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(1L R B IEIFERLARAG LA FE 2501015 2. L R EREA 8 L BARAF, LR35 250101;
B AEAKRFRRESHEANFHA XK, LK 5w 250101;
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[(FE] BEE EF TS KRR HER B 45 ™A%, F0 BT K A3 i 3 bn o 3 7e A BE . AR ST K b 3T
BEAR Tl 2 K5 K, K BT 8l K, 7K TP SSME IR E S8R o o W Ji X b PR DR BOSR 1 A2 s K A o, IS T VL
TUVE R G0 T 9 1 41 A8 U0 Ve b J5E 67 o4 36t Ry W TR R 2R 40 o oA T 2 40 A A 1T 0 9t 552 B b 3t Dy 25 000 m/d, 2 365 I
1 2 B VR 6k 2R e Ak B BT SR B 43 000 m/d, LA VR 358 1 K R VR ik b i A S 291 B B TR AT AR BT, HE K TP
SSANE B 5 Ht T Ol 4 75 K Ab 38 35 Yl Wy HE ORR ) (GB 18918—2002) — 2 A bR ife , £ 8 ] 3 J& (b 2 7K BF 85 [
PRAE)(GB 3838—2002) IV 2 Hrifl . S B L4 BT R B, B0 J5 3R G B R Bk (PFS) R 2R T4 443 It Jiie (PAMD) B8 42t 43 9] 5
H 40% M 30% FE A7, SEPRIE AT TR FEAK 6.12% , MK 12 17 REFEFFAIL 45.45% , JL31 T 45 ) A% 0.056 4 IC /1.
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Application of magnetic coagulation process in upgrading and

renovation of a sewage treatment plant in Shandong
CHEN Zhichao', CHEN Kun', YANG Chengfeng®, LIU Rupeng’, ZHANG Zhen’*, WU Zhen*

(1. Shandong Longyuan Environmental Technology Co., Ltd., Ji’ nan 250101, China ; 2. Shandong Ruiqing
Environmental Technology Development Co., Lid., Ji’ nan 250101, China ; 3. Resources and Environment
Innovation Institute , Shandong Jianzhu University , Ji’ nan 250101, China ; 4. School of Municipal and
Environmental Engineering , Shandong Jianzhu University , Ji’ nan 250101, China)

Abstract: Along with the national and local discharge standard increasingly strict, the upgrade of sewage treatment
plant is urgent. For a sewage treatment plant in Shandong, the proportion of influent industrial wastewater and the
water quality fluctuated greatly, and the effluent TP and SS were difficult to meet the standard stably. In order to re-
spond to local environmental protection policies and meet the effluent standard , one group of inclined tube sedimen-
tation tanks in the original coagulation and sedimentation system was transformed into a magnetic coagulation sys-
tem in-situ. Before the transformation, the actual treatment capacity of two sets of inclined tube sedimentation tanks
was 25 000 m’/d. After the transformation, the treatment capacity of one set of magnetic coagulation system could
reach 43 000 m’/d. After the magnetic coagulation water exceeded the V—-shaped filter tank and entered the subse-
quent disinfection unit for treatment, the effluent TP and SS were not only obviously superior to the first-Class A
standard of the Discharge Standard of Pollutants for Municipal Waste Water Treatment Plant (GB 18918—2002) ,
even met the Class IV standard of the Environmental Quality Standards for Surface Water (GB 3838—2002). The
economic analysis showed that after the transformation, the dosage of PFS and PAM could be saved by about 40%
and 30% respectively, the actual operating power could be reduced by 6.12%, and the energy consumption per ton
of water could be reduced by 45.45%. The total cost could be saved by 0.056 4 yuan/t.

Key words: upgrading and renovation; sewage treatment plants; magnetic coagulation; in-situ renovation; energy

saving and consumption reduction
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B 2 308 T R R B Tl K ST e B v, AR T T K R T
M JE K HETBOC I 38 £ R BESR H 257 4%, V5 K AR
HB I T ke i a7 ) X M AR ER TR L . H AT,
IKAL BB AL GE TR R GEE AL BREE ) O 4 e AN BE T AL
7407 A KU 3 7K 5 1 S Ak R SR R TR BB AR S —
T PR Kb BT S B . RETRBE T2 R
FEAL G IREESL A L H NGRS , R AE A DTVENT H A%,
K HR S AR IR -5 R 493 AR T 5 R 1 T G 5 0 22 1Rkt
PN e 37 e v N NI RN TR IN = 87 B
SR IE WG 4 5 2 R AT WKy IR, Tl e A 1 o [ 3
F WK NSRS 5 RN, T e TR S R R

IR T 25 AV AL DR R Ry =2 [0 AH B 5] £ F
LRRAEVIVESS AT WP 2T R T OBUH 2 R 46
W 4 S o AR ROURE 5 R oy SR Bl 438 BT T
149 LAREAGS Ay 28 R 1 AR B3 R s T D8 2 o S5 A 22 T
G P 2 A 5 R TS 95 0 AT T i 1) B2 A o 4 S 4 Al
SR, SEOLTURH B, W] I TU0ETS U8 & 7K R EBIL,

AR TAEGeIREE 1.2 REIREE T 2 LA TREE AL
TURRGH 78 it Prib o RE 150 1948 2 FERBAE K mT
AR I e SR RETRE TS i A S R MR
RYE, AT RER PTOEIAME T, A ) T 29 TR R 22
NS WEIRTEE T 20 RE V5 K Ab BT A 2 BR 4k
K KBTI ERBR AR R, IR RESEETE K AL BT KRR
SEIRBRHERL . H T, BETREE T2 B T L A T K 4
B AN KA B AR O S BT R kT R
PR TR, SEE T R AL BB BEXF TP . SS 11 R 3k 2
B0l 2 T TG KA BR T KRR IR AR B3R, 150 P R TR 25
T AE TG K AL BRI SR A L FH A, B R
N

AR B ym K AR BT DX PN KK 134 & it
WG 5, AR IR S # HEAT T S 0% (1
IR A VIS it T A 18 6 1) S AL IR Im) 8, 17K v T
VK A7 EE R K TP AT SS ME LR E AR, T Bt
AT BT HAR i . 283t 7 X L A BT, AR T AR 4D0KE I
AL G IRBEDTE T 2 bk S e IR G T2, LAk
1 S5 K TP SS 7T 3 HE bR

1 Gk ALIR T #E S R 53

1.1 SKAE] BR

IR 75 KA 1T 4G #E T 2005 4F 5 7, 5 K 4b
B HE K Ok PR A O B TE K KOk A R EL
A SFE 25 AR T LRI A Al i Tk K
5 HE TS A R K ¥ 28k AL B S HE A TS K A B
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J7URKM RSB A EY R L ESEE T, BRI
17 oA TS K A B T 5 e W HE AR #E ) (GB 18918—
2002)— & A HERCAR#E . 2009 4FE TH G I L, 15K
PEH A FREA A 40 000 m*/d, =44 T 20 R FH A% 1+
P& T& 5 Sl + 4 A% A + 58 U U0 D T +A7/0 A= Akt +
T+ R T S R B DT S+ VR 3 b+ K S
FRAPIH B2 "G T2 o LS IR 453 1R P Tl % 7K
Ik 48 O, S PRk K AR AR B = T K OK B bR
U H K COD,  SS TP H8F5 A8 1k K, 48 H % i
30% LA b, S 305 oK b B OSE PR Ab B 5 K iR
25000 m’/d, H 7K 7K Bt H BB A ) 2, HLAAR L35 1,

F1 HAKREHITIRE

Table 1 Comparison between effluent quality
and executive standards

COD/  BODJ/ SS/ TN/ TP/ NH,-N/

5 3
i H (mg~]4_l) (mg-L’l) (mg-]fl) (mg-L_l) (mg-]f') (mg~]4_l) pH
PR 201~

KoK 404 5285 8~20 12-15 054~1.02 0.2~4.0 6~9
HokbRi#E 50 10 10 15 0.5 5(8) 6~9

T K <12 CIHAAT R 5 At

Bt IR & R, /N IX Tl Al B is £ HE
AT N A 35 5 K R 2 K 38, H s K A 3T
S B gk K & A 3k 43 000 m/d , 75 7K Ak B TS B Ak TR
T s A TR, KK BT 2Rk o A 08 7K K BT i
JEHECE SR 3L X% TS5 K AL B R AT R bR e i
1.2 PR E) /R ¥ A

(1) 75 K A 38 3k K Tl B K 5 b 2 3/4, 7K i
B R K, SS AR =, X5 K AR B e R i TR
BEDTTERCHR 22, K TP . SS A RERE 5E 1K H5 .

(2) 2B b B AL AL 5 25 000 m*/d, 28 8 ik A 3|
BEIF L faf 40 000 m*/d.,

(3)BAR V78 A Dbt SR 285 [ A, 8 Jo ik i
S AH N A 3 B AR L DT I 5 8 B HH 7K SS FRUE 354 .

(4) 357K J 5 AN 305 m?, T DX L
sk, HREHEAT B A 4 b el
2 RERMERRIZIT
2.1 REHEAR

(D &FXE5 K AR B H K TP SS A REFA S ik b,
P 4 b A7 PR R) AL TR BB U b 2 4 P A 1 A el
R R TR B DU E I, 55 1 AN L B s SR Y 1 4
T IRt 22 G A B Y5 K b BT A kK IR TR
AN TRHEA R R GG E M, 27506 T
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PR, S R T LA R T AL RATKE BN A

FEALIE 7K 2 75 7K 3R 60% LR A1 8 ik B

(2) &1 Xt BLAT V L U8 Tt U8R 3 B 45 7] R, o
TR AR B 46 A T I A1 A DB R

(3) B i 75 7K A B AT L) R A S A S it
REVRBE T2, 19 48 15 /K 3 T L ol Ok B 15 T A

(4)HE e A& 38 SR R A7 15 e A HE, B 1k &
B R B 1 B AR TS e A A A

(5) U8 ML B 48t Sy e 2y 2R B e FH 46 9 DU R =0 42
Ve v R ML, ) B s 8 B R B IS )2 5 U8

(6) F PRI HL R TR A8 B Ui /b 7K E 7 A, Xo) T T
b, 10T R BRI 25 B O 4 it
22 IZiRiE

WIS S5, V5 7K AL B ) SEAT I A A 2E K, R A S
43000 mY/d. G KRR G KT RA — R Ab
PR TTJG , AT E A S 5 1Y B R TR B R SR AT
TR A B R TS R K RT R B VRS G AT R
JCAL PR E  SEI A AR HE . T A WA DL 1.
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Fig. 1 Process flow chart after renovation

3 RIRMETRE
3.1 HMEEIZHSS

T VR E T 25 3 1 1% G0 TR 5k 170 U D 3 A e 61 i
o, LI P R oy 1 s TR BB SN, DA R A S BRSOk T
Yot mE VR BEE U UE AR B v B RS Ve b i AT
Bt , 0 74 7T 35 20~40 m¥/(m?-h) , PLTEM | &6
4> 41 W YA R NN S 5 A s R NI S = SR i
B R T de KAR R UE G By 19 O R R, LTI 34 5 R
BT IR GEUUTE R, Se 8y e SR Pk i i , [ it
T RN BN, FEAR YT K A B 32 5 AR .
3.2 I #EiEit
3.2.1 EEREE RS

WEIRBE R G0 M IR BEDTIE R g iy 1 RV DINE

b, 23 17T O

(1) JFIREEULTE BT A 2 HRME ULTE D , B i 2
Hoh 1 R IR B R G0, ) 1 Ao o e I 1Y
T TR Bk R G A 4 < VR G IO % 8 S Tl | R B I
D7t V5 YR BT A R R DT S, b Y K 4
A BRI S 1 A LR e R G AT IR AL T

(2) /B3 2K FH 0 2 R 42 R 0.048~0.106 mm
Fe, 0, UKL , B TH#E 83 P1CE Ry 99% , B Ja 90 IR 42
1500 kg Fe, O, FUKL , 15 K G #5229 0 2.5
kg/m® s BEAY Jow 5 e Rl i o Bt oK B 1Y 4% ~5% , 13
AN T35 U8 I Mk 2 8~12 o/, PR iE S RS K
ffar i K 5.18 m*/(m?+h) $2 7 %) 17.81 m*/(m*+h) .
TR BE 1 2R F 3R A Wi R Bk (PFS) |, Bh ¥ 57 R I 3R 5 0
P e (PAMY) , 43 Jon s AR 40 1 7K K BT iR A 8K

(3K JFIRBEDIVE R G MTR A RN CERSE S mx
5 mx5.15 m, £ 8 K & 4.4 m, {5 & B} [6] 3.68 min)
W Ol R TR BE TR A ROt (LR SE 3.2 mx2.35 mx
5.15 m, A ROKEE 4.4 m 45 B E] 111 min) K K20
(SRS 3.2 mx2.35 mx5.15 m, A ZOKIE 4.4 m, 15
RS 1,11 min) A 95 U8 B A7 i (LR SF 5 mx1.5 mx
5.15 m {5 B[] 120 min) o 762U S5 O RETR BER A X
D7t 2 1 £ R TR R T A T e R R R R AL TR A
P PEAS , I n=960 r/min, %M EL 12 300 mm,N=7.5 kW,
FERENS RN b2 1 54 A shiRnfe s Ib e P8
H n=50 v/min, &M H 4 1 700 mm,N=5.5 kW, 1ER/
3 RN bt T — 0] £ 2 1 2 0 T oA i DA ke
BAL SRS B AL L B AL R R AL, Ry
Bl Q=50 m’/h, N=1.5 kW, & 37 HL Q=50 m*/h, N=
1.5 kW, e M1 HL Q=50 m*/h. 7575 P B 471 N %
& AH I 1 ¥ U8 ik A RETR BE 7 AR I 2 A i AR Ak
15 U8 ik B IR R Ge 05 U8 U E b, T TR % R R
W5 %, H 0=36 m’/h, H=150 kPa,N=3.0 kW , 3L &
26, 114,

(4) 44 D YR 468 00 0 179 22 38 S o ol (B RST 5 mx
5 mx5.15 m, 5 BKIE 4.65 m, 5 58 i 6] 3.68 min) B
R REIR BB R N, IF R 1 B SRR B &
4> 2ok Ak Bh BE ke & H n=18 v/min, ¥ 0 H 12
3500 mm,N=5.5 kW,

(5) J5 iR BE D0 € (8 RS 11.5 mx11.5 mx
5.65 m, A WK 4.85 m) hy— M 7K, BUORE HE 7K 355
PrBR 00k 22 S50 3 — 0 2E 7K P 8 e ) 1 R
Bt BREE PR , HK v 1 4 A4S S8 P IE A R R
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355 BE — ] 2.5 m Ab BT —IE B % (11.5 mx0.25 mx
3.42 m) FH O 22 28 A5 TEORL 5 [m] I X6 Y i 2E A7 1R e
T TR G AE R R i — A R BB TS T )
(D 0.4 mxD 0.8 mx0.5 m) , il &3 HHL ¥ DN 200 HDPE
R e S W Y T B G Ry S TR TR A W T
S B T R B T v S b, SE B RE R Y [l i A
FH o TREE - RS MR B Ok 112, [ B
4 VS 301 2% AT () £ A 3 5 A R 00D it -5 B X
VL, 5 4 o DU X 4 1 48 o0 SR AL, H v=0.05
m/s, B E A2 11.0 m, N=2.2 kW, i 32 %F 5 1R 5 T
VE DL b S HE de 200 Pk s Ry TR R RS DT E
M (11.5 mx11.5 mX5.15 m, A KFE40m) . ik
45 B4 B (8] 29 75 min, 203 J5 5% B4 B (8] 29 20 min,
Ji A% G0 TR B D0 UE St (1 ) Y T A DL A 2, TR R DL
JRE Sl S T AT DL R 3

—
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Fig. 2 Plan of original flocculation sedimentation tank ( one group)
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Fig. 3 Plan of magnetic coagulation sedimentation tank

(6 )W TR RE TR o0 245 2 L B AE R TR TR I 0 Sl — 0],
T R SE R 6.5 mx3.2 me BB A« TR EE R 6k FE
D 2.8 mx5.5 m, V=30 m’, 2 £ ; i & ) m 25 % , 0=0~
1 000 L/h,H=0.4 MPa,N=0.75 kW ,2 H 1 & .

(D YFBRIG VI D I A 15 Ve Rl 28, B8 48 by i 1 B
BC A A5 PR AL, 15 V8 2 R A T4 226 54 Joie A e I
%, H 0=60 m*/h,H=150 kPa,N=7.5 kW ,2 ] 1 % .

(8 Hifi ThE o T VE Tt - A A Mo 5 B S e I
T THURT e — JA 54 25 ) 30 55, JEE 55 T FHOR 298 m’
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322 VA ELKE
BV AL 8 b A 4 B A IS RD TR A T B, T R
A 0 A B RD PE R R E R AR 280 m®,  [R] B 7E

VR P UK S R — AR AR, 2V R R R
AN K ik s st B AR 2 I, T Lk S G TR 5 K

B VR T4 RS S b B PR T R R Y K Ak B
AN RGEANEFETT
4 BITHRREZFEARASH
4.1 BITHR

AT AT 20204 4 H 4y vl & 58 i, 20204F 5 H —
12 A K TP.SS LK 2,

F2 2020F 5 R—12 A FHH K TP.SS
Table 2 Average TP, SS in effluent from May to December 2020

i 8] TP/(mg-L™") SS/(mg-L™")
5 0.16 7
6H 0.14 6
7H 0.22 8
8 11 0.25 8
9H 0.20 7
104 0.11 5
1A 0.18 7
12A 0.23 8

TR AR AT SEPRAL HIL 24 25 000 m*/d , - HLH
JK TP SS I AR , 4 b B0 J5 AL B 43 000
m’/d. BERR S TS HE KK B AH 25 A K, TP 2R 1.0~1.3
mg/L, SS 2 20~40 mg/L, 2l 5 7K K BT A2 fL B i,
PRk AT HE K TP 4 0.46~1.053 mg/L,SS 4 10~20 mg/L,
i I 7K TP R 0.11~0.25 mg/L, SS N 5~8 mg/L., 1
N RER BEAL R, AT S R TR 68 10 KRR R V7R ol
Jei th7K TP SS B R IR BEAS , HL K845 B 5 P8 F (O
15K AR BT 5 G HEBOPRAE ) 1 — 2 A K BRifE L 2
AEIA BN HbFOKIABE T A7) (GB 3838—2002) Y IV 2
B, 3K 78 4344 B0t R TR B A T /K A 38T el Hh R B
EBRTP . SSIE RIL#H.
42 BUSHIRZEFSH

A TARGE J5 75 ZEBNE R Fe, 0, (H H T#EH3 (1)
1S3 5 38 99% , JIF LA 58 BURTIR 2.5 ke/m® (4 645 B0
J&i R 2L Fe, O AMM i /b . Bl i 7 5 R 5E 57 PFS
0.20 kg/m’ \PAM 1.0~1.2 g/m’, 2L 1 J5 75 £ il PFS 0.12
kg/m® \PAM 0.7~1.0 g/m’ Wi #3 2.5 g/m’., PFS . PAM 1%
o S 3] BRI T A 40% .30% A .

FE R FE 2 ZEAE B FEDL 15 U8 52 LA SR B Bl
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PR, S R T LA R T AL RATKE BN A

AU RARUUGE G, AW s AT 1 41 IR BE R A n]
12 75 K A BT S B R K B R KO BUESR o AR
T T, PRt AR K H s AT REFERE (K 6.12%,
WK 1247 REAE R AR 45.45% , BAKSX BT L3R 3.

R3 HERMERERST

Table 3 Energy consumption analysis before and after renovation

i F BATT A bRzt HisfrREke/  miKiEfThE
N MHE  PRAW (kW -h-d™") #E6/(KW +h)

[l Ex:] 2 22.40 537.60 0.022

Pl I 1 21.03 504.72 0.012

H 1, PESH4& 2} 600 75/t, PAM 41 4% & 18 000 7T/t
HERY A R 2 000 T8/t , L% B4 0.8 TT/(kW -h) . 3R 4
h A3 I S 2 RE RN BE A 10 20 A X HE .

R4 BUERIEEFHEST

Table 4 Economic analysis before and after renovation

G PAM/ WY WEKRERE, Ay

HH (kg'm™) (g'm™) (g'm™) (kW-h)
Wi T 020  1.0~1.2 0 0.022 —
o 5 0.12  0.7~1.0 2.5 0.012 —
FEAIR 0.08  02~03 -2.5 0.010 —

WH A/ 0.0480  0.0054 -0.0050 0.0080 0.056 4

RTINS b K NG =R A TSI S - EILT IR ER D WS
0.056 4 JT/t,

5 it

(1) 3 3 8 11 AR K5 K A BT TR EE DUTE R 40 R
8 1 A T D b T A7 T s Sy B TR U R G % IR K
A7 R VIR 5 RS A B iR TR T s K Ak B E KGR £
fii , K TP SS AN BB B 1A A o) R % TR € HE K ]
AN G VR g b 8 RP BB R 1k 2 OB TE K Ak B
795 e M HE bR A ) — G A K b o, A B M R
KV Zshr e, n] WL RETR 8 T 25 A AN L G IR e DT
b+ VL YE I AV T

(2) $EAR k18 I 3> TR 2555 (PAM (PFS) $ i
A58 30%~40% A A, S BRIs AT Y) 3 S as 7 AR 4y
BIFEAR T 6.12%.45.45%, Wi K B 17 WA H T
0.056 47T . ki B 5 X1 REREAE I 5 L TS KT
PR AR Ao m T R TR b REVREE TR N L G IR
A T2 MR T2 EREREN K.

% 3Tk
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