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Abstract

OLFURZDWMALVWHG FDWDO\WLF R[LGDWLRQ WHFKQRORJ\

WHFKQRORJ\ IRU UDSLG UHPRYDO RI RUJDQLF SROOXWDQ

UHPRYDO RI PHWK\O RUDQJH IURP2DORBRXG \RROKDURR

QDQRWXERV&BN)HXQGHU PLFURZDYH LUUDGLDWLRQ ZDV

GLITHUHQW ORDGLQJV 2 RQ WKHRIL&EOMFWULF ORVV P

GLHOHFWULF ORVV IDFWRU PDJQHWLF ORVV IDFWRU DQ!

ZHUH VWXGLHG 7KH UHVXOWV VKRZHG WKDW WKH PLFU

LPSURYHG E\ ORDRIQQ&1&X)H7KHVH GLIIHUHQW FRPSRVLW

FKDUDFWHUL]JHG E\ 6(0 )7,5 DQG ;5' WHFKQLTXHV ,Q [

VWXGLHG WKH HIIHFWV Rl GLIIHUHQW PLFURZDYH LUUDG

WKH GHJUDGDWLRQ RI PHWK\O RUDQJH ,Q SDUWLFXODL

GHJUDGDWLRQ E\ FRPSRVLWH PDWHULDOV XQGHU GLIIHU

GHWDLO 7KH UHVXOWYV VKRZ WKDW WKH UHPRYDO UDWH

EHVW FRQGLWLRQV DQG WKH FRFASWRNUWHI IPQ WH B HDNORK DB

7KLV VWXG\ PD\ SURYLGH D QHZ RSWLRQ WR GHJUDGH RU

.H\ZRUGVFURZDWMH.VWHG &DUERQ@ QLREOEBRZEHY DEXRUSWLI

'"HJUDGDWLRQ PHFKDQLVP
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1. Introduction

1RZzDGD\V ZLWK GHYHORSPHQW RI VRPH LQGXVWULH

SULQWLQJ IRRG SXO®PDPNIQSHD D@PGJISIDBRARXQW RI G\HV L

LQWR WKH QDWXUDO HQYLURQPHQW /LDQJ HW DO 6

SDUWLFXODUO\ D]JR G\HV ZKLFK KDYH RQH RU PRUH D]R

ZDVWHZDWHUV ORVW RI WKHVH G\HM IDRIGHFBRGEDE B H HIQ

HYHQ FDUFLQRJHQLF W PD\ WKUHDWHQ KXPDQ KHDOW

HQYLURQPHQW &KDPMDQJDOL HW DO SREDWL HW D(

HW DO 7TKHUHIRUH WKH UHPRYDO RI G\HV IURP

DWWHQWLRQ 6RPH FRPPRQ WHFKQLTXHV DQG PHWKRGYV

FRDIJXODWLRQ IFOHFRRXAMDDMMYRNQ SKRWRFKHPLFDO RU HC

R[LGDWLRQ DQG PLFURELDO GHJUDGDWLRQ KDYH EHHQ X

/ILX HW DO D /LX HW DO H /LX HW DO 6KDR |

PHWKRGV KDYH PRUH RU OHVV SUREOHPV VXFK DV H[SH(

FRPSOH[LW\ VR IXUWKHU UHVHDUFK DQG LPSURYHPHQW

/ILDQJ HW DO /ILX HW DO /ILX HW DO F

$PRQJ WKHVH PHWKBGYWLWALHGRZBYWHDGDWLRQ SURFHV'

DV D SURPLVLQJ PHWKRG GXH WR WKH UDSLG UHDFV
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HQYLURIQQRHQWO\ SURSHUWLHY &KHQ HW DO /ILX HW

/ILX HW DO F 8QGHU PLFURZDYH LUUDGLDWLRQ VRP

DV PLFURZDYH DGVRUEHQWY FDQ DGVRUE PLFURZDYH

JHQHUDWHG RQ PLFURZDYH DGVRUEHQWY &KHQ HW DO

VXFK UHJLRQV ZLWK ORFDOL]J]HG KHDW FDQ EH DGVRUEHC

/ILX HW DO D ,Q YDULRXV D]JR G\HV 02 LV PRUH VW

DURPDWLF ULQJV LQ LWV VWUXFWXUH ORKDPHG HW DO

D UHSUHVHQWDWLYH RI D]JR G\HV IRU PLFURZDYH GHJUDG

OLFURZDYH DGVRUEHQWY DUH HVVHQWLDO LQ PLFURZ

&RPPRQ PLFURZDYH DGVRUEHIMWHG IRPAOKXKGLED GA\D UER® P

PDWHULDOV /LX HW DO D $QG WKHUH DUH WZR PLFU

ORVV DQG PDIJQHWLF ORVV DFFRUGLQJO\ 2Q WKH RQH K

FRPSOHPHQWDULWLHY EHWZHHQ WZR ORVV PHFKDQLVP

PLFURZDYH DEVRUSWLRQ SHUIRUPDQFH RI PDWHULDOV

QDQRPDWHULDOV HI[KLELW VORZ NLQHWLFVY DQG SRRU

PDWHULDOV VKRZ VWURQJ DGVRUSWLRQ VWUHQJWK DQG

GLVSHUVLRQ DQG QDUURZ DGVRUSWLRQ IUHTXHQF\ EDQC

NLQGYV RI PLFURZDYH DGVRUSWLRQ PDWHULDOV LV EHQ
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DGVRUSWLRQ SHUIRUPDQFH /L HW DO /ILX HW DO

X HW DO 2ZLQJ WR WKH XQLTXH VSLQHO VWUXF

&X)B KDV VWURQJ PDIJQHWLF DQ G DFRIVMR 8 HLQUHRED B/\H PILE O k

HW DO 7TDOHVKL HW DO &DUERQ QDQRWXEH'

PLFURDBYWYRUELQJ PDWHULDOV ZKLFK FDQ EH DSSOLF

QDQRSDUWLFOHV IRU WKHLU QXFOHDWLRQ DQG JURZWK

7TDOHVKL HW DO =KDQJ HW D&17V FREKSRMIWHM Z& X\

WZR GLIIHUHQW ORVV PHFKDQLVPV PLIJKW EH D

PLFURDBWMRUELQJ PDWHULDOV

,Q WKLV UHVHDUFR AMKM DRFSRVE&WHYV ZHUH SUHSDUHC

PLFUREORJ WR DVVLVW LQ WKH GHJUDGDWLRQ RI 02 7k

&X)dB RQ WKH PLFURZDYH DEVRUSWLRQ SHUIRUPDQFH

SHUIRUPDQFH RI FRPSRVLWH PDWHULDOV ZHUH VWXGL

VWDELOLW\ RI FRPSRVLWH PDWHULDOV LQ FRPSOH[ HQY

QRWLQJ WKDW WKH PHFKDQLVP RI 02 GHJUDGDWLRQ RI F

S+ FRQGLWLRQV ZDV VWXGLHG LQ GHWDLO E\ XVLQJ GLII
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2 Experimental

2.1 Materials

OXOAADLOOHG FDUERQ QDQRWXEHYV SXULW\ ZHUH ¢

;)1$12 ODWHULDOV 7HFK &R /WG &KLGR DPHE&K\O RUD

WVEXWDQRO %8 EHQ]JRTXLQRQH %4 DQG SRWDVVLXP LI

HWKDQRGA24#&+ZHUH SXUFKDVHG IURP 6KDQJKDL 6LQRSKD

&R /WG &KLQD $00 RI WKH FKHPLFDO UHDJHQWYV ZHU}

UHFHLYHG UHDJHQWYV ZHUH ZLWKRXW IXUWKHU WUHDWPH

HPSOR\HG WKURXJKRXW WKH ZKROH-¥WDGLHY Z\D/YW IBSX U

OLOOLSRUH &RPSDQ\ 86%

2.2 Synthesis of CuFg4/CNTs

7KH SUHSDUDWLRD/RILEFKIHXGHG WZR VWHSYV 7KH ILUV!

ZHUH R[LGL]HG E\ FRQFHQWUDWHG QLWUE&RE7NMFZBUIBQG WI

ZDVKHG ZLWK GHLRQL]JHG ZDWHU XQWLO WKH S+ LV QHX)

DQG GULHG DW LQ DQ RYHQ IRU K 7KH UHVXOWHG

JULQGLQJ &KHQ HW DO /ILX HW DO D 7R SUHSDL

R[LGL]HG &17V SRZGHU ZHUH SRXUHG LQWR P/ GHLRQ

VRQLFDWLRQ IRU PLQXWHV 7KHQDQG G BEOHDWDLQ DPF
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NHHS )H &X PRODU UDWLR 7R JHW VGR I&HBWQW PDVV

WKH DPRXQW Rl &17V LQFUHDVHG ZLWX WKH GHFI
$QG WKH OQDQRFRPSRVLWHV ZLWK GLIIHUHQW FRQWHC
&X)R &17V &XPH &17V &XPH &17V )XUWKHUPRUH WKH &:
GLVSHUVLRQ ZDV DGMXVWHG WR S+ 8QGHU VWLUULQJ
D FHUWDLQ DPRXDWQRE RARIH DGGHG WR WKH GLVSHUVLR
IRU RQH KRXU WKH VROXWLRQ ZDV ILOWHUHG DQG ULQV
XQWLO QHXWUDO 7KH REWDLQHG SURGXFW ZDV DOVR GL

,Q WKH HQG WKH SRZGHU VDPSOHV ZHUH FDOFLQHG K C
2.3 Characterization

$ VHULHV RI& EXYHZHUH DQDO\JHG E\ VFDQQLQJ HOHF
6(0E)(, 4XDRWDWR REVHUYH WKH VXUIDFH PRUSKRORJ\ D
FU\WWDO VWUXFWXUH DQG F U-\WBWD®LO LD FWY LRHQU H; 5'G B Q IV ¢
$QG LW ZDV SHUIRUPHG ZLWK D %UXNHU $:6-'D DGYDQFH
VRXUFH 7KH IXQFWLRQDO JURXSV IRUPHG RQ WKH PDW
VSHFWUD UHFRUGHG ZLWK D )RXULHU WUDQVIRUP LQI
VSHFWURPHWHU ZLWKLQ WKR UBREJH LRWDFBAMRUELQJ

SHUIRUPDQFH zZzDV PHDVXUHG E\ D PLFURZDYH QHWZRUN
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- *+*] $00 WHVWHG VDPSOHV VKRXOG EH PL[HG ZLWK P

RI PDWHULDOV ZDV ZW

2.4 Degradation experiments

7KH OGLQGXFHG FDWDO\WLF GHJUDGDWLRQ RI 02 VROX

PLFURZDYH GLJHVWLRQ LQVWUXPHQW 7\SLFDOO\ LQ

&X)R &17V ZDV LQWURGXFH-G QKMNRZ L WK/ | OBD/VIN2 PJ /

VROXWLRQV $IWHU FRQVWDQW VWLUULQJ WKH VXVSHQ

SRZHU RI1 0: LV : bQG WKH WLPHYLW VBHEWWHBVRI7HRH

VROXWLRQV FDWDO\WLF GHJUDGDWLR® &BVV GLIIHUHQ

&X)R &17V &XYH &17V ZDV REWDLQHBLXVVLQHFWB® &DU\

9DULDQ &RPSDQ\ 86$% 02 VROXWLRQV WUHDWHI®DE\ 0: RQ

ZHUH REWDLQHG DV FRQWUROV 7KH GHIJUDGDWLRQ SHUF

QH[W HTXDWLRQ

C,-C

0

Degradation % = x100% A A

ZKHUHLY. WKH LQLWLDO FIR@E HQWUBRQREOQRIUTPWLRQ RI1 0

7KH WRWDO RUJDQLF FDUERQ 72& UHPRYDO ZDV PHI

712& $ O6KLPDG]X -DSDQ $QG WKH 72& UHPRYDO UD\

DFFRUGLQJ WR WKH HTXDWLRQ
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T,-C

0

TOC % = x100% A A
7KH PHDQL@Q@D®I77TDUH LQLWLDO 72& DQG 72& DW SDUWLF)>

HISHULPHQWYV ZHUWMLBHSBSHDOWCH® KH FDOFXODWHG H[SHULTF

WKDQ
2.5 Evaluation the effects of pH on the degradation mechanism

,Q GLIIHUHQW S+ FRQGLWLRQ WUDSSLQJ H[SHULPHQV
%8 %4 ZHUH FRQGXFWHG 7KHVH WKU#2H DR HQJHUV
UHVSHFWLYHO\ /LX HW DO E 6KDR HW DO D .,Q
DFWLYH VSHFLHV LQ GLIIHUHQW S+ D VHULHV RI FR

PPRO®%S " PR@ |/ PPRO
I/  ZHUH DGGHG /LX HW DO E $00 RI WKHVH H[SH

WLPHVY DQG WKH H[SHULPHQW HUURUV ZHUH OHVV WKDQ

3. Results and discussion

3.1 Characterization

7KH PRUSKRORJ\ DQG VWUXFWXUDO FKDUDFWHULVWLF
6(0 6(0 LPDJHV RI &A7&L17&H/XEXPH &17V &XPH &17V
ZHUH FRPSDUHG DQG WKH VKDSH M)QGXFRPIKRIVLMWLRL ZH U

VKRZHG WKDW WKH VL]H Rl &17V Z2ZVZR\VGDIORBNQYW. ERQWH
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'LWK WKH LQFUMDPRRQRIHQMHWKH JDSV EHWZHHQ WKH P

VPDOOHU DQG VPDOOHU DQG WKH\ ZHUH GMRKMHWF B/R¥H O\

FRPSRVLWH PDWHULDO LV VXFFHVVIXOO\ SUHEDUHG ,Q L

GHWHULRUDWHG DQG SDUWLDOO\ DJJUHIJDWHGDDV WKH F

GHFUHDVH LQ FDWDO\WLF DFWLYLW\

7KH FKHPLFDO VWUXFWXUH RI WKHBX\DMKRIZH GEW RIKXIE JH C

GLITHUHQFHV LQ )7,5 VSHFW2URI1DV PQIL &&2XYHD RSO HV

7KH VWUHWFKLQJ EEDQIGEHWDVVLEH®HG WR WKH+VWUHWFKL

ZKLFK PD\ FRPH IURP LQWUDPROHFXODU FU\VWDO ZDWH

EDQG DW FP EHORQJV WR VWUHWFKLQJ YLEUDWLRQV RI

FPEHORQJV WR WKH D@VRKISQY/HRMQCLBAHDNV RLERQJ HW D

6KDR HW DO E -FROWHDLRLOHQIXQFWLRQDO JURXS\

SURGXFWLRQ RI K\GUR[\O IUHH UDGLFDOV LQ OLMWDWDO\V

DVVRFLDWHG ZIHWOK LAJRQPHQW 7KH IEOD@EFEVLDLWQHG WHR & ¢

VNHOHWRQ YLEUDWLRQ RI &17V &KHQ HMQGO -~ FP 7KH I

DUH WKH FKDUDFWHR®ZLVWREOIH/D NV WRH 3 KBMRIE® KX )L HF O H V

RQ &17v WKH EDQGV DWWULEXWHG WR LMDKK HIOK\DHU DWW H L

DGVRUSWLRQ EDQGYV DW FPRXQBEPDOVHRPLQFUHDVH W LQ
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DQ LQFUHDVH Rl UHODWHG IXQFWLRQDO JURXSV $QG

LQWHUDFWLRQ EHWZHHQX&H YW DG VROP)HD U\ WKH FRPSRV

&X)R &17V FRQWDLQV ERWK Z1AWHRHRWXFKDUDFWHULVW

ZKLFK DUH DWWULEXWHG WR WKH LRQWHXDFWIDRDQ EHWZH

OHDQZKLOH LW DOVR SURYHG WKH VXFFHVVIXO FRQVWU X

$V VKRZQIXQHWKH FU\WVWDO VWUXFWXUH DQG WKH H

FRQWHQW ZHUH DQDO\]JHG E\ ;5" VFHFWU P K DK B FSMBDBILVV DA

Rl &17v DQG DUH DWWULEXWHG WR WKH SUHVHQFH RI

7DOHVKL HW DO 7KH SHDNV DW f foof fI
LQGH[HG WR SODQHYV -W\SH
&X)R -&3'6 12- UHVSHFWLYHO\ 7KH SUHVHQFH RI W

SHDNV UHODWHGDWRSODX)WLFOHV LQGEIEBNWHG PMK D W &X)

ORDGHG RQWR WKH VXUIDFH RI &17V QDQRFRPSRVLWHYV

WKH FRQWHQW RI &17V LQFUHDVLQJ WKH LQWHQVLW\ RI

f DQG WKH ZLGWK LQFUHDVHV 7KH VL]H RI QDQRSD

GHFUHDVHG FRQFHQWUDWLRQ RI PHWDO LRQV $FFRUGL

&X)B QDQRSDUWLFOHV URO®WNG &WRH & B7¥)H

&X)R &17VZHUH GHWHUPLQHG DV QP QP DQG Q
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kA
B cosh

3.2 Evaluation of microwave-adsorbing properties

7KH PLFURZDYH DEVRUSWLRQ SHUIRUPDQFH RI WKH
LQGLFDWRU IRU HYDOXDWLIQUWMWEHGRILEDBDOWMHRQ SHUIF
PLFURZDYH DGVRUSWLRQ SURSHUWLHYV DUH DQDO\]HG E\
UHDO SDUW DQG 0 LV LPDJLQDU\ SDUN RILVHOHMMA CHD F\k
DQG LV LPDJLQDU\ SDUW RI UHQDTWKLH H HFR® SOHMWS R U PH
FRPSOH[ SHUPLWWLYLW\ DQG SHUPHDELOLW\ DUH UHODYV
PDJQHWLF HQHUJ\ 7KH LPDJLQDU\ SDUW RI UHODWL"
SHUPHDELOLW\ DUH UHODWHG WR WKH GLVVLSDWLRQ DE

D $V VKRZXUIEWKH 0 DQG 0 YDOXHV2R&1&V7V DQG &;
H[KLELW GHVFHQGLQJ WUHQG DV D ZKROKDYHKHQBR DQG
VLIQLILFDQW FKDQJHV DQG YDOXHV DUH DWBRXQG  7KH
DQG &XKDYH PLQRU IOXFWXDWLRQ DQG VWD\ DURXQG D
&17V FKDQJH REYLRXVO\ I[URP WR  *+] ,W PD\ EH GXH \
LV QRQXQLIRUP 2YHUDOO LW LQGLFDWHG WKDW WKH
&X)R &17V QDQRFRPSRVLWHV ZDV GLHOHFWULF ORVV /L

GHPRQVWUDWHG E\ WKH KLJKHU YDOXHWORI WKIBDQHFWU
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PDJQHWLF ORVV IDFWRKH WDIXHU WDQJHQW ORVV PHDQV
DGVRUSWLRQ SHUIRUPDQFH $QG LQ WKH KLJK IUHTXHQF
YDOXHV QDUURZHG ,W LQGLFDWHV WKDW KLJK IUHTXH
HOHFWURPDJQHWLF LPSHGDQFH P DADBRIRQUE L,@J WIOM/H BRI
KDYH EHWWHU DGVRUSWLRQ SHUIRUPDQFH /L HW DO
DGVRUSWLRQ SHUIRUPDQFH FDQ EH LPSURYHG IURP VHY
GLHOHFWULF ORVV FDQ EH DWWULEXWHG WR GLSROH SF
FRQGXFWLYLW\ ORVV 2Q WKH RWKHU KDQG WKH PDJQt
FXUUHQW HIIHFW DV ZHOO DV QDWXUDO DQG H[FKDQJH L
,Q RXU UHVHDUFK ERPSOUHBSWRY&GHLFURZDYH D
SHUIRUPDQFH ZDV IURP LQWHUIDFLD Q DSROSDULWD WQRQ VD |
&17V DQG WKH EHWWHU LPSHGDQFH PDWFKLQJ ZDV DFKLE
7R HYDOXDWH WKH HIIHFW RI GLI&HTWHQRW SURSRIDWLIR (
DGVRUSWLRQ SHUIRUPDQFH WKH UHIOHFWLRQ ORVV 5,

IROORZLQJ HTXDWLRQV

Zin_ZO
Zin+ZO

Zin = ZO\/‘Z:rtanr{ J(Zﬂde J\/:u'rer :|

RL dB =20log
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ZKHUH WUHSUHVHQWYVY WKH LQSXW LPSHGDQFH RI WKH P

UHSUHVHQWY WKH LPSHGDQFH RY WK DWHH \DSWD FHI I18W XD

RI PLFURZDYH G UHSUHVHQWV WKH WKLFNQHVV RI DGVR

OLJKW LQ IUHH VSDFH /L HW DO ) L OROU HWOB QUHD I/ H $ )\

DEVROXWH YDOXH RI 5/HHRGVRVUSRQEBY WRSDHDW\ RI PLFI

PDPXP 5/ IROORZHG D WUHQGI1WKDW&X&E) AV

&X)R &17M &X)H &17V ZKLFK LQGLFDWHG WKH FRQVWUXF!

PDWHULDOV HIIHFWLYHO\ LPSURYHV WKH PLFURZDYH DE

PDWHULDO 7KLV FRQILUPHG WKDW HIIHFWLYH LPSHGDQF

PLFURZDYH DGVRUSWLRQ SHUIRUPDQFH RQFH2DJDLQ ,Q

DQG WKH VPDOO VL]H RI QDQRSDUWLFOHYV FDQ IDFLOLWL

QDQRFRPSRVLWHYV /L HW DO

3.3 Degradation of MO in various systems

Y%YHWWHU PLFURZDYH DGVRUSWLRQ SHUIRUPDQFH GRH)

UDWH RI 02 LQ PLFURZDYH LQGXFHG FDWDO\WLF R[LGEL

7TKHUHIRUH WKH GHJUDGDWLRQ UDWH RI)D2XZIHMWE VHYHU I

89+YLV VSHFWUD RI 02 VROXWLRQV GHJUDGHG LQ GLIIH

SHDNV DW QP DQG QP FDQ EH DWWULEXWHG WR D]F
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UHVSHFWLYHO\ 7KH VLPXOWDQHRXV GHFUHDVH RI WKHVI

PROHFXODU VWUXFWXUH RI 02 ZDV GHVWUR\HG LQ VXF

2EYLRXVO\ 02 zDV EDUHO\ GHJUDGHG E\ PLFURZDYH LU

HQHUJ\ RI PLFURZDYH LUUDGLDWLRQ LV *+] DQG LW

K\GURJHQ ERQGV HWF -X HW DO &17V DUH GRPLQD

WKH FRQWHQW Rl &17V LQFUJIHNVH®WKWMRDEVR&E)HQFH GHF

ZKLFK LQGLFDWHG WKDW WKH GHJUDGDWLRQ UDWH ZDV

RI UHPRYDO HIIHFW ZDV ZHDNHQHG ZKHQ WKH FRQWHQW

QDQRFRPSRVLWHYV KDYH KLJKHU UHMRRSROQ HUI@W RXRQHO02 V

7KLV FRQILUPV WKDW JRRG LPSHGDQFH PDWFKLQJ IDFLO

DQG ODWHU IRUPDWLRQ RI 3KRW VSRWV™ /LX HW DO D

3.4 Effects of pH on the degradation mechanism

W ZDV NQRZQ WKDW S+ FDQ DIIHFW WKH FKDUJH RI FF

WKH DGVRUSWLRQ RI FRQWDPLQDQWY RQ PDWHULDOV

DWWUDFWLRQ RU HOHFWURVWDWLF UHSXOVLRQ 6KDR H

D =KRQJ HW DO E ,Q 0: FDWDO\VW V\VWHPV S+ Y

W ZDV GHWHUPLQHG WKDW:3sWKIH&IVR HDOHFWERKWRLQWYV

HW DO $VIVKRAQPKIHQPD[LPXP UHPRYDO UDWH RI 02 ZI
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S+ DQG WKH UHPRYDO UDWH GHFUHDVHG ZLWK WKH
FRUHODWHG ZLWK WKH FKDQJH Rl HOHFWURVWDWLF DWYV
DQLRQV DQGEBMW)HQDQRFRPSRVLWHY ORUHRYHU DFWLYH
$20 t2+ DQG KROHV SOD\ D YLWDO UROH LQ WKH GHJ
0: FDWDO\VW V\VWHP /LX HW DO F 3 DAX HWH DROU H :
ZH VWXGLHG WKH HIIHFW RI DFW L WWEWW DIDFBO\ JBIWD G
H[SORUH WKH HIIHFW RI S+ RQ WKH GHJUDGDWLRQ PHFK
$V VKRZQXUQWKH KLJKHVW OHYHO RI LQKLELWLRQ Z
S+ LQGLFDWLDRXWIGDSWOD2 D OHDGLQJ UROH IRU WKH GH
S+ WKH PDLQ DFWLYH VSHRAHWHDHEZKHMWE® OYBOXH LQF
WKH 2+ DFWLYH VSHFLHV SOD\ D PDLQ UROH LQ WKF
WKDW WKH PDLQ DFWLYH VSHFLHV KDG EHHQ FKDQJHG $
GHJUHHV RI LQKLELWLRQ HIIHFWV LQGLFDWLQJ WKDW
GHJUDGDWLRQ RI 02
,Q VXPPDU\ WKH SRVVLEOH GHJUDGDWLRQ SDWKZD\V
VSHFLHV DUH)GHSIHBWBEULQ: LUUDGLDWIRKRQRGHKHKHOHFW
SDLUV DUH VHSDUDWH 7KH R[\JHQ PROHFXOHV DURXQG

7KH GRQRUV ZHUH ZDWHU PROHFXOHV ZKLFK DGVRUEHGC
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FRPELQDWLRQWAKIWEK2#2UDGLFDOV FDQ EH SURGXFHG /LX
$QG WKH SDUWLFLSDWLRQ GHJUHH RI WKH DEWLYH V
HYDOXDWHG E\ DGGLWLFRG® & IDW G D% S LDQUHDIFONH+QJHUV R

DQGi¢2JHVSHFWLYHO\ /LX HW DO 6KDR HW DO 6|
3.5 Effects of ions

9DULRXV LRQV LQFOXGLQJ LQRUJIBERQLBQEQRR® L H
FDWLRQV 1DH)J. DQG &DUH FRPPRQ LQ UHDO ZDVWHZDW
G\HVWXII DQG RWKHU LQGXVWULDO ZDVWHZDWHU /LX HW
VRPH LRQV DUH XVHG DW FRQFHQWUDWLRQ RI 0 WR
UHPRYDO RI 02 7KH DQLRQV KDG QR VLJQLILEDQW HIIHF
DQLRQV HQKDQFHG WKH GHJUDWKWEZRG DOVOKWON ZIQKQ
HIITHAWXUH 7KH LQKLELWLRQ HIIHFW P D\ FHQ DWHW ¥ HEDXW B G
VEDYHQJHU IRU 12+ UDGLEFIFOW FQ PEGGLW LRIQ DGR USWL
FDWDO\VWV J/LX HW DO ,OQWHUHVWLQJO\ WKH FD
GHJUDGDWLRQ 7KH UHPRYDO UDWH RI 02 ZDV LQFUF
1D. &D )LJXUH 7KH VOLJKW LPSHGQ PHKHNGRIJODGDWLRQ |
LQ 0: FDWDO\WW V\VWHP PD\ EH DWWULEXWHG WR WKH |

NFDO PRO KHQ ZDWHU PROHFXOHV GHVRUEHG IURP WK
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RI PLFURZDYH HQHUJ\ ZDV FRQVXPHG 7KXV LW UHVXO'

HQHUJ\ IRU IRUPDWLRQ RI 3KRW VSRWV"™ +H &KHQJ 4

WKH DGGLWLRQ RI VHYHUDO RWKHU FDWLRQV OHG WR W

RUDQJH WR YDU\LQJ GHJUHHVY G6WXGLHV KDYH VKRZQ W

FDWLRQV RQ WKH VXUIDFH RI PLQHUDO SDUWLFOHV LV E

RI QLWURVRGLSKHQ\ODPLQH DQG WKH ORZHU WKH IUHH

WKH GHJUDGDWLRQ UDWH 7KLV LV GXH WR WKH IDFW \

VHOHFWLYH KHDWLQJ RI SRODU VXEVWDQFHYVY LQ PLQHULI

K\GUR[LGH UDGLFDOV DGVRUEHG ZDWHU PROHFXOHV D

2YHUDOO DOO LRQV KDG OLWWOH HIIHFWV RQ 02

&X)R &17V QDQRFRPSRVLWHV KDG JRRGLYWOIKHFMULNQWH |

DELOLW\ +H HW DO /ILX HW DO E

3.6 TOC removal test and effects of time on the degradation

$V VKRZQIKQHWKH UHPRYDO UDWH RI 72& DQG 02 LQFU

WKH HQG WKH 72& UHPRYDO UDWH UHDFKHG ZKLOF

89YLV VSHFWUD ZDV DIWHU PLQ UHDFWLRQ ©6XFK

WKDW O0: FDWDO\WLF GHJUDGDWLRQ LV DQ HIIHFWLYH SD

UHPRYDO PHFKDQLVP LV RILGDWLRQ UDWKHU WKDQ DGV
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ZDV R[LGL]HG LQWR LQRUJDQLFE DRQ¥KD@ME FAMIERQ GLRII

%HVLGHYVY WKH GHJUDGDWL&RQ N KQAWL\WWHR2ZDY OLW W H (

ZLWK SVHRGR8 HUORRG H

Ingz—kt

C:O
'KHUH L& WKH LQLWLDO ARDGHOWRQAHRWYW UDIWELRQ RI 02 C
7KH OLQHDU HTXDWLRQ LV < YJLIXEFH , % GRHVQTW JR
WKURXJK WKH RULJLQ EHFDXVH RI DGVRRISGHIWR ® RGHFR U C

WKH UDWH FRQVWDQW N FDQ E&ARPBOBXGDWR G WHYLRXVP

WKH FDOFXODWHG UDWH FRQVWDQW RI 02 GHJUDGDWLRC

I+
I+
I+

QP QP QP ZDV PLQDQG

UHVSHFWLYHO\ &KHQ HW DO W VHHPV WKDW WKH 0
RI &17V ZDV LPSURYHG E\ @RDRAMUWERIHY RQ WKH &17
ORUHRYHU WKH UDWH FRQVWDQ\WVYV ARVGRQOQWIGDWLR®@L
SKRWRFDWDOW BW2XR\QULG DV FDWDO\WW =KDR HW DO

LQGLFDWH 2VEDW &)@ RFRPSRVLWHYVY FRXOG EH D SURPL®

GHIJUDGDWLRQ RI RUIJDQLF SROOXWDQWYV
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3.7 Influence of reuse time

7KH HIITHFWV RI UHRVEIWVLRIDQRRERPEERVLWHY ZHUH LQ)Y

HYDOXDWH WKH VWDELOLW\ 7KH VWDELOLW\ DQG UHX\

ZKHWKHU -HBWHAMWERWWG6KDR HW DO F ,Q WKH DFWXELC

SURFHVV HFRQRPLF WUHDWPHQW RI SROQXKWDIONWM LV QF

UHXVHG IRU WKUHH WLPHYV '‘XH WR WXHIFDIQHWLV]

QDQRFRPSRVLWHYVY FDQ EH FROOHFWHG E\ HIWHUQDO PD

HWKD@ROWKDQRO 7TKHQ WKH\ ZHUH GULHG LQ DQ R

HW DO E 3DQ HW DO 6KHQ HW DO $QG WK

JLIXUH/ KB GHJUDGDWLRQ UDWH R2 &2 7AD WOON|H G : EAD&/X ) H

GHFUHDVHG JUDGXDOO\ ZKHQ WKH UHXVHG WLPH LQFUH

IRU UHXVLQJ WZR WLPHV DQG DERXW UHGXFHG HII

GHIJUDGDWLRQ 7KH GHFUHDVHXG &YW DFRD\@Q/ LHFH DOFWW Y L W X Ve

WZR UHDVRQV 2QH LV WKDW WRKRH&IGV RPWDS VEIHR Q HFFDJUSTOAL N

$QRWKHU LV WKDW PHWDO PR\&HVOHDXKHW DWRP &X)H

7TKHUHIRUH VRPH DSSURSULDWH UHJHQHUDWLRQ PHWKR

DFWLYLW\ RI FDWDO\VWV &KHQ HW DO
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4. Conclusion

7KH QRYHD &X)W QDQRFRPSRVLWHY ZHUH SURYHG HII
02 8QGHU 0: LUUDGLDWLRQ DFWRY¥HDQSEEVHVIRQFEBGGLC
RQ WKH VXUIDFH RI QDQRFRPSRVLWHYV :LWK FRPELQHG
UHPRYDO UDWH UHDFKHG DQG WKH 72& UHPRYDO U
LQLWLDO FRQFHQWUDWLRQ RI 02 2 RITVFRQFEQWUDWLR
WKH HIILFLHQF\ LQFUHDVHG ZLWK WKH FRQWHQW RI &I
HIILFLHQF\ RI&&ZXJHQDQRFRPSRVLWHY PD\ EH DWWULEXVW
PLFURZDYH DGVRUSWLRQ SHUIRUPDQFH ,Q DGGLWLRQ \
PHEKDQLVP RI 02 ZDV GLVEXVVHG LQ BHWDYLO 7KH
QDQRFRPSRVLWHVLRIG WWURQFH QWLOLW\ DQG LW ZDV
FRPPRQ DQLRQ DQG FDWLRQV +LJK FDWDO\WLF HIILFL
EASURGXFWV PD&H7EXPBIWDO\WLF GHJUDGDWLRQ RUJDQLF
LUUDGLDWLRQ EHFRPH D SURPLVLQJ DSSURDFK $OWKR
SUHSDUHG FRPSRVLWH PDWHULDOV QHHGV WR EH IXUWK
DIIHFW WKH ZLGH XVH RI FDWDO\WWV LQ DFWXDO ZDV!
PLFURDYVWHVWHG GHJUDGDWLRQ LV DQ HIILFLHQW DQG

7TKHUHIRUH LQ WKH IXWXUH VRPH UHVHDUFK VKRXO
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KLIJIIHUIRUPDQFH PDWHULDOV DQG LPSURYH WKH UHXVDE

LQIOXHQFH RI GLITHUHQW V\QWKHVLY SDWKZD\V RQ WKH |

$XWKRUTV FRQNfeng EAUWLRRQFHSWXDOL]DWLRQ SHVRXUI

DGPLQLVWUDWLRQ )XQGERDRBRIPHYWWDRQ]DWLRQ O0HWK

,QYHVWLIJDWLRQ 9RULGDYD QigyBuaDIEMIL QDYHVWLIDWLRQ

9DOLGDW LRRY L:IULLQWLIOME XD | WX@YQHV W LIDW LR Q% LI DQF X UD W

6KDRQYHVWLIJDWLRQ 9DOY IGHDAV L R@® QLGB YV WLIDWLRQ

'‘DWD FXUDWLR@DWDQ 2WERLRPHVRXUFHY 3URMHFW DGPL

Qingyun He ULWUKYLHZ HHWILQQYHVWLIDWLRAQiIla'DWD FXUL

Gong 'DWD FXUD@QLRQQLWWLKHYLHZ HOGRWIRQJ 7DQJ

6RIWZDUHURYMWHADIHGLWLQJ

)XQGLQKH VWXG\ ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKt}

6FKRODUV DQG ,QQRYDWLYH 5HVHDBFK WWHO-P 1DQN BR QDD

1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD

5HVHDUFK )XQGV IRU WKH &HQWUDO 8QLYHUVLWLHV RI &K

WKH )XQGV RI +XQDQ 6FLHQFH DQG 7HFKQRORJ\ ,QQRYD'

.H\ 5HVHDUFK DQG 'HYHORSPHQW 3URMHFW RI +XQDQ 3UR

&RPSHWLQJ LQMHOMKWWKRUY GHFODUH WKDW WKH\ KDYH Q
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RI LQOWHUHVWYV

$YDLODELOLW\ RI GDWDNDQSSS PDADHEUA B OV

&RPSOLDQFH ZLWK HWKLFDO VWDQGDUGYV

(WKLFDO DSGURAMDO/KLY VWXG\ GLG QRW UHFUXLW DQ\ KX

WKLV VHFWLRQ GRHV QRW DSSO\

&RQVHQW WR SOLWQWHFWSOWHVWXG\ GLG QRW UHFUXLW D

VHFWLRQ GRHV QRW DSSO\

&RQVHQW WR6SGE® WKLY VWXG\ -8 XERW VIXWSAKHERDS W K QQIQW K

SDUW\ RU DXWKRUfV SUHYLRXVO\ SXEOLVKHG PDWHULDO

&RPSHWLQJ LOMHHRYWINX GHFODUHYV WKDW KH KDG QR ILC

WKDW FRXOG KDYH DIITHFWHG WKH FRQFOXVLRQV DUULYH
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microwave

Methyl Orange + h*+ ¢0O,~ + ¢OH = degradation products
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Figure 2

*8-6 WTIGXVE E ERH <6( TEXXIVRVH SJ WEQTPIW TVI

Figure 3



*VIUYIRG] HITIRHIRGI SJ VIPEXM@MXEXMZM>XJQTH IV TGEQTPI\ TIRI@E
ERH J QEKRIXMG PSWW ZEPYIW

Figure ¥ \V |

'EPGYPEXIH VISIGXMSR PSWW E EERHIEWSRBYAMBEBRFWIB/XMMIJII



Figure $ \V |

Y)JIJIGXW SJ XLVII WGEZIRKIV TFYEKWERMP QB SHNVRNSU-Y MRSRI &5
YRHIV T,! E T,! FT,! G QK DMIRE 1 KO 'Y*I 3 '28W



Figure 8 V |

4SWWMFPI HIKVEHEXMSR TEXL[E]W SJ 13 WSPYXMSRW
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