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Supporting information
Text S1

Briefly, about 45 mL sludge suspension was placed in a 50 mL centrifuge tube to centrifuge at 3,000 rpm for 15 min, and the supernatant was collected as the S-EPS. After that, the remaining deposit in the tube was re-suspended into the solution buffer, and mixed with 2 mmol Na3PO4, 4 mmol NaH2PO4, 9 mmol NaCl and 1mmol KCl, followed by centrifugation at 7,400 rpm for 15 min to separate the solid from the liquid. The collected organic matter was considered as LB-EPS. Subsequently, the residual sludge pellet in the centrifuge tube was resuspended into the solution buffer, followed by sonication for 5 min, thermal treatment at 80 ℃ for 30 min, and centrifugation at 12,000 rpm for 10 min to collect TB-EPS. At last, all the fractions of EPS were ﬁltered with the acetate cellulose membranes (0.22 µm) for further analysis.

Text S2
The floc images were acquired by a Stereo Microscope (SZX12, Olympus, Japan) and the projection area A, perimeter P and long axis La were measured using the Image-Pro Plus software. Finally, the one-dimensional fractal dimension and two-dimensional fractal dimension were obtained according to the lg P-lg La and lg A-lg P. 

[image: image1.png]50 um




[image: image2.emf]0 20 40 60 80 100 120 140

0.002

0.003

0.004

0.005

0.006

0.007

 Raw sludge

 LZM-1.6×10

6

U/g DS

 LZM-4.8×10

6

U/g DS

 LZM-8×10

6

U/g DS

Viscosity (kg/m)

Time (min)

S-EPS

(a)

 [image: image3.emf]0 20 40 60 80 100 120 140

0.000

0.001

0.002

0.003

0.004

0.005

0.006

(b)

LB-EPS

Viscosity (kg/m)

Time (min)

 Raw sludge

 LZM-1.6×10

6

U/g DS

 LZM-4.8×10

6

U/g DS

 LZM-8×10

6

U/g DS


[image: image4.emf]0 20 40 60 80 100 120 140

0.005

0.010

0.015

0.020

0.025

0.030

(c)

TB-EPS

 Raw sludge

 LZM-1.6×10

6

U/g DS

 LZM-4.8×10

6

U/g DS

 LZM-8×10

6

U/g DS

Viscosity (kg/m)

Time (min)


Fig. S1 The viscoelasticity of EPS after LZM conditioning (a) S-EPS; (b) LB-EPS; (c) TB-EPS

[image: image5.emf]0 20 40 60 80 100 120 140

0.000

0.002

0.004

0.006

0.008

(a) 

S-EPS

Viscosity (kg/m)

Time (min)

  Raw sludge

 Freezing-thaw 1h

 Freezing-thaw 5h

 Freezing-thaw 8h

  [image: image6.emf]0 20 40 60 80 100 120

0.000

0.002

0.004

0.006

0.008

LB-EPS

(b)

  Raw sludge

 Freezing-thaw 1h

 Freezing-thaw 5h

 Freezing-thaw 8h

Viscosity (kg/m)

Time (min)


[image: image7.emf]0 20 40 60 80 100 120 140

0.00

0.01

0.02

0.03

0.04

0.05

(c) 

TB-EPS

  Raw sludge

 Freezing-thaw 1h

 Freezing-thaw 5h

 Freezing-thaw 8h

Viscosity (kg/m)

Time (min)


Fig. S2 The viscoelasticity of EPS after free-thaw conditioning conditioning 

(a) S-EPS; (b) LB-EPS; (c) TB-EPS
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Fig. S3 Frequency and time scanning of sludge flocs
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Fig. S4 Sludge dewatering performance (a) LZM; (b) Freezing-thaw

Table S1 Characteristics of the activated sludge 

	Parameter
	Value

	Water content (%)
	97.3±0.3

	pH
	6.6±0.2

	SRF (m/kg)
	10.04±0.12×1012

	CST (s)
	61.8±2.10

	Zeta potential (mV)
	-14.30±1.10

	Dv [50] (μm)
	40.92±0.81


 RS-S, RS-LB and RS-TB represent the raw sludge after S-EPS, LB-EPS and TB-EPS extraction, respectively

LZM-S, LZM-LB and LZM-TB represent the LZM conditioned sludge after S-EPS, LB-EPS and TB-EPS extraction, respectively

Table S2 Herschel-Bulkley model fitting of the sludge rheological curve

	
	τy (Pa)
	k (Pa·sn)
	n
	Equation
	R2

	RS
	1.23
	1.49
	1.30
	τ=1.23+1.49γ1.30
	0.976

	RS-S
	0.39
	6.79
	0.90
	τ=0.39+6.79γ0.90
	0.995

	RS-LB
	0.37
	5.31
	0.96
	τ=0.37+5.31γ0.96
	0.994

	RS-TB
	0.087
	4.33
	0.75
	τ=0.087+4.33γ0.75
	0.999

	LZM
	0.23
	4.23
	0.87
	τ=0.23+4.23γ0.87
	0.998

	LZM-S
	0.17
	0.016
	0.73
	τ=0.17+0.016γ0.73
	0.985

	LZM-LB
	0.075
	0.006
	0.88
	τ=0.075+0.006γ0.88
	0.996

	LZM-TB
	0.75
	0.012
	0.82
	τ=0.75+0.012γ0.82
	0.997

	FT
	0.62
	0.003
	1.41
	τ=0.62+0.003γ1.41
	0.982

	FT-S
	0.23
	0.004
	0.91
	τ=0.23+0.004γ0.91
	0.996

	FT-LB
	0.052
	0.015
	0.83
	τ=0.052+0.015γ0.83
	0.997

	FT-TB
	0.10
	0.005
	0.89
	τ=0.10+0.005γ0.89
	0.999


* RS-S, RS-LB and RS-TB represent the raw sludge after S-EPS, LB-EPS and TB-EPS extraction, respectively. LZM-S, LZM-LB and LZM-TB represent the LZM conditioned sludge after S-EPS, LB-EPS and TB-EPS extraction, respectively. FT-S, FT-LB and FT-TB represent the freezing-thaw conditioned sludge after S-EPS, LB-EPS and TB-EPS extraction, respectively.

