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7UQVIRUPBRWIWKM SK\OORPRDQDDQMEWRPDQIDQDWHYV ZLWK
WXQQHOQDWIRHDEOH JHRFKHPLFDO FRQGLWRRQV DQG ID

“KRQJINXBQ %UXQR FDORQOKPOI XELQ :HQIHOQMHQJ
+H)DQ /EX

’#ROOHJH Rl (QYLURQPHQW =KHMLDQJ 8QLYHUKWIQW\ RI 7H]

EHVDERUDWRU\ Rl $UDEOH /DQG &RQVHUYDWLRQ OLGGOF
5LYHU OLQGIVWAKXORVXUH &ROOHJH RI 5HVRXUFHV DQG
$JULFXOWXUDO 8QLYHUVLW\ :XKDQ &KLQD

FSQLYUHQREOH $OSHV 8QLY 6DYRLSIQLRQOIM BOD QLF | A 56
,67HUUH )*UHQREOH )UDQFH

&RUUHVSRQGLQJ DXWKRU
EUXQR ODQYRHERDBHWIWLMUDQ#PDLO K]I|DX HGX FQ

.H\ZRUGM) R[LZXHOORPDQJD QD WH URQUHYREWRRPD QJDQDWHYV
&U\SWRPHODQH (L(BXWVNLMMWULF DFL&SREDBWWRPHDQVLWLRQ

'DWDVHW R UF RGW\D IDQMV LEFKOHP L F 36 ERRIR D UWWLE P\WQ G &R
HGJHV GDWRHPLFDO DQDO\VIBVWISHRIDW@ VWL F DFL
'DWDVHW LV PWOMSODEGEWBVEBEWOMBWWVFR Y VY
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$SEVWUDFW

7KH SUHVHQW ZRUN XQFRYHUV WKH JHRFKHPLFDO FRQ
WKH WHFWRPDQJDQDWHY IRUPHQGAUWRRX®DSHRBMGGSWHEXW!
WKH IRUPDWLRQ RI 0Q R[LGHYV /DQ\IRE/DXIOD @ L HHOW IDURHQ PLHY
XQGHU RIHMWXBDO FRQGLWLRQV ZKHUHDV ORZ S+ FRQGL
WHFEFWRPDQJDQDWHYV ZLW&R WRKDEWFRUEBS WH HRUHDLRIQW \RT 0Q
LQ YHUEDGQMWNMHWK UNWRPODRD IS+ FIR@AEK M VKEVHTXHQW
HOKDQFHPHQW RI 0Q ,,, GLDWSIURIS RMXENVRIPRWQRQ WUDQ\
FROQWULEXWH WR WKH IRUPDWLRQ RI WHFMHCPRIQ JIDQDWH
IRUHLJQ HOHEH@WY WKH SKVWRRPWRPDQDWGDWH PLC
WUDQV IR WDRDRMIFBRIUWD QW B VO HBWCRWW RWWR URIWMPKCHAUL RIQW K
WKH LPSDFW RI WKHVH HOHFRBHVUHG @ /& iV WY QRO |RQY RID M
LQGBHELYRWDO Q MO HBIRFKRHPLFDO F\FOLQJ RI WUDQVL!
&RWKDW DRVWHWRWQJ DIILQLW\ IRU MWK HWHVPHQMUB B NS HFEH
ZRUN VWRKBMWH IRUPDWLRQ RI WRGR KRINDOMDH G IRUW X GQH O
QVXWLWH LQWHUJURZIPHIPWHYTHQWLDOO\ X@RIHFWHG E
HQULFKPHQMRI WKH LQLWLDO SK\OOHRBRBUDHD R QUWWHINE
UHGXFH WKH FRB/GIQW GRUVABRQWHG 0Q ,,, RFWDKHGUD L
KDPSHU WKH SK\OWRRPD/OMIDQDIND WH) L\QDD@R |RWPDW LR
UHWDLQHG LQ WKH VWUXEFWXUH RI WRGRURNLGMU DQG K
FLUFXIPXWUDO ERIQGH DM BOMWVKH &R SUHVHQW\WL.Q OD\HU*t
LM[SHOOHG RXW RD Q\GVIRWEBIBHTRURMUEEEHWBDFLGLF FRQGLV
7KLV HIITHFW LV LQGXFHG EWR/KH RFVEXKHG U\DWDEH. Q@ MWW HR
SURSRUWLR@KPIUERU @HWNDJBVWXURUHWYHV HIIHFW LQIC
VWUXFWXUDO LQFRWSRQ RJLWOYRPIEBRWHDO UHOHDVH WR



52

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

1. ,1752'8&7,21

0DQJDQHV D RHLBRIFP R P D Q JIBQ KRR Q RSO0 AFINM D &/ L F
IRXQG L QDIQWX-DUNILHY W U L D @ HDQWHLWARYQ PIKVQ WY +HLC

%RGHW HWSPRQJ WKHV B DRHRHGBENK\OORPDQJIJDQDWH YV
ELUQHVVLWH YHDQPROmMEHEXWKDRBKRHUEWREDWBEDQDWH'
PHGLX%XP KROOD®OLWEG FU\SW.RBEQOBQBWMX QS HO
WRGR@RNDWMWUDFWHG V SHAL VX \DMDAL DG LIRQVHUHVW R LU
UHVXORWKHLU XE DT XMW \D®WXUDO HQWKWRPPRQW V
HQULFKPWQIQVQW L RQ IPHHBAUDADK/ HDAHERHQW N QG % X UQV
2 VAN O G +HLQ HW DO DQG 3WKRMHY LQIOXW®AH RQ
WUDQVSRUW D QIEQUE\N H JFERQRW D P Q @ B-QWIVH 3RVW

%\ FRQWWHEWR P D QU WY& DWHMHD T VLPHVYRO XV LWH
UDPVGHOOLWH ILQWBUUDRE WEWR = 2 \VFXM WHHN 30RO W

DUH DEX® 0 R QMR H3HHS RARWO/G ZZGHNHU HW DO 7X U
DQG %XVHFN 3DUELANMROQRDQG UHIHUHQF®IV WKHUH
DGLWLRQ WR WKH ZLGHVSUHDG XVH Rl PDQJDQHVH LQ PH\
DUH PLQHG IRBKMRHFIDOHS WWIRWFABYWRP RQIMWRBWHY ZLWK
WXQQHOT WUWPHN) DQG % IKHFENXVNBUROWQMWREDHH UP
VXSHUJHQH ZHDWKHULQJ Rl WHUUHVWULDO DQG PDULQH
1LFKROVF®G UHIHUHQ P\G W R BHHLDSEHRDDDQ@) RDUGRQDW
DQG VLOLFDWHV XQGHU KXPLG WUWRBNFDBWRW OVXEWURS
'"HNRQLQN HW,QONKHVH FRAWR WD Q J D QLD/W®IRMR LPR-CD/DLVR QV F
LPSO\ OD\HUHG SUHFXUVRUV GHVSLWH FRQWDDGLFWRU\
HVO  )RUPDWLRQ RI WINKWR P/QQ B RWIDAMUHZBWHFXUVRI
DOVR UHi$8HWLHGI QW B@®/OD O /XR ORUH) QHQHUDOO\
WFWRPDQRUPDWHRQ IURP SK\OORPDQJDQDWH SUHFXUVI
DWW HQRNMLRQY HW DO DO JH@BXH®Y HW DO %RGt

RZLQJ WR WREWARGERW WKLV IRUPDR LVRIQH SOQDWKXZ DD (
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DEXQGDQFH RI W HRW,RPLQ DG IREIY RFWRRBGUDODY WR
UHOHDVH VWHULF VWU DVH@\O B U L/IL\)W R U R/R. RMXERG- BRIQ,, RF
OD\WIUQNDVRJWKHVH VWUXF\VD%S B O 0 PERWOINABIEKQW V V P
IRWKH IRUPDWLRQ RI WHFW RRD® PHEBIXKEN BOR ¥ K QQIVO D U J +
WRGRURNNWHY HWDQRG KROODQGLWH EQVUSMRRP H® D

,Q QRGXOHV DQG FUXVWV 00 QLG H RHQQE HIKFREME W UMK
HOHPHQWVRRKRRRUSYIUWRERR XV VXEVWIUXEWKRQO LQFRUSR

RULQWLPDWH DVVRFKDEWLEE @G WKVXOWLQJ ARIQH\HH W U D W
HOHPHQWYV VPIDY HUHDW KB\ WDFRH.Q W % XWQW DQG ODXQ FHDX
HW DO +HLQ HW DO 3RVW ODUFXV HW DO
3HDFRFN DQG 6KHUPDQ 7R\ B WLKH Ul &ZR MR RIQVK H
PRVW FRPBPBQVLWLRQ BMWRRLD WX MMAUKK FWXUDOO\ LQF
LERWK OD\HUHIPR[QGAMXRQHO O0DQFHDX HW HLD
HW DO OF.HQ]JLH .D\ HW DO $VIHXDQ HW DO
‘X HW DO &1L HQULFKRUQHWSWWSLFDO IRDOWKIG VR
SK\GUR JH@M W [IFGHRO DWWL HW DO & K REKRQ@E R-@ HWD
DO 6 SHFLILAXUGDMHD O LIGE ] RW 8RQ, ,RIEQ ,,,DQG
VXEVHTXHQW PLJUDWLRQ@ @, RRW D KVHGDHERDRXHRIR | R U
HQULFKBH®KO O R P DOQIDGIWHNW L3 D QR BB xDQ G
&R ,ROQ ,,, VXEVWLWXWLRQV DUH VWHULFDOO\ IDYRUHG
IURP WKH SUHVHOQFGHRI GDKWRUWHG 0Q ,QH JDRWLIYKH G UD
L Q| O XEHLQRHFRQLWH VLR Q WRL W R GRW BINQ WHID X HW DO
*DLOORW HWinDed al., 2015;:X HW DO ,Q DG GKWIIRRX
FRRQFHQWUDBMWRQWD\HUHG 0Q R[LGHV FRPPRQO\ OHDGYV
DVERODQH DV EKHKWKUIFEEHG ESUHFOXGLQJ IXUWKHU WKH W
WR WXQQHO KHQUWKWYX UHYD Q V | RUKHEWSHUQ. ARHARAK BR O \
FRQWHQW &R DW HVVHQWOQDWION VRWEEBHG KBYHQO\ SUHVHC
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REFWDKHGUDO VLWHV VKDULQJ RQO\ HGJHV ZLWK DGMD
WRGRUWRNEWHDO ‘HJRU]JHZVNL H&RPD\ DOVR EH VWUXFWX!
LQFRUSRUDWHG LQ KROQDOGLWH $0VEKRRAIKODIMRUHG L
WHFEWRPDQJDQDWHIY DALV K HGLXP WXQQHO VDMWYV &R FF
>&R &R 0Q @ KDYH D O V@D EWSHIER S B W HIGHFQX D H W
DO

7JKHIDWH RI &R WEXULPUDQVIRUP DW LRUWH FIXJBRAR WO\D \H U H
WHFWRPDQJDQDW MMRPZLOWK W K QHFD L\ HYRRUO\ GRFXPH
KRZHYKH SUZHR/GWKWY YV D 5RHISIIWXWLWH D QERRRWIGHIQ G L W H
&RFRQWDLQLQS UWHRXWIBKIWGEGRPDQJD QD WHRIFR RRR @ Y HW
DO OF.HQ]LH 9RG\DQVWG NP E@WY W HW DO
DQG G/HIIDS0Q QRGXOMWVRY HW +HLQ HWVLRRUHIOX]
W U H D RVLFPH.@ WLDQNUX W R OH MWVGHN HW D O $WMNDYHWH® DO
SUHFXUVRUV DQG UHF®EX[DSHMRGXBMHNP ZFHNG! DPQDO\VLYV
GLIIUDFO/Q R GJHUD\ DEVRUSWLR® G HAWURVFFBRBLG WUHI
7UDQVIRUPDWHNMRIQ I GRIFHWVWPLQHG WKURXJK WKH FKDUDFW
UHDFWLRQ SURGXFWV HQWLERGEL WDR QS DLSH WLFD G HORK B/K H U
GXULQJ WKH IRUPDWLRQ RI WHKH S\ZR/ MOHVESAZRRYING WKV |
VLIQLIQABQWILXKWRH JHRFKHPLFDO FRQGLWLRQV HQKDQF
WHFWRPDQJDQDWHY ZLWK FRQW UBKMRIQRIDW X € Q W WH YH U
WKH | DWWREIRIMIHGQ PHWDO HOHPHQWY LQ QDWXUDO HQY

2. 0$7(5,$/6 $10(7+2'6

3UHS DU D &RFAR@ W DYHQULGDIG L WH

S9HUQD G WRWAHOHWV L]HG DFFRUGLQJ WR D PRGLILHG YHUV
E\OLOOD®OWREIRY 6SHFLILFDRO®I D 0 .0Q2 VRO XIWKIRRKK
ZDERLOHG BOR ARRRRP WHHABBUBR®XHWGE PORVRD O
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1D2+ROXWLRPQPRL\YDWH[W P/RI YR O XFRLRQD L QLRI

0Q&0+2DQG JRIKR&O+2>&R &R 00Q ZHDLEMG GMB W K H
PLDW P/ PLQDWHKH UHVXOSHOUOROW WR W HWMYDHD S+
RI WKH VXZBVQDWOWWUHG ZQWKZBOKH®D S X UM DWHU

XQWWRQGXFAWW LWFP3DUaW P/RI WKLV VXVSHBRBN]IHRQ ZDV

GULKDBYDW FOIHOHIHUUKBBOWR DV

7UDQ VIR U P D WLRRQQWRYHQRIDIG QWK IR H

+DOl RUMWKDBILQL@X\ERHQDVRE® S ODIPBWR O XPGIM XW R/ H G

P/ZLWK XOW UDBXWHVZIS HQ \HTRQ T MRS WRHUG GD\V
XVLQJ RIR 1D+ P/ DOLTXR/W IDHG ZDW K H Gl BWIXROS/AD H
EHLQJ UHIHWRE+ WRVBNKRHUMPDLQL®) VXVSHDDYRQ
WU D Q WRIODB/®IGH |ID®W f&RU GDXVYLQJ ZWUBROLTXRWYV
ZHWDPSDWGI I HWHB&W HENIFIRR OLR JURRP W H P SIHQAV X U H
S+ RI WKH VXBNU JBRW D/DW HUBHY PH G RRHHQQ QQ EHLQJ
WKIHIOX[ WUPH[DPSOH WKH UIHQ B OUSEERER B BAGL D
DGGLWIDRPGOH &R9H ZDV REWDLQHBQED OHERRW RID

0 42 DTXHRXV VROXWLRQ

7UDQ VIR UP D WLRRQWRYHQRIDIG KRACHO W@ G L W H

7KH RWKBRIN KHHPDLWAWVSHQVERQWDNWH B8/ RIL VD&
ID&WVROXMRURQGIH\DR HW DDQZLD WG XRRVQLO@X FADLVY LW\

BFP7KI UHVXOW L QV XKSHROM\RGHENBMSVHHIGD 0 %D&O

\

VROXWWURBQ@DQG ZDD/HH® ZLBKUKOMOMWH O FRQGXFWLYLW\ Z

6FP 7KROXRHNKLY VXVSHQVLRQPZDW G QMW BN B8 TWCROLE

WR “ IRU G/X\H UHVXOWLQJ VIDP&EROI4 OLV RI/HRHWKHS WR

ERHNXVSHQVWRKBI@BD®W f&RU GOHWDGLQJ &RANDDPSOH

5H$IWHU FRROLQJ WR URRP WHPSHUDWXUH $OIOHWK®DO S-
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DERYH VROLG V DHYSICGIRW EA<H B H QUAHWYL® XIJDBMLL RHG D
6DPSEBB®UDFWHUL]DWLRQ

;. UD\ GLIITUDBWURRURHG RQ ®L®WURBRRWBPHWHU HTXLSSHC
. Dradiation (O= 1.5418 A) and a Solk VRO/IMEGDWH GHWHFWRU %DOWL
(TXLSPHQWEN ZDV FROOHFWIH CDhSt&ModeZLWK V FRXQWLQJ
WLWSHHU Tstgp.6 DPSFKKHPLFDO FRPSRVLW L RS [ZADYWNRGHID V X U H G
LQGXFWRXBOHG SODVPD VB(HFWUWRPAWU[6 ,&3WHU GLVVRO
WKH VDPSQ@HV+ERQ 1+

7R DVVHVV WKHRUWOR® RYFHSHRBQWY VWUXFWXUDOO\ L
DQG VRUEHG DW WKGILUXRAWODAEEKHG Ri DO +12
V R O XX\QLGRERG H WDMWUHJ VQJ DW URR FF &V HP/SHOU W R/ X MR
VXVSHQVLRQ ZMHW G NIDRSBE®W WLPH LQWHUYDOV DQG LPPF

P PHPEUDGGHWWRKHHHOHDVBIQRG @@ &KH FRQWHQWYV |

ZHUH DQDARMG E\

0Q&R HGJIHWH Q GHIIHEV R U S MWQER/Q X FWHB HV S H M U Bl
FROOBMWHBRP WHPSHUDWXUH RQ WKH : % EHDPOLQH R
5DGLDWLRQ )DPAURLGHWHBSIORADO HQYLERQKHQDAW WIPG
SUHFXUVRUV DQG 'DWID ¥R 6 0R XD Q \ORQ. VW/G R U
IOXRUHVFHG@BHPRE®H D PHWRRMEIFLQQ XVHGHDMQFH IRU
HQHUJ\ FD G WKUHDDLB Q&R W\IAHMY H GG WRRF H WM. IDXQQED W H
(;$)6 VSHERWUYBO DQG 1HZ3DWHOPXAMRW 0 GIH (;$)6
ZHWBHUIRUPHG RYHU'RVKBEQJBVESQFHREAG ¢ LQ
VSDFH WK DQ WHSEXFAMWXGH) IWIFWRDQJHRQ HW3DWK
VLPXODWILRGGIRUY;$)6 ZHUH BMHURWRHGSR) UDQJH LQ
UWSDFHRPBG ¢ LQWSDFH ZLWK DIPGXF Q@ REXDH WR U

<LQ HW DO
7KH 0Q DYHUDJHVWRHL GRBIDRYUHWEDSUHFXUVRUV DQG UHI
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ZDV GHWHUPLQHG E\ DSSO\LQJ D OLQHDU FRIFEEIHQDWLRQ
$1(6 VG HULY®DW.FHWKDW LV VSHFLILFDOO\ GHVLJQHG IR
YDOHQFH VWDWPRWQW POQYREBBIUHG &RPERDPHWERR GI W

DO 7KH UHIHUHQFH FRPSRXQGV XVHG IRU 0Q ,, 0Q ,,,
RIWKH RULJLWBOX@PKWBWDLQW\ RQ WKH UHODWLYH SURSIH
R[LGDWL E® LYXQN DONHVHD X HW DO

3. 5(68/76
(OHPHQRPBAWLWLRQ

&R &R 0Q UDWLRV DUH DERXW WKH VDPH IIRW DOO DQI
7DEOH/LPLWHG &R RU 0Q LV WKXV UHPRYHG H[FKDQJHC
SKDVH GXULQJ S+ HTXLOLEUDWLRQ FDWLRQ H[FKDQJH F
LQLWLDOO\ SUHVHQW LQ &R9 LV UHSODFHG E\ SURWRQYV
RQO\a Rl . LQLWLDOO\ SUHVHQW LV UHSO®XHIGQ BQ DG
WKH UHIOX[+RI)&RD6D D | WHUWMBRD QI® %R H[FAKRQ.J
DOREQ PLQRIN ZHUH GHKMHEI QEGEQIFROHINY FRQWRPWD\HUHG
SUHFXUVRUV WR WKHLU UHIOX[ SURGXFWV L\ PRVW OLI
F R Q WIH@GV W K H3GIHIODMN HRE@W Q HVVLWH YHUQDGLWH FRQWD
DGVRYWBRH®G a LQWRUMMWRQ HW DO FRPSDUHG W
DGVRUEHG PQGQOQWWLIPMH 6DLG

0Q PHUMKIH DWAN R QY H

'XULQJ WKH UHIOX[QSYFF RVFNERWMKDD QUHQIHG SUHFXUVR
LQFUHDVHV V\¥DEHOFTKW VFID@FIWHDVH LV HQKDQFHG XQGHU
DV VKRZQ E\ WKH UHVSHFW&RH © 246 5GIHIVBQ B8 ISRRIG IR U
5H G DQG UHVSHFWLYHO\ 7KLV L®FUWDEHOERQW |
UHSRUWHG GXULQJ E MR MRORQURIERWNIPUYDRQUHIOX[ FR
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$WNLQV HW DO X HW DO

3RZGHU ;5" SDWWHUQYV

$00 WKUHH OD\HLRDEG SRHDRGY RERNG LYV SO EZHDEG
EURDG SHDNLDW BQ@LFDWLY HSRIUD REBLAIGWRIFAN DK HG U D O
OD\HU VI/ORGHEMPJLW L WY HWIDOODORERY HW DO *UD
DO /IDQVRQ HW DO  :;5' SDW WWUQ®GRERMWDWKHVH WK
VDPS®IHWSOD\ DOVR BB DIV DPWcH DEE® RIODG L P DRV c
ZKRSRVLIQB Q/KD\S\IS LIFDHD R RFVKDRKHKGIPDIR QD HYWPHW U\
7R JH W YRHNM K U H HDSMADNMV VB URDGL DR K XNKURY HW DO
'"ULWV HW D@ DGGI5WISPWQ BRR S+ VKEEDN PRGXODWLRQV
DQG LQGLFDWRIYGIRRIX WRYWULRXWLRQ
UHVXOWLQSHUFRRMOGRWLRQV PDLQWDLBHG IRU VHYHUDO Gl
&RPSDUHG WR WKRVH RI WKHLU O D WK G Hl DK F YSW\RFRGXF
GLVSOD\ DGGLWLRQP O) R O[PS DRIQWKH ;55 8BM/WHUQ R
G GLVSOD\ UHIOHFWLRQQ®W FRQVLVWHGW RFHWYK WK H
OLQRIVPDQJDQRDQ QVXWLWHLIE 1V XWERMHYV WW KIHQ
LQWHUJURZWK Rl S\UROXVLWH DQG UDPVGHM®ELWH IUDJP
WXQQHOGALIFKMNU HW DO FNXUQH BRYVWMONN XPDQJIDQRD
HTXLYDOHQW FROX\MMENWJILEDQW DPRXOQM FRIHOUQHW DO
'5' SDWWERRG+RIHKLV HVVHQW L DWIODAREPH 6BU WR
GH[FHSBD RZWU WIRRID/M)UDE LR.QHUDWRDIQAMIRURPWLRQ
WKH YHUQDGLWH SUHEXUVRU WR HPWBDUDQ B XQ LV XWHK MW K N
SURFWHYWLWLDO FUIWMEBR QI]DRMIRRZ HG E\ D VWRIDG\ FU\V
DGGLWLRQ WKH SiH U \dLN VOHHIBEH. RO WK HEURQBRIE IS |+
5HKDQG &R%BHGLQGLRISWHW HQFH Rl UHVLGXDO YHUQDGLYV
$OWKRXJK WKH ;&RSDWW HH GORIRINAWHK DWKRII IRUPHU
UHIOHFWRRQO/4RIH GDUH VKLIWHG WRZDUGV KLJKHU DQJOH
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RWKH OBWNVERVI&ROR QW BB GDUH FRQVLVWHQW ZLWK WKH
L G HDWOX W, BW H UDWKHU WKDQ P D QID@MWRI/QV YW WALWK
KLJKIQ®26 GHWHUP WKLY WRPSDWHH G M5 &RI9QD OO\ ;5
SDWWEB® BHLWLPLODURWROQOIMELWH ,&)LJ6 D

W HFWR P D Q JIX@D WU BXVQIQ HORV I HIW D O OLXUD

0Q OFBIYLURQPHQW

0Q .HGJH (;$Y6HFWUD FROOHFWHG IRU ERWK OD\HUHC
SURGXIEMDKDYH VLPLODU IUHTXHQF\ cHLEHSW RWRU WHH. R C
ODUFXV HW ®SHFLILFDOO\ O DKHDMGREIM X UIDER O\H
WKHHUO X[ SGRGXEDAVZ DK 8§ HMIDNPH  12JH WKHHQFR QW U DU\ OD\
SUHFXUVRVKDGLS/BMIDANNM DU LQWKQYKWUHPVWWHAO X[ SURG >
GLVSOD\ PXFK ZHDNHU SHDNV ®&RO WKEBHGBORRYM WKL
YDQLVKQQHGJH VSHFWUD Rl WKH WKUHH OD\HUHG SUHFX
RYHU WKHc UDQJH ZKHUHRBRRY SHFWH O RRB % B H
GLVSOD\ GLVWL QF\WQ8G DN VUMW SaH FMILY H/KH FRQWUDVWLQ
SURILOHYV HRG JHQ V. R FW BMIKG VF D WRIWU H HJQ ® Q5 D WHLY H QR
FRQ WCHXGNG L V VIRU LEEX W L RIDQ G Q QO PA\H U H G CBQIRH FY)XOUMADUE\D H
WXQQMAURHUITHX[ S WRGHKEMNY DQG 3RV W %DUJDU HW DO
DO 7JRQHU MAR ®®W HW DO

7JKHRXULHU WUDQVIRUPV )7V RUJVEIGH WIS Q) 6V K S H FHWRIDL
SHDNV DW a a [RY BataE R UdJ H5/ S\RQHE DW R ¥ W TH
VKDUL@WH OH 0Q &R DQG PRKOUAMIUHVKHOWWVSHFWLYHO\
OF.HRZQ DQG 3RVW BIRVELMLRQ@V RI WKHVH WKUHH SH
IRU DOO VDPSOHV EXW WKH UHODW I'DH \L DM DH/H Q [O-DA HRU
SUHFXUVRUV DQG )UB B XK I WRGXFIWE. W5\' R) Wécreases
LQGHHG IURP ORWWUWR SHBHEXUSUR G X F W@ & KN UHDA BQHR
DW a 5¢R) %RWK WUHQGV D&RIOPD[LtBH|GIWKRW GLVSOD\V
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ORZH®W HIW Lav\ 5 ¢R) and highest at ~3.0 A5 'R), LQ G IYFHDR/IL OR Z
QXPEHUV RKDMHGL®I OLQNDQBVRI(&KLIKRQFREHEBEWLQJ
OLQNDJHWBHBEN DW %'R) UHS WKWK F RXHE J KOER I L Q
REWDKHGUDDUJKRKWHMWNY DO ‘HEE HW DO 7RQHU
&RQVLVWHQW ZLWK W\ K HWHIGDBRED B KX B W KR! I0R/U
SHBM FUHDRVIHQ WHRF IOMVHUHG SUHEXUVRUV WR UHIOX[ SUF
GHFUHDVLQJ SURSRUWLRQ DQG RU VL]H Rl OD\HUHG IUDJ
&RRUGLQDWLRQ MX® BHYWDRIAFHY W\SLFDO IRU WKH GLII
IURP WK ODWLRBGRIHOQ$)6 VSHEFWUD DQG RI WKHLU )7V
VSDFHDEOHR *6JDQJHRQ HW ,@OOD\HUHG 03U B RXRMA4ER DV
QHDUHVW 0QDQ®IXBEERUVXFK B RZKHRW K QD BQY DIOXH R |
H[SHULPHQWDOLR@RHDWPR QWL HEPDOO SDUWLFOH VL]H
%DUJDU HWDR®UHVHQFH Rl YDFDQW RFWDKHGUDO VLWFE
REVHU¥YIBX FV&UIRQ ROJHRQ HWR2 Q@ WKH RW&H R | KOG G
&6/LQFUHDWRIP OD\KUWRBUYUWR WKHIOHD B LQX[V8R DG XA WNU N
LQFUHDVH L& WKWLRL FRQVLVWHDW GRWHFVSRDMAIRBPD Wt
FRQYHUVRRIQV DO 'HEE HW DO 7KHUHMHXLIWWQRBRO/LJQLILF
HYROXWLRRQWH WDKHMR P/LIR UG MWVKMHD GEMIHUHQW VKHOOV EH
SUHFXUVRUV DQG UHIOX[ SURGXFWYV

&RREBDYLURQPHQW

&R HGJH (;YBHFRWWHOHFWHG VDPSOHV GLES@D\ VLPL
FR QW UDR/SAOLLQRIK M) D CBIWHR G D DP SO LW X O M MQE® MFKUHH
R U GYHHW Q D&R. W HIWRRO O DRMBH DQG WR Q\SXVWBIHWGH &R9
7TKH7V RIKBNWRHHGJH (;$)FW YD) E GLV SO DP DN K®BWH a
a DQG a 'R WKDW FRWHE HARSBMBIOMEGROH(6/ DQG &6/
UHV S H F %LLPYTHOR BB D X HW DO7VRI & PN&GR S +
5HGDUH HVVHQWHFOIGWDIRULND VWURQJHUR) Q@HK®VLW\ DW



295
296
297
298
299
300
301

302

303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321

IRUPHU VAKASDOHPYORV a  ¢R) 5% weakest for& R$% BHZKHUHD YV
WHEWHQVLW)\ DRYLY K ICIMHEKIXWG L FOIW LHKPBER U 6/ DQ G
&6/FRQVLVWHQ@W &% WEWARWLYHG IURP WKH VWEBXWDWLRQ
(;$)6 VSHFEWUISD DQG 7DEREBOH&6NLQGLFDWH WKH PLQRU Sl
RERVRUEHG DW YRRDQFEREMHYDERP RYW BWHXFWXUDOO\
LQFRUSRUDWHG FROWEINVNVHQW ZLWKOBUHMDRXNW BSORUW V
.ZRQ HW DO 6LPDQRYD DQG 3HQD :X HW DO

ILWDFLMHDWPHQW

&RQVLVWHQW ZLWKXSUMKYDRXV UHSRSDWWHUQV RI &R9
&REF+5HGDQG IRBROOHFWHG DIWHU WKH \QIOVDALFLQRUG
HYROXWLRQV UHODWLMHAE DV R QWKH RW L YIHQRIOWRNHRI)L P LW H C
Rl 0Q R[LGH VWIDXIEWBUNN DW DQG ¢ FRQVLVWHQW ZLW
WKRVH RI KROODQGLWH REVH&RGSG SDWWR URQYWKX V
FRQILUPLQJ WKH IRUPDWLRQ@X B INOWHKFEF@EH/E VWU B DRNPYHHN
+ROODQGLWEHHIOWR VGIHRNZHT \WoH G LW VERYQ DIWHU WKH DFI
DOWKRXJK ZHDNHU WsKID Q HFRWALREL RIW WHILECH. ®I W I WW D B O
X Q F K D QQdV-BaR&patternafter the nitric acid treatments\ FRQ WO WKW X JK
WKH RYHUDOO ;5' SYBRBHL ®B RIHIRBY XQDIIHFWHG E\ WKH D
UHIOHFWLRQV DUH V\VWHPDWLFD O/OE \VW KIMWH\E UK B XZ\DRUHEMW
PLOQRRIQWUDFWLRQ RI WKH XQLW FHOO AR F PRO\QLM/QHROW Z |
QVXWLWH WR LGHDO QVXWLW H BQBDMH PIRE VROOMMIOR Q) H O
IURP WKHALRQEH® HW DO

1LWULF DFLG WUHDWPHQW LV DQ HIIHFWLYH PHWKRG
R[LGH®LWU LK DEICH W R KD\QHIBEEO/ REEWGO FDWLRQV ZLW
GDPDJLQJ VL JQUALWHGWOHG X FW IPRQ@ HDVMHRJWEBD 0OODPHZR U
‘X HW DO ,Q WIBSUHVHQ®W)ZREND QG KRR FUHOHDVHV GR QRV
UHDFK D PD[LP XZ2HERID R WRDB\\B K QKV/H O i DMHIAHX F K
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UHG XFRIBSSDWRXKIHQLWLDO UDWH 0Q LV SUHIHUHQWLDOO\
SUHFXUVRUV FRPSDUHG WR WKHLU UHIOX[VRUERGKXFWYV V
0Q,,,, MXH OPRQWHY W H Y ROXEM R BPRH W KORRGUHOHDVH DQG
0Q UHOH&terR4Ud WM PD[LRXY. IRU
'XULQJ WEKBVIKFW& BaMHRHROAN releases ~49% of its Co content
to solution, more than its layered precursor (~37%), and far more tharB&&X
(~31%) and CoMBaEx-Re (~20%). 7KH LQLWLDO IDVW UHOHDVH RI &
TXDQWLILHG 1URPQWKEHROQ WKUHVBIIFQMH DU ILWWLQJ WR &R U
ILQDO VWDJHV ! KUV RI WUHDWPHQW ZLO® EH KHUHD
ZKHUHDWHWKIERQRZQDO EH FRQVLGHUHG DV VW&RFWXUDOO)
$ FF R U GCaQdénsess a function of time indicate th& Rand & Raccount for
~20 and ~80%respectivelyin layered precursor@able 3, consistent witlthe resuls
derived fromfitting the Co K-edge EXAFSdataand with previousreports ofCo-
speciationin birnessiteandvernadite(Kwon et al.,2013; Simanova anBena 2015;
Yin et al., 2015; Wu et al., 201.99n the other hand& Rand & Raccount for ~60 and
~40% of the Co species in CgdH4-Re-2d, althoughits overall Cecontent is similar
to that oflayered precursorélable 1. The @ntrastng distributiors of Co species
observedin CoV and CoVpH4-Re-2d indicate that Co speation i significanty
alteredalongthe mineralogical transformation from vernadite to manganoan nsutite.
Specifically, part of Co(~20%)is likely released fronvernadie layes and sorbedo
reaction productOn the contrarythe similarity ofCoV and CoVBaRe Co kedge
EXAFS spectrasuggests thatelative proportions of& Rand & Rwere not modified
significantly during conversionof Ba-exchangedvernadite(CoV-Ba) to hollandite
(CoV-Ba-Re zTable3), consistent witlprevious report otodorokiteformation from
Co-containing layered precursofg/u et al., 2019)The contrasting contents && R
and & Rin CoV-Ba-Re and CoVpH4-Re-2d are not correlated to their respective
contents ofCSL and ESL(Table S2) The high Co release ratio of CggH4-Re-2d
associated to its low& 1z & 1 U D possly results from a high content @duble
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corner sharing SHFLHYV

Ba initially present as a hydrated exchangeaB& in CoV-Ba interlayers is
readilyreleasediuringtheacidtreatmen{Fig. 4d). On the other hananly ~8% of Ba
is released from Co¥Ba-Re after asimilar treatment, consistent with the coordination
of Ba with O atoms formingollandite 212 tunnels(Post et al., 1982; Miura, 1986)
This behavior is specific to large Bacations (1.35A ionic radius in sixfold
coordinationtShannon, 1976)hen present 212 tunnelsas smallecations such as
Cd?* (0.78A ionic radius in sixfold coordinationfould be present in tunnel sites as

hydrated cation§Randall et al., 1998)

4. ',6&866,21

YRUPDWLW®WRPDQJDQAWHWEQWEDH URRHUQDGLWH
SUHFXWUVRU

,OQWKH SUHVHERNRZRW.DMWH U RUIRTZ iic 12 tunnels) and
hollandite 212 tunnel size) were obtained from tfeglux of Cocontaining vernadite.
The formation of tectomayanates with tunnel sizes lower thaf22complements
previous reports of both hollandite/cryptomelane and todoroBii@ tunnel size)
formation from layered precursors and supports the hypothesis of the major role of
vernaditeas a precursan the formation ohatural tectomanganae % X UQV DQG % XUQV

%RGHw HW DO

(QYLURQP H®VS B O WA WR | WENHR Q DAWXEM RRPID IGRIDRQHIBN H V
WKURXJK LWV LQIGKMTBVROYKBRARMEOAH®RUPDWLRQ RI S\URC
URPDQHBRLGNVHAGL, 213, and 24 tunnel sizes, respectively) from the same
layeredprecursor by varying pH conditions from 1, to 7, and to 13, respectiviely H Q
HW DO. &RQVLVWBQWRNEWDH [BHW LP KQWBRE@OWUDO DQG
ZHDMD ONDOL RRQIGHIMGHRFQNE XL HW DO SWNDQG HW DO
IRUPDW DRVMH RW R P D Q JAODtDnMeHsizBadrEportedat pH 6-8 from a
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layeredvernadite precursor in the presence of Mr(fng etal., 2018) 7R WKH DPXWKRUV
NQRZOHGJH NWKIHEUHHHOVERMG R R R DIWEKRCRHIP TFRDGLWERQV
DQAWDQJHRQ DQG FRZR UMNRHUY DI QKR BHRE RADHPIDM L R Q
ZDWYRUHG E\ WKHJD®/WLW QDRI HTKKH. LA FOLRFZGSSDH ER DV RUV
HW DO FRQVLVWHQW ZLWK)XSHWYLBXV UHSROWY HW DO
,Q WKH SUHVHQW ZRUN KRDW DURRPVW HHSH D D WK U R UGXWGL
WUHDWPHQRN WHIH+Q B G HWBYVRHO O QM XGHUGROL®UW LR Q
WKH UHI0X]QLWRIAFHOSW Y DO X AMQ@G UHVSHE®QW LWKIOK FDVH
%DRU WHPSWEWHRUPDWMRERBHBROODQGLWH DQG FU\SW
UHVSHFWLYHO\ RZLQJ WRERVWKH IHUVDISGURSULDWHDIUDGLL
7KH LQIOXHQFH RI S+ RQ WHFWRPDQJDQDWH WXQQHO
PHFKDRWL GUMYKK SK\O O RFRDHFW RPOVQHI D Q HWWHUBIN BEDWHRRY 7
0Q ,,LGK\OORPDREWQRMBAQOXFPOHHG VWHULF VWUDLQV F
-DK(HOOHU GLVWRUWERQ® KRYAOUWY, H\VZ2 DO *DLOORW H\
0Q ,,, RFWDKHGUD WKXV UHSUHWVWINGWFEZEON\VAKUXQF I X U IX
PLQLPL]H VWHUWLR VWWDHYYGHSHQGHQW RI WKH DFWXDC
OHDGLQJ WR WKH IRUPDOMMRQ RLQBX.QQHAUIZADWILNRQ WR V
LOQWHUGD\MHILLOY HW DO*UDQJHRQ HW DO DQ LQFUHDVHG
SURSRUWLRQ RI 0@ U D QM RRERVAMNNHULQJ WKH HTXLOLEUD!
RI WKH OD\HUHG SUHFXUVRIRWIKXVY BSKBHBDEW WR WBWHIR
WHFWRPDQJDQDWH ZLWEL®P®IOKW WVOOXTFWEB RIQEHYVH,, LQ
YHUQDGL WBHD@MDWHRIY H\D QUER K/KKEVHARQKOQWFHPHQW RI 0Q ,,.
GLVSURSRUWDRYLWRRQX HW DO /D,QVW RHHSUHEHYHQW
FDVH GLVSURBRIHDULRODWDROOLPSRUWDQW VWHS RI WKH
E\ WKHIF UGFIRWHRY 0Q L.Q UHIOX[ SURGXBQY VIFRE®MHUHG WR
(QKDQFHPHQW RI 0Q ,,, GLVSURSRUOWLRQR®W WRKH DAYIE HPW. J
WR VROXWLRQ DW ORZ S+ LV VXSSRUWHG E\ WKH SUHVH(
&R9 0 + 5HDQBV-pH4Re2d UHVSHFWLYHOUHO@WLYH SURSRUW
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LQGHHG VLJQLILE DGW D OVEREIUD. JWDHD R D Q= Q VXMHW HW D O
DQIGKROODQGLWH D:@GHW RIGR B8 RMNILODHIWL WK
W U H D WCRWBHWREI UH O HD V HVWR) V RDGUEDIGRXFHY WKH FRQYHU
RI PDQJDQRDQ QVXWLMBDNVR LWV LGHDO IRUP
7HPSHUDWXUH PD\ DOVR LQIOXHQFH WKH WXQQHO VI
+ROODQGLWH LV IRUPHG LQGHHG GXULRW &RPE IHQW W
WHPSHUBWXHEBY PDQWDQRDIQQRNPHG \BXHDYP WEW BH BRI
S+ DW f& &RQVLVWHQW ZLWKR WKW L R\® RRV KFHUAISW RP HO D
UHSRUWHG DWWHRRPJWERP SHHWIVDGWM H HT X1LOLE UDRHG DV
HW DO 7KH HQKDQFHG IRUPDWLRQ RI WHFWRPDQJDQDWH'
LV SRVVLEO\ UHODWHG WR WKH LQFUHDV®IGHW W® RI 0Q ,
DQGHOHDVH RI 0Q ,, /RZWHP ¥R D DX R RIVHARDRR D QLM Q DW H
OLNHO\ FRPP®Q H®YQDMROYPHQWY KRZHYHU HVSHFLDOO\
FRQGLWLRQV RZLQJ WR WKH SVYhRp\eHOQ PHLSR] 0Q ,, ,,, VSHFIL

,QOXHQFH RH RVRRPQ QMDBDODWHMRYP &R GXWNQJ WK
SURFH®G BRI FLDWHROQRIUPMFWRPDQJIJDQDWHYV

W LV FRPPRQ@/\KDR/WEBRIWMHXEO\ a SUHDWQMQFRUSRUDWH (
VSHFLHV LQ OD\HWHG 8 QXRI{VG BXXRQ DO <LQ HW DO
6LPDQRYDx@MG 3H :X HW &R ,,, XVXDOO\ UHSODFHV |
IVRPRUSPRXGVDWY SUHVHQFH WKXV GHFUHDVHV WKH VWHU
RI WKH VI ODKQ GLVWRUWHG RFWDHCHGD DQ WKH OM\HUO F
/L HW DO <L®QGVLPSDLUV LQ WXUXDMWMRKH SK\OC
WHFWRPDMWUDQWWHPBWLRQ$FFRUGLQJO\ KIRIKRQWHKDWV
a DWQ ELUQHVVLWH SUHFKBYRUVRZKDPSHHFW@&WIOU WUD Q
WRGRURWBWEB®O QR LQFUHDVLQJO\ GLVRUBWUH®BG i1Q Q
JROHOHOQ UDWLRV KLIKHOHWKB® XBBWRUPIWHQ LQ
DVVRFLDWLBQRPAWKHEUDO VKHHW VD Q G \FKH/G OLHD 6 HQZ
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WR WKHVBEVERBDQWKLRSKRULWH GHSH@GKQURYQ MK GO
ODQFHDX HW DO JORUFD D G® \ORQEG KHRX [D O 5R

/IDPELY 'JHPXD HBRD®LQ HW DKH SUHVH@FM/ BKMWEULBO VKHFE
KDV DOVR EHHQ VKRZQ WR LPSHGH WKH WUDQVIRUPD
WHFEWRPDQYDQDWEV

JRU &R FRQWHQWV\VRQVOVWLRUBBUSWRFWKRVH LQ WKH SU
&R &R (PR ODLWWRKNO@HO VWUXFWXUHYV DUH V\DQGPDWLFD
WKH RYHUDOO &R FRQWHQW RI WKHHSOKF SURBXV WV PZKD
WKHLU QDWXUHO (YROXWLRQRRD®RHQGLUR{PHGRZHYHU
GHEHL QJ RQ QHKWHD BARKIN RIHIO X WRGRERRWWH KRODDQGLWH
WRGRURNLWEH V&R GI\WKLEQOA (D REHDIVDH GP RY VI QX GIQV VLWH YV
59) Q KROODKGLWHWRSRUWLRQ RI VWUXFWXUDO &R LV \
SUHFXUVRID RRG%&BRO TQEOH DOWKR ZIKE& WHKHWWVR
VLIQLILFDQWO\ LQFUHDVHREQ W KN ERIMXKBBRG XFW
+7DE®H$SOWKRIMRI O R ZH U KAIJWMDHADLVR FLWHDIDWMEBG Q V X W LIVOH
&R®+ 5HGt7DE®OHWKDW DOVR FRQWDLQV a PRUH &R VRU
DV VKRZQ E\ WKH QLWULF DFERMUEPWPEBGVERE DQG a
UHVSHRWREEB \

7KH FRQWUDVWL QBEWK B YLHRIWPRVSW RGN AWV UHY XOW V | L
VWUXFWXUH DQG IPRBHK HHWSHOAMD\WDYH SURSRUWLRQV RI
7THFWRPDQJDQDWHY ZLWK GLIIHUHQW. QRXQQHOD WLLRIY G LV
,Q LGHDO WRGRURNLWH 0Q 0Q VLWHY GLAKHUMHDYV &6/ L
0Q 0Q VLWHV RQO\ KDYH (6/ WKH UDWLR EHWZHHQ WK
DWOF.HRZQ DQG 3RQWROODQGLWH WKHUH LV RQO\ RQH V
WRGRWRNIOWH VLWHY DQG WKXV GLVSOIDIWKRXJIE6 D BQG
IDYRUDEOH WKDQ VLWHV GRS\ \YDWHVRWW B\ DBV R VXL
VWUXFWXQDO @R QVXWLWH SRVVHVWIHWHW Z R QH SH\P RO IRUF W
0Q 0Q VLWHWRGRIURNLWH &6/ DQG (6/ ZKHUHDV WKH RW
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DQG (8 6 DV LQ S\UROXVAWBQG 3RNSHQGLQJ RQ WKH
UHODWSRYHAVISRI®Y Rl S\UROXVLWH DQG RN XBHRWEHDOQ IRWRII |
WKMVHR VLWHY YDULHV VLIJQLILFDQWO\

$V WXQQHO VL]|H GHFUHDVHV IURPs WRGBGBWRRLWHKXWR
LQFUHDVHV VIKBLSWAHDGRWPQQDQW RFFXUUHQFH RI &R LQ
WRGRURNHEWH) OLVY FRQVLVWHQW ZLWK V&RRRRFUHDY HG V
WRRLQ SK\OORPDIORDQEWIDWDFXO.IWQRQV DSOWKRXJIK
OHVV IDYRUDEOH WKDQ VLWHV GLMB\ODDHYGE PRYW.E\O{6/
HTXY D OWVMRBMRURNLWH 00U H @ OVRWHDMWDEOH WR KRVW VWU
E\ WKH VLPLODU SURSRUWLRD RQ GAVBMHIHOEXBDOWKRH LQ &R
FRQWUDU\ RFWDXWGOSEIMWHHOAYENNINHIUQIPHQWY DUH PRVW
DSBRSULDWH WR DHFRRPIRG R WEKSEKUUOWHKWRD UaHV XOW
Rl &R LQLWLDOO\SSURVHODDWNHQR&EKMO RI WKH VROLG GXULQ.
SURFHVV ENRUWVBRKHBNKQIQHZO\ IRUPHGDWMNBW @ PRORQB R Q I/\M K
LOQVHFWRPDQJDQDWHY KDYLQJ VPDOO WXQR¥@®AVL]HV DL
WHFWRPDRQUWPEHBWWRDUJIJH VPDOO MW XQQ/OORIUHHWW DO
Lambiv DzemuaHW D O

$V D FRQVHTXNQSHHIERHQWLDOO\ SKKQO ORKRH® JID@ CVD KA
FRPSDUHG WR WHAWRRDQUD @IWHY 7D\ORU DQG OFNHQ]

%WXUQV DQG %XUQV &EKXNKURY DQG *RUVKNRY

&EKXNKURY 2VWZDOG /IORUFD ODQFHDX HW LC
9DQEUDEDQWKHQ SRVVLEOH WKH VXEVHTXHQWK WUDQV
SK\OORPDQJDQDWHYV ZLOO OHDG WR VWUXFWXUHV H[KL]
GLVRUGHUHG WRGRURNLWH LQ ZKLFK &R FDQ UHPD
7TUDQVIRUPDWLRQ RSHUDWLQJ DW ORZHU S+ YDOXHV Z]
VWUXFW X WHY GXON UQW XKQRYHHY YW WKYY FDVH SDUW RI WKH
SUHVHQW LQ WKH SK\OORPDQRPQWNKMHH RZEW DXKE& BRI DIV |
VRUEHG DW WKHHYRU IIRAH HRG W H MW\KRKR/D Q B BBMIRMHM. @ D O\
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VXEVHUXIO@RBRYMR VROXWLRQ

5. &21&/86,21

'HSHQGLQJ RQ HQYLURIKRB QWP DY@ MRAIDR GDIHDRD
WR WHFWR P DQLEDOWRLEEVH W\ R WX QEBMBQ/DMVORZ WHPSHUI
DOQBH SUMWHBSEBMRYLGHV VLIQLIVIFOWR WK LQOREKKWLFDO FF
FROQWUROOL@JRVUPHEGHY /R PHDIDIIDWKQQHO VL]HV DUH IDY
FLUFX®PX WRIQPG®LWLRQVWKH DFWXDO W RQQKILO/ \FLO W HE HQ QOIX H
E\ WEBWXUEBWHUODIHYU WO KRS U BEXWRGRURNLWH . %D
FU\SWRPHODQH &RB® DFEGWHSFRQG EWMWRKQWKH LQFUHDVH
0Q ,, FRQWIDYKAD\HRUVSK\OORPDQJD QDG SWKRAXUXRUNTXH
HOKDQFHPHQW RI 0Q ,,, GXVS QR S/RHUMLIUR RAIWVDEDE X WHWW R
WKH IRUPDWLRQ RI WHEFWRPDQJDQDWHY ZLWK VPDOO WX

,Q WXUHQ I DMBHRVRNUXFWXUDOO\ LQFRUSRUDWHG LQ OD\I
LQIOXHQFHG E\ WK HWSH PRQBQ W RRIPWD \RLIRRZHR WER FRQW

DNV WKH WUDQVIRUPDWL R @ WYR Q¥EMCRIPQG JDRODW B R
UHPDLQV VWUXFWXUDOO\ LQFRUSRUDWHG LQ WKH QHZO\
FLUFX®PXWUDO FRQGLWKRQ®DWRGMRURRUWHWRPHODQH
FRQGLWLRQV SDUW RI &R S UW WHHDWM D QHGDWHRU ¥ B OSXUHLARXQ |
DW WKH VXUIDFH Rl WKH WHFWRPDQJDQDWHY KDYLQJ VI
RZLQJ WR WKH UHGXFHCGRFNWDEHGUW\ ZKIHQRWKH UHODWL)
FRUYKDULQJ OLQNDYWR LQFUHDS/HVFHY 0Q ,,,LWWRPRUSH
SUHVHQFH GHFUHDVHV WKH VW H ZILRVXWQ DWCH/ R VG H G UR
RI WKHVRAHODKQ@ GLVWRUWEG RFESWDKHGWKHWRK\OORPD
WHFWRPDQUDQDPWHPDWLRQ ZKHQ LWV RRQW BWQW H[FHHG\
7KH SUHVH®WXYHYKFERXYW IRU WKH QDWXUDO SUHYDOHQTF
FRPSDUHG WR WHFWRPDQJDQDWHY DQG LQ WHFWRPDQ
FRPSDUHG WR VPDOO RQHV LQ ZKLFK &R RFBEXWUV DV VR
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XQUDYHOLQJ &RIDHWHQRW\OR R[EGHY WKH SUHVHQW VWXG
EHWWHU XQGHUVWDQGLQJ RI WKH F\FOLQJ Rl &R DQG |
DVVRFLDWHG WR HQYLURQPHQWDOO\ UHOHYDQW 0Q R[LG

'"HFODUDWIFKSH\WWQWB UHVW

7KH DXWKRUV GHEDDHHQ R KDQRADVKARPSHWLQJ ILQDQFL
SHUVRQDO UHODWLRQVKLSVY WKDW FRXOG KDYH DSSHDUt
SDSHU

$&.12:/("*(0(176

7KH DXWKRUV DUH JUDWHIXO WR 'U /LURQJ =KHQJ DW ¢
GDWD FRID@DAH PWDROAVLY 7KH DVVLVWDQFH RI ODUWLQH /D
*HRFKHPLVWU\ OLQHUDORJ\ SODWIRUP ,67HUUH *UHQR
;5' GDWD FROOHFWLRQ UHVSHFWLYHKOY NLRVIVRHNIRXOOI\GL
E\ WKH 1DWLRE®HDMHDUFK DQG 'HYHORSPHQWR 3URJUDP

<) DQG WKH 1DWXUDO 6FLHQHRR )RXQGDWLRQV F
'LRQJKDQ )HQJ %UXQR /DQVRQ DQG =KRQJNXDQ :X DUH
SURJUDP EHWZHHQ WKH .H\ /DERQWDAWRDWRIRSU DK@ B QD QK
DQG ,67HUUH *UHQREOH )UDQFH ,67HUUH LV SDUW R
1$%:;

5(6($5&+ '$793

SHVHDUFK 'DWD DVVRFLDWHIGFOALWAHOQWIKIHV DFFHVYV
KWWSV GRL RUJ Y VY
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5()(5(1&(6

$VDYLQ $ 0 'DU\LQ $ 9 DQG OHOQLNRYVAW¥WULEXWILRQRUK
&R 0Q 1L FRQ® WIREDIMKUURPD QUNYWWHI URP WKH
ODJHOPDPRXPWRFKHP ,QW

$SWNLQV $/ 6KDZ 6 DQG 3HDFRFQIGER&IVURZWKIXKIFO@RBDWUR®
IURP ELUQHVVLWH ,PESHOABDWLARQNVNQRUQNVRDFIHQH VHGLF
*HRFKLP &RVPRFKLP $FWD

$SWNLQV $ / 6KDZ 6 DQG 3HDFRFN & / SHOHDVH RI 1
WUDQVIRUPDWLRQ RIRELWHHVNFEOHFOWLMRRGERIRU 1L F\FC
VHGLPHR¥XLP &RVPRFKLP $FWD

%DUJDU - 5 THER % O %YHUJPDQQ 8 ‘HEE 6 O *ODW]HO
9LOODORERV O %LRWLF DQG DELRWLF SURGXFWYV
W ReHD U ADH LND D X WU DERHE* OLQHUDO

%RGHwW 6 ODQFHDX $ *HRIIUR\ 1 %DURQQHW $ DQG % X
WRGRURNLWH IURPLFHKUCQHPAISWEO DIHR BKHELPHQWYV
&RVPRFKLP $FWD

Bonatti E.,Kraemer T. and Rydell H., 1972. Classification and genesis of submarine
iron-manganese deposits, in: Horn, D. (Ed.), Ferromanganese deposits on the
ocean floor. National Science Foundation, Washington, D.C., ppl@89

%XUOHW & DQG 9D (6BAOE\DRIVWH K H/FESLHFIDWOURL JQDW XUHV R
FREBPD@WJIJDQHVH OD\HUHG  RMKAIHR\E KIRWERMHDDBO G WKHLU L
E\ 5DPDQ VSHFWI\DRP\DRRESHFWU

%XUQV 5 * DQG %XUQV 90 7KH PLQHUDORD\ DQG FU
PDQJDQHVH QRGXOHV D SRO\PHMWDOQW LBHKQMMKRNXUFH RI
7UDQV 5R\ 6BF /RQGRQ

%XUQV 90 DQG %XUQWHSRVLWLRRVODW PHWDO HQULFKPHC
LQVLGH PDQJDQHVH QRGXOHYV [(UDRJIRN & R3OV IQ HIW X B WILR U HD



569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
5901
592
593
594
595
596

Choi J.H. and Hariya Y. (1992) Geochemistry and depositional environment of Mn

oxide deposits in the Tokoro Belt, northeastern Hokkaido, J&mam. Geol87,

12651274.
&KXNKURY ) 9 &U\VWD O @R E KDHVAELRROMNDQUHR/DOX bH R
&KXNKURY )9 DOKRBWONEKSRY $ |, WeWw QX FRVUXRIDWL RQV R

ODQJDQHVH R[LGHV L QQRFHIDXILW LRR®OOHWVRORJI\ 5HYLH?Z

&KXNKURY )9 DQG *RUVHKSIRNYVWMRRYDQROL OLORRPPHQW
'"HSRV

&KXNKURY )9 *RUVKNRY $ , 5XGQLWVND\D ( 6 %HUHVR

ODQJDQHVH PLQHUDO&OIDQVF RO D\ O QHHY LHZ

&KXNKURY )9 *RUVKNRY $, DR@HZWRFRRURNLWH VWUX
YDULHWA\WVWL\D $NDsGEGPHULNDX*NM RORJLFKHVND\D

&XL + - )HQJ ; + /LX) 7DQ :) DQG +H - = Y)DFWRU
RI WRGRURNLWH DW BWIPRMSKHUBHWBUHVYVXUH

Dekoninck A., Monié P., Blockmans S., Hatert F., Rochez G. and Yans J. (2019)
Genesis and 40Ar/39Ar dating ofMn oxides from the Stavelot Massif
(Ardenne, Belgium): Insights into Oligocene to Pliocene weathering periods in
Western Europeélre Ged. Rev.115 103191.

'ULWYVY 9% /DQVRQ % DQG *DLOORW $ & %LUQHVVLV
LGHQWLILFDWLRQ\EG ISREBMWLRDQHUDO

'ULWYV 9 % 6LOYHVWHU ( *RUVKNRY $, DQGWIDRQFHDX $
PRQRFOLWQUAKIBPLUQHVVLWH DQG KH[DJRQDD\ELUQHVVL\
GLIIUDFWLR Q DDUHD \HHOHFFAWUSREH G L OILUDHWWDLAR Q

YHQJ ; + 7DQ :) /LX) :DQJ-% DQG 5XDQ + ' 6\QV
DW DWPRVSKHIKHPS 0B WWHUU H

*DLOO&W'$ LWV 9% ODQFHDX $ DQG /DQVRQ % 6 W U
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ULFK SK\OORPDQJRBW WHQHIGHMHIWUBMXUH GHFRPSRV
RI .0Q2WLFURSRU OHVRSRU O0DWHU
*ROGHQ ' & &KHQ & & DQG 'L[RQ - % 6FLBQFWKHVLV RI

*ROGHQ ' & &KHQ & & DQG 'L[RQ - % 7UDQVIRUPDW
EXVHULWH WRGRURNLWH DQG PDQJDQEWH\XQGHU PLC
&0OD\ OLQHU

*UDQJHRQ 6 (PUWRQE&HBP :DUPRQW ) *ORWHU $ O0DUW\
DQG /DQVRQ % &U\SWRPHODQH IRUPDWLRQ IURP ¢
SUHFXUVRU D KDMVARWWHULQJ DQG WUDQVPLVVLRQ t
SHUVSHFWLYH RQ UHDBDRFKR®O® PHIXDWQLVPV

*UDQJHRQ 6 /DQVRQ % D@EBWIMDPWRWUDQVIRUPDWLRQ R
QDQRFU\WWDOOLQH SK\OORPDQJDQDWH LQWR WHFWRP
DQG LQWHUO BHAUDVAUIXPRROORIU %

*UDQJHRQ 6 /DQVRQ % /DQVRQ O DQG ODQFHDX $
VBEHG VIQWKHWLF YHURDGLWUWD PWIERAG BW X GD J

*UDQJHRQ 6 /DQVRQ % OL\DWD 1 7DQL < DQG ODQFHD:
QDQRFU\WWDOOLQH SK\OORPDQJDQIWHY SURGXPKG E\

Hanf L., Henschel J., Diehl M., Winter M. and Nowak S. (2020%\én Mn>*?
Investigating transition metal dissolution of manganese species in lithium ion
battery electrolytes by capillary electrophoreEiectrophoresigil, 697704.

+HLQ - 5 6RKZDEG 'DYLV $ 6 ULFKRRDBONWMDKWLQXP
IHUURPDQJDQHVH FUXVWY DQG DVVRFLDWHLQWBGXEVWUD
ObDU *HRO

.D\ -7 &RQNOLQ O + )XOOHU & & DQG 2 'D\ 3 % 3UI
FREDOW KESWMPNMQJDQHVH R[LGH IRUPLQJ VHGLPHQW LQ



625 OLQLQJ 'LVWULPWLSRDJREFR 7HFKQRO
626 .LP + 6 3DVWHQ 3$ *DLOODUG -) DQG 6WDLU 3 &

627 OLNH PDQJDQHVH R[LGH ®SWDGKFMBKEBEBFWHULDO F
628

629 .ZRQ .' B5HIVRQ . DQG 6SRVLWR * 8QGHUVWDQGLQ.
630 PHWDO VRUSWLRQ E\ YDPDB@FKYPWS&R VPR EK UR HHAKY BV H
631

632 Lambiv Dzemua G., Gleeson S.A. and Schofield P.F. (2013) Mineralogical

633 characterization of the Nkamouna @®4n laterite ore, southeast Cameroon.

634 Miner. Depos48, 155171.

635 Lanson B., Drits V.A., Feng Q. and Manceau A. (2002) Structure of synthetic Na

636 birnesite: Evidence for a triclinic orlayer unit cell Amer. Mineral.87, 1662

637 1671.

638 /DQVRQ % 'ULWV 9% 6LOYHVWHU ( DQG [FKXORHBEK $

639 KH[DJRQDO ELUQHVVLWH DQG LWV WHKKPRQRFRIQRRP I
640 EXVHULWSH S PM W RIAQHUDO

641 /DQVRQ % ODUFXV 0 $ J)DNUD 6 3DQILOL ) *HRITUR\ 1

642 JRUPDWLREDRIKAQORPDQJIJDQDWH QD QREDAKWPFOHV LQ J
643 &RVPRFKLP $FWD

644 /L + /LX) =KX 04 PHQJ-; PQGKLQ + 6WUXFWXUH
645 SURSHUWGRS® HRG ER\SWRPHODQH DQG LWQ G @KDQFHG U
646 IURP ZDVWHRYWBHRIG KL QD

647 LiX., Ma X., SuD., Liu L., Chisnell R., Ong S.P., Chen H., Toumar A., Idrofi.J.

648 Lei Y., BaiJ.,, Wang F., Lynn J.W., Lee Y.S. and Ceder G. (2014) Direct

649 visualization of the Jahff eller effect coupled to Na ordering in HnO.. Nat

650 Mater. 13, 586:592.

651 /ORUFD 6 I1RXYHOOHY GRQQpHV VXU OD FRPSRVLWLI

652 OLWRIURSKHY G DSUQqV GH pF&D@Q/GERIEGERIQNVDEGEH GRXYHOO!
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3DUIBYWULH ,,

Llorca S. and Monchoux P. (1991) Supergene cobalt minerals from New Caledonia.
Can. Mineralog29, 149161.

IXR < 7DQ :) 6XLE 6/ 4LX *+ DQG /LX) 'LVVROX
WUDQVIRUPDWLRQ SURFHVVHV RI KDXVPDQQLWH LQ DF
FRQGL®KIR®V*HRO

ODQFHDX $ *RUVKNRY $, DQG 'ULWV 9 % 6WUXFW XL
DQG 1L LQ PDQJDQHVH K\GURXV R[LGHV , ,QIRUPDWLR
DQG HOHFWUWR @G DIQGPHWLRDQHUDO

ODQFHDX $ /IDQVRQ @ DQG *IHDRNDPURDO VSHFLDWLRQ RI 1L
$V LQ IHUURPDQJDQHVH FRDWLQOXRUHVRBQAWH XWVEWVR U
DQG GLIIYUDEMKLRPQ &RVPRFKLP $FWD

ODQFHDX $ J/ORUFD 6 DQG &DODV * FUWWDQ FKHPL
OLWKLRSKRULWH DQG DVEROPRKL PURRIPRFKLOHGRWDLC

ODQFHDX $ ODUFXV 0 $ DQG *UDQJHRQ 6 '"HWHUPLGC
VWDWHY LDOMGWGPDQJIJDQDWHYV E\$;BH (U6 VISHIHFWMRVFRS)\

ODEHDX $ 6LOYHVWHU ( %DUWROL & /DQVRQ % DQG 'L
PHFKDQLVPRRIGIRWLRQ E\ WKH SK\O®PRPWD QLIHWE E XV I

ODUFXV 0$ ODQFHDX $ DQG .HUVWHQ 0 0Q )H =0Q
IDMWZLQJ IHUURPDQJD QH\HR PIOIUA. Q&RYRB KIOHP $FW D

OF.HQJLH 5 0 ODQJDQHVH 2[LGHV DQG +\GUR[LGHV L
6 % (GV OLQHUDOV LQ 6RLO (QYLURQPHQWYV 6RLO 6
ODGLVRQ :LVFROVLQ 86$ S

OF.HRZQ '$ DQG 3RVW - ( &KDUDFWHUL]DWLRQ RI P
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PLQHUDORJ\ LQ URFN YDUQIWNXK DBGRUEISQE R QWHIH K WLUR
$PHU OLQHUDO

OLXUD + 7KH FU\VWDO WQKBWRUH RI KROODQGLWH

Micke A., DzigbodiAdjimah K. and Annor A. (1999) Mineralogy, petrography,
geochemistry and genesis of the Paleoproterozoic Birimian manganesgion
of Nsuta/GhanaMiner. Depos34, 297-311.

Nicholson K. (1992) Contrasting mineralogigg@ochemical signatures of manganese
oxides; guides to metallogenedtzon. Geol87, 12531264.

2VWZDOG - 6RPH REVHUWDDWHIQMRMLWEHQ PDULQH
PDQJDQHVHIERBXOBEKUB OKLQHUD

3DUF 6 1DKRQ ' 7DUG\ < DQG 9LHLOODUG 3 (VWLP
ILHOGV RI VWDELOLW\ IRU FU\SWRPHODQH QVXWLWH
QDWXUDO ODWHULWLBPZAHDWKEBHUQD VHTXHQFHV

SBHDFRFN & / DQG 6KHUPDQFKHPLVWBWURYWDQ@Q PDULQH
IHUURPDQJDQHVH FURWWVODQB UPROG XOHYV

Ploquin F., Fritsch E., Guigner J.M., Esteve I., Delbes L., Dublet G. and Juillot F.
(2019) Phyllomanganate veinfillin gs in faulted and Apoor regoliths of the
New Caledonian ophiolite: periodic and sequential crystallization edd¥iolane,
Alk birnessite and kbirnessiteEur. J. Mineral.31, 335352.

SRVW - ( ODQJDQHVH R[LGH PLQHUDOV &U\VWDO VW
HQYLURQPHQWIBQUREJQDM.FBRFE 6FL

S3RVW - (  9RQGUHHOH 5 % DQG %XVHFN 3 5 6\PPHW
LQ KROODWO XWHWEHPHOWY RI KROODQGLWH FU\SWRPH
$FWD &U\VWD ®WRINF VW H&R/P PXQ

5DQGDO0O 6 5 6KHUPDQ '0 DQG 5DJQDUVBIRWWLU . 9
DEVRUSWLRQ ILQH VWUXFWXUH VSHNRUBWBORS\ LQYHVYV
FU\SWRPHORQKKH® *HRO

SDYHO % DQG 1HZYLOOH O $7+(1$ DQG $57(0,6 LQW
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DQDO\VLV XVLI3XIV,)(GFJILSWD
RoquéRosell J., Mosselmans J.F.W., Proenza J.A., Labrador M., Galfkihsén
" DQG 4XLQQ 3 ' 6RUSWLRQGDNREROBQHOLWKLRSKF
intermediates in Moa Bay lateritic deposits, eastern GDbam. Geol275, 9-18.
Said M.l. (2020) Akhtenskitasutite phases: Polymorphic transformation, thermal
behavior and magnetic propertidsAlloys Compound319, 152976.
6KDQQRQ 5 5HYLVHG HIIHFWLYH LRQLF UDGLL DQG
LOQWHUDWRPLF GLVWDQFHV 1$3¢WD QUMW DQGREKD®FRJt

6KHQ ;) 'LQJ <6 J/LX - &DL - /DXEHUQGV . =HUJHU 5
0 DQGE6KL &RQWUROVRD QB QRPGWHU VL]HV RI SRU
PDQJDQHVH R[LGH RFWDKHGUDO BEOBWX®DU VLHYH QL

6LPDQRYD B8#D-DQG 7I5MVROYHG ,QYHVWLJDWLRQ RI &RE
E\ 0Q ,5LFK GOHPWWLQJ 4XUBN §EVRUSWLRQ 6SHFWURVFF
(QYLURQ 6FL 7HFKQRO

7D\ORU 5 7KH DVVRFLDWLRQ RIZRRQWKGKVH DQG FRE
REVHUYDMRIRDHFL

7D\ORU 5 DQG OFNHQ]JLH 5 AIOH MY W ¥ LDIWLKR @ [0RQ W Q
PLQHUDOV LQ $%$XWWD O LORL ¥ RBLHON

7D\ORU 5 0 OFNHQ]JLH 50 DQG 1RUULVK . 7KH PLQH
PDQJDQHVH LQ VRPHERXOWMHIVOLDQ VRLOV

7RQHU % ODQFHDX $ SRN\EIEWR0* DQG 6LQF VRUSWLRQ WR
KH[DJEQDQHVVLWH SDUWLFOHV ZLWKHRFKIKRGUDWHG E
&RVPRFKLP $FWD

7X 6 + B5DF] * - DQG *RK 7 % 7UDQVIRUPDWLRQV R
DIIHFWHG E\ S+ BIQRR © B9 GUIHW EROQ\ 0LQHU

7XUQHU 6 DQG %XVHEN 35 'PIOHRF WIVQEBRI GDOAX W LW H  J|
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EDWWHU\ HDWRUHD F\

9LOODORERV 0 /DQVRQ % ODQFHDX $ 7RQHU % DQG 6!
PRGHWKRUELRJHQLF 0Q RBVGIK GRREQYUBWEEW LG D
OLQHUDO

9LOODORERV 0 7RQHU % %DUJDU - DQG 6SRVLWR *
PDQJDQHVH R[L G BVHXERPRO® W\S X MWF B R BK L P
&RVPRFKLP $FWD

9RG\DQLWVNLL < 1 7K1 F RRIANVAML RY BHWHUPLQHG
VIQFKURWDRMQDO\VLY 5HYLHEXBBRXDOAFIDWLRQV

9RG\DQLWVNLL <1 OLQHUDORJ\ DQG JHRFKHPLVWU\
SXEOLFDWIIRRMNO 6FL

‘HEE 6 O THER % DQG %DUJDU - 6WUXFWXUDO FKDL
R[LGHVY SURGXFHG LQ V RDARWD UVERAUKRHBD UL QH
OLQHUDO

Wegorzewski A.V., Grangeon S., Webb S.M., Heller C. and Kuhn T. (2020)
Mineralogical transformations in polymetallic nodules and the change of Ni, Cu
and Co crystathemistry upon burial in sedimen@Geochm. Cosmochim. Acta
282 1937.

Wu Z., Lanson B., Feng X., Yin H., Qin Z., Wang X., Tan W., Chen Z., Wen W. and
Liu F. (2020) Transformation of Niontaining birnessite to tectomanganate:

Influence and fate of weakly bound Ni(ll) speci&gochim. Cosmocm. Acta

271, 96-115.
‘X = 3HDFRFN &/ /DQVRQ % <LQ + =KHQJ/ &KHQ =
DQG )HQJ ; 7UDQV FRPDIMIR@ORERBQHVVLWH WR \

(ITHFW Rl &R RQ WKH WUDQVIRUPDWLRGOPRXKERPSOLFDW
&RVPRFKLP $FWD
<bQJ 3 /HH 6 3RVW - ( X + ) :DQJ 4 X 14 DQG =KX |
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PDQJDQHVH RQ YDFDQFLHV WULJJHUV UDSLG WUDQVIR
PDQJDQHVH R[LGHV 702V ,PSOLFDWLRQV IRU RFFXUU
WHPSHUDW X U H HROFKIUR RFRMPWR FKLP $FWD

<LQ + /L + :DQJ9RJHDQIGHWLX * )HQJ; =KHQJ/ DQG /L

(ITHEFWV Rl &R PRI IRPRWKH VWUXEFWXUH DQG UHI
KH[DJRQDO BEKBI®@HVYNR® H

<LQ + /LX < .RRSDO /. )HQJ: &KX 6 =KX 0 DQG /LX
GRSLQJ SURPRWHV WKH WUDQVLWLRQ RI ELUQHVVLWH
KH[DJREDBP® *HRO

<LQ + 7DQ : =KHQJ/ &XL + J3LX * /L8 D UDFG HHIQ]DW L
Rl WULFK KH[DJRQDO ELUQHVVLWH DQG LW¥Q@HRFKHPLF
DQG $V*HRFKLP &RVPRFKLP $FWD

=KDQJ 4 :LDR =' )HQJ : + 7DQ :) 4LX *0€©2DQG /LX )
QDQRZLUHVY WUDQVIRUPH® 2UEP SHIDFY UY R X GGHOWDP E L
SUHVVXUH 7KH NH\ UROH Rl 9DWEG J&KITZAVIBIRPWEKDQLYV

=KDR + < ;/EDXLQ + /LX) 7DQ :) 4LX * + DQG )HQJ ; +
JRUPDWLRQ Rl WRGRVYRNGWHHERN VEWHY WKH UROHV |
PDQJDQHVH R[LGDWLRQ VW PHRF IDHFG ZQWGW OD\HU FDW

=ZLENHU : . -DIIH + : DQG OHLMHIWWIMWHYSUHDG PDQJDQF
R[LGH PIS@HWDOLQHUDO
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7$%/(6

7TDEOH
(OHPHRR\PLS&RVLWLRQ RI VHOHFWHG VDPSOHYV

Sample Mn wt.% Co wt.% Co at.% Baat% Kat% Naat%
CoV 56.1(7) 3.24(8) 5.11 n.d. 4.7 1.4
CoV-pH4 55.7(4) 3.23(6) 5.12 n.d. 3.0 n.d.
CoV-pH4-Relh  60.9(4) 3.55(6) 5.16 n.d. 2.8 n.d.
CoV-pH4-Re2d  65.1(2) 3.71(2) 5.05 n.d. 1.6 n.d.
CoV-Ba 48.4(9) 2.89(6) 5.28 8.5 n.d. 3.5
CoV-BaRe 56.3(0) 3.36(0) 5.28 7.9 n.d. 2.6

Note: at.% values are calculatasl Me/(Co+Mn); n.d. stands for not detected.

7TDEOH
SHODWLYH SURSRUWLRQV RI 0Q ,, - DQG ,9 YDOHQF
HGJH ;$1(6 VS GHUUNBWEYR PHWRREHDX HW D®@G

UHVXOWLQJ 0Q DYHUDJH R[LGDWLRQ VWDWH $26

0Q, 0Q,,0Q ,¢
6DPSOH Q Q Q 0Q$26
DW DW DW

&R9

&RSB +

&RB+ 5HK

&RB+ 5HK

&RB+ 5HG

&R9 0 +5HG

&R %D

&R BH
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7TDEOH
5SHODWLYH SURSRUWLRQV RI &R VSHFLHV LQ OD\HUHG SU

6DPSOH &R&R D &R &R D &R 0Q &R | &R 0Q &R |

CoV
CoV-pH4-Re-2d
CoV-Ba

CoV-BaRe

1RWH 7KH SURSRPUWLRHWHRIPELRHG IURP WKH LQWHUFHS\
VORZ UHOHDVH SRUWLRQ RI WKH HOHPHQWDO)UHOHDVH F
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)LJ ,QIOXHQFH RI WX¥RMKQWW BROQDMW®H\PBWHG SUHFXUVRUV D
SURGXFWYV ;5" SDWWHUQV EHIRUH JUD\ DQG DIWHU EOD
UHOHDVH IURP WKH VROLG GXULQJ WKH WUHDWPHQW 0Q
are divided in two segments: data points beforot included) and after (included) 24
hrs define the fast and slow release stages, respectively. The slow release section is
linearly fitted, the intercept of the equation approximating the amount of adsorbed
species (CoV: & Ryno [ 5 &R+ 5H G &Ro
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)LJ 6FKHPDWLF RI WUDQPRRWPLWLRQ YRUQ@RGLWH WR WHF
ZLWK YDULRXV WXQQHO VL]HV DQG EHKDYLRXUV RI &R



