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S50 AL TR B VR AL B 2 R KGRI B
BEGE OELRIRGWAR B LR H B

(1. TRHFEXFFRERFE ISR, TLEERAE 050018; 2. T EFTEGEAMPFRELR
FL,MABRE 050018; 3. MAAR K FREALELE, TG EE 050018)

B B ATHEFRREE B BRKPAENY EH(TP)F 5 ey BARF A, £ B 33| A
RBELENFRAFTRELE BRI EXR X LR EFRER T TR LT RAGLEHR, #F
KA A AR AR R BT % 40 min, A% pH 1A % 6.0,FeSO, + 7TH,O #= H,0, & mE R EK
E) 4 A 600 mg/L F= 850 mg/L, ER# R L pHAAA 8.0, & F & &% 8t (APAM) & m &
(REREIA3.0mg/LARTKREEH T, BALFZEAZ(COD) &AM TP LR E 554
97.5%,96. 7% #= 99. 2% , B34 & S| (IR 5 AR B ) 75 F W B A7 £ ) (GB 18918 —2002) — & A
W, BLERAGREELBER, TS 2B A TRAATRLE) st bMiF LMoy RELRE,

KBIR:ARTEGE IR FRAML; RE; — R B RELE
FE 5 ¥ES X703 XEkFRES:A

Experimental study on advanced treatment of secondary
effluent by Fenton oxidation-coagulation

FENG Sumin'?, WANG Hao’, SONG Zhenyang®, BIAN Yonghuan'?, SHAO Lirong"?, JIN Xuekai®

(1. School of Environmental Science and Engineering, Hebei University of Science and Technology, Shijiazhuang, Hebei
050018, China; 2. Pollution Prevention Biotechnology Laboratory of Hebei Province, Shijiazhuang, Hebei 050018, China;
3. School of Civil Engineering, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018, China)

Abstract : In order to solve the problem of having excessive organics, total phosphorus(TP) and other pollutants in secondary
effluent from municipal wastewater treatment plant, Fenton oxidation-coagulation unit is adopted to treat the wastewater., The
treatment efficiency of the treatment process is discussed through the orthogonal experiments and the single factor experiments.
It shows that the removal efficiency of COD, colority and TP are 97.5%, 96. 7% and 99. 2% respectively under the optimal
reaction conditions that the Fenton oxidation reaction time is 40 min, initial pH value is 6. 0, the dosage of FeSO, ¢« 7H,O and
H, O, are 600 mg/L and 850 mg/L respectively, the coagulation reacting pH value is 8. 0 and the dosage of APAM is 3.0 mg/L.
The water quality can meet the first A level discharge standard of the Discharge Standard of Pollutants for Municipal
Wastewater Treatment Plant (GB 18918—2002). The process, as the advanced treatment technology of wastewater, can be

widely used in the advanced treatment of refractory pollutants in the municipal wastewater treatment plant,

Keywords: water pollution control engineering; Fenton oxidation; coagulation; secondary effluent; advanced treatment
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W 5 3ok T Al R 3 A W i R, B35 [ R AR 32 B AT ) S0 » T AR 75 7K AR B A S 15 7K A B g — A
BB , [ Z H KRR IR T S R MR SR T . AT SR TS KAL) B SR A W R S K B
FAEF T2 (AR F 5 S F AR A DL B @ RS BE (TP ¥ = 175 7K, G4 385 7 3 ik B OGR4 TS K A3
75 R W HE AR HE ) (GB 18918—2002; LT AR “T5 7K ) HERUAR ™) — S A B dfE, T o B AL B AR AR o 3k
TS K R BEAL B T 20 MOk g 2 R A O BB R BB SO AL B R A L B R ™ . BRA
AEBEAR R F 25 R FE K 5 Fe”™ {4k Ho O; AE Y « OH A i 2%, iy BhR A B0 1) S AL RE Iy » 7T P A 75 7K
TS Y A A Fe' R AR BEVLIEAE I 2 B ML B RR R0 B e, 16 1ok A o 2R 0 R R e R
FHREMFIREE 2 FEAY I AR ks R,

A5 DL AR K R i A2 R BB (COD) (B EEM TP S8 £ B B9, R A “IF AR B Ir ik R B 4b
BRI BIG AR BT — K AR B 5K HEROPR HE” — & A B

1 #M#57F=%

L1 WAk
BEHAE b X SR A5 K AL ) — A A A1 KRR AR RS A S H AR R
7K s MR AR K F0 R Ak Wa I 45 B 5 Bk DT 4G I K A Y Kk Tab.1 Results of the water quality index in wastewater and

s, HERSHMA BT HERBHE"—% A the discharge standard

FRUEMES) TR 1, . - GB 18918—2002
T 05 7k A 8 T T A K B 296 R T B 5 i HAH A

A BT ES VR &L B TET pH 7.0~8.0 6.0~9.0

AR T AR, B iziE KA kAT P(COD)/(mg'Lfi)l 267.0 50.0

BRI R K TR BR PO - -

B T G itk B9 COD A TP {5 , 3k LLak B8 /£ 150.0 30.0

S HE AR #E

1.2 ZFIFMEF

DR B F RN E B (APAM, T 20 , 2 43 800 307 i3 AR (H, O, 53 BT 26D , B BR 7. £k
(FeSO, « TH, O, 23 #rat) , i R (H, SO, , 23 Hr k) , A A A (NaOH, 73 4 28D

2) X #% : PHB-2 B 48 08 B 1 (Bu M B8 7 I AN 2% A BR A A 42448 , FA2204B B K (4 B 22 )
TR A BRA FRME , COD H ML QLT 3R TR B A FHEM) ,78-1 BIg Bt B a8 (ST EZE LKA
A BRA AR ,MY3000-6 A-2 75 TR TR B 1 30 1 AN (B VL Tl Mg AN 38 8 BR A B $248t) , WEJ722E R W] I,
3 EE T (RIS A PR A AR D) .
1.3 RWAHE

R A IE S A B I AR B 46 pH fH . H. O, 8% .FeSO, « 7H, O $in & 1 5 B B 8] % 2%
AL AR B . BARRAE S B BUS K KR 250 mL, i H.SO, Y pH E, MIERFPMA—E &
) FeSO, « 7TH,O 1 H,O,, 7 1 J7 ¥ $¢ 4% 1R & Bl $ I B — & B 7] 5, F§ NaOH ¥ 5 K # pH {H %]
8.0~8.5,# & 30 min J5 R _EIE WA .

RABHZRRELZAF VLG pH EM APAM £ in @& HREE ISR F m . BARRIES TR . BRI
FAbJE K 157K 250 mL, A NaOH 875 pH /5, A — & & K APAM, 7 75 B R % 1 5 3 $ X 1 2
50 r/minfit$E 5 min, & 30 min 5 _EE BT .

2 GR5iHE

2.1 FWEHEZRARE

T W E SR A A AL B TS OK B B T A&, LIS KW A6 RO pH E (A JHL O, B & (B),
FeSO, « 7TH, Ot & (O M K B 18] (D) 28 8L B3t T R R =K F M IEAS KK, HE R KL% 2, A%
HRIE 3.

SR 3 IEARE LSRR T A 4 A B30T 4k B SCSR R W /N B P < S e ) >0 4 R
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pH {E>FGSO4 + 7H,O ﬁbu§>Hzoz &ﬂﬂ%o @Jﬁﬁﬁﬁﬁﬁﬁm%ﬁﬁ Ay B;C3 D aEI]?JJ!lﬁ pH {Ej‘:’ 6.0,
H,O, #mE REWRE, TFEDA 1000 mg/L,FeSO, « TH,O & (REWE , T [FD A 600 mg/L FlJz

B} E 25 60 min,

F 2 SR A S KRR KBRS T 45 R FT 8, N H-N A 25 B SR ARG, 490 400 B T5 K AL B B9 — R A 4k
ks NH;-N B RBWEECTRD A 4.2 mg/L, BB E—% A #EhsfE (<5 mg/L) , 7R T R B il B

AF% I8 NHo-N B R BRBOR

A2 ERRBRAZAKFER

Tab.2 Factors and levels of orthogonal experiments

HE A W% B wix ¢ H% D
A R oH p(HaOus) /(g + L~1) p(FeSOu * 7Ha Onan) % e 1] /min
(Bh Fe?T i) /(mg « L™Y)
1 4.0 900 400 20
2 5.0 1 000 500 40
3 6.0 1100 600 60
%3 EXEKBRLERER
Tab.3 Results of orthogonal experiments
A H% B W% C D
KRR om0 O R Ol A
pH {& (mg+ L1 (P Fet i) /(mg+ LD min
1 4.0 900 400 20 56.8 97.5 80.0 6.7
2 4.0 1 000 500 40 82.3 98. 6 83.3 6.5
3 4.0 1100 600 60 87.3 98. 8 86.7 5.6
4 5.0 900 500 60 72.1 97.8 83.3 4.9
5 5.0 1 000 600 20 72.1 97.9 80.0 0
6 5.0 1100 400 40 72.1 97.8 83.3 0
7 6.0 900 600 40 92.4 98.9 83.3 1.3
8 6.0 1 000 400 60 89.9 98. 8 83.3 0
9 6.0 1100 500 20 74.7 98.4 83.3 0.6
K, 75. 47 73.77 72.93 67. 87
K, 72.10 81.43 76.37 82.27
K; 85.67 78.03 83.93 83.10
R;j 13.57 7.67 11.00 15.23
R COD 1 R AT IR B 25 AT .
2.2 FWEAERRRAE 110
2.2.1 AR B ] B §fy—*bﬁk—+—*—*
B E SRS B 4R SRR o ) [ e
6.0,H,0, #fM&E N 1 000 mg/L,FeSO, » 7H,O £ m # 70l
&8 600 mg/L, % £ I i B 8] 43 31 24 20,30,40,50, 60 60 - ~ COD; =TP; + fafif,
1 70 min BT K £ BRACR RO B 45 R L 1, Y030 40 50 60 70 80
SR B [6] /min

B 1A AL 1) SR A E] /T 40 min B, COD #Y
ZBR A ] AR T B R KRR, Y A A
40 min 5§, BT E, H7E 40 min B,COD EKER L F
B R {H 90. 6%, BLAT /K COD KRB W E R 25. 3
mg/L;2) 6B R BR R FEA ] ) E K 2B KGR

B 1 RN A5 KA R YR

Fig.

1 Influence of reaction time on wastewater

treatment efficiency
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R B AL ML L 78 50 min B 3% B B KB (86. 720 fELLE S RL I E] 2 40 min B, K 8 BEIK B 25 £, R
o 83.3%0, 3K B — % A HeUhwR e 3 TP B9 EBRBOR BN B T, B Ab B A [A] ) 38 B A RIFIRE . P £
By 98.5% , /K FIHMER 0. 1 mg/LURBEWKEE, FFRD X R H T Fe*' 5§ H, 0, RAERMAER Fe'™ ,Fe'™
Bk 5 W PR £ I IO A M T 1 ) SR A B B A K AR B » S T K AR B R A R R RO AR SRR B 4 B Wl i
R OB SRR A 1 S L R R R R A BB ULIE AT BE R BRT Y o LRA 5 B E B R R L B[] R

40 min,

2.2.2 FcfERISRRBL pH ERHHE

R TE 2 B 46 8 % B P 6 0 5 0 R IR o
R ] SRR I 40 min, HLO, Mk 1000 %0
mg/L,FeSO, + TH, O I 600 mg/L, EEM R 5 10
B pH {& % 3.0,4.0,5.0,6.0 Fl 7. 0 B X 15 7k kb B 3 52 % » ~COD; = TP; -+ )i,
BB L IR0 4 LA 2, 30

HE 28 W, DpH EX T A LA AR E R 103,0 410 510 6I.0 7.|0 8I.O
BE M pHEMKE M, COD £BREREL EFAT THER 046 5L BL pH {H

AEHA, 5 pH AN 6.0 B, COD MERERT N g2 wuim pH AT KAREEN YA
91. 2%, BB H 7k COD Fy i B ¥k B R 23. 6 mg/L., X Fig. 2 Influence of initial reaction pH on wastewater
=l T pH HERMKE, H. O, RE &, AR F «- OH# treatment efficiency

R REHE K HY W #6 T RER « OHM ™, T

SRR EACA ML BIRCR s 2 pH EE BB, Fe? ™ Fl Fe' IR R RTE AETE , AU IR T Fe™ B4 1L
BB, B4 T « OH YA B T 52k COD £ BRF T RN 5 2) BB 9 £ BR 3B pH E A8 R AE 2 3
FEHE 5 AR 9 AR A MU L 7E pH{E R 6. 0 B R BRI X B F AAH 2 86. 700, K BB 20 £553) TP 9 KBk
RFAFRFFEARTE PR EREN 98,606, K TP W FHREBWER 0. 1 mg/L. L56 B EREY
G KR pH A 6.0,

2.2.3 HfE FeSO, « TH,O BANBAI B E

HRAE TE A0 B0 A0 25 51 T 26 TR 2 B W 0 R R 1oy
R ) R0 46 R pHL {8, 5 1 S % B 1] 9 40 min. ] ool
AR pH % 6.0 L& H,O, 8185 1000 mg/L, & 8‘%%
%5 FeSO, + TH,0 # /1 % 450,500, 550,600,650 % |
F 700 mg/L B % 15 7k 4b B A0SR 9, iR 45 R 50 ~+COD; = TP; —+ BIF.
E 3. 49150 5I00 5%0 6I00 6I50 7I00 7I50
M 3 T W 1) COD % B R & S b FeSO, - PESOLTILD ) (me L)

THO#BMEBHHEMEN EFHEHEERME R 600 B3 FeSO, « TH,O HmE stz KA BA R G H R
mg/L Hﬂ‘,il%%iiiﬂﬁﬁﬁ(m 7%) , LB H 7k COD Fig. 3 Influence of the dose of FeSO, ¢« 7H;O on
HIREWE N 22. 3 mg/L;EERXME A 2k 238, wastewater treatment efficiency
COD EBETRE, XEHTY Fe™ BB, = 4E
# - OH Wik, B3 K, AL R B8 , Ml 78 LY 09 B MRk 72 5 10 Fe™* W B i | if, Fe’ § HLO, B4
RN AR Fe'™  BEEAET Ho 0., X&T4 K& Fe'™ 8 T K aE"; 2) @A ER FeSO, « TH,0
g B 4 AR AL BT 52, R AR AER & Ry 600 mg/L B, 8 L BR AR B K (86. 700) , KB Ry 20 fiF; 3 TP
M EBRERE FeSO, » TH,O BB WK A RFFTaE , P RBREN 98.6%, thK TP -3k B E
H 0.1 mg/L., &% EHHE FeSO, » TH,O AR IME N 600 mg/L,
2.2.4 Bk H,O, BmBHHE

HR A IE A2 50 (Y 45 SR I 2 PR 22 3000 1 8 19 A S I B ] W B0 4 S B2 pH B FeSO, » TH, O #m & , #8
il 527 Bt 8] 24 40 min, #1465 )M pH fH 4 6. 0 PA K FeSO, « 7TH, O i 600 mg/L, %% H, O, #INE N
800,850,900,950,1 000 A1 1 050 mg/L Af XI5 K AL B R AR M, iR I 45 R WA 4.

& 4R DFE HO, $IE 3 ma w18, A fF COD £k, %4 H, O, #mE K 850 mg/L B} ,COD
RRFBIBBRAME 92. 7%, L H/KREWE R 19. 7 mg/L; M 4kLE3 i H, O, M#INE, COD X Bk 345 1M p
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110
10e—=— = = = =
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&, X2 i TR H O, B, =48 - OH B4,
FURE 8 X [ A ) A BILAD 40540 B 00 ik /DN 3 T S5 W B W)

B R TO BE HLO, BOMRABM. P of o~
k) - OH LBEZ M URACH LA AL s 5 J0] ~conrmtrs ot

F H.O, & «- OH H"J%%%‘Ja%ﬂ/ﬁ\ﬁﬁ H, O, E‘Jﬂﬁﬁ
SRS EAMREET, i 240 H,0, & T
COD Wil & , TEBR ST, Cr* " & ZRE H. O, i
JER Cr** il g 45 510 . Hik, B E K+ H. 0, &
BHREE,COD ZERBEREME, 2 H,0, #in&Exf
FEEM TP J LW EEm, @M TP MY ERE
Ay P EHAE 86. 7% H 98. 7%, i K B BRI TP R &
WRES3 R R 20 A5 A 0. 09 mg/L. ZRE % I8 & fE H, O, # & 850 mg/L,
2.3 BEEREZRRRE

BEKEFWEAE,COD BRI LR HH K EEFEAERR, XERNEFTEAR &R F. RS
EABRAR B EAL B LY, H A T 73 205 4 /9 KK BT, X 259 4L 5 /Y K /& i — IR BE AL 3 .

BT H,O, fl Fe’™ W AR Fe*™ , i Fe'* #1 APAM 2% FMIREEZ R . Hk#im APAM 1 RLig fk
TR AL AL BTG K B RCR . A IR ZIR BRI B B B RN pH E 1 APAM #0825 i 4 AL J5 1 7K
H AL FEROR
2.3.1 REEN Bl fE pH ER T E

BB D 5 N &35 1 A A AL 3 Y s K, AT
KAER pH E M 6. 0 fR¥KIE K ZE 10. 0,8/ 3. 0 mg/L

50

40
800

I 1 1 1 1 |

850 900 950 1000 1050 1100
p(H0; 5 )/(mg'L'l)

Fig. 4 Influence of the dose of HyO; on wastewater

treatment efficiency

(REWE, TFD M APAM 4T IR 5056, 056 45 5%
B 5 BiR.

HE S5 /I DFEE pH BN, COD B £ R
HMTRE,. £ pHER 8.0 BF, KBRER 97. 5%, K
COD R EWE K 6. 8 mg/L, 5 KB 1 N2 18 ;
2) TP £ R BRI LARHETE 99. 0%, 7k TP (95 8 %k BF
29 0.07 mg/L, T & B 89 % B R R IF A A G A B AR
H L RBREHRA N 96. 700, F H B KEAELRSET 5 £,
Tl T —% A Hebn . 456 % R e IR EE W B fE
KR pH AR 8.0,

2.3.2 REEMBEIE APAM BN HE

R A8 VR B8 B B o DR R I 4 o R AR R B pH fH
8.0,%% APAM #in&x51.0,2.0,3.0,4.0,5.0 #1 6.0
mg/L B XI5 K £ RBCR B, i 45 R LKA 6.

HE 6 AL DCOD ELBR2REE APAM £n & /Y3
SR BEARR AR LR, BN E R 3. 0 mg/L A,
COD W EMR=RE ., HE N 97. 5% ; APAM # /il & A9 3%
mElEE COD LBRREMBAMEVH , X APAM &
/NTF 3.0 mg/L B, 2R BE R U0 0E 3 BE I8 JE 45 m 2 1 i
P, BEK b VE A IS R B BN APAM B #¢hn & 35 3
3.0 mg/L B, Hi7k COD i B ¥ FEREZE 6.8 mg/L, X At

80 !

B — e— 4

—"
<+ COD; = TP; + )i,

1
10.0 11.0

8I.0 9I.0
RBEBT B pH

6.0 7.0

B 5 K pH{isis KA ®aR6 YA

Fig.5 Influence of reaction pH on wastewater

treatment efficiency

a8 —%—~a

- COD; = TP; -+ fa i,

6.0 7.0

30 4.0 5.0
p(APAM )/ (mg-L)

1.0 20

B 6 APAM # n % 375 K4 AR 09 % o

Fig. 6 Influence of the dose of APAM on wastewater

treatment efficiency

COD Z£FR&F R K ;2 APAM KN E 5T 3. 0 mg/L i ,COD 9 EBRRFEMR, X EH N 24 APAM £ i &
I, A K B R 0 T B AR B 2 2 Y AL 25 R A L A By 4 BIRR B T R RDR ST 5 2) AN
TP i 25 B3 53 BIRE PRIFLE 96. 70080 99. 200, 4 BE R TP FREIKBE 4350 5 A5 A0 0. 06 mg/L, LiE %8
W IR BRI B et APAM 84 3.0 mg/L.
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AHEFE R 2SR A AL TR B T 2% SR 5 K AL BT R K AT IR AL B L 8 0 IE AR IR B 15 2R A
Ak H 25 52 e R 2R % A BRSO 19 TR HE P O BE B TR > 8 46 S L pH B >FeSO, » TH, O ¥ &>H, O, #n
B FENER b, OB o R R 5 2% T2 A B AR RN AR 1 - SN E A] 2 40 min, 254 AL B 46 B
pH {H 4 6.0,FeSO, « TH,O #& &~ 600 mg/L,H,0, & MEH 850 mg/L,IBEE KN pH E X 8.0, APAM
BN 3.0 mg/L, HAREE R MK FIF A K, EREMET 15K FH COD, &M TP [ £ K%
3B 97.5%,96. 7% F 99. 204, Hi /K & T 38 b5 3 35 B (R EE 5 K AL 3 )75 4o W HEJBCFR ) (GB 18918 —
2002)—%% A FrifE.

H AT BTl Ak T B 52 1 B0 75 7K oo i R A ) B A 40 1R R R 2% » DT 45 15 7K AL 3 T A48 i 7w
BTN -BE T XM TR A ERBY RN KRR LB R BT RE BRIERE T ESERS B
B AT 32 80 T 3R AE TS K AL B ) Stk e R A 05 e O VR A L
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