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B — R AR, W E R PR B, AR ENER, EREPIER—1R
U 5 i SR BB B, 0 T A iR AR TR B 1 (RIS 2B Al Ak RS AR IR R T R
1 #MRl5RE*%
1.1 LI #t

SIS AR B B AR F AR R (K,Cr,0,) . SBAEZ 0k (C,HN,) . iR W2k (FeSO, 7H,0). M ik I £k
B¢ ((NH,),Fe(SO,),"6H,0). Hi 24 (Ag,S0O,). W HilZ (H,SO,). ik 7k (HgSO,). & A k44 (NaOH).
LAk A (KY). mfk R (Hgl). ¥ £ B8 80 40 (C,0,H,KNa-4H,0). A1k (NH,Cl). it B R H0 (K,S,04).
HER (HCI). RYFRAR (KNO,). =% M8 (CHCL). PAC. PAM, FrA 7|5 J/tral.

S0 R P T B G K A BT A s VAR R o R 4R RE T2 AR R I HERUE W R B,
T HINRTG U8 R . A YR T 42 75 U B 500 mL #EAT IR 4 WL TR AR BE I SE L DA T
ERETG RN R R A5 R . T RARGE YK IR K 1A HL 8 i LA v R A 1K 9 4 s
R TE A SN G IR VR A1 0T RIS TS R R SR AR A, S SR AL TS YK K, i B
We BE R 150 mg L™ 36 PR 75 Ve i W o

S K N TECK FSEBRfdis ek 2 280 Hop, AN THEOK TR Ry BEHEIME LR L
A ¥E . NH,Cl, KH,PO,. NaHCO,., CaCl,-2H,0. MgCl,. e & J A TR YK I8 7K 1 41
WA sy iE TR F 2 M FeSO,. S k4R MnCl,-4H,0), R4 (CuSO, 5H,0). HifRE: (ZnSO, 7H,0).
FALE (CoCl,.6H,0), ifR (H;BO,). EDTA . SEPrfis KB H ik B XA i, %
KA 1 FiR o

=1 JRIKKE

Table I Raw water characteristics

K MEE/NTU COD/(mg-L™) TN/(mg-L™") NH;-N/(mg L")
AT K (T 43~52 49~54 8~10.3 6~9.3
AT K@) 50.00 51.67 8.42 7.60
SHUNGREY VN 54.35 63.26 11.54 13.01

1.2 LWRE
FEALE . BS 224S BUA BT HL TR F- 5 J3-2Q FiE Sy H S AL S AR s Multi 3410 B #5 50
A4X; PHS-3C BUPRFETT; LB-901 %Y CODfEE ML ; UV-1100 BI43 6 GEE T YX-280 AU JE 7 7%
TR 78-1 BURE S INFABEFE 4% ;5 DGX-9053B-1 AU B 4 X154 ; Mastersizer 2000 I FOE R AL
FERE . K xTExF=24.0 cmx24.0 cm=20.0 cm (IR L e s 1450 T RN HLNE Pk 22 450
WE TR B S S5 LR P2 S5 A An &) 2 s o

S _ 1
P Ll|lLgL
xi R R
Yy U L
(a) Hehisisty (b) ARSI B o
HE: 123 A4 A A
B 1 fEGEEmR R B2 RGN RER

Fig. 1 Traditional vertical shaft mechanical mixing paddle Fig. 2 Schematic diagram of the stirring paddle
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1.3 IRt

mE 2 fpron, W E PR AR @ 1 — M) 43 318 G=10.0. 9.0, 8.0 cm; G,=10.0,
8.0, 6.0 cm; G=10.0, 7.0, 4.0 cm; G=10.0. 6.0. 2.0 cm, XfFR&5HM . & b0 | L5 K
2.0, 2.5, 3.0, 3.5cm. W E BRI PR I R 43008 60°, 75°, 90°. HARTEIEE YA 1.0 em.
SEIG R B K HEAT AR AL B, SR AR T R AR tBR S, 4RZERBE S min, A R R
WHE R 0mg L™ 78 120 rmin ' FE AT, HATHRBE RS SEE, HEPE 10 min, W& ZEE A
4 AT Sk o A AR AR B IR IR LSS W T BB PR . R RS P2, BEdE 2. 5. 100 15,
20 min, 53590 D0 H Tt P 4 A AV A SEU U R ST ) Y AR Ak
1.4 S EHE Fluent SRIA DT

ff FH 55 1E 2 808 R A W) PTC i F S 50AL S Creo Parametric #5738 $EAR A | 153 X I
AR N AR B A R E DL E AR AR TR A SRR A, R MRF Z2E 5% 24
R, W 1 P2 T HG R T AR X e e s sh X e, 7RI X ORI e RS A AR &, i At IX e e X
R X, CRER IR AR R . BEAVEE ST 20, T GAMBIT X 43 W9 A% , 7 B (455 A0 v feff ] D4 T
WIR A MRS , JFAE R DX T R 38 % DA S 3 43 A 80 . WG 2P IE R V=0, C=0, x=¢=0.1,
=0,

WHE IR AN EE Ny 1) FEXTHE P 0 DS ATBABLR K 308 e 3 b XI5 3l 4 S By X3RN
ik DI, TR B DX PN ) TR A R A 2 i AR R O — R A,k X P A S L
2) ¥ e A B P O s A, S ISR  BE TR A 3) A Y 4 22 B BE SR Ak
RETH 11 5 %A
1.5 REGEHEEHRSHBNMMEREEREY R A L L

ERAFEEDMASZMNZSE pH N 7.5, CONLILH 51 FMET, 535 R AL GERLA I H 2 FE 5
MU FE 2 5 330005 Gk K AT AR W I R A B . SE g0 R BGE SRR HE . e i K O X ilb A7 . Bl
120 rmin”', PREPE 20 min HKPE N —ZK, BN E % 90 rmin', HEEHEFE 20 min /E
Gk, B BEAREE 3 2 60 rmin', 12 3B FE 20 min /E N =Gk, A G K Y B
COD. NH;-N & TN % .

1.6 FEHEE R EBWRBREMRBYR

e AER 25 (PAC M 10 mg'L™'; PAM N 0.5 mg-L™") 54 F, R A8 R LI I3 £ 22 9k 4758 1k
TR EE DA S5 N RIS, A SIBOMZ5RT . InjJa — %K. gk, =ZHKE®w, o5
Br H TG Je R AR AR AR B0, W N2 )5 35 Y PF R R, I vk L SCk R i v T A B AR S
BILAR A 1 26 FIUHT AL FF 25 0 52 PR TS ook AT e b T2 4544 T s AL TR B AE W /A 2, 45
G T e SE PR IR A AL B 1 ml 474
2 #HR512
2.1 WMPERBSHETHRNBTBRETHHE

Bl 3 %R T 1EAS R0 PE 2 28 A 25 40 T K 4 A0 2 05 0 78 i | e A B 0L . i I 3(a)
ATRVEN, 4N RKREMSENEE BRI KNI N, WA E R SR an, |
FAREMUK T B U/ S B P ZURE R R, 2% DX A TR R, SRR T R BEOR, SEURR R
e BT R R AR AN T8 B B R AR R B . MR RN G, K G, W 4 LR
IV AR BE IR T 2 mg L' BB, &AM 25 S0, (145 3t P A4 7 B 0 At S0 TR JEE AR R
B, AR T A A R T, HABIMPLGE 5 REAE, BPLMGE T 2Tk, MPiP
WRBBHE N Gy IF, T BE VA Sk B 0.8 mg L', e AL B ME LR FEAE T . Y Pk S p b i
H G B, AR AL LR, MR T I AR 5.5 mg LT, BRI, BERERE
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Fig. 3  Effect of stirring paddle structure on dissolved oxygen concentration gradient

W AR B R 10:6:2,

MIE 3(b) FTLLE H, 23R B RE S 3.5 om B, KAt BE Hp 9 i R T LR 3 R, MELUTE A%
IRAAEE, HAEZEMRMIET, SR pyps Bt K, 5 A5 B A~ 2258 b i 7K 14 B bl 25 43 1
WABEsE PR e 8, AR FEERPBE KK, R EE DTS AR o 2550 1 52 5 i (8] By
2.5 cm i, PEFER B, AR K 66.7%, AR T IREER 5 AR K 8 77 W) WOkL 0 78 70 1R
G, DTS VR RN AT o R, SRR AR R AERY R BECY 3.0 em,  MLEEASUE R T F T
A= W Mo R I HEA T A A SRR BE R R, ELEE AT I A 1) B TR A R IR R L 1 AT

1 3(c) AT, 432 £ 60° K 75°m), KRB FE 22 A P 3K 3 R, ™ AR A K B ) )
J1, BCRYESR TR E B K ZE D), FEORE S S A KM, N A SR vk B 2
w, AR T RS AR, 2 AOK B, B, b3 5 A 5 R £ 8 8] Y I f 28 90°,

ZE F AT, EPEFER AR RS N 10.0, 6.0, 2.0 cm, EHAIEE N 3.0 cm, 35 E & R bR
AR R 90°RT , A ML i BE IS R A E N 0.5 mg L, IOREAL B AT S AUE FER AR, HEE ARG
I A TR R RV A U S R, A PO I A 4R B2 Oy 5.2 mge L', W N 180 1R 4 (%) 7% i SEL ik
FERRE, 77 A T df - R DR A I SO PR, A R T R A S B Ak B B AT

Kl 4 75 B2 7E 20 min PR EEMLH 4 4 5 70 —e— k1
VR AR BSR4 TR L, SR B S i
HYHUAREE PE R . S M P 4 R S S 2 st
VR AT R I (8] A2 A A B AR B BT, K %4-
ol 25 TR B R, TE R % 3f
20 min Ji5 , ¥ S0 43 03 F1 6,36 mge L' I g2y
4.04mg- L' 1 34 455 I R I A AR L
bR RN, B 45 F] 1.01 mg L 12.04 % 2 3 2 16 20
mg- L, X BN AR K T B0 KAz 3R W ) /min
FIMRRE 25 2800 . WEMACKE, ZEEm N 4 FENESAMEKEMMENTK
) I figp SR B B T LA i T 25 as AT Y Be R & Fig. 4 Changes in dissolved oxygen concentration at different
WIRAE D A KA BE TG K, A= W a4k B diF Ak measuring points with time

PRAL T B
2.2 B Fluent 5159 47

] 5 FeTm 19 S 2R BT U 1 28 2 b N O B = R . aT DU, BB A il ) AR ) AR A
P —E R EE RS R . WA MR W e, MR K, HamIEw e, fERHER R
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A ARAL A B R, O 1.28 mes™ o EEITBEFER R G Tt T BE DK R S Y B TR AN, X
PU 3 A~ 3 5 2 [ AT R B, B R e R B AR 1R T R AR O, )R A A R Y b )R
WA AR D o BEUZE R RW], TCIe R MK AR 1] i 2 S B ), ZR R R AR AT — i B
B

B/ (m - s7) BEE/(m - s7)
1.28 1.28
1.21 1.21
1.15 1.15
1.09 1.09
1.02 1.02
0.958 0.958
0.894 0.894
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(b) 4217130 mm
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E5 ZhEtEERE
Fig. 5 Speed cloud map in flocculation tank
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Fig. 6 Turbulent kinetic energy cloud map in flocculation tank
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Fig. 7 Comparison of pollutant removal effects between traditional mixing paddles and new paddles
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R AR B HTE R, ERT AU A 00 PE 2 A% GE n 0 RE 2 6 NH-N A 5 BR BA AR RO . X2y,
1% 58 W AILBRAE 1 5 7 Bl B K0 rh s e S v ARG T i85, M [R) 8 A7 B Bk A v o A 4 0 R 5 4R
SEFEETE R Y, R LA T RS A AN T M, S EONH-N R BRRIEAL . B E 7(c)
ATLAE H, AR MU TR X TN (L3 KRRACR , X 2R N R MU PR i pk T
KA D 5 i SRR 2 A T AR R (R K TR R AR AU 2 T DR LA K B R 2R, A
T 1 F AR TR R 2 08 BEAS — B9 IR i, 75 2500 F % 1 R A7 0 M S0 B, S s Ak 48 7 T L)
FHIX AP EREEUC, HEAT SRS A S, 78 2R 8t v S 3 AR ) I A R RIOR

2.4 CRBFIIINXISIREMER RS

AN TRV B B i e R AR AT LA S Bt PAC X615 g S AR S5 1 S s e Az i s ), T A [R]RE AR 1 375 P 3 U8
XA LY e B R A S e W e ) AN S AR RN I 8 AT A, M K i A 10 mg LT Y
PAC 5, T5H d, (5 i i 22 b BRBL 501 o 10% B A 35 R BORE (9 0 A%, /NIIURIRIAR ) . dso(5
A it 42 v B2 Ry 50% I i) S5 KOWORE 19 SF R0 AE , P URLRLAR ) K d (5341 il 2k rh R R SA1 K
90% i 114 fe K UKL 19 458 3 B AR, KBURLRLAR ) B 1 s U, B 36 BLARCEE B 5 BE (3B 0055 L dl
doso Rl d oo IR I ARG N R F . KR RLAR d o0 B AL IR BE B R, AVJRLAR TS U2 19 112487 pm
Thim 22 163.981 pm; P B WUKDRL AR Ko /NBURLARL A2 AN A /N IR B, Horh dogo M\ 48.518 um 2218 T s &
69.871 pm; d,;o IJFT5 VR MY 18.408 pm 2212 T} & %8 24.528 um.,

AU FE L B 120 rmin™ B, FESBEPER MRS ST, A A SN RS, SRk R
HIRA, PAC AT B My HOAE K b, KR AR A5 S0 iy, JB0RE 70 AR e Isf ) oA PR Rl A, T R
REMAMINAL, S d,, Med, WRIEK, JBTEERBBM; 534 90 rmin™ I, 758 244
RLAE AR, AR BRBENT Y, dyo S dosy BIZBACE /DN s U 60 rmin I, K IEEUN S
KARZE SRR T R, KPR K5 R R TTRR T, ® MR/ Is e 2K, —iL2818 T k%,
— I AHA AR AR, SRR B TR B B . FRUL T UL, S AN PAC AT A AR i AR Vs U 22 AR 4
H, RGP URLRL AR 222 i i 1 YR XK A v U R 55 T e W o A R R, AT — 25 e R 7KK B

TS VR I LR S OB R RAE TS e AR TR B S8 —, DB W P ok e A B T R
BT 1 35 e A BERAS DA SR A AL AR B . AniEl 9 B, ZE RN HFIR S min N, KR N5 TR
ﬁ@%ﬂ?%t# B SR AE EE  E= R W o o (AN €2 S 7/ R Y ET%%mmﬁﬁ%#A
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Fig. 8 Effect of adding PAC on sludge particle size
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(A, 35 DRI MEE WK, LA PR A AL 81
Bl A0 28 5 ph T At SR PR T 3 A 7

BVRACHEE 3y, OIS R I8 R T 1 S ML P sk

I BT ER RS P 2 S 5 T DL 5 R A0 2 20

PUEHE, MU IS coDRB R 2 e
SRR AR A B 2. IR
2.5 SRR B T2 X805 ok Rk i =

i A R N I R

TERAEBAT AT, 43 91R A% G B SR i
P12 K BALARAR H1 2 0 S PR TS G oK HE AT 5 B9 LS RE AT
IR EEA Y I AL, gk 2 3R 3 s, K Fig. 9 Change of sludge activity in flocculation tank

F 2 B P 2 AT HE A4 K 2% I00TS G

AR — 5 R R R, (BT BUAUARAR PE 22 T 2R 2R P NHL-N K TN A 25 BR AR AR ] 2 o T SE AL
PR el WL, S BOR BERE R A AEH , BRBEMAE ORI TR BE D RE Y R A L, B RECR
REETE, MRS ReR UK A b FEAR IS BT R4 o JRIE S T 2R S PR oKt A B Ak
AR, TRg /K T2 s deok ab BT T HAT — 2 5952 B B A (L

R2 2 MR IR H KK FRATEE

Table 2 Comparison of effluent water quality with two kinds of mechanical stirring paddles

TR MUE/NTU COD/(mg-L™") NH;-N/(mg'L™") TN/(mg-L™")
bii /N 54.35 63.26 11.54 13.01
BRI K 0.49 11.12 6.43 6.82
RGP K 0.42 9.75 8.44 9.37

®"3 2R B RISEIEREI L

Table 3 Comparison of pullutants removal rate with two kinds of mechanical stirring paddles %
EUEES & il LR CODZBR#R NH}-NE R TN
ERtiRES 4 99.1 82.42 44.28 47.58
LGS 99.22 84.58 26.86 27.98

3 g

1) BP0 R 10, 6. 2em, AR A 3 em, J 6K 90°mT, 2T PN AT LAJE A
R4 - A L SR I i SR BE RS B, A R T A B R A 4 B G A 4 o Fluent 20124 Yo 22 958 it il 1) K
A5 AR AT B4 B B B M ZXBh S e B4 T R I, SR LT AL B0 P 3% R 22 0 vt A i 1) R AR 1) 35 T LA
T 8 — i B R R B, T 7 A A SRR B, A R A TR 8 A A A R N B A T

2) FE AW B R S, AL P NH-N R TN () 25 B 2600 51 o 24.67% . 14.42%, i %
GEPEFE R L BR R BN 18.67% . 3.67%, B Hit 1 3 X NH-N Fl TN 1% 2 B #5050 i 18 T 1% 48 4
2

3) LE B B HLAR A 128 S AR R P4 PAC J5, 15K B BT, 15 B IRG Mk, 5
Je PR PR T o SR 2 B B P R S PR AMTS Yk AT 5 AL TR R AL W B AR HR K D EE R 0.49
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NTU, COD. NH;-N & TN & /705 0 11,12, 6.43. 6.82 mg-L™", =554 99.10%., 82.42%.
44.28% F1 47.58%, FELRFE T 22058 b 5 Ak TR 58 T RE X 1t 32 ) S BR AR I R B, RORH 5 T %k i I
b T Y PR TS G G L BRSO, UE I T2 B — 5 A S B g A A

2 £ X u
[0 229055, XUBE DIEAK, 5 SUA AW PSR B He B T SR A AT DL 0 2 BRSO ], SRR, 2018, 39(12):

5541-5549.
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Enhanced coagulation process for denitrification from micro-polluted water

source
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Abstract In this study, the synchronous enhanced coagulation and biological denitrification reactions in the
flocculation tank were realized by modifying the structure of the stirring paddle. The effects of the paddle length
gradient, the spacing between the paddles, and the angle between the paddles and the transverse brackets on the
dissolved oxygen concentration gradient in the tank were determined, finally a new mechanical stirring paddle
was designed, an anaerobic-anoxic-aerobic reaction environment occurred in the tank when the stirring paddle
rotates. Through Fluent analysis of flow field in flocculation tank, the dissolved oxygen concentration gradient
along the longitudinal and transverse directions in the flocculation tank was further verified. Biological
denitrification experiments were carried out using new mixing paddles and conventional paddles, respectively.
When the new mixing paddle was used, the NH;-N and TN removal effects were far superior to the traditional
mixing paddle in the flocculation tank. The synchronous enhanced coagulation and biological denitrification
experiments were further conducted to treat the simulated micro-polluted water sources, the turbidity of the
effluent was 0.47 NTU, and the concentrations of COD, NH;-N and TN were 10.54, 5.01 and 5.84 mg-L™,
respectively, which showed good performance on micro-polluted water sources treatment. The results of sludge
particle size measurement proved that PAC dosing could effectively improve sludge floc structure, which
provides a new development direction for the treatment of micro-polluted source water.

Keywords paddle structure optimization; Fluent analysis of flow field; enhanced coagulation; biological

nitrogen removal
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