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$SEVWUDFW

6\QWKHVLV RI DFWLYDWHG RNUEIRBX LULRPQAD V @MW HLLHRPVD WYR Z
7KH SURSHUWLHVY RI ELRPDVV GHULYHG D FROLYDRVHGDMOLRE
S UR FHUWW XUG\SBUWSDULQJ H[WUHPHO KLJKDEXWLIYDEFW HXGJ AD UF
IURP KHPS EDVW ILEUH XVLQJ 3K\REHRWWHK QU RIDD KRR FZDW L Q.
WKHQ DFWLYDWLRQ XVLQJ .2+ DQG 1D2+ ZDV LQ@XHVWLJID
GHVFULEHG DSSURDFK ZDRHNRRKSFAFMBLWIDY B @ CHVW K HW R Q
KHPS GHULYHG DFWISRDWRE FPWERDVLBRMHHG E\ %-+ SRUH
GLVWULEXWLRQ DQ®%G(7 (0HMOOWQJIVKRZHG @ KW UWHRH G\URIGT
VXUIDFH DUHDZKLOHW YKIIBFH IXQFWRRQRD2JURXS\VZHUH
FRQILDPMGT X DEAWB6LEGG )7, 5 QHMKIDWL BR Q EH Q IMIAD WRDRIG
WR HQKDQFH WKH VXUIDF i LIRFKD WZ MWARK . B-© TRCBIWEBP VW D O O L
GRPDLQ ¥$&HEDRIHW HUPLIQHGS\DPHRWN URVFRS\ Rl GLITKHHHQW Z
SUR F HBHKWHLIE WA LY VW XG\ LV DQ HQYLURQPH Q/WHBY®\ [ULH

SURGXFWLRQ RI XPW QY DKHIPS FIDEHAR Q

.H\ZRUGYV

+HPS EDVW\GIUVHRIMBRHBPBWAH QFWLYDWLRQ DFWLYDWHG FDUE



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 April 2018 doi:10.20944/preprints201804.0372.v1

QWURGXFWLRQ

$FWLYDW HG/ ZZDOERRR UR XV POWHULROIDFH DUHD DQG SRUF
EHLIQMV HQXVHRBODV VHS VRDWHRQ FARHFPR ¥ BIHWPRWRZD W H U
ZDVWHZDW H WD Q\BYBIDWPHO\W W XEDSFRIG & W HHUHHQIW VW RUDJH
FRQYHSVURF®MESFHFHQWO\ DFW L EBWRBY HFQWUBRHEONMRLUD W H G
PDNLQJ FDUEREQIRXPWUDFDSDFLWR@\G XN SHR EIVSDSRWR W
$VW ISR B R SHUMFWVAVY RW H G  FOR ERQG CRIMH FRHOBWRNID Q B OW K H
VIQW KHIWALKGRIG IHUH QW W \'S HQWD WX B D@ HUK® SYNQEHRHRQVD. W G
SUHFXUWRURRVW FRPPRQO\ XVHG SUHFXUVRUV IRRDDFWLYI
FRFRQXW VKHOO ZRRG DJULFRUW BY¥PDROQZDWVEIHRR? DRAY LQ G X \
SUHF X.UDARW U D FW L QD)WW KDQUAM Y QUHENZ Q EXRFWF RVW DQG HI
IULHQGO\

7ZR EDIVEW L YDURIFRHQLVIBIK\VLFDO D Q ® UFHK HKPLHF® DR WSLUYHDS/DHI G
FDUBRIQRPOW HULPDRD ELRBBVIVRU WR KHK\W KFBIOH PLFDO DFWLYD
SURFWYWY FDUER @ MSWESRE X2H RDUER Q L FK®, /R RBUWMRFHBSRUH L V
DFWLYDWHG XVLQJ FD U BRQF®/LR[DE HQR UD VAIGAY PDAXH S URKE\N
DFWLYIMWK® FKDU LV DFWLYDWHG LQ WKH SUHWHQPH® | FI
FKHPLFDO D @MY YW EB@E B G XFIMQ REFDEFHRONLGEHBLEDP

D F W L YLI/WH.RRSQO RR HRSEDWDHE@IY HORSHG SRUH VWUXFWXUH LQ W
XVLQJ SK\VLF DIV IDIFQV IYFERWIGRY) R L QW HUUMHPRIADQ B R B VR/DW \
$SFWLYDWLQJ DFHOWIVFROHBFVRILY DWLRQ D W) ICDEXEGRODW LD J
GHFRPSRVLMWLHRYH QW GW D W KR U RHEMKKRES L H O G >RAl7 K BB K RVQ
FRPPRQODXWOMEKHPLFDO D FDALY®LVFLRIQDD H@E\BV3 Y X+RBKO D V
DQG62 RWIEMVLF UHDJHQWYD.2® QG &D 7KHUH LV D JURZLQJ LC

LQAVLQJ R\G\URJD @HOHF W L YODI\W DR+ EHLRQH RI WEHBRPRVWQ J
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DFWLYDWEQ®KRQIWERMN2+DQG 1DR+FRPSDUHG DV DFWLYDWLQ.
KHPS ED VD RKRMH Q FIDW BRE@H F EUH\EDX V KK RU TIXEV R XV WWRU X F W X
PDNADUERQDFHRXY @ BWBWMERBGYFWXUDO DQGVIMXW I IDEH BHE
LPSRUWDQW IRU WKBHY X SOULTFQW LFOR GEXPW CZRWN K LEMBR U N

YDUISRYXVRKHPLFDO WBFIO@MIMDQIINUIDFH D URIDHDVQGH%G £ \8W U LE .

'5' 6(0 7(0 5DPDQ 7*$ )7,5 DQBOBWLYV

(ISHULPHQWDO

ODWHULDOV

+HPS EDVW ILEUH ZDV SXUFKDVHG IURP $PHULED®Q +HPS
1D2+ DQGVR +&0O Z®DEWDLQHG IURP &DOHGRQ QDERULFWRUL!
DOXPLQD SHOOHW @IDAW R PWDILVY HEV | URWPW LRUPFHORA \& RA$S RB16 $ )
3RZGHUHG DFWLYDWHG FDUERRHYV &58D UVDLF®D 6 ' &RD LW H
ZHWHEWDLQHG IURP 6LJPD $OGULFK &DQDGD &R 2DNYLOOH
5RZ PP SHOOHWYV VHWUREW DIFYH.Y PMRBASIONIBZNVEX U\ 0$ 8
'HLRQLJH@DWHU 0 ZDV WRRSIDFWRPOWUDSXUH ZDWHU

SXUH /) ODQGHO 6FLHQWLILF &R PRGHO %',

SUHSDUDWLRQ RI +%$&

7ZRKXQGURG PDWXHORQJ ZLW BUFXKMH PS ED\ZWUMHEUOBI G LQ
POGDVWHOORHRFWRU $XWRFODYH (QJLDQJHHDWWMGHNLBHGQ
WHPSHUDWXWU R& UHVSHMPWIGY NBISW7/KH UHVXOWDQW ELRF
UHFRYHUHG E\ RIFRRB |ZDWKUHIBMLX O\ L' SGNBRSHERHG] U Q L J K W

DWPR&LQ D YDFXXRBRUHEQR FADMIKRUR X JKOAMWPRERHNGUHG DPRXQW
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2+ RUD2XVLPRUWDU DVEKG G HWD B GR& PLRQG NHSM& DW
IRUK XQSBRIQORZA D W XE X OTKH 1Y H GREREDFIVW K R U R X KK G\
ZLWKVGBOROOEXHBDWHU X QR SH D)RKQHDESINRGEHWH GULH G
RYHUQWKEBLQ D YDFX$PWIYMDQVLRQ RI ELRFKDU XVLQJ .2+ W

SURGXFW ZzDV UHSHDWHG DW OHDVW WKUHH WLPHYV

,QVWUXPHQWDWLRQ

7KH % UX@PXNMOOHU % (7 VXUIDFH DUHD SRUH GLDPHWH!
GHU DALY DW HG EFDQE REQ R F IGHW BHBHQHG IURP QLWURJHQ
GHVRUSWLRQ LVRWKHUP fGDMWD R EWR®PFE WGV RUSWLRQ D
7ULVWDU ,, OLFURPHULWLFV ,QVWUXPHQWV&REWRUQ WG
IURP 3UD[DLU 2DNY LQUHS D&MHED GDP S DK & HE&HI BWWIRVVHG I
UHPRYHWMIQAWXUH DQG RWKHU DGVRUEHG JDVHV IURP WKH
ZHUH FDOF X O\DOHHG PXWLIQRG IURP WKH GHVRUSWIZRKE® EUDQ
LQVWUXPHQW FH[OPELQBELR\QXXD D JV WELG MNP D Q GERVEED IHWNG
IURP WKH WXSEBRPHULWLFV ,QVWUXPHQW &R USSCROLE DRV 1
ZDV DOVR FKHFRRBPEUKRKVDLQ JDFWLY G WiDA/KIFOULNE RVGXH LU VSHI
VXUIDFYD DKW HNQRZQ 'HWDLOV DJEHRXW WWE H RRYDLEBLKER) B WS RROU W
LQIRUPDWLRQ

. UD\ GLIIUDFWLRQ ;5 PHDVXUHPHQWY ZHUH SHUIRUPHG X
GLIIUDFWRPHWHU XVLQJ &X .. UDGLDWLRQ W N D@&H LQVYV
P$ XVLQJ VFD@SUHDWHIRRQG LQ WKdW RqUBEJIJMRIWRPR ORJI\ R \
+$&ZDV REWD LEAD® RVQQXOHFW UR @ DERY R ORRAHO 68

ZLWK VHFRQGDU\ HDQFEFWQ\RRYL \G\HVRIDF WRMFARISR Q7 (0 PRGHO -

) 7TKHUYUD\ SKRWRHOHFWURQ VSHFWURVFRS\ ;36 DQDO\V
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$[LV 8OWUD VSHFWURPHWHU XVLQJ D PRQRFKURRBWLF $0.
DQDO\VLV RI WKH KHPS GHUDPY Q& GODPB QHM YISHAWURVFR S
1LFROHW  5DP®BQ VSHFWURVFRS\ PFHOMRUREBQ WY .RHVUHU
2SWLFDO 6\WWHRUWRIH[FLWDWLRQ ZD Y&OW@INXKORWH GRPD
RI WKH $& FDWDO\WWYV ZHUH PE®DMXBHGOKY 5QP DQ5MOHVWIR
WZR DGGLWLRQDO ZDYHOHQJWK7 IOBDYRRMDYLORWWIEF DQQP
ZDVRQGXFWHSG RQV\WWHPVK D KHDWLGY RIDQVHJRP DPELHQ

WHPSHUDWR UK WRWK D IORZ UDWH RI PO PLQ

SHVXOWY DQG GLVFXVVLRQ

7H[WXUDO S UARUSNIRW DRDSWOLUWPHL ] L Q J RVIK Bl QD SSSROLAEPW PR HU LD O
SURSHUWLISWHRIDH$KG XVLQJ K\GURWH HOUL R DVE-OSIRMFBIIHY L Q J
DYHUDJH YDOXHV DUH UHSRUW HG LDV W HNBKGES RRKEDWADY IQUH\G/ K U H |
KLIJK VXUN RHDBHWM DY DWHBUD 2422+ GHPRQVWUDWHG DGYDQV
1D2#4Q SRUH GHYHORS®R@INMGRT BIQRFKDQJPXLU WXUIRWD \D U
LQF UHDVOFUHDKRFEXID U W B WKHYRLW XUH RRRIPQH WDRSER\U H
YROXPH D@GIRSRWKH ILQ IO \S URGEHD WIRMEY R FYX DUV KH VLV
WHPSHUDWXUH

7TDEOBRUH SURSH®YWLHV RI

LRI "HLIKW % (

VIQWKHYEWLYDWIPQRFKDWXUID SRUH

WHPSHUDlXNBM]lHlEDWQBEWLYDWIDQHIDDUXHUDIJDIID:WFRP%XPHVL]H
R& UBJHQW P J QP

r_[ QJPXLU3RUH $YHU

6DPSOH

+HP
GHULYHG
%LRFKDU

2+
2+
2+
2+
2+
1D2
1D2
1D2
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TDECHRPSDUHYV WKH % (7 VXUIDFH DUHDV RI DFWLYDWHG FDL
WKRVH XVLQJ GLIIHUHQW IHHGVWRFNV DFWLYDWLQJ UHDJH
VWX®ZY®QJ WKH KLIKHVW % (7 VXWDNVHIEQHDIROO\ EFMOLHYHCG
DFWLYDWLRQ SURFHVV RI DQ\ FDUERQ PDWHULDO HQKDQFF

VXEVWDQWLDO LQFUHDVH@Q VSHFLILF VXUIDFH DUHD

TDEOMO(7VXUIDFH DUHDV RI DFWLYDWHG FDUERQV SUHSDU
ELRPDVV DV IHHGVWRFNYV

%LRPDVV I $FWLYD' % (7 VXUIDF ¢
:DOQX\: &
6XQIORZ . &
20LYH: &
5LFH &
*OXFRVH R

3LQH.: &
*OXFRVE:

2UDQJ ¢ &
*OXF: .2+
3DOP GL: 1D2
'"HVHUVWV: =
5LFH + 3:
+D]HOQ .. .2+
*OXF: .2+
6 XFL: + 3.
*OXF: 1D2
6WIL: .2+
5\H V' L2+
(XFDO\SWX L2+
&RUQ: .2+
+HPS EDVW ILE L2+

JLIXWBHJ R YWEHYG VR UGHNMARWDSWLRQ LVRIWMKE SRWIBWL]H GLVWU
RI+$& ZKHUBEZDWUHSXVHGLIIHBHRMNRU. 2UDWOLWRVDQW KHV LV

WHPSHBDW&BBO WKH DGHARRISIW RRHD[ K MRIWWKSHJ P9 LVRWKHUP



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 April 2018 doi:10.20944/preprints201804.0372.v1

D W\SH ,9 K\VWBEHR/ULELQRRBR ,83%$&QF O/EWVH BLENDWKIURID U D Q J
IURP WRSH ,9 LVRWBBRUPQGLFDWLRQ IRU VBKH HORBWBQ |
PHVRSRUHV LQ WHHHU BB WX KMV W H QL IEDRABIR YRS PD W LR Q

DV\PPHWULF VOLW VKDSHG PHVRSR UHNVQREBM\Y ULKEEX@DHEM\H
W KDV EHHQ REVHUYHG WKDW LQFUHDVLQJ WWHK H DAM [\R XU [T
SURSHVWWHMWH DUHD D QG JSR.U HABVRWOR BX W H @& KAHR FLKLFIUH D \
HITHRWWKH DRYBPUHRWL QEKRFXRUIDFKEYHDWLQJ PHVRSRUH\
PLFURSR@MHW XQLTXH PHVRSRKHRXS BANRHEQGNXUHERWHY WR W
VSHFLILF VXUIDFH DUHD D QGLRQ L RUHP DFRAULHY [V WG Q@ DWW RIS 1 |
DQ LPSRUWBQWRBBWRUQJ WKH VSHFLILF VXUIDFH DUHD DQ¢
DFW L YZDW LRQH Y L R X VHOQ KEKBR Q BVRSMAHYLRXVO\:BRQ IHWPBG E)\
> @ZKLOH ORZ W H P IQRWDIDUWHRK ZBEBOH WR LQFUHDVH SRUR\
UMH EHWZHHQ W KD DERVQ Y PMRRXY [POGV:H @R BW D LI)GIG HVMK 1D GK L.
% (7 VXUIDFH DRUHIRU PDNLQJ LOQWHUFRQQHFWHK& GRUERD QI

WKIOHWLYDWLRQ RI ELRFKDU ZLWK .2+
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= (i) Biochar : KOH = 1:1
~ii (i) Biochar: KOH = 1:2
T ~ il (iii) Biochar : KOH = 1:3

\ |
K» Attt r———————

2 5 8 11 14
Pore diameter (nm)

dV/dD pore volume (a.u)

Volume adsorbed (a.u)

0 0.2 0.4 0.6 0.8 1
Relative pressure (p/p°)

JLIXUHLW U R BW® UGKWLRIDS W L RO/ RRIKHH WR|H GVR/MBELE X W LR (
LQVHW

3RUH VL]H GLSB RILE$\& ISRUGRSD Q Bl G EIL R B K DWWDRV.IRARW K D W
DOO WKH VDFEQBVY KRX IS PUH VL D GRAM U B BWLWR QK LW R Q
UHVXYOWQWULJIXLQXIDIX®\L BBV RSB RIBRRM\D WA DG +D BHH G
UHSRUWHG WKH DYHUDJH SRUH VL]H RI APV R D B MRL YOIX\
VKHOOV YLDLBIGFRZDFKHPLFDO 7 KH VDPW LB TMMXRROY HS R U W F
DQYHUDJH SRUH VL]H FIIRU DFQWG Y DWRYS FDRHERRXVN DV D IH
XVLQJ .2+ RDDBFWLY DI LHRWA\@QWKHVL]HG GLITHUHQVERQSHYV F
IURP VR\EHDQ RLO FDNH DQG UHSRUWHG WKH DYHUDJH SRU
ORUSKRRIRDJ\PDWH U LDI®AWMRU EWXFRBSOLFDW LRE$&ZIOW PR U Sk
LQYHVVDIQIEBW H 8 H Q MWIKKGIHOQRE J X UH.J X WHK R ZV (W KLHP B RHW K H

REWDLQHGREKMDS+ XD QGJI GLIIHRIHBVR FKODND WAR E 2 + F
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DQG GREWKIHIYH@XUY$SRFH PRUSKR ORLUILHWHIBMKR VHUNR P
ELRFRRELRFKDU VXUIDFH WV HIRKODU 2\LWK W RQ 'S DD W.LHF G3HM HI
KROHV ZWHKIS&DAXUIDFWRHRRIGKRXV QDW XUH GO URIMU E R QRBIRA
FROQWHGOWGLIIHUHQFHYV LQ PRUSKEORFLHDQBPRQINXJIHVW W
SOD\V DQ LPSRERVBHIWHORSOPHRW RI WKH UHVXOWDIQXW W DPS
D VKWEMO LPDJH RI ELRFXDWXWHKHUFHDNQG V\® KIMKKDW L QJ
+$& XVLQJ GRHUDWRBRFKDU GRHY QRW KDYH WQY SWHBVFDKH
REWDLQHG XVELRIFEDHU KDW@WSRR XV VWIDEKEWROUH V WKJ X F W X
DG YD QW D DHRA/RW SRUL R QER $ UF R W.ISADWIMPIRM W (0 DQG 6 (0
L P D JHR/U U R BARKAD YWHH V X ® WHW>D@R XQ® LPLODU PHVRSRURXV \

DGVRUSWLRQ DYHUDJH SRUH ZLGWK QP RI DFWLYDWE

)LIXUKB(0O LPDJHV REWDEOQRHRKDU DQG +$& REWDLQHG XVLQJ
ELRFKDU WR .2+ E F G
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JLIXUH (0O LPDJHV RI D +E&REWDHVIHEE G U DNMUERMMNRK R U
.2+ E F G
© UD\ GLIIUDFWIDRQ/ME HWHUPEQHW WK®G O L & H $\&W UXFIWHX U H
VKR KWHPDOO DQGJIJDMHUIH SDWWHSE QWD PRSIDKIMKWP D OO DQJOH
SDWWB0OQ VRKNIUHH VODWEBBHRUWRDGALERYWRI RUGHUHG KH[DJRQD
> @KV W\SH RI VPDOO DEFRIPSO EBbRNGHOPW LIQY FRPPHUFLDO DFW
LQGLFDWL®J VROJODFQJH SR@GTKY VBMXRWNUHE LQ
JLIXUFRUUHYV SRIQH O PARRJ S KR XV WHODWHE RTKMWWBWDN DSHDWURD G
RLV DWW UL BRWNGRW R KHK HU DS (@il RAMH. VL UEXEINPUHIQ F H V
ZHWREVHURHSD' SDWWHD®K WS H V W IDIFSADRHIY X J NWRAD W W K H
GLITHUHQWFWDRDWLDWY @RI DJH QWRID@PH EWRFKEBBWWRH VWUXFW XL
FKDQJHV RILPE®DU ODUJH DQJOH ;5" SDWWHUQWRIUHWKHIJHS
VIQWKHVLY RI PHVRSRURXY DFWLYDWHG FDUBRQ/WJRIPZZDVV

vl
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J)LIXUHDUJH DQJOH DQG VPD GO \IWNRHMWER QVHW ;5

7KM$&VDPSODHWH FKDUDFW HULLWHKGWE\H) 7, S HALW X DHK K RZHID NQ
DW EF DWWULEXWHEGIKROZQWKH SHDNV DW [
DUH DVFULEHG W R IDVAPHPHHWWUMAAR B&HAW U IVR PEPH W U/LVEE USHHW F K L Q J
PRGHV 7KH SHDNLYWWW UALFEXWDE YR U RDABPBHEWULFE EHQGL
PRGHV 7KH SHDNFDW EH BPYlJQECGDWR EHQGLQIED A G 8D+
PRGHV 7KH SHDN\DWW W URLE X/RFEQEIBUEQI PRGHYV 7KH S
DW ER PDLQO\ DWW ULE X WHVG MVR F BIRD B KRRIELHE D QW G L 11t
LV REVBIRR®SE WKH VSHMPSD HRY WKKHVYHVWLQJ VLPLODU VXU
UHJD URBIVMWVE LR FKDWD WRR. 2SUHVHQRXQR WY R PKZO WORK S V

UHSRUWHG E\ % DUARBRNDHURWDDOIUDQXODWHG DFWLYDWH:
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T
L
(@4

$EVRUEDQFH D X

:DYHQXPEHU FP

YJLIXUH757,5 VSHFWUD Rl KHPS GHULYHG DFWLYDWHG FDUE
UDWLR D E DQG F
S5DPDRH¥FWURVRREGADR WQKH RUGHUHG DQG GLVRRMKHHG FL
KHP$S$& )LIXURFRPSDNWKIH 5DPDQ WBERBEWWHW RYHG DFWLYDWHG F
FROOHFWHG QN LODQDIY HWKH SHRWWKH D EDQBPIFRUUHVSRQGV WR
ILUVW RUGHU VFR®AVBQIGQUVRUKODWHG BRR GMKGH FYOLEERQV DRV
7KH ' EDQG P®RVDULVHV IURP D E U HDRALIKQMDREIRRBMH BRIHW U\
> @’KH ' EDQG FRUUHVSRQGY WR WKH DPRXQW RI GLVRUGH
HGJH FKiUIDOLBHNFRQYROXWNQJ WKHHVLIQVBHQV LW\ ZAHDMWLRYV R
F D O F XIDGVEIBMDHTGD E7&HH VD P S OMRK/HIUWRRRELR FKD WD W B Q&5+
GHPRQWWHD M@ HQVLW)A IRDWLRKLFK LV ORZHU WKDQ W

REWDLQMXHURPWLR RI ELRFKDU W H D.awwWrRWB K WEHLYIHKO R |
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GLVRUGHU VXFK DV GHIHF®\Wo HVMMEBEHNX Q@ & LKAUKIMDW KD O
):+0 Rl * EBQGQFUHDVHGWMRRFP ZKHQ WKH UDWLR Rl ELRF¥
GHFUHDVHG IUR®VY UHWRHZHG E\ 8 D&/ RRMIUBHE UHDOHD@W V

DPRXQW RI GHIHFWV IRU FDUERQDFHRXYVY PDWHULDOYV

z

&RXQWYV D X
FFF

DYHQXPEHU FP

J)LIXUBDPDQ VSHFWUD Rl KHPS GHULYHG DFWLYDWNG FDUE
D E DQG F

VKDV BEHHSR UWHIGH WKDWWDOOLWH GRPDLQ VL]JH /D RI FDU
FDOFXODWHG RWQLOY & KH HKHMWLD OLQHDU EH&O DAVILRQVKLS
YD QIQGW KH W D W L R QUDIIHORIQIW®P QP ZKHUH &QP DQG

& > @Q RUGHU WR VWXG\ WKKIH+& R PIDLRES U HNH RVIKW K5HD P D Q
RI WKHVH VDPSOHV ZHUH DOVR FROOHFWHG XRLQJQWZR RWI
DQG EFWSHFWLYHODQGBRHD QXHVH FDOF XM VWHEWHXG L) 7DE

$FFRUGLQJ WR WKHVHVUHVXWWH VI RS OGKNERREIODQ HER | URHP

io
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UDWLRYV RI DUBQGPLODU EXVREOWDOEHENRBIQDW KRR H2+ UDW
7KHVH UHVXOWYV DUH L® IBBR 0O D UHVEPRDMEZX WIKQ J W K H
ODVHWKHHVWDOOLWH GRPDLQ VL]H GLG QRMR FKDQ MRP XFK

FKDQJHG IURPEXWWERHFUHDVHG EKRRKW K HW\KRDQW#HRS RV R

7DEOBDPDQ UHVXGW W BRP S\CKHHV R EGALDIHEHHBRPAKERP WR .2+ UDWIL

Q Q Q
E FP o /D C o /D C

5D W LRY—

7KH VXUIDFH FKHPLVWU\ RI +$& ZDDA BSKRWIRFOHHIFW I G QX WIS
36 ;36 VXUYH\ VSHFWUD RI 9$& XVUIH/QWEXP®R U X |PH® Q G

7DEOWKRZ WKDW LQFUHDVLQUDW®RUHIRFHKD W MHR DIMRPLF SH L
IURP W R DQG GHFUHDVHV WKH DW R6RIPA G B'Y AMHIQHVIX
ZHURRQILUPHG E\>T@IRWMVQWIOHVL]LQJ DFWLYDWHG FDUERQ
GLIIHUHQW .2KHUDWRRVF SHUFHQWDJH RI 6L DOVR VOLJKWZ
ZLWK LQFUHDAMLY WHBWQRBVPRVW DEXQG DAXU FHEBREGOW LQ
V X E V WIDRRXIMBD B O DN @WLIKHU VRARZOWHOSHG WR SUHFLSL\

6lIRQ WKH VXUIDFH RI +%$&
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JLIXUHD ;36 6XUYH\ VSREWDD QRGG IK&V/UBWWRM RKDU WR .2+
L LL LLL +LJK UHVROXWLRQ & R¥EW;BBQWHIH KW UQ
GLIIHUBWWR\R RKDU WR .2+ D E F

7TDEOSIWWRPLF SHUFHQWDJHV RI WKH HOHPHQWY SUHVHQW L(
ZLVGKITHUHQW ELRFKDU WR .2+ UDWLRYV
SDWLRYV $WRPLF SHUFHQWDJHV

& 2 1 6L

7DEOBHODWLYH FRQWHQWY Rl FDUERQ VSHFRBV SEDMMBQR\Q
36 VXUYH\ VSHFWUD
5DWLRYV 3HUFHQWDJHV RI UHODWLYH FRQWHQW

&& & & &2 & 2 2 & 2
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7KB V ;36 VSHFEFWUD RI WKH UHMXRUE QW +BRIAMCOAM RE Q ROQU
PRVW SURPLQHQW GHFRQYROXWHG FRPSRQHQWYV Rl WKH &
FRQWHQWY RI FDUERQ VSHFLHWKSI& WX AR WASD HENH FDNHHEG
7DEOBMKH ELQGLQJ HQHUJ\ RI H 9&L V& DWW V)G ERWE @ W R
ORUHRYHU WKH ELQGLQJ HQHUJLHV RI D QG H
2+ & 2 DQG@G2 REWLRQDO JURXSVA@URARNRWXKWRQ Rl DOO
VSHFWUD UHVXOWHG LQ D PLFIRU B H D S ROFSHRIVEHEERDME He: & H 9
ERQGYLIXUB F DQGHFRQYROXWLRQ RI WHE&U& VX OBHIIN R
WKUHH SHDNV ORFDWHG DW ELQGLQJ HRDKIWFHDMWRLEXWHG
WKH2& & 2 DQG22 8XQFWLRQDO JURXSV UHVSHFWLYHO\
VSHFWERPRHUFLDO DFW KRERXIGP EFOROFERRRID\H ¢ KDW FRUUHVS
FDUERQ DWRPV LQ GLIITHUHQVWR[\X&BDWWRIGD&® DWR X S& HW KRIUQ
LQ DURPDWLF UbDPRQMEKHDELQ & H9 IRU HSR[\ DQG DONR]J\
H9 IRU & 2 DQG WKHFPDERRHDWRH: 2 > @5HODWLYH
SHUFHQWDJHV RI R[\JHGINVWHGE UXQ KW LREQBKG KR BA. 2@ JU D W
ZKHUHDV R{KHIQR® IXQFWLRQDO JURKSEWVBILIKWO\ GHFUHD V|
7*'7$ RE$S&XQGHU QLWPRVBERW UK YHVWLIDWHG IRU WKHUPD(
VKRZQLIRUH R LIQLILFIM@®WVWDDV GHWHKRWHG BAKHDRO ZDV KHIE

R& HIFHSW D VOLJKW PRVAKORK Z EVWCOWARY WIKEX ORVYV RI ZDV
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JLIXUH*7$ FXUYHV IRU KHPS GH U IREAGDD BVEE VPN IFFDW R R Q
ELRFNRY D E DQG F

$V VKRZQ DERYH ERWK .2+ DQG 1D 2 b FRWRWYLGHA EDKHEPEQ | D |
ILEEURFKDWKHU .2+ RU 1D2+ D UBVEGIHDH \HGYUHDGN W®JI COFMA QW V  Z K
WKH S\URO\WLF GHFR RSRWIPDMRLR Q RG WQHKIL BXKXYV HQKD QF L
,PSUHJQDWLRQWRR V2KH EVRFKBWXOWY LQ GHJUDGDWLRQ RI !
WKARQUERQLQEWGE RQHKWERIDWLRQ WKDW UHVXOWYV LQ FKDUU
FDUENRMOMWRQ DQG FUH IVWIURG V@SRIHK HV B/RIKFEMAX UH ZLWK UF
VXUIDFHVDIRHER HI. JRUR XV HYR OX\8 URG >RA WD \GHRAMMY.D W2 1R

$FFRUGLQJ WR WKH FKHPLFEDO @IPW LY DAXURQVRHFE WKDAR G X
WKH FKHPLFDO UHDFWLRQ EHWZHHQ .2+ DQG FDUERQ SUR
. &2 IROORZHG E\ HLWKH &2 R BRIPHSIRFM WR B®IRIW K FDUERQ

WKH SURGXEWDLB @ RWHQWLKCHO O R REBM Q PSSRUWDQWO\ DFFRUC

io
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HW>D@ SRWDVVLXP QLR SRUBREX}NWHDW OL QW KH D\ IDEM DUHD
SURGXFHG SRWIRWPRGPWBHWRP®DW LR Q 8SRRS ROUGI® W.RHQW Z L\
DIWHU DEFWLYDWLRQ WKH UHDFW ER © SIRAQEEH D@ XHRXD VVR ® B
RSHQWKHR BH@$YV VKRZQ LQ 7DERXDG UWKIMWVZLWK LQFUHDVH
LQ WKH DFWLYDWLRQ UHDFWLRQ WKH VXU EHIHQ D UFHRID \RU Wk

ZLWK WKLV PHFKDQLVP

&RQFOXVLRQ

¥ +HPSLEGBHU KYH&O\ P HVIRSRIVVDWHGZDWEKRQDUJH VXUIDFH I
SRUH YRDXPHQWKHVL]HG

% 6\QWKHVLVY WHPSHUDWXUH RI LQWHUPHGLDWH SURGXFW
SURGXFW

¥% 6 XUIDFH PRUSKRORJRIQVLRP HB&XZD Y F FHKHUIPUBPDOSWWHRIK®L"

VXFK DW@(7(0 ;5' )7,5 5DPDQ DQG ;36 DQDO\VLV

$FNQRZOHGJHPHQWYV

7KLV ZRUN LV VXSSRUWHG E\ 1DWXUDO 6FLH@WKB& R(IQJLQH

&DQDGILR)XHO1HW &DQDGD

SHIHUHQFHYV

>@ $ -DLQ 5 %DODVXEUDPDQLDQ 0 6ULQLYDVDQ +\GURYV
DFWLYDWHG FDUERQ ZLWK KLJK SRURVLW\ $ UHYLHZ &KHP

>@ ; /L 6 /LX < +XDQJ+BXUSHWOQYI =BHQJ 3UHSDUDWLR
OHFKDQLVP RI 3\URFDUERQ J)RDPV &RQWUROOHG E\ $FWLYDV
$&6 6XVWDLQDEOH &KHPLVWU\ (QJLQHHULQJ
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> @9 .LP % .LP063DUN . & 5RK +LHUDUFKLFDWNH G/ WIXE
IRU XOWUDFDSDFLWRUV 6FLHQWLILF UHSRUWV

> @ + %D : :DQJ 6 3URQNLQ 7 5RRHQR : &KDO]R] (UMHR
& 3KBRX %LRVRXWENB SRR YDWHG &D U E R&H 0 DRWHPUDLDFRV
6XSHUFDSBHENYWRBENG 6 XVWDLQDEOH 6\WWHPV

>@ 5 %DQVDO - 'RQQHW 672(&./, 3$FWLYH &DUERQ " 0D
%DQVHO

>@ 5 %DUGHVWDQL 6 .DOLDJXLQH 6WHDP DFWLYDWLRQ |
ELRFKDU %LRPDMY DQG %LRHQH

>@ 7 7D\ 6 8FDU 6 .DUDJ|] 3UHSDUDWLRQ DQG FKDUDI
ZDVWH ELRPDVV - +D]DUG ODWHU

>@6 /L . +DQ - /L 0 /L & /X 3UHSDUDWWRQY DWBGFRDUE
SURGXFHG IURP JXOIZHHG E\ .2+ DFWLYDWLRQ OLFURSRUI

> @ 0 $IGKRO 5 $PLOLDQD $ +DQDIL 3UHSDUDWLRQ RI
8VLQJ .2+ DQG =Q&0 DV WKH $FWHYBWEBJ6BUHOW (RBYV
(QYLURQPHQWDO 6FLHQFH ,23 3XEOLVKLQJ S

> @ 5 6XL $6 5LINDOOD 3 $ &KDUSHQWLHU 6\QWKHVL
3DUWLFOHV %Y¥HOLRRX\WHRQ 6 XSHUFULWLFDO &DUERQ 'LR[L

> @ 9 6XEUDPDQLDQ & /XR $ 6WHSKDQ . 1DKP 6 7KRPI
DFWLYDWHG FDUERQ GHULYHG IURP EDQDQD ILEHUV 7KH

> @ 6 5RPDQ - 9 HEIOEDAD % *RQ]JiIiOH] & /DJLQKDV 0 7LW
ORERVW DGVRUEHQWY ZLWK WXQDEOH VXUIDFH FKHPLVYV
FDUERQL]DWLRQ DQG DFWLYDWLRQ SURFHVVHV OLFURSRU

> @ = /X =KDQJ 5HPRYDO RI FRSSHU ,, DQG SKHQRO Il
SRURXV FDUERQV GHULYHG IURP K\GURWKHUPDO FKDUV 'H
> @ 5 - :KLWH 1 <RVKL]DZD OLWQWLIRFQLHWWLYWDLQDEO}
QLWURBH® FDUERQ DHURJHOV *UHHQ FKHPLVWU\

> @ 7 3 )HOOLQJHU 5 - :KLWH 0 0 ®BHGLDWHG 0)RYPWRQE
&DUERQ $HURJHOV IURP *OXFRVH $GYDQFHG )XQFWLRQDO
> @ 0 )HU@DQEBHVPD 6 5RPiQ 3 %RQHOOL $ &XNLHU
FKDUDFWHUL]DWLRQ RI DFWLYDWHG K\GURFKDUV IURP RUD(
RUJDQLF FRQWDPLQDQWY %LRUHVRXUFH WHFKQRORJ\

> @) *DR * B6KDR < AX 06 :X 7DLORULQJ RIUSKRKROWEBR GV
GHULYHG IURP K\GWHRUIKRIIP DROF K VSHUFDSDFLWRU HOHFW L

> @ 0$ ,vODP , 7DQ $ %HQKRXULD 0 $VLI WLYHDPHH
SURSHUWLHYVY RI SDOP GDWH VHHG DFWLYDWHG FDUERQ
FDUERQL]DWLRQ DQG VRGLXP K\GUR[LGH DFWLYDWLRQ &K

> @ ; =KX < /LX ) 4LDQ & =KRX 6 =KDQJSURSKHQLBRCF
SRURVLW)\ RIERNGHLR BRN®R XV FDUERQ IRU WKHLU VXVWDLQDE
&KHPLVWU\ (QJLQHHULQJ

> @/ 'LQJ % =RX < /L + /LX = :DQJ & =KDR < 6X -
K\GURERDHG KLHUDUFKLFDO SRURXV FDUERQV IRU XVH I
HOHFWURGH PDWHULDOV &ROORLGV DQG 6XUIDFHV $ 3K\V
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> @ ( 8QXU 6 %UXWWL 6 3DQHUR % 6HGRNRIWKIH UPD@R
WUHDWHG ELRPDVV DV DQRGH PDWHULDOV IRU OLWKLXP L
ODWHULDOV

> @ < *RQJ + :DQJ = :HL / :LH < :DQJ $Q HIILFLHQW 2
VWUXFWXUH [EQWRGEKRKHWWPDO FDUERQDFHRXV PDWHULL
&KHPLVWU\ (QJLQHHULQJ

> @ $- S5BEBEUR 0 2X]]LQH5yGHQAMORS 6 RMODYRIV 6SKHULF
FDUERQV V\QWKHVLV FKDUDFWHUL]DWLRQ DQG DFWLYDWL
> @0 6HYLOOD $ % )XHUWHV 6XVWDLQDEOH SRURXV FDL
FDSWXUH (QHUJ\ (QYLURQPHQWDO 6FLHQFH

> @ & )DOFR /RBDWDURMRUQBEYV ( ORUDO®GRRUYVE&D]RUOD
7LWLULFL &DNRWH@®PY 7DLORULQJ WKH SRURVLW\ RI FKHF
FDUERQV LQIOXHQFH RI WKH SUHFXUVRU DQG K\GURWKHU

> @ 0 6HYLOOD $ )XHUWHV 5 GOURNED VWIRIWKDGH QWLW X K
FDUERQV IURP K\GURWKHUPDOO\ FDUERQL]HG UHQHZDE
(QYLURQPHQWDO 6FLHQFH

> @ & )DOFR -0 B6LHEHQ 1 %UXQ 0 B6HYLOOD 7@&9DQ GH
$PRUYWY 0 7LWLULFL +\GURWKHUPDO &DBHBRQNG |WBRKHRKK
+\GURO\VLV 3URGXFWV DV (OHFWURGH ODWHULDOV IRU 6XS¢

> @<6 <DQJ+ .&KDQJ «XDQJ ¢HH :+7LHQO 6/L <« /H&

+ /LX &0 OD &% +X $ SRZHUIXO DSSURDFK R\SR GD EWD § R MG
VKHHWYV ZLWK KLJK VSHFLILF VXUIDFH DUHD (OHFWURFKHP
> @0$ ,VODP 0 $KPHG : .KDQGD\ 0 $VLIYDWH® FIDHNE RC
SUHSDUHG IURP 1D2+ DFWLYDWLRQ RI UDWWDQ /DFRVS
PHWK\OHQH EOXH UHPRYDO (FRWR[LFRORJ\ DQG HQYLURQF
> @ + :DQJ = ;X $ .RKDQGHKJKDQ = /L . &XDJJRD®X 7
& 0% +ROW % & 20VHQ - . 7DN ' +DUILHOG 3 $MD\DQ
1DQRVKHHWY 'HULYHG IURP +HPS IRU 80WUDIDVW 6XSHUFD

> @ . )RR % +DPHHG IUDSDWHDW.IRQY LIROGRAKDFWLYDWHG
QXW VKHOOV YWPOGREHGREZONPLFDO DFWLYDWLRQ %LRPDVYV

> @ . )RR % +DPHHG 8WLOL]DWLRQ RI ULFH KXVNV DV D
FDUERQFEHRPDYH LQGXFHG .2+ DQG . &2 DFWLYDWLRQ %L

> @ < IX 6 =KDQJ - <LQ & %DL - =KDQJ < /L < <DG
OHVRSRURXV DFWLYDWHG FDUERQ PDWHULDOWNYBHLWKHKOMWB I
VXUIDFH DUHD IRU KLJK SHUIRUPDQFH VXSHUFDSDFLWRUYV

> @ ' =KDR - )HQJ 4 +XR 1 OHORVK * + )UHGULFNVRQ
7ULEORFN FRSRO\PHU VI\QWKHVHV RI PHVRSR RPXYRWIHDL F D
VFLHQFH

> @/ =RX [/ /L + 6RQJ * ORUULV 8VLQJ PHVRSRURXV FD
GHVDOLQDWLRQ :DWHU UHVHDUEFK

> @ 6 6XJDQXPD . 1DNDMLPD 0 .LWBQRDI'D¥YRPDOXFRIOWUD
+\GURO\VLVY RI FHOOXORVH E\ DPRUSKRXV FDUERQ EHDULAQ.
RI WKH $PHULFDQ &KHPLFDO 6RFLHW\

> @ - %DUNDXVNDV 0 "HUYLQ\WH ,QYHVWLIJDWIRRQ RI W
DFWLYDWHG FDUERQV -RXUQDO RI WKH 6HUELDQ &KHPLFDC

~ s
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> @ $ 5HLQD : -LD - +R ' 1H]JLFK + B6RQ 9 %XORYLF 0
DUHD ODMEU JUDSKHQH ILOPV RQ DUELWUDUVIMXER® UDDNHRY
OHWWHUV

> @ < /LX < =KDR . /L = :DQJ 3 7LDQ ' /LX 7 <DQJ

GHULYHG IURP FKLWRVDQ DV DLU FDWKRGH FDWDO\VW IR
_-RXUQDO RI 3RZHU 6RXUFHV

> @ 6 ;X [/ <RQJ 3SRW 2QWHQ UDSLG V\QWKHVLV R
QDQRSDUWLFOHY UHGXFHG JUDSKHQH R[LGH FRPSRVLWH :
R[\JHQ UHGXFWLRQ HOHFWURFDWDO\VWV $&6 DSSOLHG PD\
> @ 2 ODVORYD 0 $PPDU t SRXABMBWBqWBHPRQ 'HWHUPL
FU\WWWDOOLWH VL]H LQ SROLVKHG JUDSKLWL]HG FDUERQ E

> @0 ODWWKHZV 0 3LPHQWMVVHOKDXNORDKYGR 2ULJLQ
HIITHFWV Rl WKH 5DPDQ ' EDQG LQ FDUERQ PDWHULDOV 3K\
> @ = 7DL 4 =KDQJ < /LX + /LX 6 'RX S$FWLYDWHG I
LQFUHDVHG UDWH FID\WDLELFO LRV IRWWKHI 'S RD UER Q

> @ 0 .HHSLQJ 2 5H\QROGV B6LOLFRQ LQ DJULFXOWXUH
JURZLQJ DSSOLFDWLRQ $QQDOV RI $SSOLHG %LRORJ\

> @' <DQJ $ 9HODPDNDQOQL B6WRRJRHNDX5 6 BIOQHNI 06 6W|
XQJ '$ )LHOG & $ 9HQWULFH &KHPLFDO DQDO\VLV RI J
FKHPLFDO W UHDBAPSIQRWYR E\OH F\WDRIDQDWSHPWRIRR/FRS\ &DU

> @ 0 6HDK TXMLYKMDIMAOLOMVLV RI VXUIDFHV E\ ;36 D UHYI
$QDO\VLV

> @ 0 6PtaHN 6 yHUQé $FWLYH FDUERQ PDQXIDFWXUH
3XEOLVKLQJ &RPSDQ\

> @ 0 AyBHODV ' RARBYODBQDBROWQR 8QGHUVWDQGLQJ
UHDFWLRQV EHWZHHQ FDUERQV DQG 1D2+ DQG .2+ DQ L
PHFKDQLVP &DUERQ

> @ 0 AyBORDV -XD@DQ &BPRWID $ ARODUGR $ERXW UHDF
RFFXUULQJ GXULQJ FKHPLFDO DFWLYDWLRQ ZLWK K\GURJ[LG
> @ / 0 9LFXOLV -- ODFN 5 % .DQHU $ FKHPLFDO URXYV

bl
el



