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ODNLQJ WKH ORVW RI S3UHFLRXV OHW
1IDQRSDUWLFOHY LQ WKH 3XUL¢FDW
:DVWHZDWHU E\ 4DWDO\WLF :HW $LL

Revealing synergy between platinum and catalyst support

Korrin Saunders, Dafydd Davies, 1. Need for Catalytic Wet Air Oxidation
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'"HSDUWPHQW RI &KHPLFDO (QJLQHHULFRDR FRODWDUWLWMFDOFLWUDQW QRQ ELRG
Rl %DWK %DWK %$ $< 8. RUJDQLF FRPSRXQGYV VXFK DV SKHQR(

GHULYDWLYHV 3KHQROLF FRPSRXQGV DL
*Email: 3 30XFLQVNL#EDWK DF XN FKHPLFDO SUHFXUVRUV IRU PDQ\ LQGXVWU

ZKHUH WKH\ DUH ZLGHO\ XVHG DV UDZ PD

SURGXFWLRQ RI SHWURFKHPLFDOV G\HV
7KH DLP Rl FDWDO\WLF ZHW DLU R[LGDWQRQWLVF W R @BH SKIDWPDFHXWLFDOV $
WR UHPRYH RUJDQLF FRQWDPLQDQWYV MWRRVZD¥WRHZRMMHBY DUH FRPPRQO\ HQFRX
WKURXJK WKHLU FRPSOHWH R[LGDWLRQQ@XWKEXWOKDYLQQIWV DQG VXUIDFH ZDW}
WR YDSRULVH WKH ZDWHU 7R GDWH LWKHRZKGMREWFHDGG FRUURVLYH DQG LI D
H[SORLWDWLRQ RI WKLV SURFHVV KDV EBWE& KN®G® HEDFKW BEW FDQ FDXVH VHYHUH
WKH ORZ DFWLYLW\ RI DYDLODEOH FDWDOXWVDWALFZ&LFK PHDQBKHQRO LV WKHUHIRU
WKDW LW KDV WR EH RSHUDWHG DW DERYH PR/EPRYSKHULELF SROOXWDQW IRU |
SUHVVXUH LQ RUGHU WR NHHS WKH ZDADNWHDDWKH GLIKL®R LWV JHQHULF SU
SKDVH DW WKH HOHYDWHG WHPSHUDWXUUHND UHJKHUHGLWRXVWULDO SURFHVVHV
DFKLHYH FRPSOHWH R[LGDWLRQ +HUHOERHHGWHVHEQWHFRQRPLFDO WHFKQRORJ
DQ RYHUYLHZ RI DQ RQJRLQJ VWXG\ H|BEPRYD@IJRWKR[LF RUJDQLF FRQWDPLQDQW
NH\ UHTXLUHPHQWYV RI ERWK WKH DFWMYUHH SKYD WK HDIQRSS HUDWLYH WR SURGXFH Ut
WKH VXSSRUW PDWHULDO LQ SUHFLRXXDWHWD® F®OWBQYVWRQPHQWDOO\ IULHQG
IRU ZHW DLU R[LGDWLRQ XVLQJ SKHQRO DNHWKHDPRGWWOYHUDO GLNHUHQW PHWE
FRQWDPLQDQW 7KH PDMRU RXWFRPH WR H®DWH QW RKWDR[LF ZDVWHZDWHU LQFO.
WKH UHVXOWV UHYHDO D V\QHUJ\ EHWEHH@DSODWL @XGPDQFHG R[LGDWLRQ WHF
DQG K\GURSKRELF VXSSRUW PDWHULDGNRIZKHLFK DWY) QBWURSULDWH WUHDWPHQW
DSSDUHQW ZKHQ WKH DFWLYH SKDVH LB HXMXFHQRQPWKH WR[LFLWLHY DQG FRQFH
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SROOXWDQWYV LQ WKH ZDVWHZDWHU % LR @R HL FADKKH W U WD WKHQWV XSSRUWHG FRSS
LV WKH PRVW FRPPRQO\ XVHG GHSROQIEWIRQHPRHWKRE ;. UVW FDWDO\VWV UHSRU
DQG LV ZLGHO\ DSSOLHG WR UHVLGXDO Q@QRFWHROWHKBPRIHQHRXYV DQG KHWHUFR
OLFURRUJDQLVPV DUH XVHG WR GHJUPGWDSRUGX\WDRWIYDWLRQV KDYH EHHQ IRX(
KRZHYHU WKHVH SURFHVVHV UHTXLUH ORQUQBOGXGGEOFHIDSKHQH R[LGH 1
WLPHV DQG DUH QRW VXLWDEOH IRU WKWE RQ HPMPRVDX\E HRM KLJKO\ GHIHFWL
WR[LF FRQWDPLQDQWY GXH WR ELRPDWHWRIOVR QLIGHV DQG SLOODUHG FOD\V
7KHUPDO WUHDWPHQW PHWKRGV LQFOMGH RIQH LRRHQUMQOMWRIER QDO PHWDO R[LGHV D
ZKLFK XQOLNH ELRORJLFDO PHWKRGVPHWDRRUH VXLWHHUH ZH UHSRUW RQ DQ
WR ZDVWHZDWHU ZLWK D KLJK FRQEFGQOMVUWDIWDRQRRIRI VXSSRUWHG SODWLQXTF
FRQWDPLQDQWY ,QFLQHUDWLRQ KRZHQBQRBEDWHJWEGIIRPHWOYKLFK DUH DPRQJ WKH
HQHUJ\ H[WHQVLYH UHTXLULQJ KLIXQGRBMDPWH @I$2 FDWDO\VWYV HV
WHPSHUDWXUHYV DQG SUHVVXUHV WKXNHRDWKEJVK®S®UW FRQWDLQV FHULD
KLJK FRVW SURFHVV ,QFLQHUDWLRQ F UM DXOVRVOHDRBPWR WWHKG\ RI FRPSRVLWLRC
UHOHDVH RI DWPRVSKHULF SROOXWDQWUVRYXGEK DYVGIRWMWQVQWR WKH GHVLJQ RI F
DQG IXUDQ DQG VR FDQ FUHDWH QHZFDQWDLOWWAHQIKILGK FDQ DOORZ L ORZF
SUREOHPVY UDWKHU WKDQ SUHVHQWLQJWIQPHGWDWKYROXWLR¥KRUWHU LQGXFWLR
%RWK SURFHVVHV KDYH WKHLU DGYDQ@WDPLURMYP KRUYBWLRQ LV DFKLHYHG IRU WK
QHLWKHU DUH HNHFWLYH IRU ZDVWHZDWHRB YV JDKQIFFK FRREOWDALLR DLQ W VOWRR HI2 ORDGLQ
RUJDQLF SROOXWDQWY LQ WKH UDQJHRRIWIKHHZFWX@BWPHWDO FRQWHQW RI WKH F
WR D IHZ WKRXVDQG SDUWV SHU PLOOLRQ +*+ WKHVH ZDVWHV
DUH WRR GLOXWH WR LQFLQHUDWH \HW, WBR WR[LF WR EH
ELRORJLFDOO\ WUHDWHG
$ PRUH YHUVDWLOH SURFHVV IRU wR{lEatalyst\Rreparatignuand
WUHDWPHQW LV ZHW DLU R[LGDWLRQ Charactenisatiark L FK
FRPSOH[ RUJDQLF FRQWDPLQDQWY DUH FRQYHUWHG LQWR
VLPSOHU ELRGHJUDGDEOH PROHFXOHWORAPLQIHDAG\DIQBNVNR/LOLFRQ FDUELGH A
FDUERQ GLR[LGH DQG ZDWHU :$2 FDQ FEHHH IWKHZPRMW IUHTXHQWO\ XVHG VXSSR
VWUHDPV WKDW DUH WRR GLOXWH IRUSURFLGHGDENLRRQ\VERQWODWWKH\ DV PP SH

WRR FRQFHQWUDWHG IRU ELRORJLFDO SWBIHFRXWWRIQ WD QWW KRIXW SODWLQXP ,, St
UHOHDVLQJ KD]J]DUGRXV HPLVVLRQV VXFROIMDMV$HMDWB28. UXWKHQLXP ,,, SHQWD
DQG +&0O JXUWKHUPRUH WKH XVH RI@QUPDVIDEOHDKQ 86% DQG FHULXP ,,, (

VRXUFH Rl R[LGDQW PDNHV LW PRUH HQH[DKR®PBI\GMW DBIOIPD $OGULFK 86% 7KH
IULHQGO\ WKDQ WKRVH WHFKQRORJLHVXWKDBWRIHSOURSDWWQR QKH LPSUHIJQDWLQJ \
R[LGLVLQJ DJHQWV +RZHYHU WKH SURBH& JUDHGHKLWROYXHQH 6LJPD $OGULFK 8
FRPELQDWLRQ RI KLJK WHPSHUDWXUH 2DR/IDE KWK KL IBFLHQWL:.F 86$%

UDWHV RI UHDFWLRQ DQG KLJK SUHVVXHEH WRVDIONSWVKEHUH SUHSDUHG E\ LP.
ZDVWHZDWHU LQ WKH OLTXLG SKDVH WR LAXALFK HQOW ZHWQHVV DW URRP WHPS
PDNH LW KLJKO\ HQHUJ\ LQWHQVLYH 3W DQG 5X SUHFXUVRUV ZHUH GLVVROY]
7KH SURFHVV HFRQRPLFV DQG ZLGHU BPRXQRQYPRQWDROXHQH ZKHUHDV ZDWHU
LPSDFW RI :$2 FDQ EH VXEVWDQWLDOMVLRKHRYR®YHQW IRU WKH FHULXP VDOW
WKH DGGLWLRQ RI D FDWDO\WW L H EDWHKOYMQJ WHKH SHOOHWHG VXSSRUW |
RSHUDWLQJ PRGH WR FDWDO\WLF ZHM VDA UFURIGHGVIDRQG VLHYHG WR DFKLHYH
&:$2 1RW RQO\ GRHV WKLV UHGXFH WKQMJHWHYHULW\ PP 7KH VOXUULHV RI V)
RI WKH UHDFWLRQ FRQGLWLRQV EXW [PDWHBQLDOVROASHQPSIUHIQDWLQJ VROXWL
UHDFWLRQ SDWKZD\V ZKLFK FDQ OHDG I\WH WKK W[R GDQWDRIH HNHFWLYH LPSUHJQE
Rl HYHQ UHIUDFWRU\ SROOXWDQWYV ZKIZKK WE&HUDROYHQWY ZHUH UHPRYHG E\
FRVWV RI &:$2 FDQ EH DV ORZ DV KDOIXVKQW RIUBWDU\ HYDSRUDWRU PEDU Z
GXH WR WKH PLOGHU RSHUDWLQJ FRQGWWERRBVDD@ MRRUWHWDP SOHYV ZHUH WKRUR>
UHVLGHQFH WLPHYV W\SLFDOO\ :$2UIREH RYWHYLIKW LQ IR EHHRUBWEHLQJ
DW WHPSHUDWXUHV gRIDQG SUHVVXUHWIOROFLQHG ®&WLQ VWDWLF DLU IRU K IRC
+ EDU 6LIQL.FDQWO\ FRIPISDWIWH DW D UDPS®UPWH ®LPHWDOOLF
R[LGDWLRQ LV RIWHQ DFKLHYHG ZLWKF®WD OMOWX ZIHUH SUHSDUHG E\ WKH VDPH
WKH QHJOLJLEOH UHOHDVH RI RUJDQLFWIRPBRWRIEWZR PHWDOV ZHUH HLWKHU F
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RQWR WKH VXSSRUW RU D PRQRPHW D Q&I WIDWDIOQY\VEDADFDUULHG RXW DW ORZH
LQLWLDOO\ SUHSDUHG DQG WKHQ SRVWEKPSBBEHYDWHQJIZISWKVVXUH ZDV DOVR O
WKH VHFRQG PHWDO EHIRUH WKH GU\LQJEDQEHFRPEQQDWKHRQWDQGDUG WHVWLQJ S
VWHSV ZHUH UHSHDWHG )RU VFUHHOQLRIWHGHW RHFQWMQLQJ DQG LQ VWXGLHV RI
DFWLYDWHG FDUERQ + PHVK VL]JH DOGFDWWRMQUXHG WHPSHUDDAKMMHRGE EXW
VXSSRUWHG RQ PP SHOOHWYV RI H[WUX®KIGVFDRAE R® ZHUR GLWRWKH VWXG\ RI VXSS
5X E\ PDVV ZHUH XVHG DV VXSSOLHG DE\G-BK@PR®HU HNHFWV D@GnWEKHQ WR
Matthey). PHWDO WKULIWLQJ VWXG\ LQ RUGHU W]
&KDUDFWHULVDWLRQ RI WKH FDWDO\VRNWZHHY KUXKQD\XHDFEWLYH PDWHULDOV
(PPHWW 7HOOHU % (7 PHDVXUHPHQWY PKBDRSHQDWXKH FDWDO\WW EHG WHPSHUL
SURJUDPPHG UHGXFWLRQ ; UD\ GLRNUDPBWRE®\DWQ EDFULREOHY ZHUH DNHFWHG VXF
HOHFWURQ WRPRJUDSK\ SURYLGHG LQIRUPDRKH. QI RRVMWVRELPHGLXP R[\JHQ VROXE
H[SRVHG VXUIDFH DUHD UHGXFLELOLWD WKW PRVMEXUBWHQRBI PDVV WUDQVIHU Wt
FRPSRVLWLRQ DQG ZHWWDELOLW\ LQWR DFFRXQW E\ FRPSDULQJ FDWDO\WLF
VHOI FRQVLVWHQW WHVW FRQGLWLRQV L

2.2 Catalyst Notation VWXGLHV

,Q WKH WH[W EHORZ WKH QRPLQDO FDWéDeéi}é\lesfgd?e%lﬁi\ﬁbWLRQV
DUH UHSUHVHQWHG DV IROORZV .

PDVV ORDGLQJ Rl SUHFLRXV PHWDO VXUWIQQFDWDWILVWW VFUHHQLQJ RI SRWHQWLD
LGHQWLW\ RI VXSSRUW PDWHULDO V EHQFKPDUN WHVW FRQ® LW LR@Uthe
JRU H[DPSOH 3W FHULD DOXPLQD SDUDPHWMUY GHOLEHUDWHO\ YDULHG ZHU|
D FDWDO\WW SUHSDUHG E\ L LBSUHJIJWPMWISQHALRXY PHWDO 3W RU 5X DW D ¢
ZLWK HQRXJK FHULXP ,9 QLWUDWH VROXIWLRBE\WR WWRGXIFHFRPSRVLWLRQ RI WKH
D VXSSRUW PDWHULDO ZKLFK ZKHQ GUPB® BQID 6DOAIDHE 6L & LLL DEVHQFH
FRQWDLQHG , E&WDVYV DQG LL LPSUHJGDWVYRBQFH RI D SURPRWHU FHULD DQG LY
WKH UHVXOWDQW PL[HG R[LGH VXSSRSWURDIWBUHLDOIHZIRWKVKH FDWDO\VW EHG
SODWLQXP SUHFXUVRU VROXWLRQ WR SXYEGE HUD GRWHDO\VAMOHDUO\ E\ FKDQJLQJ
ZKLFK DIWHU IXUWKHU GU\LQJ DQG FDO RILQ DWW HROXSBRW WL THBG E\ DGGLQJ D SURF
3W E\ PDVV FKDUDFWHULVWLFV RI WKH FDWDO\VW PD
VXFK DV WKH VXUIDFH DUHD RI WKH VXSS
GLVSHUVLRQ DQG R[LGDWLRQ VWDWH RI WI
DUH GLVFXVVHG ODWHU ,QFOXGHG LQ WKH
&DWDO\WW SHUIRUPDQFH WHVWLQJ ZDV DKW ULER RKRPHQFDDO FDWDO\WW VDPSO|
WKUHH SKDVH GRZQZDUG ARZ WULFNOH EHWBROQHDG® RBXRADUERQ
WKH W\SH GHVFULEHG E\ (QDFKH DQG FR$X¥RigikeHUV VKRZV VHYHUDO NH\ WUHQGYV
XVLQJ D FR FXUUHQW WHVWLQJ SURFHGXHIHBGWHGE IR WEBWDPH DSSDUHQW  GX
XVHG E\ 6XiUH] 2MHGD DQG FR ZRUNHUVVFUH$IQLRDWWXG\ 2QH Rl WKH PRVW VWUL
FR IHG DW D ARZ UDWHPRID) togdther WKH VLPLODULW\ LQ SHUIRUPDQFH EHWZHH
ZLWK DQ DTXHRXV VROXWLRQ Rl SKHQRRQ FRQ\FIH@OWHBWERQYPERQ DQG WKH EDUH VX
PJ OLWUMHHG UDWH % PLEP ZKLFK WKLV SDLU RI SHUIRUPDQFH FXUYHV LV
WULFNOHG XQGHU JUDYLW\ WKURXJK iWKdlreFIDWDGMWS LWHGGLNHUHQFHY LQ PDFL
J DW D OLTXLG KRXUO\ VSDFH YHORFEWUWLF@H WL]H ,Q ERWK FDVHV WKH DSSD
7KH OLTXLG SKDVH SURGXFWV DQG XQFRIQSKHQYRIG BRMEBROWWHHSO\ WR GXULQ.
LQ WKH RXWOHW VWUHDP ZHUH VHSDURWHGWHVWILQHK EHIRUH VWDELOLVLQJ
SHUIRUPDQFH OLTXLG FKURPDWRJUDSKW H\W& QBEHMKMH DSSDUHQW FRQYHUVLRQ E|
EHLQJ DQDO\WVHG ZLWK DQ XOWUDYLROWWHWHSQ\EOCHHIBY N LMYHQWXDOO\ OHYHOOL
GHWHFWRU ZKLFK KDG EHHQ FDOLEUDWHIGQ WHUBUNWRWRHVH UHVXOWY DV VKRZ
FRQFHQWUDWLRQV RI SKHQRO TXLQRRHWKHQBSE8DUBQMFFRQYHUVLRQ LV GXH Wi
DFLGV 6LJPD $OGULFK 86% SKHQRO RQ WKH DFWLYDWHG FDUERQ ,W
7KH PD[LPXP RSHUDWLQJ SUHVVXUHFDQ¥R®HKIMKEHFRPH VDWXUDWHG ZLWK V\
WULFNOH EHG UHDFWRY ZBVFK DEDBRZBGWHU DERXW K RI WHVWLQJ WKDW W
WHVWLQJ DW WHPSHUDWERUMANKEK ERL®ODLBEBRQYHUVLRQ * UHAHFWV WKH FDWDO\
WHPSHUDWXUH RI ZDWHU DW WKLV SUHRNWWKH FOWPRYWRWHULDOV

2.3 Catalyst Evaluation

431 © 2018 Johnson Matthey
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)LJ 3KHQRO FRQYHUVLRQ PHDVXUHG DV D IXQFWLRQ RI WLPH IRU D UDQJH RI FDW
WHPSHUDWXU# ROUHDNV LQ WUDFHV VKRZ GHOLEHUDWH LQWHUUXSWLRQV LQ WHVW
ZLWK LGHQWLFDO FRPSRVLWLRQV DUH LQGLFDWHG E\ DQG

$V KLJKOLJKWHG E\ WKH FOXVWHU FSID\8KDDR BRRGRN HG N 0Q Vet (21),
FXUYHV VKRZLQJ PD[LPXP FRQYHUMLR®LFRIWKH R[LGDWLRQ RI SKHQRO OHL
+ ODEHOOHG  FEiguré Q LW ZDV WKH IRUPDWLRQ Rl FDWHFKRO DQG K\GURT
GLOFXOW WR GLVFULPLQDWH EHWZHHQDWHKHFRRNFHW MG IM@EPara EHQ]JRTXLQRQH
FRPSRVLWLRQDO YDULDEOHV ZKHQ W KHEHHFDUWD @t @WERQBUEUHDNLQJ WDNHV SODF
LQ WKH IRUP RI PP SHOOHWYV +RZHYRQYFWXLRIQQADY UHDFKHG WKHZDNOHFWL
DQG VLHYLQJ WKH SHOOHWHG VXSSRUWV PBWGRIHIRAYV WKLV FDWDO\WVW UHWI
EHIRUH LPSUHJQDWLQJ ZLWK WKH PHWDMV KWH K XOUFPWRLY LWR GXULQJ SURORQJHG VV
SURGXFH JUDQXODU FDWDO\VWV ZLWK BQGWMFGHGGQBRMHIWRHWKURXJK DQ LQGXFWL
+ PP DOORZHG HNHFWLYH GLVFWHPMQIDQVLRMYV UHVXPHG DIWHU EHLQJ LQWH
ZLWKRXW FRPSURPLVLQJ WKH ARZ FKDUDFWHULVWLFV RI
WKH FDWDO\VW EHG )RU H[DPSOH 3V x BEROW DQG 3URPRWHU (RHEWYV
DOXPLQD DFKLHYHG D PD[LPXP FRQYHUVLRQ RI
ZKHQ LW ZDV LQ WKH SHOOHWHG IRUP EDXM XQ@ GWVOMIRQ XPMXWNHV IRU WKH KLJK
IRUP LW UHDFKHG EHIRUH GHDFWLSBWLRHUWR 6D& ZHUH H[DPLQHG E\ REVFH
VWDEOH YDOXH LQ H[FHVV RI WKH HRHFWV RI GLNHUHQW FRPELQDWLR
7KH EHVW SHUIRUPLQJ FDWDO\VW LGHWDLQ 56 RERWHW VXSSRUW VI\VWHP ,Q
WKH VFUHHQLQJ VWXG\ ZDV D IRUP X O DUWMRD FR QWIKH QGINHUHQFHY LQ DFWLYLW!
3W DV WKH DFWLYH PHWDO SURPRWMW®HE\FDWBOLDOW EHG WHPSHUDWXUH GXUL
DQG VXSSRUWHG RQ D K\GURSKRELF ROWMHVYW/QQELEZDYV ORZHUG Go LUORE.
$IWHU WKH VWDUW Rl WKH WHVW WKHYRZHYWW HYBQXFWMRKH ORZHU WHPSHUDW
WLPH RI DURXQG K ZKHQ WKH SKHQRDWHRQLYHUW IFRQWDLQLQJ ERWK 3W DQG 6
URVH WR 'XULQJ WKLV LQGXFWLRYVESHEQRGSKWRORO FRQYHUVE§@ RI), *
JURXSV RI QRQ VHOHFWLYH R[LGDWLRRKBUROXFWRH ZHAOMHLY LW\ Rl 6L& DORQH R
GHWHFWHG FDUER[\OLF DFLGV IRUPLFFWDFHWGHSIKPIDUHE RQ LW ZDV QHJOLJLEO
PDOHLF DQG DURPDWLF R[\JHQDWHV KAGH\RH XLHMRXQHNVY DUH FRQVLVWHQW ZLWK
EHQJRTXLQRQH FDWHFKRO K\GUR[\EEG®MIFHOQFIW DQG 6L& EHLQJ FULWLFDO L
7KHVH DUH FRQVLVWHQW ZLWK WKH IUPB[UPXPFDRDWBDEWLRQ DFWLYLW\ 7KH L
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EHWZHHQ 3W DQG FHULD LV Rl VHFRQGIXKWH DOIRUGMDQPPHRQH VKRZHG VRPH DSSDU
EXW FDQ KDYH D UROH WR SOD\ LQ WKULIPR@YHWKHRDHWEXOW RQO\ LQ WKH SHOC
ORDGLQJ $V VKRZQ LQ D SUHYLRXV SYKQUIAVWLRQ@ WKDW WKLV ZDV GXH WR SK
WKH DGGLWLRQ RI * FHULD WR HLWKRHQ WXWM 6HE@VRUQDO VXUIDFHV RI WKH St
3W 6L& VXSSUHVVHG DFWLYLW\ +RZHWYHRWHRPXEV@IDQIWLDO DFWLYLW\ ! FRQYF
FHULD ERWK FDWDO\VWV ZHUH SURREWHGY EX WKW®H FHULD ZDV GHSRVLWHG |
HNHFW ZDV PXFK JUHDWHU IRU 3W 6L& OMXPLQDWLAKILER SRLQWYV WR WKH SKHQR
3W FHULD 6L& FORVHO\ PDWFKLQJ WRMHWFWBWLWEHRULD DOXPLQD EHLQJ HVVHQ

3W 6L&igure3 ). VXP RI WKH FRQYHUVLRQV DFKLHYHG E\ 3
KHQ D KV\GURSKLOLF VXSSRUW DOX®GQDFHUZDY DOXPLQD
VXEVWLWXWHG IRU 6L& WKH PD[LPXP VWDEOB FRDGHUMSRQWHG WKH VDPH WL

DFKLHYHG E\ JUDQXODU 3W DOXPLQD 2BW UHEXMMWHG ZKHQ 5X ZDV VXEVWLWXWH
WKLV FRXOG EH LQFUHDVHG WR E\ DG\GAUIHW ICRHD RWFBPBWDRYH PDWHULDOV ZHUH W
HLWKHU E\ SUH LPSUHJQDWLRQ RI WKHKXWKXISIBRIUNW RDVEGLVSHUVHG RQ 6L& JUDQX(
SRVW LPSUHJQDWLRQ RI WHKgdre32¥)DOXPLQDSKHQRO FRQYHUVLRQ RI RQ®\ DW

=
o
o

)LJ (NHFW RQ SKHQRO
FRQYHUVLRQ RI FHULD
DGGLWLRQ WR 3W 6L&
FDWDO\VWV ZLWK YDU\LQ.
ORDGLQJV DW D FDWDO\\
EHG WHPSHUDWXUH RI
1200 D FHULD 6L&

E 3W FHULD

6L& F 3W FHULD

6L& G 3W FHULD

6L& B5HSURGXFHG

ZLWK SHUPLVVLRQ IURP
(24). Copyright 2018
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ZKLFK FRXOG QRW EH LPSURYHG E\ DGGIL& LRIWRREKHUIMKH I1X00 LQGXFWLRQ SHU
+RZHYHU WKH DFWLYLW\ FRXOG EH GRXE®HG ELQHSODOFLYKHQRO FRQYHUVLRQ H[F
WKH 6L& ZLWK WKH K\GURSKLOLF DO XP WXD \WUDRK{BINHGDRIG 3W 6L& GXULQJ PRVW R
WKHQ GRXEOHG DJDLQ WR SKHQRO FRRNSBHLRDAME\ and 4(e) ZKLFK PHDQW
DGGLQJ FHULD WKDW WKH H[LW VWUHDP FRQWDLQHG D ORZ
Rl XQFRQYHUWHG SKHQRO DQG ORZHU FRQH}

5. Bimetallic Catalysts WKH QRQ VHOHFWLYH SURGXFWYV

$OWKRXJIJK D VWXG\ RI WKH IXOO PDWULé th1 &F%E{Véa\% g?tQ\I?a?ableS on

YDULDEOHV LQFOXGLQJ WKH LQWHUDEa\‘/%Ia cWet&#b\%&aSh%eﬁonance
DQG 5X DV ZHOO DV ZLWK K\GURSKRELF DQ

VXSSRUWV KDV \HW WR EH FRPSOHWI—ﬁGlMag:mmoploFomvofmﬂ/Qatalyst
LQGLFDWH WKDW WKHUH DUH VRPH VSHFL¢{F EHQH WV WR EH
JDLQHG E\ LQFOXGLQJ ERWK 3W DQG 5X §PRRAWXWHKH DMCDOOOWQJIHY LQ GHVLJIQLQ
IRUPXODWLRQV $V REVHUYHG GXULQJRWKHARQMUHIXROM &:$2 SURFHVVHV LV W
SKDVH LW WRRN WKH PRVW DFWLYH FDWBRLHWH PW EBIODQFH EHWZHHQ DFFHSV
6L& DURXQG PLQ WR UHDFK IXO0O SKHQROVFRQWMHDY¥URYY WKH FDWDO\VW EHG
at160 ¢ 7KH XQSURPRWHG YHUVLRQ RI WKHV WDWD ®D/NWW WUDQVIHU RI WKH RUJD!
3W 6L& UHTXLUHG D ORQJHU WLPH D®&G ,RIEHWZHHQ WKH WKUHH SKDVHV
EHIRUH LW VWDELOLVHG DRgutX© Q. FRQYHWYXILRQ WKH EHG 6WDUWLQJ ZLWK UH
,W ZDV DOVR GXULQJ WKLV LQGXFWLRBRQNWIRGX WEWWS VKW LFOHV PP SHOOH
VHOHFWLYLWDWEHRQRZ ZLWK PHDVXBDBMKH WULFNOH EHG UHDFWRU XVHG WK
SSP FRQFHQWUDWLRQV RI|I FDUER[\OLWXBEH&VDOQRZHG WKH UHDFWRU WR RS
DURPDWLF R[\JHQDWHV EHLQJ GHWHFWHG WQLWKBHZBWAHWPRGH +RZHYHU SUREL
HILWLQJ WKH WULFNOH EHG UHDFWRU H[WHUQDO PDVV WUDQVIHU OLPLWDWLRQ
:KHQ D 3W 5X 6L& FDWDO\VW ZDV SEB®DUH®/LF DFWLYLW\ HYHQ DW ORZ SKH
E\ SRVW LPSUHJQDWLRQ RI 5X 6L& ZLWKXQOW QRKMH EH UHVROYHG ZKHQ FKDQJH\
LQGXFWLRQ SHULRG LQFU Higwe4®) W R PLMMR WKH FDWDO\VW FRPSRVLWLRQ $Q LP
FKDQJLQJ WKH VHTXHQFH RI LPSUHJQDWXKRVF R/RMHSWKWR HIRUH ZDV WKDW WKH F
WKDW WKH VDPH FDWDO\VW FRPSRVLWLRMLPDWBWHRMM GCEXOG EH UHGXFHG E\ X
SRVW LPSUHJQDWLRQ RI 3W 6L& ZLWK BRWDHGVWR QWK D PDFURVFRSLF SDUWI
LQGXFWLRQ SUR,OH UHVHPEOLQJ WKDW Il 3W &L& ERW WKMWKRXW FRPSURPLVLQJ
IXOO LQGXFWLRQ SHU L Figura B(t) PLIQH RSHUDWLRQ RI WKH WULFNOH EHG ZKLFI
PRVW QRWDEOH HNHFW RI 5X DGGLWLRQWKHDRNHHPRBDBURMQWKH FRPSRVLWLRQDO Y
ZKHQ 3W DQG 5X ZHUH FR LPSUHJQDRWd3®d.RQ
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o

)LJ 3KHQRO FRQYHUVLRQ PHD\
DV IXQFWLRQ RI WLPH IRU ELPHW
FDWDO\VWYV DW D FDWDO\VW EH!
WHPSHUDWXUd,: RID 5X

6L& E 3W SRVW LPSUHJQDWH
RQ 5X 6L& F 5X SRVW
LPSUHJQDWHG RQ 3W 6L& G
3W 6L& H 3W DQG 5X
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6.2 Activated Carbon as Catalyst or SKDVH $ VLPLODU PHFKDQLVP KDV EHHQ SL
Support /IDYHOOH DQG OFORQDJOH IRU &:$2 RI IRU|

DW QHDU DPELHQW WHPSHUDWXUH LQ D VS
(IWHQGHG WHVWLQJ ERWK RI DFWLYDWH®DFDRERIXIPQ XVRIQJ SODWLQXP VXSSRUW
5X VXSSRUWHG RQ FDUERQ LQ D FRQWL@XRXKREHDF®WRUGLYLQ\OEHQ]JHQH VXSS
KDV VKRZQ WKDW LW FDQ EH GLOFXOWDWRRGD®W LZDM MWKOW WKH SUHVHQFH RI W
EHWZHHQ FDWDO\WLF DFWLYLW\ DQG FRX\SSRUQYDQMG WR DDIBV HQYHORSH IRUPLQ
LQ WKHVH PDWHULDOV $V \HW LW LV QCRW EYH WDW & VZ PN WKHKH UHDFWRU URWDWH
WKLV LV D JHQHULF SURSHUW)\ RI DOO WADWIE ROQ FALRQLY D LOH TOIL WHIBDHIQAE RIRW &V K UR X .
FDWDO\WWYVY RU LI LW LV VSHFL¢F WR WAKKH DIFVKIENRDXW HSK BDW ERQRXU FDWDO\WWYV R

XVHG LQ WKLV ZRUN WULFNOH EHG UHDFWRU WKH pJDV HQYHOR:
WR EH LQ WKH IRUP Rl DLU EXEEOHV ZLWKL(

!

6.3 Metal-Supportand Metal-Promoter ZKLFK WKH 3W QDQRSDUWLFOHV DUH ORFD

VRPH GHJUHH RI ORFDO K\GURSKLOLFLW\ L\
LQ RUGHU WR DOORZ WKH DTXHRXV SKDVt
7KH PRVW VLJQL,FDQW FRUUHODWLRQ WEWHUWVR EHWZBKBQRO WR FRPH LQWR FF
FDWDO\VW FRPSRVLWLRQ DQG &:$2 DPWWYYW\VUWMBWDWHKYY LV SURYLGHG E\ WKH 3
WR WKH ZHWWDELOLW\ RI WKH VXSSWHKWP\PHDOWHIWVL E®W P@®\ DOVR EH SURYLGHG E!
SDUWLFXODU WKHUH LV D GH¢QLWH RINQRZIORDHBULRDHW @RI FHULD 2WKHUZLVH W
3W DQG K\GURSKRELF VXSSRUWV VXFKNBWWSR& FHKLY LV GLOFXOW WR H[SODLQ |
VIQHUJ\ FDQQRW EH H[SODLQHG E\ WH[VRXWUEBQ FKDRQUIM\H LEDSDFLW\ LV XQOLNHO\ W
WKH FDWDO\VW ,Q IDFW WKH VXUIDFHDM MXRIORZWWHRSHUDWXUHV XVHG LQ RXLU

“ p2g! ZDV VXEVWDQWLDOO\ ORZHUHQKDIFZ&HMFWLYLW\ LV DOVR XQOLNHO\ W
WKH VDPH ORDGLQJ RI 3W ZDV VXSSRUWWEBURDK\BORBWUBREF PHWDO VXSSRUW LQW
DOXPLQD 2?gP DQG \HW WKH PHDQ GLDRAWHWHY VWURQJO\ UHGXFLQJ FRQGLWLRC

Interactions

RI WKH 3W QDQRSDUWLFOHV ZDV “ SQHWSDQUDERWR RU XVH RI WKH FDWDO\VW

FDWDO\VWV 2XU UHVXOWV VKRZ WKDW WKH PHWDO VX
$OWKRXJK WKH LQFOXVLRQ RI 6L& LQ BQ$2 3FDWDH\WRVORQJIHU H[LVWV ZKHQ 3W LV
KDV EHHQ UHSRUWHG LQ WKH SDVW IBW BBV EKH QR EWHEBXP VXSSRUW LV QRZ HJ\

VSHFL¢FDOO\ WR LPSURYH GXUDELOLW\KGQGGRBXKWOLR FRHDIBLQJI XV WR FRQFOXGH
K\GURSKRELFLW\ ,Q RXU ZRUNLQJ K\SWWRH®LNHUMHGW SDWKZD\V IRU WKH WUD|
Figure 5(a) ZH HQYLVDJH WKDW WKH SUHVR@FWKRH DLU IHHG WR WKH DFWLYH VLWH
K\GURSKRELF VXSSRUW OHDGV WR,WKH &KDARIBMHBROVBRBW2RQ RI ERWK JURXSV RI
GLUHFWO\ IURP WKH JDV SKDVH RQWR 3W DHFWHIYE /G WHKDBWKIDFPDMRU GLNHUHQFH E
DUHDOVR FDSDEOH RIDGVRUELQJ SKHQRODVURRDWKHWWT XNRESVHVHQW PDLQO\ LQ LWV

yLJ 7ZR SURSRVHG
SDWKZD\V IRU WKH DFWLYDW
Rl SKHQRO,Dtee 2

DFWLYH VLWHVY ORFDWHG LQ
WKH FDWDO\VW SRUH VWUXF
D ZKHQ 3W LV GLVSHUVHG |
D K\GURSKRELF VXSSRUW JI
SKDVH 2V GLUHFWO\ DGVRUE
onthePt © VXUIDFH ZKLOH
SKHQRO LV DGVRUEHG IURP
DTXHRXV SKDVH E ZKHQ 5X
LV GLVSHUVHG RQ D K\GURS|
VXSSRUW GLWIWROYHG 2
DFWLYDWHG RBPFHXVHG

LQ WKH DTXHRXV SKDVH IUR
ZKLFK SKHQRO DGVRUSWLRQ
WDNHV SODFH
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ZKLOH 5X LV SUHVHQW LQ LwV R[LGLReferengesp sxo2
‘H WKHUHIRUH SURSRVH WKDW GXULQJ %-Pss%QG 5

5X2 DGVRUEV ERWK SKHQRORPQWKH 186 , (1), 16

DTXHRXV S Kufedi5(b) 7KLV PHDQV WKDW, EHU D HEHU p3KHOROVY

'H L
IRU PD[LPXP UDWH RI UHDFWLRQ WKURXJK D/ EHG R ?SQWXU\ Rl 3URJUHVY. H
FDWDO\VW DOO WKH DFWLYH VLWHV VKRXQEoEHULEPHSH G HuoLe *HUPDQL
LQ WKH FRQWDPLQDWHG DTXHRXV SKDyH ZKLF)&\WDw% %HUDUGLQHOOL & SHVL

IDYRXUHG VWDWH ZKHQ 5X LV GLVSHUVHG wm%Mza%WEw %08 160 , (2-3), 265
SRUH VWUXFWXUH RI D K\GURSKLOLF VXSSRUW PDWH FKD . "HO’EQJHO s TRL
&YLD

2770
$OWKRXJK RXU VWXGLHV LQGLFDWH WKDW $lW_| ﬁ Fv s SIITXH] § SUULI
DFWLYLW\ Rl 3W VXSSRUWHG RQ D K\GURS}&R%IHFO\X, aﬁalf d}ﬁ\éy 015, 250 145
G :

JKHazard. Mater ., 2011,

Q 33
G |/
;

JUHDWHU WKDQ WKDW RI 5X VXSSRUWHG RQ,D K\GURSKLOLE
5 wa QG J, O TOndKEng Chem. Res

VXSSRUW WKHUH PD\ EH VRPH EHQH:WV WR g@g o

IURP FRPELQLQJ ERWK PHWDOV RQ D K\GURSKRELF ROW § JRUWXOL & %HOJ

VXSSRUW )RU H[DPSOH WKRXJK WKH p&celwd dE'iW '5&<) Q ) Q bHQ

IWD[LDV D $ ) DdpUGHtAD W2005, 33,
WR 3W 6L& GRHV QRW UHGXFH WKH WRWDO ORDGLQJ RI
SUHFLRXV PHWDO LW LQFUHDVHV WKH U H DW ZKLFK WKH

FIRWND $ %XUJKDUGW

H
FDWDO\VW DSSURDFKHV PD[LPXP FRQ\ZHUVLIJ-\P ] .
DU hno IoBl\otechnoI ., 2016,

WKH ¢UVW KDOI RI WKH LQGXFWLRQ SHULEﬁ
WR KDYH D EHQH¢{¢FLDO LPSDFW GXULQJ J}/ W5 &
&:$2 UHDFWRU E\ UHGXFLQJ WKH GXUDW RQR; ?{Nfli

o
—
P
Ie
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3K' VWXGHQW WR VWXG\ FDWDO\WLF ZHW DLU R[LGDWLRQ DW WKH &
FRPSOHWLQJ KLV 3K' LQ KH MRLQHG $UFDGLV DV D SURFHVV HQJ
ZDVWHZDWHU WUHDWPHQW SURMHFWV ZLWKLQ WKH :HOVK :DWHU &DS

6WDQ *ROXQVNL EHIJDQ KLV UHVHDUFK FDUHHU LQ LQGXVWU\ EHIRUH E
DQG ODWHU &R 'LUHFWRU Rl WKH &DUGLN &DWDO\VLV ,QVWLWXWH DW
+LV UHVHDUFK LOQWHUHVWY OLH LQ WKH IXQGDPHQWDOV DQG DSSOLF
FDWDO\WWV PDLQO\ LQ WKH FRQWH[W RI ZDWHU DQG DLU SXUL¢FDWL

3HWHU -RKQVWRQ REWDLQHG KLV 3K' IURP WKH 8QLYHUVLW\ RI WKH :L
6RXWK $IULFD $IWHU DFDGHPLF SRVWYVY DW WKH 8QLYHUVLWLHV RI /L
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%LOOLQJKDP 8. +LV LQWHUHVWY DQG DFWLYLWLHY DUH LQ WKH GL
DQG FRPPHUFLDOLVDWLRQ RI VXSSRUWHG SODWLQXP JURXS PHWDO D
FDWDO\VWYV

3DZHO 30XFLQVNL JUDGXDWHG LQ &KHPLFDO (QJLQHHULQJ IURP :URF&

3RODQG ZKHUH KH DOVR FRPSOHWHG KLV 3K' VWXGLHV ,Q KH
8QLYHUVLW\ RI 0OXQLFK *HUPDQ\ ZKHUH KH ZDV DZDUGHG KLV KDELC
PRYLQJ WR WKH 8QLYHUVLW\ RI %DWK 8. LQ +LV PDLQ DUHD RI
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