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HMkR, RERMNER, &R ESFER BTN~ L S0 M5k

ASCBE RS E S BE T (Fe . Co™ . Cu®* . Mn™" 5 Ni¥*) b 2% K,S,05
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ABSTRACT

The technology based on activated persulfate produces a powerful oxidant known
as the sulfate free radical, which can potentially destroy organic pollutants, is applied
to the envioronmental pollution control field. Among them, the metal ions catalyzing
decomposition of persulfate produces the sulfate free radical is a very promising
technique because of the simple methods, mild reaction conditions and low cost.

The paper adopts the sulfate radical introduced by five kinds of transition metals
catalyzing two oxidants (potassium peroxodisulfate and peroxdisulfate) to degrade the
nonbiodegradable organic pollutants. In this study, Congo red was chose for model
compouds. The effects of pH, the intial concentrations of metal ions and persulfate on
the degradation efficiencies of Congo red were studied. It can further improve the
treatment efficiency, reduce the running cost, eliminate various unfavorable factors of
factors and understand the optimum technology advantages and disadvantages. The
results of transition metal catalyzed potassium peroxodisulfate shows that the
sequence of the five kinds of metal ions catalytic activity is Fe*">Cu®">Co*">Mn*"
>Ni**. Obviously, Fe** showed the best effect toward activating persulfate. When
used Fe** for catalyzing degradation Congo red, 40 minutes later, the efficiency of
decolorization of Congo red reached 95.9% and removing rate of TOC reached
47.4%.The great effect of the efficiency of decolorization of Congo red is pH, and
follows the order: pH 3.0 > pH 2.0 > pH1.5. The sequence of the five kinds of metal
ions catalyzing peroxdisulfate is Co**>Fe**>Cu®*>Mn*>Ni**. And Co® was the
most efficient transition metal for the activation of sulfate radical, and it can form a
complete cycle in the reaction. When used Co?* for catalyzing degradation Congo red
in acidic condation, the great effect of the efficiency of decolorization of Congo red is
the intial concentrations of Co>*. The advantage of the process is the efficiency of
decolorization of Congo red reached 98% after 1 hour. And the disadvantage of the

process is the low removing rate of TOC.

Key words : sulfate radical anion; potassium peroxodisulfate peroxdisulfate
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1.1 318

baE T A SRR, AR R AR &, TR fR e Ak i
BRI LA B B T Bk B 2, BEAT e A2
B RIE R, Ei, —HET LR A RS S BB BRI
ERARTSBET TR, METRRAMLE SO, MEHRBFLRAREE
KRR E — KT R ER R NS LB R B ER, BHERTE
BB AR Ehid A= AR AR i S B AN SENAIR N, KR s
VLB AT RS S IFR A RN ER RN, EXMRNRE=YE Co, A
H,0, EEIZBRESSEMNE K, HEARTHFAEMLSCE 0GR,
Rt EE BT —RmB G Rk, BREERTRENE, IRRHEE—
FIBRMEALH, B FAERE T MM R, M E N R 518,
MEREE. BEK. # SEEEEF (M™, M = F*. ', Co™*. Mn®
%) SANT, S0 AEMELAEHN SO, HEMERAIEETHTBITH
WEIRRMBE B, KBHIEINSRDBESE SO HaMM. Shms
WA A L, HEE BT SR HRELR, RRFNEE,
BSFr=k, R —t A RS THEMR N ENY, ERBREIINE
i fRep R B R .

1.2 MEAHENFENERARER

AATM 20 4 50 SERBITH T 5 SO MIFFF, TARKRH4E SO, HHR
FEH: THME (S,047) RS MR, AN OR EE SR (70~100 °C)
U D Rt 4R B F AL 5 S,047 F1 HSOs 151,

1.2.1 BEEBEL~E SO, FRBRMRHR
RASESRBECHREHRBRET NS ERREAST LMK A LENES
7%, XL R kB
S,05 +Fe?* =80, +S0 +Fe™*
S04 +Fe** —80 +Fe™*
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SO4 +H,0—OH+HSO4

Fe** +HSOs —Fe** +O0H™ +850,~

EBAMLES, F SR RBMELESER T RN A LEMBE dr
BaY, RBFFIELELA 50.2K)/mol.

KA ESBEWSRBRE> AR AMENTR, HTERNAERES,
BIERS, EFXETHWSHE, AREFOMIGKENRE, TEIKKOXIE,
Liang® 2V i3t Fe® (AL HAR £ 18 BIRIAR B (i FI L4 F K H 9 TCE,
SRR R A R PN Fe? BE AT {8 Bk R AN 7= A SR E AL FURR AR 1t
XATH L5 B A Fe2 W HERRAR H k2, 3F BUBITEGEMA S0 R IBHIh R ME
WRIRBAL, EXRERER, IFRMERNKEFRERNRR, 7 20min B sHX
FT 90%UA LI TCE X%, JEK, Liang ZAPINERERIENESFIME
BT EAE R TCE %P, 7F 20 min ){# TCE LF5%ELER . Liang
SR BRE S AR TCE RHEH, TEE G RN AR PRI B
BRETRBAER DAL SN 7 RIR R TCE FIFEMME . Liang B2 5
ARFE-B-AMKE, CHMENINERE, FE5 FOREVIEREAR
&Y, WARBENYEEEE. Kk&REH EDTAF MR SR AR
B, BENMFERE TENYNEMEEE, Saad®HRAKIM, IRBLLAER
FIABLRTRER T RE) S,05"—S,05" BT B ik RAEW R MR 5l
WiEEY), TELBREES S,05—S,07 ARRN, MEH IS LYHERE.
SRBETFRYEE TS, EF Ag's Cu™'s Mn™+ Ce' CoZthfbfEinitmmath
FEARRER B .

BB FERELE TS, EhEBEFREREEAERR, KK
B Ag' /S0 RATERM AT, KA Smin, K B RS 2R R IF,
B R TOC £BREARS. 2003 4% EHEZ MM L KK AniPsitakis?*1% AR A
Co/PMS(HLITEMRMEAH KHSOs)A R4 iF KM B KBRS H IS
B2, 4 —ZHER, ERURRAE. Yo EPTAR CoPMS ARTELE
I pH TR AT R, WHREERBRYER 1406510 B R Lk M REmRIER,
ERERW, FABEKERA Co/PMS hRAMM)E, FHBD 35%.



B MR AR L SR PRI R A BT R

L%, BRAERBENELEDS, SEERE FIRGITRE RN 7% taT A X
RBTHIR, YePIER XuP V%A KA Ag'/S,08" RERINE KM HHE
BEASARRRREEBRERHRET (H). Wi, XuPYEAETEER
BT Ag' A CuP R RRBR R AT T He, R PR Ag'HA Qo i R
Hg MIEBRRE, HX Ag/S,08 B REML PR He AT RS 1TRE, RY
¥R Hg UL R i T SRR Ah M B 2 A R TR SR i A = A (OB Bt 2
le) B BP0 LR B HECA S AT Fe™/ S,08 th RIBMRK fheh As(ITl)iRE
B, KM 1min A, As(I)BBEREMR 50%, HERRHAR.

BREIE, BRANEEE FRASTHRR MR BTN~ LMK A hENF
%, TUBREESHAENGEY, BHTEIANEEASBFTERSNRERE
RBTHA, AREEREAH TEREFEULTHRBRANEABIEN. 844
BETFHARYESBEFEK T AR EFE LM B, FI R ESEAFR
TR ST 5 R X A AT PR LS R SRR S B E FEAEETR TR
BAS TR BB, R, 4 MBNEKENSES, BESRSTES
BriE. THARKPESHEESEE FELERRE M AR ELEEXK,
K AR R R BCR
1.2.2 SRMEEE SO, FREMRIER

ER RSB AR B B A R

S,05> + heating — 2804”

BAERD, HABREROER, FAERKRELE, FEORFELEN
140.2 k J / mol.

EHR AR R A AR R O N T A + 15 K F K BG4
B ERREES, MIRRERRRE THIEEYRAEREERR, HE
U THRAEFRIEERONE. BiEEECIH NaS,0; B 4-CP(EER)
AT, EmAKET, 4-CP BREVIERE. RN 4h f5, 7 50°C HEM®
ER 43.5%, 1£ 60°C £ 70°C MIEMEEEFT 100%, KRERTH, KNEE
AR SEERRE L ENERRR, BESS, REEESS, F4LA
HEME, MELEREA TG R . Huang SHBR HETHRBRLEN
FiER KR T %8 (MTBE) KM, BEEEENFE, MTBE B
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—RFNEEREEZ T, LR, BESE, MTBE BEAE KR . Killian™”
TER] NapS,0s 0B 2 JH AR, FEREAMP, SHBEE 48h TR, &
60 43 K B I L PR AR R IA F) 98%. Waldemer!" %75 Fl B iR R ST i MG £h PR AR L T
KPERZEHLRP R, 7 40 REER, ALRBRERE-HZEHER
SRR A EEMR, BRE 100 BRER, #iE2EE1 400 &,
Liang 2 \'IRFIEEAME PSF (40 —99°C ) =4 SO, Wik, BEfIMEfRH
TAFHEREY=HZMHE (TCE) , WA TREFMAERR. Horl PR M
MR RR TRMEAKTH 1- HERREMEZ™E F, BA Ca® st
HEZWR/DE CaFpe o

ERXHARGREBENTAENENYEREEY, EESENEREMNTH
BT BRR S H AR BB EE . Peyton™ 176 FIT B& Eh K2 WK - BB HLEK (TOC)
MR RS, REBELE, SR8 HERBUIR, IR ERE. Hor %1
AR 2 B ERPFOANI LR PRI, 150CEHTHRBUEKT
80CHHIFEMRME . Huang S IR HIM B EMIE R HEHNM(VOCS)H KR,
HARFTAK VOCs MFAFEHRLMERENARTRE. BdLR THRIE
72h W, K& VOCs 7E 40°CLLTE 20C &4 TREME L, B P 22 F7E 30 C
L7 40CH&M TRMURT. BtELRIEEP—F BT ZRENERE, Hik
B EBLT .

miE AR TR S BOREH A T R EEAHAR( ISCO)+H. B ETF
SO MM RGN, MRMAELEES. BE. REUBRE KGR E
A BRI .

1.2.3 REEHSBTE SO, FEEMRHR
IR R IS RIS CER BN A G SR T, TR BT,
TR 2 A E AL R R ABRRR B b A%, AT AT LA 14 & 2l UL 57
Toik o e B S R AR LTS ) i B R 2O AR S A R B R AR AL B RR 1 i
(IR R4 T R
$,0¢% + hv =250,



B R L E AR ERIR LR

MK 180~400nm, AT AR £ 300~648KJ/mol fIRER, b RMIRELT R
f4L2 68 . Maurino 227 R KA EBK ESR/N T 295nm, Malato Z* 15T
EF KT 270nm BFIESMERE T 0—0 BA MR,

IR, FUVAER SRMEBOMENEHERS. HoPIRAZ
KKK 8,057 4 180, R IFF L MFEM (PFOA) , IR, SO REH %
f# PFOARMMEH CiCy 2RELEANLZFRMREYR, FEF=WHFH
CO,. Malato 2 A\ YKPMS 15 A TiO, A A0 FLF SR AR B PR R BB 4
A THBLER, TIREREHILMENERTHO0,. i HMalato FER
HLHAPSFIE AT 324k, FITIOMEURENERIFIHFER, MEE, HHLHE
LERMEEHERE. HoSCUARE MR BN TR REAR 252
B2 (PFCAs) (L&Y, 7E200WIRITHIEAH T R (JKES0mmol/L)
BEEHREM (PFOA) , RMN4hjE, PFOAEEMM, EE=HHREFHCO;.
AnipsitarisZP IR FUVE R K,S,0s IS HICo/PMS  BiFh 7717 = £S04~ Sk FEf#
MCIR. 4EEHMC-LR TLBREIFHLS . Salari B L IMIEHITH

| BB R EORO, AR, WeiBNE UV T RS RA A

B ARk JH(CBF, — % BU)CBFRE AR 2 b A I AR AR Eh e FE () 38 I 4R 5 o

LauZPVHUV/S,08 A R M8 T B R E A FEN(BHA) , 4BHAYKE #0.1mmol/L.
S,08> W& 42 mmol/L. pHA7. AbT254 nm¥tiEH T, 40minsE£H 4k, BORH
8. BIESRUVS,08¢ SAEAFRER, RNBE, N8min FHEFINE

B, FleminZ/ERETEER, Tl RN HEEK.
F RSB A ETATFAEEK, HTF UVS,0 HIEMIER S,08%

RERMYE, XRTEES T ERITKTRRERER, UV FER, SREEN
MEBEY BRE,

1.3 AXHRHIANE

BT 5RO E R R ARR, SRRRFELHEARTLSRRS S
TEXEERANEG LY, Fxtad iR iE 7 R ARG KL EA
HEEEN, REAMN—LHEKE., BOEAGEENTLEKMEE. Rtk
XFEXALHEESRE FSHMERBREERLRRRE B HE NARER

|
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BTHOELEHEETHI, RHEERERET. RRASERIMF ST
*FIFEMTT AT TR 5B 2I8H S BE TR R DR A N8
AR, BHTHRNETBHERN, HERMELEE, ETRNLRER
TRANLRLERTEEITAMUN N, BAEAXFEREMFMRNMENT, &
FARBRRMRIRAEAERE LY, RIEAFEIESRA AN pH 1, fEfk
A BE ALK L 55 A X & IR L B G Eh R I X
EEIFRUT I

LA IR BRI B I — BB PR AR R AL, RIS SRR AL % 2R
RENTENE . FHNIRLKE ., pH EREREE PN KM AR R R,
HEREERERNMFMFTHIRFEIR.

LHALAE RS BE THEAT —RBR S LR B & B ERIR L%
Ry KHAREMFIBINE. VIERIRAKE . pH EAE IR BT X RN &
ROEW, FBELMTESEEFOMLEERF. -



R E AR RERRIRL AR

F2E TREEBLFELD ZHRERIEFERRILE

2.1315%

BRRR RGP R BRRN— KPR, RREH U TEERERNS LR
B, SRR G, —H RSB A2 —, R LR A MR
HHEY, FEREABELETHERSHR LAYk, Rtk
FRIRLME R MR RS B AR5 R, BRE—EHRENE. AEERTR
RIS 4B B T R R AR RSP R 1 2, FRARRISR A0,
EEEXBEYWHERREE YRR BB ERGEW, RGBT
Rt FHBETEE-CHERESHE,

2.2 LM REX
2. 2.1 KGRI R (LR

B, R, BRI, KERE(95%--98%), FULE, HILH, RIF
41, CyHpNeNa0eSy, 3.0 (%K) -5.2 (40), FrAR#¥ A AHrat,

721 AR, BB

681 BURL 7 AR 2%, o ERICAIRSMT .

2.2.2FKWA*

B S0umol/L IR SRELYEW 200ml, 5575 pH B, EHAKMS, MRLE
B, MEREHENSEAEFFIRAEKAD 5720m, BMA—EEL ZRKRHE, &
JEIMA—E BTN, EREA AR BB, 30 S8R, (RS
WS, NRLEE tHEEERE.

2.2.3 A

FERTESN-FT A FOL R AR HERI AT RIR AL R B R BR R, BT TOC e
BEVBRERER, XERL AR ERLT R, FREARBEIR W
.



F2F FREAFEAL - RREEERIRILR

2 IKBHERS /R

2.3. 1 FRBR IR AL S —REBR SR KPR R RO & MR

B 2.1() R pH EXNIRAEEERERW, RF pH EEH T[KS,05)=
0.55mmol/L,[CuSO4]= 10.00mmol/L #4HF]. HERTUUE Y, B pH MK,
RIRL AR LR, i FRIBLMBATEY 3.5~5.2, KKK REME
FHARRAMBREERE, ol pH EIE) 3.5, % pH=3.5 R RIRL 65 =5
ERKHK 523%. TEELWEREP, pH HETF 1.5 MRALE, NIRAAEXRR
8, —MIRER, BBRITREES, BREEN 50.0%. BEANALBIRS, R
RUAEBREZUWEEAAK. RHERBEREE T AT o il R,

523

52

W
[
‘n

50.5 -

R SR4T B B o

B
<
"y

49‘5 o s i g T
1.3 2 25 3 35
pH

B 2.1 (a) pH XRIRAGHE 2B ME W
Fig.2.1(a) Effect of different pH on the chroma degradation of Congo red

B 2.100) 08 R AWK R R E 2 REBEW, SLREFRT ZHR
BWKEARRS, pH=3.5, [CuSO4)= 10.00mmol/L ¥JAHR. HiETNEHHEET—
FRERMIIKEE R, RIRAMAEEREMK. H[K,S,04]=0.55mmol/L K, HIE
AEERBRER 56.1%.{BIKEM 3.61x107mol/L LA FREH it —RiM M KK,
WIRAL L BREMRBER D BED ZFHRRHANKEYK, T-RRETRSH
MR B HERYERR, FECKENEREGREX. AN EREM
JEEERIACIR, 755 PR e b id ZRRER U B AT U T b 3.61x10”mol/L.



ML A RRRIRIHTR

52

50 1

48 -

FIRT 2B LERE

| 0003 0193 0203 0393 0493
K:S ;O smﬁ mmol L

\ B 2.1 (b) KyS,04 MR RLL (1 £ BRI

‘ Fig.2.1(b) Effect of different concentration of K,S,0; on the chroma degradation of Congo red

‘ 65
64

RURAT & B SRR
Y“REB8 28

wn
(=
) r

A
wh

¥

25 75 125
CuSOMUE mmol L

Bl 2.1 (¢) CuSO, IRIETT NI R L BRA W

Fig. 2(c) Effect of different concentration of CuSO, on the chroma degradation of Congo red

B 21)ARBREAKENRIRAEGEEZRELY, BRRRTKEARRS,
pH=3.5, [K;8,04]=0.55mmol/L &4 kR, M\ EEIFLIES, FEERRHK
FER, RIRLKEEZBRELRBRERAD, BEKEN 10.00mmol/L, LI, R
RUGBELBREN 63.8%. ARBRFNIKEIEE o, FE 4 ML ERBH &R

) &, BMREKET RN, SINNEBTIE, TFTHR.

5 LIRS0 B B K I R AR A AR e B Y RV VR pH
FEE BB EARH pH EHA M TR BB, Cu™ B RRWT:

Cu®* +HSOs —Cu’*+ OH" +S04



2% NREHIELT —RRFRRRITLER

EZHBARE WL RER, § mEE IR LB ECR T, ThE
RETERNBHRRRANERS, L0, SMHEER, RULENER
. BRMMEIKE DN EREESE. AHARRANE, AEYRNE
F, BREER, ALBEASREN, WEFZBLFRA, TATRER K
&, FEMGRANETR, FETAGHRESR, FHNTFELEIE. @EF
EREAE TR ABEBRKRE, WETRERDERRIRLYEE, KRAELN
H.

2.3. 2 [MREN T ZRE RPN RA B E YR

B 2.2 (a) b pH EXRIRAGERBREREW, SRR pH BRI
“ TR K A E AL SRR BRI, 4351245 0.70mmol/L 1 8.00mmol/L. M
FET AR, 2 pH E AN SRR BB K i FRIF L AT E RS,
Fril pH EREXE] 3.5, bR, RIRLAGBEEREN 56.9%. REME BRI
BLFAFIF Co™ fofEAk

58
57
56 -
55
54 -
53

52
51 1
50 -
49 y
48 7
1.5 1 25 ) 35

pH
B 2.2 (a) oH XRIBRLfAHERELR

Fig.2.2(a) Effect of different pH on the chroma degradation of Congo red

RIREEERRES

B 22 (b)) ALZMBRHKENNIRLCEEZRENEW, I ZHLRK
pH 184 3.5, SEMLEMIKE S 8.00mmol/L. tHET LLE HFEET —FRmM Mk
WK, RRABEZREMK, H4[K,S,05]=0.80mmol/L if, WIRAGBELEBRER
50.0%. {Hid —FREHIKIREERR, DMURE T BA, 1455 # ok,
Fir DA J 42 5k 56 B9 FE 2K 0.70mmol/Ls
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ORI iR RSN i AL B FAR TR

45

Pl R4 & XERE %
&

35 -

30

0.13 033 0.53 0.73
K:5:0 5?&& mmol-L-?

B 2.2 (b) K;8,08 IRHEXTNI RLL(0HE LR RIEM

Fig.2.2(b) Effect of different concentration of K,S,0; on the chroma degradation of Congo red

49

47 //
45 | //

\ /
AN

LN

| N,

2 4 6 8 10

FHEFE (mmolL)

B 2.2 (¢) MnCliRIEXTRIRL B8 LR R 5

P ST EE EERE (%)

Fig. 2.2(c) Effect of different concentration of MnCl, on the chroma degradation of Congo red

Bl 2.2(c) AR AR REN R LR R UM, SIS AL R pH H 0 3.5, =
BB AWK R 0.70mmol/L. ti BT LAMR i BEE EALE MK K, RIRAME
BERBEEMDEHR, UM TLARMENKERNN, 5 REHN
BMARS, BUNEARHE, BEEKEORERK, EUERET, BREY
Ky WA TEARNEET, R




2 8 AREAMBELD SR RMRIR LR

Mn®*+ 8,05 [Mn"(S04' Y**}+S04*

2Mn**+2H,0 — Mn?*+MnO, +4H*

ERZHRENERE S SR ELERT, %A HERERFRR A hEE
LA, BTLABA RN A B R R R R

£x EAT48 pH=3.5, [K,8,04]=0.70mmol/L, [MnCl,}=8.00mmol/L &k F £
1. ERUEMHTEA MEMELR, NRLMEEEBRERE, THELT
FERNERAANETREESERMBLEN=MNEET, HHYROELEY
ABER B EMNE, HEARNIBRPESER ST, EBMEL RN
i, SFBEACAEERERR. XRRAT AN RN RPN LR Y5
KR EMEORE. REPEOLENEUEERK, B2 SBEUEER
EEEZ—,

2.3. 3 RMLHELT _RERERBRNIRIaEHR

& 2.3(a) pH MRIRAEEEREZW, £4HLHHI[K,S,04)=0.39mmol/L,
[CoCly]=8.00mmol/L. HiEIFTLIE HbE%E pH MK, RIRLUBELBRREYKG
W/, 3 pH=3.0 N RBRBORBRAF, WA RIRLAEEXRENY 55.6%. BitdiRs
KRS EAT TR PRI HEAT o

56
55 -
54 A
33 1
52
517
50 |

GIESARN: £5 380

49

48 e o

B 2.3 (a) oH HHRIRLL1A R LR H
Fig.2.3(a) Effect of different pH on the chroma degradation of Congo red

B 2.3(0) A —HRMHKENNIRAEE ZBREMW, £ALKH pH B 3.0,
[CoCly}= 8.00mmol/L. "] LAE HBEE T “ MM AR ER K, MR AR 2R

12



A RREE LA RRRIRIRTAR

REBKERA, Y[K,8:05]=0.39mmol/L B RIRLLEE XRBREH 551%. X HE
B TFHEL -MMRERERK, —MEMELBREX, BHEL ZHREHK
KRR, & RRR SRR E AR R R, RO TR
BAEHENEE, BELIBRIRLMEEZRERFK.

56
55 -
54 -
53 -
52 -
51 -
50 -
19 4
18 -
47 -
46
15 , : :
0195 0245 0295 0345 0395

AR ERERRE M

K;S;04& mmol-L*!
Bl 2.3 (b) K,S,04 IREXHIRLLAKE LBR R W
Fig.2.3(b) Effect of different concentration of K,S,05 on the chroma degradation of Congo red

535

RIRLL AR £ERE (%)

2.5 15 125
FAE®KE (mmolL)

Bl 2.3 (c) CoCl, REEXNIRLLE K LR
Fig. 2.3(c) Effect of different concentration of CoCl, on the chroma degradation of Congo red
B 2.3 (c) RAMWBEKBERRIRL AT EZBRELW, K4ALREK pH EBH 3.0,
[K2S,05]=0.39mmol/L. &I "] LLE hFEE RALEE KR H T, NIRAHEE



%25 TRMELAE LT BT RER TR

ZBREFW K. H[CoCl}=10.00mmol/L i, RIRLMEEXRBREN 53.0%, (BL4K
BEXT 10.00mmol/L FYRIRLMEE XREBETIRA, LR ZMHEEETHIK
BAEEKR, FARAK, HEI 8.00mmol/L hBiEE.

ERRAE ML M, NSALREIERE, EREHTH,
BEMREL 60% NEABMKREZWLROTERNFE RS MMM MKE R
3 SCHR, 16 ) O B U AL T A B BR 7= A B AR B i LR I F

Co®* + 805" — Co**+ S04~ + SO

ERUEETETRE RS G S RRRRE hE, RREUIRTFHERZ
—. ERNFTEBEFHEN, ERENEEENENSEET. ERRRAIEL
i, MUEBHESS, REREARNERETFHESSE, URNTEEETE
REZEMDF. WEAEHWKE LRE BB MM KBRS, EER
R MARAE R, BRENE—cREREAEEWL, mETEH. i
AR AR, PR ERD R ENEAN W &8, B M
WEHE—E 4B T AR MR B TR

2.3 A BT b i R MR R B E R R

Bl 24 (a) hAR pH ETFRIRABELBRE, SALKRTERBRH MK
FE¥IR 3.70x10°mol/L, BRMTEEKMIKIEIIA 2.50x10°molL. LA FHEEATLIE
HEL “HRRHNRBRESME—ENERT, 4 pH=3 HRIRLANEEYEE
8F, SRR LRI BB RBR N 95.9%. 24 pH=3.5 B NI R4 9 (8 18 £ R 2 K 86.5%,
BRREMBMEZEHEB KA 9.4%, HTRIRLAEELEN pH=3.5~5.2, ZHEE
T pH EEMEMTARE, FaBlk. RMUBENIELR, MHREEWK.
FTLL pH fEETE 3.5, HEURATLLEH F¥ B TR RRIF.
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A RBR R LB PRI R A MR

98

96

94

92

90

RI R EF ZFRE

88 -

86 . :
1.3 2 2.5 3 35

pH

B 2.4 (a) pH XWIRLOE LB RIER

Fig.2.4(a) Effect of different pH on the chroma degradation of Congo red

97
9
95
94 .
93 |
92
91 -
w 4
89 |
88 T

0.185 0.685 1.185

K:S.04K % mmol L

B 2.4 (b) K»S,0q IRFAEXTWIRLL 7 LR AW

FIR{I&EHEE

Fig.2.4(b) Effect of different concentration of K,S,03 on the chroma degradation of Congo red

B 2.4 (b) ARFE ZHBHRIRAAREERE, pHEN 3.5, MBTKIIK
F& 55 2.50x10”mol/L.

U BRI LA HE pH EABTK—EMERT, S RBRHNERN
3.70x10”mol/L £ WM R ERLF, RIRLMEELRER 96.0%. BAESH/ME
ZER 6.4%, BN ZFRBRHIEKE, RIRLLEENERTE—CRE LD,
AT RE R AR I B ZRiM A SO B HERM, AR RE LR R
MIREHES, REREIIRMER.



B2 FE ARMELRE T RRMRRRIR LY

FILRET & LERE %

97

96 -
95
o4 -
93 4
9 A
91 -
9%
89

88

T

6.25
FeSOMRE /mmol-Lt

H

1125

B 2.4 (c) FeSO, IREEMHIRA GRE L RE M

Fig. 2.4 (c) Effect of different concentration of FeSO, on the chroma degradation of Congo red

B 24 (c) ANFRBREKMIFN TRIRLBMEYE, W R aw%E
A1 3.70x10%mol/L, BRI R 2.50x10 mol/L. HibA b H3f a7 LIB 3 45t
TIRBRHWE R pH —EMEA T, TR MWE K 2.50x10° mol/L A B
g, HERREXMMAREK, RIRLRBRER D, THERELTHEE-H

RETHME, HUR=0E, SEARM

B

MR AR, BEE-NEREF

MARERE, SE-MKRSEAFEMABRS, BAHTRIRNKET.

98
96
94

86
LE
82

PR & XLEREI%

90
%_
88

-4

-+

5

15

23

Fi8] min

B 2.4 (d) BF&H TR A 2B A

¥ ¥

35 45

Fig.2.4 (d) The decolorization efficiency of Congo red changes of the reaction time



RSB ARRRRIR LKA

W& 2.4(d) T LAF i pH=3.0, [K,S,05]=3.70x10’mol/L, [FeSO4]= 2.50 mmol/L
ABREXREMS, EREFTHER, SREFUT:

TE SO A% T B B TE R AU 1 R R AR R SR AL SO R R BF, RIR AL T LR IR
96.0%. U LLRATUEY FwskRE KK pH H, B PMIRMBRERNTE.
SRR IR R, RO pH EERMBEMAHT, ZMROELETR
1o ERHEEHMMERGT MK ESERITE, W REAF. HIE K4
it —Hm R T

Fe'™+8,05"—Fe’"+50, +804” |

MR R TR AR R K R AR R WIRI R B, @ %
ES IR PR WK, R MEARR T I, SO INABRRR TE Bk & 2.50mmol/L
RUBEER . RER-MROELEEL=N%NE, BREYTERES
TRARIR B i, BRI pH ENRAEWERKMEE, HHRMELEEF
FHWR AT,

2.3.5 MBRREL T - REBEEERIRIGENR
B 2.5 (a) AAF pH MNIRLEE LBRRAZWH, SALBERPT —HR

1WWE%IM%mmM”m@ﬁ%&%ﬂNﬁmWh%UTﬁ%ﬂU%&Eﬁ:

B ARG BRI AR ARULT, = pH b 3.5 BYRIRA B ABRREK, it
NIRRT I . R ARIRAZRETEH (3.5-5.2) BIFRRH], BTLLE pH K 3.5,
AL TETUE HRIRL AR ERERR, RETFHRRLOELERETRE.
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F 28 FRELARE - FRREFFRRIRILR

RIR LI EE :BR %
8

pH
2.5 (a) pH XTHIRL(LE LA

Fig.2.5 (a) Effect of different pH on the chroma degradation of Congo red

B 2.5 (b) ANFIN K808 KX NIRA BFF RBREME W, KHLBKMS
A pH=3.5, BWEREKEN 5.00mmol/L. FHUAF 44 AT LIS H7E pH (MBI RG K
EARERER T, KoS0s HE A 110.98mmol/L I AL R B 4T, (HUtm RIS LM
BEEREA KT 4.5%, TETHMSRBEFELT ZHRWH RN, TAKE
ERBRAREE RN, HIRAEMERTR, TREEIIENT —HBRRS
RETANSEEEBRRE HE, HBRMEEHT, FikREFRRIRL.

45

RIRD B LR FEY
& =

(¥
(=]
I

25
29 49 69 89 109 129 149

N ZHRMERE (mmolL)
B 2.5 (b) K;S;05 WREERTNIRLL (0 FE 2 B3 5 1

Fig.2.5 (b) Effect of different concentration of K,S,05 on the chroma degradation of Congo red




BRI BR BRI R IR

B 2.5 (¢) RAEANFRBBKENRIRLEEERENEW. SHALR%
4 H[K,S,05]=110.98mmol/L, pH=3.5. e AT 43 o] LAMG 70 — Rk B2 A0
pH EAERER T, SEMEKE R 10.00mmol/L B RIEL BB UERLT, FilR
BWERTFEDTF 10.00mmol/L &, RIRLEELBRELIWA, XATREEN
RBREKE R, TERAELE —RBRENER, MRRERKEL AN, N>
LETHRMRRNA RS A S BRI A HE, BERREHENER, FRIEL
W R A

41

WISRLL (3 2Rk &%
8 3

w
3

&

13

b
N
w
“n

15 10 125 15
FiMEAK)E (mmolL)

B 2.5 (c) NiSO, IREEXTHIRA (I LBRH LR

Fig. 2.5 (c) Effect of different concentration of NiSOj on the chroma degradation of Congo red

Bl E = AL B pH=3.5, [K;S;05]=110.98mmol/L, [NiSO4]=10.00mmol/L
ABAELREN, ERAREAHHLR, BHEARRE 2S5 (D). HE25 @ 7
PLEH, BMEERERMTRY 40 /6, RIRABEIREA KD 53.1% ERME
&M, NESHE ZBRMHAEAERATHE, TEATRAEBKER. 55 N
XERP TR, ERGECRERMLES, —HEEELE, FTRESER
WA H R =AE R, XA AR N LS TR A R P
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WSRO B R FRE%
&

20 60 10 140 180 220
Ff &) min
M 2.5 () BAERATHIRLL O ZFRR RN %

Fig.2.5 (d) The decolorization efficiency of Congo red changes of the reaction time

2.3. 6. BRMERI R Fe™ +S,04 R R IH L IR

B BE A S0umol/L R R4, WH TOC 184 10.42mg/L, MAFEE T 2R
T RRERA, FHKKESD IR 2.5%10°mol/L A1 3.7X 107 mol/L, MiRIL7E LI
#MF TR 2h R TOC H, A& 2.1, TOC ZBREN 47.4%, HHIMA ik
Wi R RN R, BEEREE, B UHRME, 3R 2h YT
WERZDK BT RSN, SRWIERTX—4, LK 2.6. B 2.7,

# 2.1 M. 2h [ 89 TOC 18

Tab.2.1The TOC concent changes of acidic Congo red solution after reaction
WKEE  Fe+8,04
TOC (mg/L) 10.42 548
TOC £B#E (%) 474
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abs
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2.6. FRAEWIRALAKCRE RN 2h W65 40-nl RLiTFEY
Fig.2.6 UV-Visible absorption specturn of acidic Congo red solution after reaction

143 4

2 T T T T T
4000 3500 3500 500 2000 1500 1330 5068
-4
om

B 2.7 RIERIR LK R R 2h B F940 5 i

Fig.2.7 Infrared absorption specturn of acidic Congo red solution after reaction

0 2.7 B A AhE R 2 1650em™ A HITRHTIE Ry C=C L), dHstmTsn
KEFEIKSERE, BRXHPMEHRERNORATYRIRALEH, HHR
B RN KBRS BB A,

2.4 RRNG

MEA LT KA LRTTLIAY. 7 pH=1.5~3.5 Z /&, /A Cu*. Mn*. Co®.
Fe?* fl NPT — R BRI R 4L, 1AL IE VIR & Fe?*>Cu®*>Co* >Mn?

21



3 F TR —BRRI R LR R

# 3 FE FRMENFMEL S — IR MR R I KW

3.1 53|

H—HMHNHRRRS RAEER, €4 AERBETE—HmHER AT
—HRERAWE G, KHSOs, RMERMHA), HoEEMRFARRHNGMRE
#, EXE. HTRE. MREE, SR TES. WESEE, BLEX,
KA &R —BRER Eh A 7 R R LIS SRS R E W, A8
S LRI & R A —TRER 3P A SR AL AR AR B W 2, FIFARRG B i
AT, DRIRA D BIRERY, BIRT pHE. SRETRE.
— BRI B RN ) 68 A T A BEAL TR PE R R SR AL PR R 0 sy, B LR
BEAR SN RRAS, 1R E R AR SR T BRI .

3.2 KWMHBRFE

3.2.1 TRMHRILEE

E—MERESE (Oxone), MMM, HMMELK, KITFO5%-98%), HiLE,
FALE, NIRL, CpHpNeNa06Sy, 3.0 (H4%) 52 (4), FrERFI AT
4,

721 SE T, BRSSP

681 BRI A 2%, FEBICRIAEM .

3.2 2K A%

W—RREHNIRAAR, TR pH, HAEETFKBSW, WHERARE
{6, PR R DR FTRBK R 5720m, BA—E RIS —FiE L,
BaMA—ERKGEALT, EHARAESE LB, —/ D REIEE, £ 0%
BB, MHRARE.

3.2.3 A%
ERMALITERNRAMMCEERE, RERNNRERETZ, &
&I TOC WEERET ET BANKMERER.
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B R E AR R RN R MBTR

3.3 XRHARSAH

3.3.1 MR kiEN I —FMBAERRRIEERHHR

93

AR PN
2 28 % B 2

~ el
O —

‘7 T
L

1.5 2 25 3 3.5
pH

3.1 (a) pH XSRIRL (I LBRE I

Fig.3.1 () Effect of different pH on the chroma degradation of Congo red

Bl 3.1(a) 4 pH MRIRALEBEEREHEM 4 TRIRAREEE K 3.5-5.2,
“HRE T pH BUMERL T AREE, TNESLBLEERY), TEHITRE. 5
Uiz R R ERMEAH THANRANAEERR. ARAK pH BT, E—K
RUEMGRIKE MR, HETLEL, 7 pH B/, NIRLBERE,
BEEREEATE, REY pH=35 i, RIRUEELBRERRBK, AE
91.4%. XitH RAERMERBHEAETAERNT F LT —FM .

B 31 (b)) BRARKES —MBRENRNRLEELRENE W, &
[FeSO4]=1.67mmol/L,pH=3.5 #8[F, KA Oxone WEAFMIEHRT, HERLL
B, BEE Oxone WEMIMK, NIRAGBELZREEMKEMD, BEKES
43.57Tmmol/L, BLRRIRABELRER 91.2%. 2 Oxone FIEMBDH, RIFLA
BEEREEARE, BEZH, RIRLEELRERMMEE, NEBHETE,
SIREALRMN, FFITRIRLER, BHERIRR.
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%3 FE RREARME LT —RMERI R LR R 7

MR L (e 2 BR 4%

82

10 20 30 40 50 60 70
Oxonej J (mmol/L)
Bl 3.1 (b) it —WiME SR R AT (1 B 3

Fig.3.1 (b) Effect of different concentration of Oxone on the chroma degradation of Congo red

Bl 3.1 (¢) AMMEKKEXRIRLAEZBREMEHARTE, B FeSO,
WEARRS, HAL® &4 pH=3.5, [Oxone]=43.57mmol/L # AR, HETLLE
HoAMBREKKEEE PN, NNRALEEZREHMOBR, AEE
[FeS0,4]=0.83mmol/L i, NIRAAE ERER 91.4% L BB . WRBHAFR
BRI, NIRABEERERTFE, NEIAGETFLS, FoMBETH®
FHH=MENKETF, BRZKEE, FFFHR.

0 1 2 3 4
WMV BRE (mmol/L)

B 3.1 (c) FeSO, NI RLLEE LBRFIL M

Fig. 3.1 (c) Effect of different concentration of FeSO,on the chroma degradation of Congo red

24



B SR L SR PR R R R RIB AR

% EAtiR, pH=3.5,[Oxone]=43.57mmoVl/L,[FeSO4]=0.83mmol/L Bt LR &
5.

Bl 3.1 (d) ARIRAEBEEREHENBIZETEANRTE. SLREHHE
WRI 8 R, BN[Oxone]=4g,[FeSO4]=0.83mmol/L,pH=3.5. JF & RFF,
RIRL R XRERE, WHEFTANTR A HERD, FMEERSMN, RN
HE LG, RIRLEEEZREEK, REEIEAE. FXKNME, —H
BRAEAL I — AR #h B 5 R T

Fe** +HSOs —Fe™* +OH™ +S0,~

Fe*'/KHSOs 34 54 B iy s B MR B i, FRI R MR ICRIRET,
ERFEFEE=MRE T, BERNOS%E, BHNRRELELBEHRE
BHENZESRMBRNE MENR, BRNEZRREHEERR,

100
95 |
90
85 |
80
75 +
70 |
65
60

ZIPSAREN; - 7

L

20 60 100 140 180 220 260
i fi min

B 3.1 (d) RIRLORELBRHBER 2L

Fig.3.1 (c) The decolorization efficiency of Congo red changes of the reaction time

3.3. 2 AL —FERARERIRIGE YR

B 3.2 (a) K pH MNIRLEERBRENZW, B pH AR, EHLKH
[Oxone]=4.08mmol/L, [CoCl;]=3.75mmolV/L & M. HEWLAEHH, B pH i
MK, RIRAEREEZREOHK, dTRRAEETHKRE, pH REE 3.5,
WAL AR ERBRKN 98.0%. FAELRFN pH &4 T, SLBRHRIHE
AEEEREENRK, Froliesk pH EWA K.
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B 3.2 (a) pH MRIRLL (A LBRHIE W

Fig.3.2 (c) Effect of different pH on the chroma degradation of Congo red

B 32 (b) A —REHKENRIRAECELZRENZR, SHEALBEMEY
A pH=3.5,[CoCL,]=0.63mmol/L. HEIRILIEH, BEE BB,
NI SR 4168 2 B 28 58 2RI K FB 185/ , H P [Oxone]=2.03mmol/L AL R
BT, RIRLEEXRBREIXT] 97.3%. HILATUBHDBME—FHBREE N
AT RIS FMAEME, MAL BT —FifRL:, 3 EMNFHRRNGR
REMBERERN, PBNIRLEELBRHE.

98

o
~

N"d
=

MR R K BR%
2 3

o
w

4
N
]

—
o -

1 16 21 26 31
i —HiREEhIRE (mmolL)

B 3.2 (b) Oxone ¥R ¥ XFRIFLL {1 EBXH AT

Fig.3.2 (b) Effect of different concentration of Oxone on the chroma degradation of Congo red
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T BREE B AR RN R R

B 32 (o) WERUEKENRIRAAEEREZWN AR, SALREMSF
¥k pH=3.5,[Oxone]=2.03mmol/L. HiEALLE HbEE KW BHKEERSIK, R
RUBEEREREKEREBWA, HP CoCl#KE /M 0.63mmol/L K NIRA
BREERELERS, WHIRLFEBRER-ERE, SHEXT 0.63mmol/L i
RIRAEBEEZRETHMAD, WRIRRLBEBROERUAR, BN
[CoCl,]=0.63mmol/L &4

98

975

97

96.5

9%

W RLL (AR R4 %

95.5

9 : : : >
o o5 1 15 2 25 3

ALK A (mmol /L)
K32 (o) RUHKREXRIRALOE LBANER

Fig. 3.2 (c) Effect of different concentration of CoCl, on the chroma degradation of Congo red
32 (&) HRIRAEEEREEMERUKTER. KRFFHEALR
BRI B, Bl pH=3.5,[0xone]=2.03mmol/L,[CoCl,]}=0.63mmol/L. HiF®] LA
& R L TT SRR G B 1R P R R AL 6615 L PR R IR F 96.4%, TELLEKMIRT ),
WIS 4L R RIRRE RN, XA 5 i — M L IR R AL fE
Fi, SR 8] Y o ISR Rk B AR ROR, MEAAE — R ERD. i
MMM EET, FHASELT R ERRE HE, AU MbE kg
WER, BHEFERNDT:
Co**+HS05 —Co’*+S04+OH
BRI, Co™* NWiHiEL KHSOs 4/ SO~ 1 Co™, RJE Co™ At
KHSOs BB A Co™*, FEM—/MEWMER, BRI —HiM Nk, TR
KRR, W CoX iU R DR BT LUEBI AR,
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Fig.3.2 (c) The decolorization efficiency of Congo red changes of the reaction time

3.3. 3B — B PR RO B W R

3.3 (a) AAF pH EERBRHFMHELTRIRL AT LRENEM, SH%
K %% pH RIS 43594 [Oxone]=73.20mmol/L, [CuSO4]=7.50mmol/L. E %
WERBEREZHT, HETLUEN, b pH AEHK, RIRAGELBREN
AWK, Brbh pH &%) 3.5 B, NIRZERE XBEXFIRKE 76.8%. EBA
KREEF, AR pH ZHNRAGEELZREMERK, XitHRERERT
Cu* A — B e R K.

78

76 |

74 |

RISREL T 2 bR %

72

70

pH
Bl 3.3 (a) pH XHIRA 0 E LRI
Fig.3.3 (a) Effect of different pH on the chroma degradation of Congo red
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Fig.3.3 (b) Effect of different concentration of Oxone on the chroma degradation of Congo red

B33 (b) A —EBKENRIRAEEERRAEMN, & LB HRT
—RER K E ARSI RIS pH=3.5, [CuSO4=5.00mmol/L. A LLE 45l
EFL-RBRBKENANBR, RIRLAEELZRELYGKEHY FHE, &
[Oxone]=73.20mmol/L i}, RIRABHELEREERFBRKE. T—HBRHEKEKRT
73.20mmol/L, WIRAGEERFTIHTR, THtdEd MM 5HKE Y
BRERR, HREBRTHRREHE, FSMEERIERLNE D, &
RIRA R LR

3

RIR 4Lt BE 3282 R %
3
>

~3
&>

~3
w

2
N

5 15 10
BiM SR (mmolL)

3.3 (c) CuSO IRERNIRU AL IR AN M
Fig. 3.3 (c) Effect of different concentration of CuSO4 on the chroma degradation of Congo red
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% 3 B AR —BRRIR L L4 PR

B 3.3 () b CuSO, IREXMAIRLBFELREZWIREE. SALBRM
BRI R AN SM9 4 pH=3.5, [Oxone]=73.20mmol/L.

HEATEUE H, 2[CuSO,]=7.50mmol/L I RIRLL IR 2 FR%E K 78.8%. X4
AR B KRB, HIRALE B R BRE AR o XML AT e R R h B
WETHRME, LAY, WO BHENTE, FRASIRFNELUR, &
WA TREIE, FERE T 5ERNZMATS, REARF TR AT
100
95
90 |
8 r
80
5t
70
65
60

55
50

KISR0 2 x4 %

L

20 60 100 140 180 220
i fE] min

B33 (d) BAER AW RAL A R A B e 1) Rk

Fig.3.3 (d) The decolorization efficiency of Congo red changes of the reaction time

B33 (&) FRANIRLEREXBRRBN B HRE, HIRK A& MHH pH=3.5,
[Oxone]=73.20mmol/L, [CuSO4]=7.50mmol/L, & H=#H LR BHNBRERNE
#, EHEHT, Co R —RMERNITE 1h 5, NMRAAEERER
85.0%, EH% 4h 5, NIRLEREERBRENIEE 95.0%, X380 Cu HEILFHEAR
2o WAECERA, HRMHLE R

Cu?* +2HSOs —Cu**+ OH +S04

AEEREN MBS FREFEMR =M ENES T, FEE Bt
MR EHEEERE, ERRNERRENAE. AETARBTESR, £
WAHETHE, BEREMRA, XEGER KRGS, TREDFRNER.
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BRI E L BA R IRRI R ATTR

3.3 4 mIERA S —RREEBRRIRI YR

34 (2) A pH MRIRUBELEREYWHRAEE, ALK pH AR5,
B E S KIS, HETTUE AR pH TRIRLGE LR
RHER. FE pH MK, RIRLEEEBREHMMEZBR, IRVEREEN
B, BHMIEEAR T Mo 0 —FiM s, BRIEHSS, MAssE Mo KRk
e, MERIRAFEMMR, RIRAEHEEREHEZH K. £ pH=3.5 I, WIRL
B ERBRFERE, FIEUTEA%LE pH B 3.5,

91

905 | {

90 |

89.5

89

W SR L (L R4 %

88.5

88
pH

B 3.4 (a) pH XTWIRLL (R LR EREmE

Fig.3.4 (a) Effect of different pH on the chroma degradation of Congo red

Bl 3.4 (b) RARANFAE—RBEKENNIRLEELRENEW, 4
S0 pH K 3.5, RALEEIKAER 5.00mmol/L. HHFETAN, 7EH ALK &AM
FHERT, BB K 2 16.27mmol/L KNI 4 B £BREF K. T EMA
3 —BRARELK KT 4.06mmol/L, e A BB M AINIRAL AR L FR R, XRY
DB HE —BRER R AT LUK B B R ROR
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Fig.3.4 (b) Effect of different concentration of Oxone on the chroma degradation of Congo red

B34 (o) REAMMEXNRRLAELBREMEW. SALLP pH=3.5,
[Oxone]=16.27mmoV/L. H TFER LB, FEERMEKENIMK, RIRL AR
ERBERAMKERD, H[MnCLINT 0.63mmolL i, RIRAAEERELRE
BAK, B[MnCL]7E 1.25mmol/L-3.75mmol/L fEH I, NI R4 B LR EZLFK, |
BXEE M BRI S, WA, BEAMCL]=125mmolL BiE . ‘
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Fig. 3.4 (c) Effect of different concentration of MnCl, on the chroma degradation of Congo red
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Mn®* Ak — B Rk PR AR SR AL IE BB T RO R AR, BT St Tl e (R LIL
AR, HRMAERAA:

Mn?* +HSOs "= [Mn"(SO4)]** +OH

2Mn** + 2H,0 — Mn®* + MnOQ, + 4H"

Mn** + HSOs™ — Mn** +S05~ +H"

R R R, ZEMRMEAIET Mo AL —FRRR SR PRI R AL, NIFRLL LR
EhE, FERAANRMNERTRFEKSESBMMIRE d%E, 8 dEEHE
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Fig.3.4 (c) The decolorization efficiency of Congo red changes of the reaction time
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Fig. 3.5 (c) Effect of different concentration of NiSOj on the chroma degradation of Congo red
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3.3.6. BRMERIRLIE Co™ +KHSOs KA MT (LIZfE

BOKEEA 50umol/L RIRALER, M TOC fH4 10.42mg/L, WA CoCl, H
S—HRERH, EEMWKESRA 0.63x10°mol/L A1 2.03mmol/L, FRHETE
LR T R 2h f5H#) TOC fH, WEK 3.1, TOC £R%E K 54.2%, HHHEH
AT R MR R, GEEREL, BT RERYE.

% 3.1.R ¥ 2h iy TOC 1

Tab.3.1The TOC concent changes of acidic Congo red solution after reaction

¥k Co”+KHSOs
TOC (mg/L) 10.42 4.7
TOC EBE (%) 54.2

3.4 KWW

WU E R KAKR RS B EBRIERMT, £ Fe™', Co™, Cu?*, Mn®*
5 NPT B ERIRAL, EUERIER: Co™ >Fe? >Cu? >Mn
>Ni* o T EMENRIRA MR RMEF R AT, Co¥ RIEMIT—TRmE:
BB AL
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WIEHEIRE A Co* >Fe?* >Cu?* >Mn? >Ni%*, Hh Co 1t KHSOs MR RF,
BRTHRENFEREEAE pH=3.5,[Oxone]=2.03mmol/L,[CoCl,}=0.63mmol/L 15
HTRRARELT, RIRAKEELREREE] 98.0%, HAXIHMIME, B
SRR L0 BT R o 7E B R R, Co® TR il fi 4k KHSOs 2 A SO, 1 Co™,
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ANEBRF COMBREWRRAME R, Co™ MKEAMKMIE, Fid MMt
Tikh Co™ T ek, RREMRE T RETER .

42 RE

AR & &R B T HSCR T E A AR /1 SOy, BT HAFE
IR b, S BRRR SR B (L BARTE SN B U P Y R A2, X R AL I 4 g
A TR B iR A 77 SR R AT ST RS R AR SR, (B0 X 77 T VB
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