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Abstract A large amount of dewatered sludge filtrates is produced during the sludge treatment in water treatment plant (WTP). In
order to avoid the waste of the river raw water in the South-to-North water diversion project, and actively promote the " zero discharge"
construction goal of the WTP, the feasibility of recycling the sludge dewatering liquid to the raw water pool for dilution and reuse was
evaluated towards the ultrafiltration (UF) using river water as the resource. The operation characteristics of the UF membrane under
different sludge dewatering liquid/river raw water mixing ratio were investigated. It was found that when the sludge dewatering liquid
was properly diluted, its influence on the UF effluent water qualities and membrane fouling was sharply reduced. When the dilution
ratio reached to 1 : 800, the effluent water quality and transmembrane pressure growth curve was close to the situation of direct UF of

river raw water. In this test, transmembrane pressure growth rate of river raw water was 19. 7 kPa/d, while the sludge dewatering liquid
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reached 25. 8 kPa/d. When the two diluted at the ratio of 1 : 800, the transmembrane pressure growth rate decreased to 21. 3 kPa/d,
which was close to river raw water were 21. 3 kPa/d, which was close to river raw water. The characterization results of membrane
surface showed that with the increase of dilution ratio, the thickness of cake layer, dissolved organic matter in cake layer, the infrared
peak intensity of characteristic functional groups, and the relative mass fraction of fouling elements were decreased significantly, and
gradually dropped to a level similar to that of direct UF of raw water. The thickness of ultrafiltration membrane cake layer in raw water
group was 1.77 pwm, while the thickness of cake layer in sludge dewatering liquid group was 4. 00 pm, and the pollution degree was
heavier. The thickness of the cake layer was reduced to 1. 82 pm after the two were diluted at the ratio of 1 : 800, and the pollution
degree was significantly reduced. The research results can provide reference for the " zero discharge" construction of ultrafiltration WTP
in cities receiving water from the South-to-North water diversion project. However, it is worth noting that the rational disposal and
utilization of sludge dewatering liquidis still in the initial and exploratory stage, and it needs to be systematically evaluated from the

perspective of water quality biosafety and chemical safety in the future. At the same time, pretreatment methods such as oxidation,

adsorption and microfiltration separation can be considered to improve the safety of sludge dewatering liquid reuse process.

Keywords river raw water dewatered sludge firtrate ultrafiltration ( UF)
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Fig. 1 Experimental Set-Up for Immersed UF System
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Tab.1 Water Qualities of UF Influent and Effluent
KEE BEME/NTU  TOC/(mg-L™') UVys/(em™) Fe/(mg-L™') Al/(pg-L™') Ca/(mg-L™') TDS/(mg-L') PAM/(mg-L")
ALK 1.2020.12 5.50£0. 24 3.75£0.22  0.20=0.03 15.0+8.0 28.0+2.5 135.0+3. 4 0
A2 K 1.3020.15 6.27+0.29 3.86+0.17  0.23x0.03 18.0%9.0 29.0+2.8 139.0£2.2 0.28=0. 08
A3 K 1.50+0. 14 6.51+0.27 3.9240.28  0.25+0.03  20.0%8.0 32.0+3.0 143.0+3.9 0.73+0. 14
Ad4iEK 9.10+1.24 30.00£0.49  9.45+0.76  0.40£0.04  80.0£15.0  40.0%3.9 199.0+4. 6 7.59+0.27
ALK 0.1820.01 3.320. 34 3.210.16  0.1520.01 10. 04. 0 20.0+1.2 128.0+2. 4 0
A2 7K 0.20=0. 01 3.520.32 3.27+0.11  0.17+0.02 12.0+5.0 20.0+3. 1 130. 0+2. 6 0
A3 K 0.22+0.02 3.85x0. 21 3.28+0.11  0.1820.02 18.0+5.0 22.0+2.7 135.0+2.3 0
A4 7K 0.40=0.02 10.5420.46  5.08+0.49  0.24x0.02  25.0%8.0 25.0+2.3 190. 0+3.2 0

M2 1 A%, 7K B IV K FOK K sl Hyg ik
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TMP Variation of UF Membrane during One-Cycle Chemical Cleaning Operation



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 10,2024
October 25th, 2024

1(W0 -

o0
R0 F
i i i
E [
= 50
= anf
30
M
10
A=
5 00D 15 (00 25 (0 35 000
B Bl min
{a) Al
TR -
I
BOE
T0
- 00
= spl
E 40 L
J0E ]
20k
1 [
ok
i i i i i i i
-5 (i 5 (W0 15 (00 25 (W00 35 00
B [ rin
{e) A3

ary
B -
T0 |
- Gk
= 50
&
£ 401
0 -
i)
I E
I} L i i i i
-5 Q00 5000 15 (0 25 (W0 3% 000
] mian
(b) A2
10k ~
9l
Bk
Tt
-3 f:ll:'r
= 50|
Z Aok
b
200
114
[N = -
i i i i i i
-3 000 5 (04 15 ({0 25 (W0 35 000
B min
(d) Ad

B3 ZJWELLatT T EIEBR TMP 22 L £k
Fig.3 Curve of TMP Variation of UF Membrane during Multi-Cycle Continuous Operation

AR R LB 12 80 $2EE 1 ¢ 800, sy TMP 1
I TMP B4R 5 n] i — 25 B A, Ll 3l 4,
MR LLBAF] 12 800 J&, A2 A TMP 344 il £k 48
55K AL HEH 200, R W1 55 R L i
fe A, ¥ PR AR [ 3 22 SR K St AN 23 XoF U8 5
15 S 1 £ TR

&l 3 Sk 4 A U8 I e 2 A I SLa T IG DL T
) TMP 28k ads, FEUv I, & 3 d FHR SRR T
R UE AT A 24 Ve LA 2 BRE_ SRAR AN ] 3y
W, 3 tisqT 8 ME2EIE Ve R, UL, A4 N g
RBIEHE TMP 45 287 55 A7 AEAT, TMP 3 4 3 % 7
YImik 25.8 kPa/d; ML Z T, Al ~ A3 B UEMEIE T
REFAL, A MEFE VRN TMP 5K 344k 22
183 4 S 2% (K SF- 247 TMP 38K R0 510 19,7,
21.3.22.8 kPa/d, Sub[rIAT, YR RN b2 35 UE Xt
A4 TR B AL 2205 VESCRAE S 3 AR5 1R B
RCFBVKE Z N 84. 6% ) , AT RE AN AT 33 75 Je ik
2B G, AT AL~ A3 HIERE, R &R AN
THUE AR L REA B K A7 B A o] 3 75 e I ROR 3 4

F N A WA~ 18 YRR 3438 90% LA L, Ui B V5 U i
TR S K F 38 2 L AGTE G i X D B Ak 2 I TR Ak
BB A,
2.3 BSEBENSHE

ol i s S W N B ) & 3 B N U R
P X —AJE AP 4 20 5 0 2% 1 RS G4 B g 53 A1 1
BHEAT T4 AN 4 Ca) Bz 8 I8 R Y BB
JI R, ALIEFERL T R, FINEDFE LSy R, IRl T5 ek
ARVAEIE K T o L ) 0 184 T 2 W 3, AR ) 2
FLIEZEBH f1, A4 B L AL RS T 37.9% (P <
0.01) s {HYH B L35 %] 1 : 800 A, A2 5 Al
B R, 225 AT (P=0.245), HIE 4(b) Al
B NE I AR TP Y S e LA AT s g 24 Ys
e AR AR DE K H T o e B4 m i, R, (B 2 B
W b T B A [R) s AN R Y ) B 2 ]
A4 ERY R, 5 A1 A2 A3 KT LA I T 86.7% .
73.3% 66. 7% (P<0.01) . 3L ARG Y Jit H] 32 2L
FEVSIRIRAE R P E B T AN A5 Y, — Ty T AE
ISR T T JS B kg JEE S 8 0 2 g Pl 388 5 % 5 55—y



Mo sKETR BLA AR SR

5 YR MK ] 35 X6F 5 [ YT 7K HE 368 A BT 25 9 5 i 43 Vol. 43, No. 10,2024

TR LN S e

(=T T 13 ooqpe | EE R, TR
S‘.Inl-l' B
TH 0 B sepnef griEn s
o o I ) i
| | 30|
| L - ;
; o 2el0it
i F :
Lo 10 b |
E = i il I I R m- : o
Al A2 A3 Ad Al A2 A3 Ad
A AP AR A R
(o) BT, FLES SRR LD (v T30 A 30 5 e i

4 4 RS YR ) oA

Fig.4 Resistance Distribution of Membrane Fouling in Four Reactors

AR Z RN TAYTE RS R P B AEAL, W& 5 B, aTRUE 5 e n AR T #— )=

2.4 TERERIESHT
2.4.1 5YEIEELE T
15 G J5 R 2 35 0 Fe B8 T A KT T A RO 55 TH AR DF 20 AL, T A4 R TR B IE DE 2 A

H(a) ~(d)Al~A4 J55L

VS YRR R A A — e RS R
R, AT RE R K AR AR B A7 A 1) B 17 W 7 1 2% 1
WESE, WXL A, A1 A2 A3 i

S0 o

30 pm : - \“R—: g
JR IR ; (e) ~ (h) A1~ A4 15 LSS IRMTA 5 (1) ~ (1) A1~ A4 (LT ke R
5 SEM K

Fig.5 SEM Images



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 10,2024
October 25th, 2024

R B R A4 P AT O TR E R RS Y, Gl
SEWTIE SEM B0 iE UF 2 5 B AT 00 & AT UL A4 iR
TEVF R R A 4.00 wm, W W E T AL 89 1.77
wm A2 8 1. 82 wm F1 A3 1 1. 95 wm, 45 Rk
— A5 U I U T 4 T 2 DR KO X s R I, H R
Y5 e R ) S R AIG, LRGBS LL 5114 1+ 800 1Y
A2 JEUEDF 2 R B R ek T 5 1 VLR K BT IE )
AL, it A VIS |, R5E3 1T B BT T e D 2 AR
THR ZR R MR W R AR TE A, B, WA k2
THVETT LA RO BRI I 15 YL, 15 Ve W 4 TR 40 Y
FE AT AN 2 X k23 e R 7 A ™ E A RS
2.4.2  JREREE ALY (DOM) 73 b
DOM 2 A 75 e 1) S s v o o0 W 5%
HOG 4 2H ISR T 1 B DF R SEATRR I, LR 1 L 20
Ve fRIEA LK (DOC) S HLRIFEFR Y 43H T AN [F) ik
IKEAF T B DOM B9 (b RiLA:, EA Mg %
B, 2 S 0 B 5 5 Y R AR G, B T
R B BT e ™ 5 T 2 W s T s R
AR REE R 1T A 2R 2 3 AR 5 M0 G 5, o) s
F AR Y5 G AR 6 B s, AYS U8 ik 46 T
S KB A4 ISR T TR 821 DOC (P<0.01)
IR E (P<0.05) 28 (P<0.01) & m TH
i 3 20, 3% 5 HA R A TMP 386K i R B B A —
ok, HURHRATR G B LR (1 2 80) 1Y A3 fi
S T8 R 2 P L 8 2 1Y DOM; T 224 776 8% b 491 22 25 81
1:800 ZJ5,A2 IR DOM B 1 FEAIK, 55]7T
JEUK At IR AT B2 A
an

i NS & A FEEE e TTnoc

DOM pa-cm®)

R a3
A« [ 3t A A
6 RIRIFEAKSAET BT E A % 28 . DOC 17AE L

Fig. 6 Changes of Protein, Polysaccharide and DOC

on Membrane Surface under Different Influent Conditions

2.4.3  REREEREHA N
K FTIR J9 A I 36 1 75 e J2 1 R AE B BE AT

SERE 7 R, JRBEAETE 3 A B A R AE
1 402 em™ BHEJE C—F MAE T IR sh W Y0, 1 176
em™' SR C—F B4H 45 IR S i ) 840 em™!
AbJE PVDF JoE U A B RFAE IR, 7 i ol i v
Peis Y2 e, T BT 228 W R g,
3280.,2 9301 034 ecm™ b2 52 WAL G W AH G
AR 1 640 ~1 610 em™ A HERAF G SE i 25 1 L
Bkl — 20 554 h i =0 ik sh 51k, 5 & A
FRAY R R UIA G, INRRIE W ) 58 R
W HEFI T N Ad>A3>A2 ~ AL, 1% —45 5 57
() 3 BT 25 S B AR

¥
= i
L &
]
)
] 1 03 i
—= Al ;
4000 3500 3 EIJI'IfI 2500 2000 | 500 1 Q00 AW
P emy

7 JFEATRIS YA FTIR
Fig. 7 FTIR of Original and Fouled UF Membranes
2.4.4 JRERTHITER AR
#E—20 R FH EDX X R 3R 11 V5 G 22 1) JC 2 41 %
AT AR R 2 PR, JEEFEZH C.0F 3
FOCEA M, Kb F R FZok A T PVDF A5
ARG, RN A TIAITZ )G, IR b 5 e Y 55
F T80 SRR T O N R R X 5 2 4 3
#E, ON AV PP EZEA T ER X —2
RIS Y 2 b B KA AL R A
AU (AR 6 HREII I E A R R ) . S TE
B, A4 {5 LI R TH A F BT 40 30K T A1, A2 A3,
M N BB T AL A2 A3, X RE S A4 &
TR E RS YA G, IEAh, Fe (Ca Al % TCHLIT
FUWTES A SCERN S 5B TG e, % 2
BRFAME M R AETS Y 2 5 BB T X 3 Fhoc
0 A4 R BRI B A AR T AL A2,
A3, Z5EFR 1 KBS BT AT 15 e K A7 AR
IR E ) Fe Ca Al JCER , Hfeid JEid il 3 1
IEIES Ye AE . AFTE VRS, 4 AT 1975
YL e 2 TR B AR LU AR, IR B T 5 RO



Mo sKETR BLA AR SR

15 VKX 5 1 VLA I8 AL PR T 22 R0 3

Vol. 43, No. 10,2024

FAAA K F- | B IEIE 2 A HLIE JE TCHLIR TS Je I,

PRI AEAR 2 DEad B v WA RO R

R 2 JGUBE IG YA A T VR IR T T2 E TR i B AL

Tab.2 Mass Fraction of Main Elements on Surface of Original, Contaminated and Chemical Cleaning Membranes

<3 C 0 N F Fe Ca Al

JE IR 48.30% 3.29% - 48.05% - - -
INREES 45. 89% 24.97% 9.29% 17.87% 0.27% 0.57% 0.52%
A2 15 Y 45.90% 28.47% 10. 12% 13. 56% 0.36% 0. 63% 0. 44%
A3 {51t 45. 84% 29. 64% 10.95% 11.61% 0.57% 0.74% 0. 66%
A4 55 45.79% 26.32% 12.54% 5.05% 6.04% 1.57% 1.86%
Al iEM 48. 88% 4.34% 1. 64% 44.12% 0. 14% 0.07% 0.47%
A2 VR 48.34% 3.85% 1. 14% 46.03% 0. 10% 0. 04% 0.33%
A3 Tk 48.37% 4.21% 1.56% 45.30% 0. 12% 0. 04% 0.39%
A4 VR 48. 88% 3.73% 0.99% 45. 64% 0. 18% 0. 06% 0.35%
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