ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)

ENVIRONMENTAL SCIENCE

2016

th BB B A ATRBF SR L £
4 4 & K ¥ HE




3% f"& ﬁ‘ § F378 8l

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2016 4E 8 A 15 H

H e
] B X A WL IR F S 25 A A AE IR v eveemeemmeme oo MR x| e [ R (2815)
|:f:1 @%Fﬁ*ﬁm%ﬁ;;ﬁigm%ﬁ*ﬁ% l:'jié;:\% Hg{ﬂH3¢ ...................................................... ;r|J fﬁfﬁé R :}'L//I\ ‘& , E/ﬁ; , /3‘1 n ( 2823 )
FETHET P A0 5T PM, W BE H AR B SRAAFEM AIATT «oeeermevmeereessmnnnenneseiiieeen WL ERR, T A (2836)
2004 ~2015 @jtﬁﬁi(ﬁ{%q%fﬁ(&rgﬁ{haﬁ?ﬁ ..........................................................................................
R&®, T8, KAME, RA, IR, M, EFE, BEW, M58, BES, A, Bk, #4%, T/ (2847)
HUSR R 70 AR B 5 2 e A S NI UR I TE LR SCTETAT v vvveeeerrrrrrnrereessmnnnrreeesaniitirees s stiareae e
........................................................................ E’]%*ﬁ,?/@,%ﬁﬁ,fﬁ%,fﬁ%,%%?,ig ,%’f{% (2855)
AT R R UK EPEB T AGE vveveersssennennnns ol BOLH B IREE X, E kB E AL, R (2863)
ﬁ%ﬁi%é*ﬁ\?%?i%%ﬂ%& p':/ﬁ‘%/%ﬁ:lg/ﬁgé%@jﬂ: j{‘?ﬁﬁ}*ﬁ‘ ..................................................................
........................................................................ %%Uﬁ%,iél%,zﬁ%ﬁ, Eﬁ,i%,?&%%,ﬁ%,}_% (2871)
SN TR 4 TE B V5 S AE ST - vvvvveeooooe WA, A E, TR0 W5, S, T (2881)
T 38 PR T T KT | B PR 2 BB KU ¢ LSBT g oo vvveoseosenssc Br, R, KEAE (2889)
ﬁ%mmmﬁ{%#%@z&%ﬁﬁﬁ ......................................................... 7?]3 ﬁ/@\ , ﬂ'— ﬁ , 1}7}/7}(})% , :J’,J\E{Z% , 'TEJ—%E:E ( 2897 )
A4 FE - 363 P 22 314 S0 UM S N, RN, O) I HERCR e L BL BRI e e, E U, R, B (2906)
5 6 R 1 SRS ) 5 4 K e € ) 4 CO, | CH, FIN, OFE B «vevvmmeememeec RAE,FTE (2914)
SR X FFRITBOR 14 CO, BT CH, SRFERRFIEAIT oooeeeeeooos EM, FA, R, KR, BRI, F0E (2024)
SRR TR R SR TERGMA ST +ovvvveeressssenns s WR A%, BT, KA (2932)
LR/ P 25 B SU AR B A R « A2 B ANIIR ] +ovvvoevvssemsssensii s
............................................................................................. %;ﬁﬁ,i&f,’f\ﬁ, %X&, j;}]&’ﬁ%g@gg (2940)
PN R N0 e LS S ey Y T VIR v D RIE BT v o7k 7 EEREE U, B 3%, W A, B0 o FNAT, B BE(2947)
PETE SRR IR =0 o DX SRR IS (R I LARERERT O ] evveeeeeens ERM,BhE,B%, EWA, LR, BE (2957)
AR IRV T IRBH SRS R AEREAFIEAPHT o ovvvveeessoemssnsccns Blnk EH G B B, F A (2964)
A HEK P AP P B A AR BRI - v e SUH T, KU E, DB (2973)
e R [ TR A S 0 R . B AR S LM Rl ZEHR AT veeerereeeennne e e
.................................................................................... g'gég/aj" %%U,/I‘&Hi,i‘%ﬁ,jifgﬁﬁ,ﬁﬁpi% (2979)
A R E X047 S 5 AR S TR R RIS «eveeeeeeeeeeeeee X AT, N, DA A, EE, B (2989)
TR b X A F 2 BE R R (1 PR EE 200 B B AU AT AIESE ovvrerrrrrereeeenennennniiiiininns B K, B 5Kk (3001)
FHARTE R B TR H A LR AT 00 53 AR FRAE S AR AR IRUBS TR woeeeeeeeeeeeeeeeees T EE, R EM, A, £5 (3007)
LB I AAR DO CIE A B 28 () 3 AR BRI ITHT < vvevemeeeersmmemmeeeeeeeens VRAKAE , B R, B AT, R AR (3017)
B B IR TR Y U Z AT S RBEHRAR B S oeeeeermeeieeeeens TRHE, REeW, F%0, 24K, 27,85 (3026)
FS BEGT R LL E JR H T 2 G YRR oeeeeremmemmrmre B2 INEN, EE 3w, REE KITE (3034)
VEVE TR bR b R K TP ERER R V5 Y IR G AP AAFAE  woeeeeeeeeeeeeesimenininns B Bk K Bk KA AR, TR H R (3041)
A A T R B AR AR R T -ovevvereeeernnnneeeens RAE, I E B 2 R 5 B —, R1EE (3049)
Zn % LDHs % PEBME N TIRHME A1 BETERBEALE] --oooevvvrereeemmnnnenen KAk, EAeA E RS IR, A E 7 (3058)
Ce’ " 5 Cu® D RRA TR R AR I RLRE SHLHITITE  ooeeeeeeeeeeeeee KO REH R, F RS, TH, L E (3067)
Pt/ A= W R AR SN 2 AL B SRR A BIFGT o v vvveeeerenmeeeeeens TN, m B, g5, FRT, REE, M. M. Mian (3073)
E%_Tioz ﬁlﬁ{&/ﬂ:%’u’E%,ﬂi—;ﬁu%&/ﬂ\:;ﬁﬂ%%[ﬁg%{kl}%% ............................................. f/_@:};ﬁ , }a HX_%Z , _:Eé%/ﬁ: ( 3079 )
FAREIRL AYLT BOCHEALRE GBI 725 B eeeeeeeeeeeeees Mg, BEIR AR, HE, L, xR, B, 5 5 (3086)
i [ SR RS A A I & B FOGIR B AK ATA TP oevvmemmmmmn D, kM AR, 28, EF,BLIL, B E (3094)
ISR - P R S I 2 A A e A Ak B AT R P R AKGB A T B v A&, TRE, K, R, K&, HE % (3101)
ABR T.7. ANAMMOX #8& B AL U F AL BRI TG 7K ooveeeeeeeeens MG RIFA, RAFHRAF HER KIS (3108)
TSR Fe( ) BB EALIUGAIR <ooveereverveeersee s E AL MR, EE XER (3114)
M R RIFK G [ SN EGSB S A I PRH T Bl oo BB E, E,EY, 0B, A, RER I (3120)
BNA A T EBPR REFRBETERR  «oooooererreeeeenns D R, mANE  EH INEE I, F R (3128)
T PETS Ve R L B 2R BEICRETERE 5 K BTR RSN «eeeeee R, R, KIRHL, B E ,FE, FU T KREE (3135)
L2345 T8 4 3 1K - 8 T 4 S8 25 ) B IE T 15 B JXUBR AT+ veeememmeeemmmmeeenmmme e ettt
........................................................................ E%E,%y‘?/}?, 53%7%5@, %E%,%Xﬁ,%ﬁ%,%%% (3144)
%?iﬁﬁﬁﬁ@&i%@é@%lﬂﬁﬁﬁ&ﬁﬁ jj:‘ﬁE ............................................. ﬁﬂ,}i ’{f_ﬂr/ﬁ f s 1:'-]— _ﬂi_é*i , ‘;?SC;‘% ( 3151 )
FRIE 18 FhOAS [ B A o ) - BTG 7 0 P I BRI AR TR IE S o vvvvemmmmemeemenenens BEE EW HwE,EN,RAW (3160)
TSI SNE I A AR X A R R I FRAFAIE, evvveeneeeeees FE BE R, ERK AEE RS, MR KB (3169)
BB RS LA R IR Cu® | Zn® " IIEBERRTE oeeeeeeeeeeenes kot ,EUE, £, KEW, R (3177)
BB S U8 R A 25 B LS R R BRPERETTAN - XA, 2 KA, AR (3186)
YK AR BERE BT 35 ST E A R BT R oo K, FER, K-8 BEH, £ (3192)
fﬁ§%555 ﬁ-IT‘*E*%ﬁ/Eé%EEHR}E(M{g%i%m PAHs E"]é‘i%ﬁﬁﬂl‘lﬁ ...............................................................
........................................................................... %ﬂﬁﬁ‘é,ﬁ]%%,*%ﬁ?/&ﬁkﬂﬂ,E%,Efk{%,%%ﬁ (3201 )
ANV K P DS TR AR L TR N K S A B A U Y ST v R, AEE M B ERE,FRF, N FE (3208)
T KA A B S AN BB 25 SR ATFGE woeeeeeeeeeeeee e IR, EIRS, A, M, R, MAEH (3216)
FUE SRR AR X TURCTA: BTSN FEFCAN BT REIR +veveveeeesennnnens AT R, T, EA RER, T4 (3224)
ANTRVRRCE N XS F K i A R G e A A B R I +oeeevemeeeeeeemiiieieeeees BE, A, AUE,FF (3229)

(HABERMEYVIETT R EE (3025) (AIERL2EY AR TR ) (3057 ) {5 H.(3072, 3085, 3143)



Vol.37,No. 8
Aug. ,2016

S

37 55 8 B2 55 Bt 2
16 48 H ENVIRONMENTAL SCIENCE

Ce'" 5 Cu'” thEELIFIE R EUXERIREESH
il ifF 33

G Sl /AR N S N ) Y N O W i 4

(MG IR Tl R4 T BUAEE TREABE  FA/KIE 150090)

WE. PR T C’t 5 Co’ IRISRATFIIR R AR FRILR A P XK 28 i b e S LM, 25 R 3R 7F pH 1 FE R
FEIE A H,0, WEZMITTH,Ce’t /Cu® " /Fe’ " /H, 0, (K R A G S5 TR R BA R A RTE pH=5.0, H,0, ¥#JE R 2.0
mmol - L™ FACAET  ATH AT LA A W3 PR AR X 48 v () S8 AR 4R s Cu®* AT BB 1 Bl SO R Ao o 1w B = (RS9 B2 ) AR K Cu ™
Cu* ik H,0, 7 L% - OH, Ce’* M RESEHEIA R BRI B A TE B, IR Fe’ * 55 Fe* PG RLBE, fE — C 2 b4 T 4%
AR T H,0, /i b - OH AR B Cu*t 5 Ce* X 2R &R iR AL /E LA B R [ A 3R 2 b SR S8 mT LA 61
Ce’ " | Cu® " HRAKBY SR 2 0 2R ) R , P G D A R Pl B U T S PR AT SR 28 5 A &R (- OH).

KR BB IFWAR; Wi T R REEA R PrEERAL; BRI

FESES, X703. 1 XEFRIAE. A XEHS . 0250-3301(2016)08-3067-06 DOI; 10. 13227/j. hjkx. 2016. 08. 030

Synergistic Enhancement on Oxidation of Phenol by Fenton Processes by Adding

Ce’* and Cu** Ions

ZHANG Jian-qiao, CHI Hui-zhong, SONG Yang, LUO Cong-wei, JIANG Jin, MA Jun

(School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract; Synergistic effect of Ce’* and Cu>* on the oxidation efficiency of phenol in different initial pH and H, 0, concentrations by
Fenton processes was studied. The experiment results illustrated that Ce’* /Cu®* /Fe** /H, 0, system had a wider scope of application
than Fenton process in the aspect of pH and H,0, concentration. Phenol was still efficiently degraded by Ce** /Cu** /Fe** /H,0, at a
higher pH (pH =5.0) and a higher H,0, concentration (2.0 mmol-L~'). In addition, Cu** could react with quinone-like
substrates , the oxidation intermediates of phenol, to produce Cu* , which could catalyze the decomposition of H, 0, to form -OH, while
Ce’* could accelerate the formation of quinone-like substrates and facilitate the cycling of Fe’* and Fe’* | to enhance the decomposition
of H,0, to form -OH, the mechanism analysis illuminated the synergy of Ce’* and Cu>*. The reactive species in Ce’*/Cu’* /Fe** /
H, 0, system was still proved to be -OH, resulting from the scavenging experiments by adding different radical scavengers.

Key words: trimetal Fenton system ; cerium ion; phenol; hydroxyl radical ; synergistic enhancement; quinone-like substrates
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Fig. 1 Oxidation efficiency of phenol in different systems
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Fig. 2 Influence of pH on phenol oxidation efficiency

in different systems
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