU\ ZDVgSRX3HE ARPY BHRVLYH VWUHQJIJWK LQ N

PO JUDGRBEBWWXSULQJ F\OLQGHU DQG OHIW

XQGLVWXUEHG IRU KRXUV WRBHDROWY DRPAVHVEROVLRQ
VHWWOHPHQW /DWHU WKH YROXBBR&IDEH@W@JZDWHU

WKDW DFFXPXODWHG DW WKH VXUIDFH VX v RI IUHVK
)LIXUH %OHHGLQJ ZDV WKH B

SHUFHQWDJH RI ZDWHU DFRXPXOT 'ORZDELOL\\N\
UHODWLYH WR WKH WRWDO LQL E D NH\ 1L
VOXU U\ L XP IRU &

$V VKRZQ LQ )LJXUH DOO WKH VSHFI
LQ WKLV VWXG\PHP[AMHEHRZDELOLW\ D
WKLV YDOXH LQFUHDVHG IWRWKHU ZLV
ELQGHU UDWLR (DUOLHU UHVHDUFKH L
WKH UHTXLUHG PLQLPXP IORZDELOLW
WRBRLQGHU UDWLRINVHG &60DVK @
%HVLGHV WRHQDAWHLR IORZDELOLW\
IRXQG WR EH FRQWUROOHG E\ WKH SH
W ZDV REVHUYHG WKDW IRU D VLPL
FHPHQW &/60 FRQWDLQLQJ D KLJKHU
IO\ DVK UHTXLUHWRLQGBEAHUUDDWLR UW I
DFKLHYH WKH GHVKUMG DO FEAHD G X6 LW/R
WKH VSKHULFDO VKDSH RI 10\ DVK &
SURYLGHVE D WEIDQJO HIITHFW DQG HQK
IORZDELOLW)\ > @ &RQYHUVHO\ G
JLIXUBOHHGLQJ WHVW VHWXSWUXFWXUH Rl PLQH RYHUEXUGHQ &/
SHUFHQWDJH RI PLQH RYHKWEXUGHQ U
YXUWKHUPRUH WKH GHQVLW)\ ZRWHWERLYQ GHEo YBWLR WR DWWDLQ W
HYDOXDWHG LQ ERWK WKH |UH\}'QR§@(§L|@[§LWG DY ¢ HHRDWHWKH FDVHYV
JUHVK GHQVLW\ PHDVXUHPHQWY : IRDORPHG GBFEYHTXHQWO\ WKH VH
- > @ JXLGHOLQHV ZKLOH KDBGMBAEGGEBYWMATE@HY ZDV VWXGLHG
GHWHUPLQHG E\ PHDVXULQJ WK EHINMLBRY G7 kR IKPMHXARWY DUH SUHVHC
VSHFLPHQV DIWBV RXULQJ SHQ &' VHIUADWMWMHGUHODWLYH WR WKH WR
GD\V 8QFRQILQHG FRPSUHVVL\KHGQ/W)@#PQQWK gikld GDWD UHYHDO WK
WHVWLQJ ZDV SHUIRUPHG DFFRUYBLQGHVYR U R> X§RWEB EOHWEIHQJ
VWDQGDUGV XVLQJ F\OLQGULFBd AP EHORZ Wipp  WKUHVKROG O
GLDPHWHU 1 PP KHLJKW 7KARUYEBYHHOWKHOLHIIEHKDYLRU RI &
HYDOXDWHG DIWHU FXULQJ SHUBRGV @|ZDV H[DPI®R&EG E\ GHWHUPLQLC
GD\VLWK WULSOLFDWH VDPSOHVI @A/ WHED RY Lo (DER WL RQ DQG
$GGLWLRQDOO\ WKH H[FDYDELWYKRAQEKD VDIFWHULVANFLWEH PHHWLQJ
&/60 ZDV TXDQWLILHG WKURXJKD QK HF QHPpRYSE FOILWAHULD )LIXUH
PRGXOXV 5( 7KH UHPRYDELOKNWVH RRRKW RDBKY WEIOQJ H[FHSW IRU
FDOFXODWHG WNLHIQr@DN &&pc 0 : VSHFLPHQ )LJIXUH ZKLFK H[K
YDOXHV DFFRUGWQRQWR >(T@DUH;|ODWLYH IORZ DUHD DHRHOLQ®I @
UHPRYDELOLW\ PRGXOXV OHVV VPKR HLL GEPRWEHY LR RERYWRHE LQF U

&/60 FDQ EH PDQXDOO\ H[FDYDWWBEL UDWLR KRZHYHU EOHHGLQ
ZDV\XN-IIRLQGHU RIOMMLR UHPDLQ ZLWKL

4L XS FS”F‘B“Cc . SHUPLVVLEOH OLPLWYV
s ) '
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YLIXUH $YHUDJH IORZDELOLW\ DQGJRKOBHHGDYIL RH GQRIH DHMAW FDOFXODWHG

VSHF IORZD
'"HQVLW) DOSENRUSWLRQ SHUFHQWDJHV RI ZDWHU DEVRUSWLF
U ZDWHU DEVRU
$V SHU WKH VWDQGDUGV > ZD@/V\(’E‘@H LR\}YJ{_%EH &/60 GHYHORS

IUHVK &/60 PXVW IDOO ANJWKLQ
G @ W ZDV IXUWKF
ZKHUHDY KDUGHQHG &/60 VKRX%% DA ULOE U

GHOQVLW\ FRPSDUHG WR LWV | 953
UHVHDUFK WKH GHQVLW\ RI IUH Vﬁg\%%; Vb;gv Fg'fg HDVV'\*/KLHQ ég}’\]’l

ZDV FDOFXODWHRDE W VIHGG RYOR &

WKH VSHFLPHQ 7KH UHVXOWVY YH% R%ZDQ,NRL\?,EPHRQIV
KDUGHQHG GHQVLW\ RI &/60 DUHY VR REVHUYHG
DQG )LIXUH  UHVSHFWLYHO\P DVK ORZHU.
DOO &/60 VSHFLPHQV GHYHORS KHHORUPDWLF
ZDV IRXQG WR EH ZLWKLQ RIKH Jl;,
N e LFURSRUHYV DQG
+ NJ PA  )LIXUH 7KH \Uo DY ULVH RI ZDWHU >
KDUGHQHG &/60 YDULHG EHWZH |\\|J|':

DQG NJ PA )LIXUH ZKLFK LV EHORZ

WKHLU FRUUHVSRQGLQJ IUHVK GHQVLW\ 7KH UHGXFWLRQ LQ
WKH KDUGHQHG GHQVLW)\ RI &/60 LV GXH WR GHFUHDVHYV

LQ ZDWHU FIRDAWHQWHIVQIEQ DLU FRQWHQW ZLWKLQ

WKH VSHFLPHQ > @ %DVHG RQ WKH GHQVLW\ FULWHULD WKH
GHYHORSHG PDWHULDO FDQ EH FODVVLILHG DV &/60
YXUWKHUPRUH LW ZDV REVHUYHG WKDW WKH FKDQJH LQ
GHQVLW\ ZLWK FXULQJ WLPH GRHV QRW IROORZ D VSHFLILF
GHFUHDVLQJJRWUMFEHDR XRGHUVWDQG WKLV
XQSUHGLFWDEOH EGH®W KRUHVKDWKHK W\ Q

UHTXLUHG LQ WKLV DUHD

$GGLWLRQDOO\ W KH ZDWHU DEVRUSWLRQ
FKDUDFWHULVWLFV RI YDULRXV &/60 VDPSOHV ZHUH
DVVHVVHG DIWHU DQG GD\V RI FXULQJ 7KH

DYHUDJH YDOXH RI WKH SHUFHQWDJH ZDWHU DEVRUSWLRQ

KDV EHHQ SUHVHQWHG LQ ﬂJX)&*ﬂJXUﬁ%#UH—J@QW}( GHQVLW\ RI GLI
LQGLFDWH WKDWUWY HH BKBE LR XK LIKHU g/60 VSHFLPHOQ



*XS\MIW DO -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

JLXUH $YHUDJH KDUGHQHG GHQVLW\ RI GLITHUHQW &/60 VSH

JLXUH :DWHU DEVRUSWLRQ RI GLIIHUHQW &/60 VSHFLPHC
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8QFRQILQHG FRPSUHVVLYH VWUIRGUWK 88&6 LUUHJXODULWLHV

7KH XQFRQILQHG FRPSUHVVLYRRWLREQ \%6& R@;VDDVLKQHLUQ\J ZFDRVDVSHP‘
WKH &/60 ZDV WHVWHG DIWHU \ A
RI FXULQJ DQG WKH UHVXOWYV @ KLQJ VWUHO S

+ W ZDV REVHUYHG WKDW HG Lo WKH PLI
SHUFHQWDJH RI 10\ DVK HQKDQ K o LQ WHKRPUL
DQ LQFUHDD WWHME) QVGHIUZU D W L R UHF ot o
8&6 YDOXH IRU PRVW VSHFLPHQ v!gB' HV D UH oMYV DU
VSHFLPHQV ZLWWERILQ&HU zm»\m/ru

D ,: HUWLHV DQG F
WR GHFUHDVHG GHQVLW\ DIWH b‘ IQlF P{Hﬁﬁh’b%)XWXUH '

6LPXOWDQHRXVO\ 8&6 GHYHO YFBSBW ‘
LQGLFDWHYVY VLJDILW\FDQ W WDKHQ QJ PL[ GHVLJIQV

'KLOH SUHYLRXV VWXGLHV RQ & %%%g%‘%\%gﬁ\%ﬁ%%’vHO\LNV*\;\HYRHUYFD
PDWHULDOV UHSRUWHG DQ LOF v L P

JLIXUH $YHUDJH 8&6 GLIITHUHQWJ&/\6HA VSHFHRHDQH 8&6 GLIIHUHQW &/60 VS
DIWHU GD\V RI FXULQJ DIWHU GD\V RI FXULQJ

JLIXUH $YHUDJH 8&6 GL”HUHQL‘]%(/[SSQ VSI§$|F|I:(J

DIWHU  GD\V RI FXULGOJ) 'YIH 8&6 GLIIHUHQW &/60 VS

DIWHU GD\V RI FXULQJ
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7TKH GD\ XQFRQILQHG FRPSUHVV'LXYU—DE/BN)U_N\QJWK

8&6 RI DOO WKH &/60 VSHFLPHQ I@f 6\/\ RI WKH VRLO LV VLJ

03D WR 03D DV VKRZQ LQ
REVHUYHG 8&6 YDOXHV DUH zyv\nggg/UHDz\ﬁgk

HV?//VI\_/\?EI)?S%IT(HH?J %/QQF%BQJ% RI @H LRQ DQG FROWUDFWLRQ RI WK
YIHGEOVIMSDHA é/ ZHDNHQ LWV VWUXFWXL

SN R a AEAA A il
: Q IRUD @D BLKOH. DR €

ZKLFK LV FKDUDFWHULVWLF RI ‘”%WMY
PL[WXUHV H[KLELW VXSHULRU \9 % RURHSHV(\;/K&L/\éoL
PDNLQJ WKHP VXLWDEOH IRU g POFHBEHYV @R | Z
IBSOLFDWLRQV LQFOXGLQJ SD 8(3 K NDBS[O
DEXWPHQWY UHWDLQLQJ ZDOO; D 'b FE DQG OL]
JURXWLQJ RZLQDN\I\R—!(WLIQ—ULUD vV KH GXUDELOL\
FKDUDFWHULVWLFV DV UHSRUW G % M%%\QQH% D VDPSOH

@ $GGLWLRQDOO\ VLQFH & v Fﬁ PBDvvy ORVV RI GLI

\(Jv

H
H[FDYDWWEBHU H[FDYDWDELOL
XVLQJIGD\ 8&6 YDOXHBALWXQ G H YR EHBWHRN ZWW

DFFRUGLQJ WR (TXDWLRQ Y KH PDQ/(\D/OODR’S\(,VH\&QZFL
HIFDYDWDELOLW\ FKDUDFWHUL\V B\F f5d TKH EROOL
PL[WXUHV DUH LOOXVWUDWHG )'S\f'é QJ Lfﬁ'\ﬁ&WHG DV

UHPRYDELOLW\ PRGXKDU(Y/H\GDW}(B E{7W ZDV IRXQG WKDW VSHF
VSHFLPHQV RI OL[ 0 DORQJ ZLW WK EVFOH VSHELPH:
¥

0: DQGO: DUHHDV\ WR H[FD
ZLWK UHPRYDELOLW\ PRGXOXV 8&VKQHJ Wi FAEoR
+RZHYHU WKH H[FDYDWDELOLW SOV 0: DOG
orfo 0 DQG O LV VLIQLILFDQ ROW KGR LFbow PDVV ORVV
UHQIGH WK WD QXRQO\ H[FDY e UD 8 o PHOV VK
)XUWKHUPRUH LW FDQ EH FRQF Q/ \Lz{/(g?*%) 45 RRTHS
RIPL[HV O 0: 0: O M L PN
0 ZKLFK KDYH 886 YDOXHV VL b Ry 'v\/g N i'f_'WD\LNQKH?:\%g[H“
DQG UHPRYDELOLW\ PRGXOXV EHN KH oY EH ORWHG W
VXEVWLWXW HVHIFRKD EDDO MW UK

H DOO VSHFLPHQV UHWDLQHG D
RI WKHLU POMVIRRG ISHOWRUPDQFH

JLIXUH[FDYDWDELOLW\ RI GLITHUHQ@QWURLD ¥V PRRWVWRIRWKH VSHFLPHQ ZLWK Q
EDVHG RQ GD\V 8&6 ZH®U\ F\FOHYV
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@ 670 & 6WDQGDUG 7HVW OHWKRG

&RQFOXVLRQV > $
&RPSUHVVLYH 6WUHQJIJWK R &\OLQGUL
7KH FXUUHQW LQYHVWLIDWERGQ  piRGKVHG RQ

IRUPXODWLQJ D &/60 PL[WXUH LQF SRUDWILQ
LQGXVWULDO E\SURGXFWV L é‘i Fa& L URP ¥G 7HVW OHWKRG
RYHUEXUGHQ FRPELQHG ZLWK I \ g %ﬁg%% EDFLJFﬁﬁ%FUgg’V?F(
ELQGHU 7TKURXJK ~ V\VWHPDW é

HYDOXDWLRQ LW ZDV IRXQG H &/60

PLWXUHVY GHPRQVWUDWHG IORZ N@of@ﬂmH FHI-@@’LD $DUG 7THVW OHWKRG)

PP ZKLOH PDLQWDLQLQJ EOHHGH WL@H &&*FPWV@HBNKBH@
WKUHVKROG )XUWKHU WKH IUHRPKOGHQVLW\ ZDV IRXQG WR
UDQJH EHWZHHQ DQG > @J $BV0 ZLWKEWDQGDUG 7THVW OHWKRG)

KDUGHQHG GHQVLWLHV ORZHU &SKBQILWKDUWP YRW\WRH BBRHOK6ROLGV E\
GHQVLW\ 7KHUZSWWRQ DEVRRXQE WRDFHHEHQAQW OHWKRG
IURP WR ZKLFK LV YHUS FORHoWR WKHswDQGDUG 3UDFWLFH |
YDOXHV UHSRUWHG E\ HDGOLHUgWiHVNDIUFEKWURQ 7iKIH 6RLOV IRU (QJLQH
FRPSUHVVLYH VWUHQJWK UDQJHS®LIWRB 6RIOGD SACROVVLILEDWLRQ  6\V
03D PHHWLQJ WKH VXdJHVWRBBQYBRYRFRHQ 3% $670 ,QWHUQDWLRQD
03D $GGLWLRQDOO\ EKUEIZV\M%Q]_@H@@/MH[ BWDOGDUG 7HVW OHWKRG
8&6 YDOXH VLPLODU WR VWLII FQRWDRG dh Ut PIRVRELOLWoGc &HPHOW .

PRGXOXV RI OHVV WKDQ $OR @ & QAL MW W KibID Y MPW V@ L WEWRIH @ R\ W UR O C
FRPSDUDEOH WR FOD\ WKH GHYB®@RBHIO &4660 VKRZV

JRRG UHVLVWDQFH WR PD8V\ORYVYV S$é/\68 WKH GWIgQ%%\NG ZHVW OHWKRG

F\IFOH $OWKRXJK DOO WKH GH\/{/ V%(ﬁ/@H P\QRE@LRQWUROOHG IRZ |
XVHBU GLITHUHQW SXUSRVHYV RRENHQ $670 ,QWHUQL
VLPLODU WR FOD\ DQG D ORZHU UH DELOLW\ PRGXOXV

FRXOG EH HPSOR\HG WR UHSO }5/8 Wm 7HVV‘[’)V?/':'¥V(§RS‘
JHRWHFKQLFDO VWUXFWXUHV % & v RPAP
YDULDELOLW\ REVHUYHG LQ WK HovPwi Vb e VWUHQJWK

GHYHORSPHQWUWRN KHESWXK UHVHDUMK &¥HQ 7 <XDQ 1 :DQJ 6 +DR

UHTXLUHG WR HVWDEOLVK UREX\P\QJLCég(L)QﬁJ@%L\/\éLH 86/ 3J§gH(tlleT/E\|QVVRIR|%z\F/eV<

BWUHQJIWK 0DWH WIRPGS BY HQMDOKRB\CL

SHIHUHQFHYV BROLG :DOMXWMADLQDELOLW\ 6ZLW]HUODQ
> @ $EHOOHLUD $ %HUNH 1 KWWISVLQGRL RUJ V X
&RUURVLRQ $FWLYLW\ Rl 6WHHO LQ_ & P L}S\/LR&\Qé&PV\éUROOH@OLQGLQJ b
/RZ6WUHQJIWK ODWHULDO?‘KI—YVH\T[K

SWDLFWL RD WMOE DOL DVK VODJ P

DQG $SSOLFDWLRQ BWE‘HQWR@ UXFWLRQ DQG % XIOGLQJ ODWHULD
JORZDEOH )l90D0UU +DUERU 'ULYH 0
‘"HVW &RQVKRKRFNHQ 3$$670 > @ &KLWWRRUL % 3XSSDOD $ - 51
,QWHUQDWLRQDO BWUHQJIJWK DQG BWLIIQHVV &KDUDFWHUL]

U WK ODWHULDO 38WDINMAIL AIDWAL Y H
> @ $&, 5 SHSRUW RQ &RQWUF!&BO V¥3<L7§go RI ODWHULDOV LQ &LYLO (QJL
BWUHQJWK ODWHULDOV &/60

>@ $GLEHH 1 2VDQORR Y TRV AL A
v ZRUNDELOLW\ D
SGYRUVH HIIHEWY RI FRDO PL HIEOWODL DV WK H
HQYLURQPHQW DQG WRNLURRPER DQG &RQFUHWH 5HVHDUFK

(DUWK 6FLHQF H

> @ S$OLIDGHK 9 +HOZDQ\ 6 R@SBEQE@LDQ ?/RIV\?HVGK%\OH %\
20LYD 0 & FE@BWE XFWLRQ 7HF
IH&

%ULGJH SEXWPHQWYV 8VLEWURRQW WWH%D%“’YRL%E{%PHRQXVVQDO RI
ODWHU{RDOMDO RI 3HUIRUPDQFH H%

)DFLOLWLH <XGKELU *HRW H
> @ S$OL]DGHK 9 +HOZDQ\ 6 W QWLRQ R(' 6?%“&38?5@"3 ) O\
6REROHY . 'HVLJQ DQG DSSOL I'—L oSk 8 &4

ORZ VWUHQJWK PDWHURBRQVY\WYXE WMREKF\WRXUDO |2DQUR *#+  .LP 6<

DQG %XLOGLQJ ODXWHULDOV (YDOXDWLRQXRD V&HRD @&/ 6¥ KOD GH
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ZLWK &HPHQWOHVV %LQGHU DV [PRAKMDBDODOGRRFREDWUNPMYRQ DQG 9%XL!
%RUHKROH +HDVRXUFEDQ R{WDWHULDDW H QLDLONE O

(QILQHHULQJ > @ .DW] $ _RYOHU . SWLOL]
> @ 'RENWHU % &RPSDULVR® ®KVWLUEM®XERMYUIRU WKH SURGXFWLRQ
DQG &ODVV & )O\ $VK LOWIRIQWWRA®HGN URDIJWK P D\WHMWIHDODQRZJEH®HQW

ODWHULDO &/60 $SSRHFDANLEQVDQG  +
$SSOLFDWLRQ RI &SRQWQRWEH GDWIULDOY

YORZDEOBS L OD %DUU +DUERU U RQJ ; :DQJ * 5RQJ 6 [LDQJ <
32 %R[ & HVW &ROVKRKRENHO 3 J < S8WLOL]DWLRQ RI )O\ $VK I
: 38 6®RDOHG &RQWUROOHG /RZ 6WUHQJW

$670 ,QWHUQDWLRQDO &RDWLQJV
> @ 'XWWD 0 .KDUH 3 &KDNUDYDUW\ 6OLNID "spr = g (QJLQI

A :
6DLNLD % . FKBRLFIDRR DQG H I%/{ VV IX GCPDORILD
J {N I PXQLFLS
% = WHHG I LGFWHQF WY O
)

LQYHVWLIJDWLRQ RI DTXHRXV OHDF
PLQH RYHUEXUGHQ IURP /HGR FR
,QGLMWHUQDWLRQDO -RXUQDO RI
7HFKQRORJ\#

?éf%

> @ *DEU 0 $ %RZGHEQW-UR—OOE;IG@ ot \ F“X\HQ S CPFDZf/aUDLVDVOH
ORZWUHQJWK PDWHULDO XVLQJ |0\?ﬁ) RH%@E?%@QRV VIV LH U
_RXUQDO RI +D]DUGIRO/ 0DWHHWDO G

IURP 2ZZ HOVHYLHU QOUORFDWHUMKRETPDW

> @ *XQDWKXQJD 6 8 rDIHQ (>)Z @J(%ﬁaé/63<l<8I?F?QWJRSOH6GR?RZOGV.\/FEJ?-|JC
(UVNLQH 3 ' 6RXWKDP < XQ Q

$QWKURSHGRJHQHVLYV LQ FRDO PLd%UE?gW ?WK’}EW%RQ*g\éb?JWﬁﬁ
IRU D FRPSUHKHQVLYH IXQGDPHQ N FRH P Q Q
DSSUR®FKHIQFH RI 7KH 7RWDO (QYLURQPHQW

< /LX 6 *XDQ OXOWLV

> @ /L

LQY L Q RI FR GARIOMWUXEWK ERD
> @ *XSWD $ . 3DX0 % U] % %"%}i
XWLOLVDWLRQ RI FRDO PLQH RYHBE%U% lﬁg LBE 0P RV DAY

XQGHUJURXQG PLQH ILOOLQJ PDWH@LDOQJD7 V&XVWDQRQDEOWDGKDQ 6

DSSURDFK RIQWMHU@IWLRQDO -RXUQDO IQXDUQJ *OREDO SHUVSHFWLYH R
DQG OLQHUDO (QJLQHHULQJ FRQWUROQ/Q\HGH @QQIRZK PDWHULDO &/60 IR
HPQLRYHUWROGZWUXFWLRQ DQG %XL!

> * "
@ *XSWD 7 ODKDPD\D 0 $ &F\’d"ﬁ:}?%‘%‘@(%'ﬂ/fd}fv&oo

'"HYHORSPHQW DQG &KDUDFWHUL]D
5HMHFW DQG )O\ $VK 0PQVHQWMBICDID WH@ HRDKDPD\D 0 $ODP 6 .XPDU 'DV ¢
*HRWHFKQLFDRWWIVQDOERL RUJ '"HYHORSPHQW DQG FKDUDFWHUL]DWLRQ

FRQWUROOHG ORZ VWUHQJWK PDWHULDC

0
> @ +DQ - R < P < .LP&RO}OQVWUXFWLRQ DQG %XLOGLQJ ODWHULD

'"HYHORSPHQWI3HUIRUIBR GWHODOHG > @ ODKDPD\D 0 '‘DV 6 .

&RQWUROOWMIEGH (RN K ODWHULDOV | RKBADDAANWHQUQ W LIRD RI PLQH RYHUEXUGF

OHWURSROLWOSROKHBLHRM HQFHY 66X WO HU®DDOAQG SDYHPUHWE MF POIOIWHHI LEFQ H QF H
KWWSVY GRL RUJ DSS THFKQRORJ\ *

> @ +RULJXFKL 7 JXMLWD 5 BKI@P XWD KDPD\D 0 '‘DV 6 .
$SSOLFDELOLW\ RI 6RWQMHQIRKO 19 0 WARDLWIDAPWHUL]DWLRQ RI IHUURFKURPH VO
ZLWK ,QFLQHUDWHG 6HZD JH6®EXQG HO RZK D QG JEMKX WKW G X F W XQW B U QDAL R BD\WW H

3RZGHRXUQDO RI ODWHULDOV LQ &RXWU® DXQRIQHRWIPBKQLFDQ (QJLQHHULQJ
* > @ ODKDPD\D 0 -DLQ 6 'DV 6

> @ ,VODP 1 5DEKD 6 6XEUDPDQ\DP(QJLBQHHULQJ 3URSHUWLHV RI &HP}
6DLNLD % . *HRFKHPLVWU\ BOW LFYLDAHH® QRGO BVLQJ )RXURBIOURPH 60
FRDO PLQH RYHUEXUGHQ ZDVWH 0D WWUXIGDOVRZPEGYLOKBUIUQHHULQJ

HQYLURQPHQWDO &KMPRVEIXWMURIQV o (pKipD XPDU 0 6HOWKLOYDGLYX

5DR - 6 1HHODPHJDP 0 $VKRN .XPDU
> @ ,VPDLO , %HUQDO 6 $ 3URXPVDU- 5 ©6DRQDFRODV &KDUDFWHUL]D
5 %ULFH ' * .LOFXOOHQ $ 5 DYKGE\E) ©QG YI¥@ IRU WKH VIQWKHVLV RI
'"HYHQWHU - 6 - ,QIOXHQFH HRROIOWRIDWEDRQ RYKBEDGLRDQDO\WLFDO D¢

ZDWHU DQG FKORULGH SHWIPHDWHGLWODRII DONDOL
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&KHPLVWU\ + > @ :LOOLDPV - $ 3DUPDU ' &RQU
KWWSV GRL RUJ v &RQWUROOHG EDFNILOO RSWLPL]DW
> @ OLWFKHOO - . +RXVWRQ :EESDFLWL&F@%@@?MV&U’QQVP&WQVBQWV
Rl &OD\ 6HQRXWQBDWRI WKH 6RLO 0RN®KSEHY

JRXQGDWLRQV 'LYLVLRQ # > @ :RQ - 3 /HH < 6 3DUN & * 31
KWWSV GRL RUJ -6)($4 'XUDELOLW\ FKDUDFWHULVWLFV RI
- @ orKpsowuD o sgpos 6 VWUNGIWE, BOMRULESY FhouoLoLed Ut
VRUSWLRQ RI &G ., RQ 7DWD FKURPLWHERIGR! &RQF ELYEHD

-RXUQDO RI +D]JDUGRXV GMDWHULDOW @ :X + +XDQJ % 6KX ; <LQ -

> @ 2NX\XFX 2 -D\DZLFNuDPD 3°W lQ] ﬁ%@%l&)' R/ORLZG é\[/)v\avxg\alvﬁsuo%(\;/vxr
OHFKDQLFDO 3URSHUWALHV g%8 w '5\9&& 0G %XLOGLQJ 0DWHULD
SHLQIRUFH&RQV¥ROILGDWLQJ &RQW
BWUHQJWK ODWHULDO IRURXDNQGLFH QW @DVYBQD\HYV6 7DQJ , < /IR , 0 &
ODWHULDOV LQ &LYLO (QJLQHHULQJHYHORSPHQW RI FRWWHGRDDK GP DOWRZU LD
GHULY P EHQHILFLDO UHXVH RI E
> @ 3RXOVHQ % .KDQDO 0 5DR$ - LﬁE%\JUS&QQVW@\XWWKRWLBQG
%DOXVX 5 OLQH 2YHUEXUGI%( E L S WHULDOV &

$ &DVH O6WMHMBWHFKQLFDO DQG F@L RUJ M FRQEXLOGPDW

(QILQHHULQJ+ K

> < % <XDQ 6 B6WUDXE & &K
> @ 5DJKDYHQGUD 7 8GD\DVKD 1 % Qg . D Q U\ %LOGHU &RQWD
oz B twbnon axouorwnuStLEE IR A KGpL KLOCHY srQND
*URXQG *UDQXODWHG %®XVW DX Sﬁg) Q

Py ’FDWLRQ L6QV &IRQIWWKR O DWE URIZO

ODWHULDOV LQ &LYLO (QJLQHHULQJ oy y0p0 RI ODWHULDOV LQ &LYLO (QJLQH

Rz 2Rdufio XHQFI—IZI-IID?-IJFK;D
PDWHULDOV XVLQJ IO\DVK DQG ZDYV,

> @ 5DJKDYHQGUD 7 8(3D\DVKD>QN@Lg
(QILQHHULQJ SURSHUWLHV RI FR RO ng[) Rz’

% YSHARPRVERP RIYUEXUGHQ RO U
(

&RQVWUXFWLRQ DQG %XL®GLQJ OD\‘y f/ XG\ LQ <DQTLDQWKD® HWRQ RLQH
> @ 6LQJK . 1 1DU]DU\ AHREKHBLRODOHRORJI\ DQG WKH (QYLURQF

FKDUDFWHUL]DWLRQ RI PLQH RYHUEXWGH Vag]UDWDJ_ VWUDWHILE, |iiHEW
RYHUEXSBHQ PDQDJHPHQW LQ DQ Rﬁ.‘b@-{FB%@L[%QBF?IWR;‘%ESWKH UKHRORJLFDO
(QYLURQPHQWDO &KDOOHQJHV SDV&HPHQW DQG &RQFUHWH 5HVHDUFK

> @ :DJQHU - OHFKDQLFDO 3URSHUWLHV RI

&0OD\V DQG &OD\ OQHUDOV SS
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