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W OE YK R, R R, A RS A SRR BOm Y T, ME LA S AR R Bk, SRk
AR TR R 7 v, SR K Tl M A R L T RIR & ) #5741 Fenton EALIK R, LIASTH
R R R RAT . AT . &R AT IS B T At Fenton S ALK R X FE A A LG Y (UL COD it) 1
FBRAOCR, I i W s o R Ak B TR A AR AR, R T S A Fenton ALK R ML HLER . 45 R K
L2 AT VLG R T ok 36 % R K AL BIALSR . 7E pH=3~7 I}, COD W EMRRIEE T 40% i£47, ®HEY . W% .
B4R 3 F 55 AH UV-Fenton /& R X7k COD 19 2B %43 53k 8] T 58.83% . 54.07% 1 55.64%; 3 Fi KR4
HA RIFERREE, EEEMH s kZ)G, COD LBRBIREFTE 50% L 1o LA H,0, &AL, SRR AL
PR R WG TR ST WO SRE R T SBRIR WL, R RAT >R R R IT>& W AT>WAT . =AY -OH ik H
H,0, & . Fe* i1k H,0, 73 fif . i 4k 57 2 T Fe(ID) fi# 1k HLO, 40 . JEBUHE LRI L fir 0 B Rl TR )R 24
pH KT 30, B PR AILAE LT 7T DL 2B AT, (R &R b -OH 19 7= A4 LR ALl 3 .
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YA A DAL . BRARAE WU Ay R AT IR FE AL B, SR ER YR K b B Y 32 Ty P

SR/ Z5 0 A Ak b B ED Y PR OK T2 7R Tl B A2 o A% 58 Fenton %A ALTE SR IR 45 4 T # 47,
FEAE Fe ' Fe TR IR ROCRAR . BRI R K. HO, R R AE B S B4 P U Fe? 1R i1k,
WU ALy W it AR R AR . Sl D S i R v kB U 2k, MDY Fenton AL EAR #5532 5000, HER
FHEAC R B AL, IR SR Y . Sk AY), oSk TR TR ha . W
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KREGHT YN 15, fievbfefae, wTLIEE A, B e &Sy £
AR U SRR BRI BT R RO PR RE Y A o AR IR AR
PEF, 8Ok R AT LA SE I Fe®/Fe? i B A% 38 70 A WL A6/ . AT A2 2 T H,0, 43 f# 77
A -OH, #& T H0, FIHZ, s 2 A Ly Ias . mEse 6=,

5t Fenton {& & 43 5 #H UV-Fenton {4 5 Fl 5 #H 7] I )¢ Fenton 1A & ™1, " T H,0, Wik
£ /NTF 320 nm A RE 7 AR -OH, 0 H HT 2 5k F 0 i K R 254 nm S AMT ORI . KBHOG R 7328 45 4b
(100~400 nm), A "W, (400~760 nm) FZLAR 3 AKX Be, Hirr, $AMEAL Y 3%~5%. RS8R AT, Al
LGRSk B T 0 TR Rk, SRR PESERI R @& ek oy HAE T WA T
X 5+ AH Fenton & R FMEALVERT , AT FRRIE 1T AIAN .

GUELOU 4§V % H] FeOOH #EAL 1, B T o8 JE 8 it 192 35k 198 A N [i) 424k 14 2= v ) A 2 2R
HAE B A1 Fenton 1K 2 v [ it 28 g 38%, 7E 5 A Fenton 1K & 1 JL-F Lk Mef, 7651 N E4ETE,
FeOOH K ML A6 Pk o SREE S50 LUK SR AR 8k k50, 75 nf WOGRES . pH=3. H,0, ¥ 1.5
mmol- L™ 4T, FFHI B AT #E 180 min PN 58 B 0, 2,4- G 2K M 7€ 24 h J5 B fif 26 0] 35 56%,
s R AR E T STRR B, AR AT AR E R I 619K

WA 57 H AR S (O F ST 2, 7E 300 Wi R R KT R BRI S AH Fenton 84k iYL R /EH R, Fe/ALO,/
UV-Fenton & F 7 20 min I} ] fiff 75 S8 (19 5 /% %2 35 3] 94.5%. MUTHUVEL 457 HIE 5 Fe(1ll)-ALO, 1
TR BOEIR S T, 2 Fe* 2 715 1, Fe*' . MAZELLIER 45 0% $12 Hy Z2 K1 4 28 i 1 #1258 0 42K 17 B
BLH, A h RN S 52 4 AH Fenton %046, (A% IO £ B, H,0, /™ -OH 11 i B DL 2 1 i 1k Ky
Fo XUEECTFE MR R Fe(ID) YAk 2% I W 5% 78 S Fe(1) /& 53 A Fenton Ji2 [ 1) & 8 45 1 2
—, WA Z - OH 32 Ok B AL 2 1,0, H,0, T30 AR M A Ak ) 26 1 i Ak 43 i 1,0,
3R A . HE S8 B8 R B B0 Ak R B ZHLE5H, BR T OsF A T4, Y
H,O, W Bt 2 LR A, 25 5 AR 308 b 19 28 7O 45 & U 7 A= -OHL,

AWF5E LA BT (CuFeS,) #E8k (Fe,0,). BEIEERE™ (Fe,,S) 3 FlV KRR & 8k M 1E AL, 2
S 300 W R SR KT . 400 WARAT , 400 W 4 < ATAE Bl RLJEYE 55 F T 5 4H 2 Fenton /& R AE
Xt R ST AN R 2 A G RN AR AR O Fenton 1R R AL EALRUR A2 I, IR EE N LA TR AR
fb A Z i Fe? %5 H B A COD 2 R R A8 1k .

1 XIeER9
1.1 EkMR

S0 T FH P K Ry 3 M A D 2 R K 4 v R B TR A R AL - M TS YR Ar SRR B K . E 190~900 nm
WA TG, WA R BURRE g . B, RIEIIHLE, R 478 nm I K Ak i W' B (8 X6
K I B AT R ik, BAROK R S5 R . pH 2 9.40, COD 4 81.32 mg'L™', UV,,=1.12, UV,,=
0.023, h/rH1.85g L', CIh227.80 mg-L™'. SO N 729.60 mg-L ™",

1.2 RATH

S FT KR ) B4R A (CuFeS,) . BEERT (Fe,0,). BEHEEE™ (Fe, S) A THll &, FrAH Y
¥yik 200 HfiJ5 & H, LR 95% LA I o X-BF 2R A7 5 45 0 3 W AR kR L S A A R i Bk 4k
Ji, Fe,O, FEfhH & A & Si0, 425, Fe, SHMmHPE&AHDEBE AN,

1.3 LI Fi 7

S0 3 B P R B 0 R EAER A SRS AT WA O B (Te it 2, b st 8 A A A BR 5 AT
), JedesE AL (BL-GHX-V 8, 1 o WA A% A BR 2 w]) e R K i #2 K (COS-110X50, I
T L AER A R WD i A 34 43 pr 4
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1.4 3 Fenton [£fZSE16

FH A A AL Bh SR B2 8 99 28 K pH,  7E 250 mL A7 38 0 AR U AR R L R OK A B,0,, A
AL N R BN, A CIR R A SR B E T e, FRJE ROV AR, (A — o B R A R EORE 2
PEM A R T, A SA AL KRR =, £F 1,0, %A 5% 5l coD fi, H.it % .CcoD
12 BR

HCAMEAL SIS O GIRA RAT . AT . kT, PRI TR BHOG IR BN, o & i AT 3 H T
K AT WEPRBEREHL . S5 40 5ok A 18 WK SR AT . 300 W = JR AR AT« 400 W iR 4T . 400 W
SR ITVERIEIR , U A AR o AR RAT R A/, S B B TR A R B
My mHORAT . WUT . SRATIIRR, RRER, SCREE TRUR A9 B, B BHEA 20 C fE
K HFTIEARH)
1.5 St 75 5E

SR FH SR 5% TR 4 AR U0 T Rk D e COD . R AR 3K 2 bk 43 0'6 ot B 00 e k8 Wk 3 . 3 i Il
Fe? 1 1,10-4F3E % Mk A 285 & W0 7E 510 nm &b A W' B8 (8 LA Fe Al e 3
2 #HR512

2.1 {R[ERATERSH T F 40 Fenton & R AL IR R
e pH Ky 4 1F, LUK ARG o0 i A7) 1) 53 Op W Cures, SSFe,
| EEFe, s [JFesO,

#H UV-Fenton 1A 2 X R /KA 3807 14 Ab BRACRT 1),
DL B K R 18 WA TR R AT 1 o 4 BRI
PR, 7E H,0, ¥ K 9.80 mmol- L' 1Y 45 4 %
I 2 h, AR IR X COD 2% BR RS- (5 i
WE 1, B 1T, COD 2Bk 3 Bt % i 157
B e ommi g L. Wik, #h A
CuFeS, fiefE &M 1 gL', Fe,O, 1 Fe, S 15
FEFIE A 2 gL', FeSO, M fEHAEN 1L,

COD£:[% (%

M pH N ART, HAFBLEAETOLRNT, A HEfeIB T (g - L)
3 R ) 5 AHZE Fenton A ALK £ XK /K COD 1 #EAFIAEX COD EREHEMN

Fig. 1 Effect of catalyst dosage on COD removal

I BRECR, H COD ZLBR3R | Fe W JF bifi S 1
I E) Y 25 4k L 1 2, H I 2(a) TS WL, Fe, S il CuFeS, fi# fb 1K 2 F1 Y COD £ % & T Fe,0, fiE L1k
#, FEW 6h)5, Fe_S{ CuFeS,. Fe,0, % 3% Fenton {& Z X J& 7K F COD A9 2= B 3 43 1] ik %)
4591% ., 45.64% F1128.57%. & 2(b) A] UL, 3 Flir 4 5 2% Fenton 4 F Hh Fe Ik 3 Fifi %5 S5 7 Fif ] 2%
1% - TFty CuFeS,. Fe,O, ALk R i Feo Ik B IH AR FRE AR K (0.40 mg- L™ /2 47), Fe, S LI
FHEMFe R Z, FERNME2h M 6h )5, Fe W54 0.78 mg' L™ A1 1.09 mg-L™'. Zf L4553 AT
1,3 Bl S AHZE Fenton 14 2 76 SN i B v s 1) Fe® B AIR 07,

fEpH R 4. S 2h B, AHEFICEKRMET, S RX COD By LBRFCR LK 3. W
€3 AT I, 5 AHZE Fenton 1K R A9 LBRBUR B 22, & S AHMEILAR R T COD 1 LB R B AR L 5] 20%,
Pk Fe,O, 1E WAL IS, COD &BgFAUA 8.58%. ALK IT IS, UV-Fenton & F X} COD f9 2=
BRI Fenton E AL A R LR R & T 8%; 5067 M Fenton & W A He, 55 4 UV-Fenton & & X}
COD [ EBRFIEE T 40% 247, 3 FhF A UV-Fenton 1A R ¥4 f COD [ Z 30 mg- L' 247, LSRR
MUK CuFeS,(58.83%)>Fe, S(55.64%)>Fe,0,(54.07%). {EHHM H,0, BALMZ&IF T, COD Iy LERHRIL
SR 0, 1 UV-H,0, 1K R Xt COD AYZ<BRF K 34.09%. X 3= B Bl i H,0, JL-F-AS e R At 1 /K v A #E
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50 1.4
—=— CuFeS, 12 —=— CuFeS,
s0b  —*FeO, “[  —e=Fe0O,
——Fe S ~ 10 ——Fe S
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30 : L
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Fig.2 Variation of COD removals and Fe?* concentrations in different mineral heterogeneous Fenton-like systems

AAHLY (L coDit), HAELISEEMT, U7 v uv
FLO, 3 i Y 7 A O, 1 2 B X1 48 3B S0 A SN ) gy Sk
HLYI (L COD ) i [ . Saop N

22 5 RAT ST 5 483 Fenton 5 4032 £ 30f %
SR g2 %

5 TR RAT LA 2 B MG KV B 5 L % 4 N \ %
IR E 5 25 . 1L 300 WS R RAT Sl ININININ7
W ST JE AT 5 M UV-Fenton Ak Z %t FeCuS, FeO, Fe S FeSO, Tt
COD HyF= A, e 4 AT UL, 76 b 2h ) TR

CuFeS,. Fe,0,. Fe, Sk Z% COD %k % 3 FRAUERLEYRITEL (UV: 18 W RERLT)
ﬁ&’ EIJ j\j 4771% . 40.31% Fi1 38.92% . 'CoD ?:T ]z/% Fig. 3 Performance comparison of different oxidation systems
AR Sz )35 /N R Tk A 30 (AL 5
Hi, CuFeS, fit fb & AL 7K 5 X COD 1y 25 BR &5 R
Fetk, TRV 4hJ5, COD KBRFEA L 51.95%.

TE B3R S R fEeh Fe? i tham 98 Ak ULE 5. i 5 T ERW 2h ), &R R 1Y Fe IR

(UV: 18 W low-pressure mercury lamp).
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Fig. 4 Performance comparison of different oxidation systems ~ Fig. 5 Comparison of Fe** concentration in heterogeneous
under high-pressure mercury lamp irradiation UV-Fenton under high-pressure mercury lamp irradiation.
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Ay RN 4h R, 3R AL BY Fer A H MK IR N Fe, S(3.00 mg-L™")>CuFeS,(0.90 mg-L™")>Fe,0,
(0.02mg-L™"); %) Fe* 5 H,0, &A= #I4H Fenton Jz i, {HLIW ¥R ML R F .
23 @ATERST T R 485 Fenton A R IBHR

DL 400 WAR AT /E I G TR, 86 A 8 450 0% K 400 nm DL 06, %5 T BIRLSE AH KBH G
Fenton & & X} JE /K COD By RLBRACHE, ZRWE 6. MK 6 7] W, RAEGLT & 4615 2008
FERAR, (HA TCUEE X COD EBRRMFmA K, SHUEEH ML, 756 H B CuFeS,. Fe,,S
AR R X COD B 25 B R A e, X R EAMDETT 7F — @ F2 B 46 HLO, IR % . Bl
N 5} [A] 4 K %2 6 h B, CuFeS,. Fe,0,. Fe, SHELIARXT COD Bk &4 i fm . 20k 35.28%.
26.04% . 40.05%.

Hi 18 7 AT W, CuFeS,. Fe,O, i fL & F i Fe* Wk FE 2/ (<1.Lmg-L7"), A JCUE 6 R X &
Fe” Wk B 52 AN K. Fe, SR RAER N 6 h J5, Fe™ WA, XUBER Fe'5 H,0, £4:1)
#H Fenton 21 o 4 LUK E R OGIRET , Fe S 1k & [l B 77 26 B AH LR AR AL AE T . (Bl TR R T
Fe* WAL F 1.1 mg L™, HAAMEA/ER MRk AR, Kk, FeS. CuFeS,. Fe,0, 3k ff
FEZMEN, SAMERCRIKIR R Fe, ,S>CuFeS,>Fe,0,4

12

50 ¢ 2222 h k) N6 h (i)
2 h k) N6 h (i) Lo EH2h [ Jen
a0 EHE2h [J6h _ ’

08

30

0.6

COD 2 [52%/%
Fe* #féJiE/(mg - L")

0.4

02F

I I

%

W'“HHH

%

0

FeCusS,
ENGE:RIGINA
& 7 AT 4 UV-Fenton {k & Fe* 7R E LL i

Fig. 7 Comparison of Fe** concentration in heterogeneous

Ee6 RATBHTAEAKAFRLEHRILL
Fig. 6 Performance comparison of different oxidation systems

under xenon lamp irradiation .
UV-Fenton under xenon lamp irradiation.

24 LTRSS TEIEI Fenton A RLIEHR

L 400 W & ) AT VR OLIR, B4 T fEn] W 00 ‘ ‘
A2 h GLik) NN4h GLig)

T 5 #H ) Fenton & 2 X % 7K th COD (1) 2 R 60 EHEH2h CJ4h
ROR, SR IIE 8, el — XLy, g -

6 A e FE D% 400 nm LU R R4, HiE 8
A0, FETCUEDE A, BEE ROV AHETT, £
b1k 3 COD LFRFA Frdgfin, 75 4 h 5 ry b3
BRAR YN CuFeS,(45.90%)~Fe, S(45.13%)>Fe,0,
(42.55%). fEMIESC R G, LR Al Lk K
400 nm DA R B9 S ARG, A KT 320 nm /Y

CODE %%

Fe,O, FeHS
. IR ENGE=X AL
BB H,0, 53 7= 12 OH. M CufeS, o 8 SEATRS TR RS LRI R RS
PRI, SN2 h )i COD X BR300 24% Fedy Fig. 8 Performance comparison of different oxidation systems
Fe, . S. Fe,O, LR T 2, HIOLAMHTH under metal halide lamp irradiation
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5 M€ Fenton S ALSE KA ML, X ULW 3 F 57 4 [ wman e SS4bGHE)
AL AR Z8 X T UL A i O 2 55 ,| EB2b C4h

HE ORI, fEAUEGH B, 5 CuFeS,,
Fe,O, fHIt, Fe Sl Fe¥' %, N 4h AR
W Fe?' ¥k B O 2.36 mgL™', COD 2= B R AU N
19.63%; Fe,O, fifbiA R S i M8, [ 2 h
Ji COD % B AU N 3.58%. T8 A MNUEEH X
N 4h 5, 3 FAETIY Fe % H KN Fe, S

Fe* #¢J¥/(mg - L)

(3.75 mgL")>CuFeS,(1.02 mg-L")>Fe,0,(0.03 KLk Z
mg'L™), 1l CODIY & ERACR Y CuFeS,~Fe, S> 9 % T S48 UV-Fenton b % Fe* 3K & b 85
Fe,O,, 7% W] 55 #H )t Fenton 1A & UL W ¥ 3% 1 i Fig. 9 Comparison of Fe*' concentration in heterogeneous
1k, j\j B UV-Fenton under metal halide lamp irradiation.
25 EEFIREN s . '

2 A JE SR AT B8 5 M e 590 160 08 BF (1 % e
COD 2 % % 1 8% Wi 40 /& 10 7 % . fy 8] 10 7] 60 . HH E Fe, S
W, BEE KR &R WG FR B i, CoD | T g
) LR RGBT, (FIIRERTE 50% L 1. i & § é\
L PN S RN OB oY AT o = Y S S A i § §§
B T 54 UV-Fenton 1 2 ft i 7 3% 7 42 71 N \: A\
FHRg B, BT AR 1 AN § §§
26 RHIE a0 (NN N Aiiii éiaa

f£ pH N 3~7H} , CuFeS,. Fe,0,, Fe, S Wk
3EIHAEIE IO h IR, A HA R Fe” i i E 10 7RIk A MV 45 0 T R R
BN, H,0, W B B 9.8 mmol-L7' 43 Hif B ik 2 Fig. 10 Reusability of mineral catalysts of different systems.
3.22, 3.76. 2.38mmol-L™", XEIHFAH UV-Fenton
TR R AR B SS , DI R afEfL o . R IN-OH MK G, TEARERET AT,
1 pH &y 4. CuFeS,. Fe,0,. Fe, S3 M P srml 1. 2. 2g L. H,0, #JE R 9.8 mmol- L™ 1Y
FAFT, 3R YIRS COD & BR2E 43 5l Hi 58.83% . 55.64% Fil 54.07% S REARE) 10% 7o 4. X R 57
#H UV-Fenton {4 & -OH X} A LY 19 A AL ke = ZAEH .

“OH P2 A H0, 6 . AR R T Fe( 1) i fk HLO, 43 . SGEUE AL a4 23 B AT AR
HL 3k it (X (D)~ (7)), HFel FiFe!" o3 SRR A1) 2 T A 2R A o

H,0, +hv — 2-OH 1)
Fe"'+H,0, — Fe!" +-OH + OH~ )
Fe!"+H,0, — Fe!' +HOO - +H* (3)
YY)+ hy — e cp+h'yp 4
H,0+h* — -OH+H* (5)
0,+e” > 0, (6)
0;+H,0, — -OH + OH +0, (7

3 Z5ip
D) TETCEARAE T, COD My LBRFHAK, FERIL 6h J5, *E/KH COD (LRI A Fe, ,S~CuFeS,>
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Fe,0,, 7E 3 Fhik Z Hh COD £ BRR 54 4591% . 45.64% F128.57%, WL, Fe, S K FR i) Fe¥' ¥
R % (1.09 mg' L), HAth2 MARPH F R E 2R 040 mg L',

2) COD 25 BR X AN A SR A [m AR50 i i B2 AN [] o DAIR e SR AT A R E IR RS o R 2 h s
COD Z R %N CuFeS,(58.83%)>Fe,_S(55.64%)>Fe,0,(54.07%); LA JE R 4T VE R G Iam . K 4 h )5
f) COD 2[4 % & CuFeS,(51.89%)>Fe,0,(48.86%)>Fe, S(40.83%); LIRAT M OGIRMN (JCUEE ), i
6 h Ji i) COD 2 [ %}y Fe,_S(40.05%)>CuFeS,(35.28%)>Fe;0,(26.04%); VA4 b kT b % TR I (I 38
), N 4 hJ5 ) COD B3R N CuFeS,(45.90%)~Fe,_S(45.00%)>Fe,0,(42.55%) s

3) 78 3 R KRR WAk iR R, Fe, S. CuFeS, fFFE LB MING, £ Fe, SKER H Fe?IF it
K TE LA DGR B 546 Fenton /K &R, CuFeS, fifbVEfE i AFa s, HIR M Fe, S, 13
TRAER A 3

4) 4 B IEUEXF 54 28 Fenton 14 2 (1 58 AL AE FHAR UM IR R AT > 151 R AT>4: i KT >TkT o FERAT
FRORER , R BORAR, EARROR AT DA ik AT VR R IR - IndsOE R A7 5 By 44 5 A 33k SR A2 4k
BR, X UL 9 5 AHZE Fenton 7K 2 X5 7] UL 07 45 55 5 LUK VEA SR, 2% A AL AR & B2
R, X COD M KBRACR 5 T I6 444 T 1 5 AH2E Fenton /K F AHAM

& % XM
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Advanced treatment of printing and dyeing wastewater by H,0, catalyzed with
natural iron minerals under different light source irridation
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Abstract  Printing and dyeing wastewater is characterized by large discharge” volume and complex
components, and contains toxic aniline or carcinogens with azo moieties, thus it can hardly reach the national
discharge standard. Cost-effective tertiary treatment technologies are required to meet the industrial reuse
standards. The heterogeneous photo-Fenton oxidation with natural ferrous mineral catalysts was exploited to
treat the biological effluent of printing and dyeing wastewater. The present work focused on comparison of the
catalytic activity of natural ferrous minerals in heterogeneous photo-Fenton under different light sources
including high-pressure mercury lamps, xenon lamps and metal halide lamps. Catalytic mechanisms were
investigated in terms of organic pollutant removal and variation of iron ion concentrations. The result showed
that UV-Vis light could remarkably improve the treatment effect of the biological effluent of printing and dyeing
wastewater, and COD removal increased by 40% at an initial pH 3~7. Chalcopyrite, magnetite and pyrrhotite as
catalysts in heterogeneous photo-Fenton oxidation could-remove 58.83%, 54.07% and 55.64% COD,
respectively. Minerals exhibited excellent reusability and could maintain over 50% COD removal after reuse of
5 cycles. When H,0, was taken as oxidant, the order of treatment efficiencies was following: pyrrhotite >
chalcopyrite > magnetite > FeSO,, and low-pressure mercury lamp > high-pressure mercury lamp > metal halide
lamp > xenon lamp. The pathway of oxidative species -OH generation included H,O, photolysis, H,0,
decomposition catalyzed by Fe*" and Fe(II) on minerals surface, photo-induced charge separation of catalyst and
two-electron oxygen reduction reaction. At pH >3, the catalysis of Fe(Il) on the mineral surface played a major
role in -OH generation, whereas the contribution of Fe** homogeneous catalysis was negligible.

Keywords mineral catalysts; catalytic mechanism; heterogeneous photo-Fenton oxidation; printing and
dyeing wastewater; tertiary treatment
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