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Method for Pipelines Scale Inhibition in Process of Anaerobic Digestion Sludge Treatment in
WWTP

Wu Jiangwei, Li Pengfei” , Zhang Xiao, Yang Liya, Qin Jufen
( Central Plains Environment Protection Co. , Lid. , Zhengzhou 450000 ,China)

Abstract [ Objective] This paper aims to investigate and address the severe scaling issue in pipelines during anaerobic digestion of
sludge in urban wastewater treatment plants ( WWTPs ), which significantly disrupts normal sludge treatment operations.
[ Methods | This paper proposed a strategy to preemptively control magnesium ion precipitation in mixed liquor, thereby reducing
struvite formation. Physical-chemical treatments and environmental pH adjustment were employed to inhibit struvite crystallization.
Small-scale experiments analyzed the impact of these measures on struvite crystallization volume. A fouling inhibition method based on
the synergistic regulation of flocculation, aeration and pH adjustment was proposed. Through the flocculation of polyaluminum chloride
and the aeration at the bottom, the particle size of the scaling substances was controlled in a graded manner. Combined with the
dynamic regulation of the pH value of the supernatant ( controlled within 7. 00=7.45) , the crystallization conditions of struvite were
distupted, thereby achieving the purpose of inhibiting sludge pipe fouling. [ Results] 1In small-scale trials, the method reduced
struvite crystallization by over 24. 7%. Pilot-scale testing demonstrated sustained pipeline scaling suppression for extended operational
periods. Improved sludge dewatering performance was observed, which could reduce the dosage of dewatering agents and pipeline
maintenance costs to a certain extent. [ Conclusion] The proposed scaling inhibition method features simplicity, low operational
costs, and effective struvite suppression, significantly reducing pipeline maintenance expenses. It provides a cost-efficient technical
solution for stable sludge treatment system operation, showcasing substantial engineering application value. This approach offers
valuable references for operational management in similar WWTPs.
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phy, PR AR T, ARG R U A BOE A
i, %5 KA ER T B H ) R ETH AL RE NNy 60
m’ BRI, LsiT kM, %5 K0 H ) REH L
W ER S RN, SRS bR & LIERE
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Fig. 1 Process Flow of Sludge Treatment
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Tab. 1

Supernatant Indices of Thickening and Dewatering Process in Sludge Treatment

- BEES TR R/ (mg- L")

PR IR R/ (mg- L")

MHE(TP) B E/ (mg L") ERFEREWE/ (mg-L7")

WA LA BUK LW RA LR BUKLR® WRATLERE BOK LW AL BUK LN
1l 27.0 41.8 79.1 16.4 9.56 249 2.23 791
2K 124.0 47.1 20.6 12.5 13.20 221 2.73 622
3K 110.0 60.6 9.6 28.0 37.90 149 20.20 545
554 95.4 42.4 35.4 22.6 20. 00 184 4.56 857
5§55 107.0 36.8 18.6 12.2 7.27 168 2.23 876
56 1K 89.2 33.6 27.4 38.2 6.92 217 2.65 481
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BER T By K OB, A R ME T K B AR
JFi——1 347 (MgNH, PO, ) , 1 A5 B R 5 135 2E
SN R E RN R (1), 1E R TEL
F2EDTVE RV, 38 1 SR B L BRBE pH AR &R
UEF= IR TR A= i i G, =X (1) WA IZ R
RS IEE R G R 1 2 1 2 1 224y, (G R AH DG BF
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B, LA BRI L TS A B R Seas AT H Y
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(1)
[, f 3% 1 AT 05 K AL B K B S R A
BRI TP ARV B e B 4 i 497 21.7 198
695 mg/L, fEL W EE A fS , FIREE R F TP &
AP EEZI N 0.9 6.4 .49. 6 mmol/L, 1% S 2
MR 29 R F B T (0.9 mmol/L) . BT
FEOMEE JR N 245.4 g/mol, X T %75 7K Ab
BRI KA B ) S 2 A B R AR MR 0. 9%
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KRBT,
2 INE pH #FH/MURIEIZITTEER
2.1 Rigt
AR SCR A TH AR TS PeAT A5 IR Ty 2 Bk R
A 24 (D) FES AT 2 B, Sl B AR A
WP T Ul D BB A R,
ATITIR D B 6 1Y AR 5 (2) BOR 55 40 8 3R
35, WL B IREE pH ORI HI S a A
FRAE R L ARS8 2 W R, T,
(1) I E— FEBUKFre 38 m Tl s, AR A
W RES BB i, NI S 2 A
(2) 758 A B0 B /K WL 38 8 H i 1 80
PR om0 3 P81 pH BE IR 25 5 IR0, Wil 2 3% A
R
2.2 AR—ABMEERER
NI K [ BRREE (MgCO,4) ] =2.6%107°,
K, | 85 B[ Mg(OH), ]| =2.12x107", Hiukn]
I, Mg(OH) , T 2% 5 LT3, WA B O ML 1
W i R TR D S 3 i A R, BT &
— IR A A AN R R A

FETZ05 KA BT WK b P B S AR U
HKIREY (KIHh pH E R 7.20, B 5 F W
29.4 mg/L) , B EALEAE R 1T pH {HZ 7. 80,
8.50.8.85.9.20.10.00, 7£ 52 r/min 5 T (%
TR Bt 30 1 2 ) A i Ry 52 r/min) Pk 90 s , e
B 60 s, PR BPRE LR WCE TN ELOHLE 7R
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EHEER TR TSR T LR, Rg R
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®2 HE—LEREBETAE

Tab.2 Magnesium lon Content in Supernatant of Scheme 1

P pH A BEB TRRERE/ (mg L") BERTEERE
7. 80 15.10 48. 6%
8.50 9.77 66. 8%
8.85 9.21 68. 7%
9.20 16. 80 42.9%

10. 00 11. 40 61.2%

LR BEE AR A pH THE B s
W PR B T R AR, HLAE pH {E 7. 80
3| 8. 85 ok v, BE B B G AR 1T pH (B R
8.85~10. 00 B, i W 88 B+ & i R A e 1
B PR R 24 700 98 TR A pH (R 8,50 ~
8. 85, BEMEAT A BR MILEE B 1% i, IS 845 453 .

it — 20 B J7 181 3 B, /Rl g TR A
pH {EIH % 8. 50 F%AE 1 LI/KIRGW M1 g
AL, 45 G ) BTG DL, A 25 7 AT 2
55 Jiou/a, @l i) i H A B, A B A R
TRt . T RN A 2 RA
Y RSOt A7 78 X S8R A 24 500 ) TH FE, DA T
XF pH V13 G RE REAIR T 2 504 R H
Ye /KRG T R O 08¢ v, LI /K T e 40 e 8 4
FERCRENS 2GR BO S R T KR AR S
M, A IRE S, HIL 2 FTEFERRR
2.3 ARIIBIRETERER

BUZT5 /KA FE ) B O K HUE B35 R 2% it
() VB, 2okl -y W pH 2958 7. 60, T
INEE A W, L5 W pH (E 2 0 & 7. 45,
8.00.8.50, FEJFHA/NYELDALE ., F P
SR IR BT, PR PR S A Y BT A 3%
[t 5 2 T i 2 22 B R A5 245 0 10 o i, 500
n# 3 PR,
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x3 ARTEXBAL RV FRER pH EEULHIE
Tab.3 Crystalline Material Mass Variation with pH Values in Alkali Dosing of Scheme 2

F5 pH fH THELIN ]/ min =R/ g B AR R/ g 45 A B/
0 7.45 0 13.145 4 13.147 8 0.002 4
1-1 10 11.573 4 11.575 7 0.002 3
1-2 20 11.556 6 11.559 5 0.002 9
1-3 30 11.458 3 11.461 3 0.003 0
1-4 60 11.622 9 11.627 9 0.005 0
1-5 120 11.648 9 11. 654 7 0.005 8
1-6 180 11.720 9 11.727 5 0. 006 6
2-1 8.00 10 13.034 2 13.043 2 0.009 0
2-2 20 13.076 2 13.085 6 0.009 4
2-3 30 13.226 0 13.235 8 0.009 8
2-4 60 13.177 5 13.186 3 0. 008 8
2-5 120 13.244 5 13.258 1 0.013 6
2-6 180 13.253 8 13.276 3 0.0225
3-1 8.50 10 13.3313 13.3375 0. 006 2
3-2 20 13.220 6 13.225 7 0.005 1
3-3 30 13.343 0 13.348 0 0.005 0
3-4 60 13.369 1 13.376 8 0.007 7
3-5 180 13.2417 13.248 8 0.007 1

75 BRI R B O RS FYEW pH 1 T pH /N T 7. 45 BITTTERE
iKF]7.45~8.50,FE 3 h, WETFIE HE W 2.4 ARIMBAWHERRER
., S5HR P LE pH (2 8. 00 I, T3 B ok [ I BN ER FR VA W, B L W pH AE 2 BE Y
iF, pH {E 4 8. 50 I YT IE R KT pH{E N 7.45 F % 7.45.7.00.6. 50 .6.00, MR [ iR [RIRE AR L )7
MIUTVE R, X R, M BV pH BRI P S Ik IR RTR] pH PRBE T 45 5 1 o A8 4k, s
BF AR T S8 a g mUivE, Wikt — 2R e R4 FoR,

F4 ARIMBAEALESEYRRER pH EELEIE
Tab.4 Crystalline Material Mass Variation with pH Values in Acid Dosing Test Group of Scheme 2

e pH {4 A E]/ min R/ g B E R T g SR g
0 7.45 0 13.145 4 13.147 3 0.001 9
1-1 10 11.573 4 11.574 7 0.001 3
1-2 20 11.556 6 11.558 8 0.002 2
1-3 30 11.458 3 11.460 8 0.002 5
1-4 60 11.622°9 11.626 5 0.003 6
1-5 120 11.703 4 11.706 8 0.003 4
1-6 180 11.720 9 11.724 8 0.003 9
2-1 7.00 10 11.683 2 11.6850 0.001 8
22 20 13.076 2 13.077 4 0.001 2
2-3 30 13.226 0 13.228 5 0.002 5
2-4 60 13.177 5 13.179 3 0.001 8
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(8:3k4)
lha= pH 1 4 L ]/ min TR BOEHT R 2T
2-5 120 13.198 2 13.200 8 0.002 6
2-6 180 13.253 8 13.257 5 0.003 7
3-1 6. 50 10 13.331 3 13.3325 0.001 2
3-2 20 13.220 6 13.222°5 0.001 9
3-3 30 13.343 0 13.344 2 0.001 2
3-4 60 13.369 1 13.370 5 0.001 4
3-5 180 13.241 7 13.243 7 0.002 0
4-1 6.00 10 13.205 1 13.206 2 0.001 1
4-2 20 13.245 5 13.247 3 0.001 8
4-3 30 13.142 5 13.144 2 0.001 7
4-4 60 13.245 4 13.246 7 0.001 3
4-5 180 13.374 8 13.375 9 0.001 1

ARG T B0 K S 1 VE W pH (A 6. 00 ~
7.45 FE 3 h SN FL8s i i, 45 %R
1,4 pH AR T 7. 00 B, b BE B & i L
PR3, RS TT , EIEW LA
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WG pH {EM 7. 45 ZWFEALE] 6. 00, B AR TTIE &
1) A5 Ak R A2 750 T B AR, 3K U B IR BE pHL X 1 2%
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JERY SR IX A, K ML L 38 W D05 B AE PRBE pH
H7.00 F 7. 45 B, YUTE 30 min N JLPIR 5 —2L,
XRIULETIIE 3 h J5 955 pH (R 7. 45 B UTTE
T pH {E R 7. 00 408 F A PLTE R, H AT 30
min FYTTIE R 28 B AR [, 25 JE 3] b3 N 2500411
B R R K H R R, FTIA R ZEIX 2 A pH 4%
PF T By mT R ES b  AE f
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AR SIS R, T R — LR
i T B S = - & MU E S i )| 1 N N4
il
3 IARAAZENMUREEITESER
3.1 RKIigit

MARFEX G 1, A] DL Bl 5 3 A 45 3 1) 45 it 38
AL X U i I TR AT A B DA T 3 G 2
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FER T X PR AT AR S TS e 1 0 2L R R AR
it , SR A A R — 25 V5 A T 4 Y e

PR UNT - A2 WK Fi it X PR 4208 A J5 75 e 44
— BB IR A FALER (PAC) 255, IFhnise g
SR TR 2R R ik 2 TR K R A ik
TTMEK o SR FHEREE i < O =X, e PR A0S A6
VR RE , X A 75 U Hh B 40 Uk 25 I (R R 4T 25 R
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WG e A5
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AR SR X El a5 1) 2 1 A o B K T Y
5 30 mg/L BEIMERILSE 75% LA i) PAC 255, 161t
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%, AR B AR B BRI AR B I DA A
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W (ER VLT = T N 7 ) O (= o
7.00.,7.45 .8.00 J% 8.50, M AN[F] pH ¥AEE T 45 i
/LN DR T

I R 2H 5 % R L X B, W T 2R R
A U6 A5 T 25 95 15 s R SRS BRHIE 1A
pH W IR 4R . Bk 5 s,

x5 IRPABREER
Tab.5 Working Condition Adjustment Test Results

o nl e S d SRR
1-1 7.00 10 0.001 0 0.001 2
1-2 20 0.002 6 0.001 5
1-3 30 0.002 4 0.002 9
1-4 60 0.002 5 0.003 8
1-5 120 0.002 8 0.004 0
2-1 7.45 10 0.003 3 0.003 2
2-2 20 0.003 5 0.004 4
2-3 30 0.003 9 0.004 3
2-4 60 0.004 5 0.005 1
2-5 120 0.005 8 0.007 7
3-1 8.00 10 0.009 1 0.008 4
32 20 0.009 4 0.010 9
3-3 30 0.009 8 0.011 1
3-4 60 0.010 2 0.0122
3-5 120 0.013 6 0.0153
4-1 8.50 10 0.005 2 0.012 8
4-2 20 0. 005 7 0.013 2
4-3 30 0. 006 4 0.0137
4-4 60 0.007 2 0.014 5
4-5 120 0.007 7 0.018 0

TR o LA BR A 2O K S B
pH {E 8% 7.00~8. 50, ¥ & 2 h, WESIFI 5 25
Ykt , DlvE sk E S anE 2 s,

xRS H T LA 1, 2 pH {E>7. 45 i, f &
pH PG, 25 A ot = i K, pH B 8. 00 A,
AH RIS B] P, 235 0 I i 8 38 85 K5 pHL {3 8. 00
Jei , 45 ) i 1 /)N s pH (B AE 8. 00 B, 10 min
BT A K I TTTE , 20 ~ 60 min FUTTTE 28 1k
ANBH R 60 min Ji5 Bifi 7 A (R A 3G, 25 A T
WK, 4 pH {HFE 7. 45 BF,20 ~ 60 min 2 [A]
JUF IS5 IRE DI 1 h J56 M DiE R g ;
2 pH {E<7. 45, JLF 4IRS
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B2 IRFAREREPERYRETUIL

Fig.2 Mass Variation Comparison of Crystalline Substances in Operation Condition Adjustment Test
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