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Engineering properties and microstructure feature of solidified sludge
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(1. School of Civil Engineering, Tianjin University, Tianjin 300072, China; 2. Tianjin Municipal Engineering Design Institute, Tianjin 300051, China)

Abstract: Landfill is a prevalent method for wastewater sludge disposal. Laboratory tests were conducted to study engineering
property of sludge solidified by fly ash, lime and silty clay of varied ratios. The experiment results revealed that the strength of
solidified sludge was as high as it is required for landfill; and permeability was improved significantly. Using freeze-drying
technology and scanning electron microscope (SEM), the microstructure of solidified sludge is studied. It is found that the
compactness of sludge was improved after solidification, which is an important reason for strength improvement. Applying theory of
fractal geometry, quantitative analysis is carried out on the SEM images. The analysis reveals a considerable positive correlation
between fractal dimension and strength.

Key words: sludge solidification; SEM; sludge; fractal dimension

WL, (R AR LIEFT DN, fERAR
JIL, TR GG e K S —RE 200 %L E,
X KA AN RS L sk, B, ¥
VeTFETFAEE, A ik g iy . g

1 51 5

T5 Y8 K AL BRI A j 1 LAAT BLA 0 32 22
JRITIVEIRYII, B AR S TR L %

BUN SKEFEHASBUK, RRRE ISR
Pl SR ENUR. N P ARG, B
B, RIS RRNEMAEY) . 27 AP
AN, SBRKSEREA KR, SHE —Uas g, i
T A B EOAR B O IR L —. V5B
AL BT 3 AT Bty . AR RS . B0 X
WEINE G T, B LAY SR T
B I BEEA, JEN T2 2 T R ARG
b AL BT 3, A BAT ORI N AT 5. 24
T e LR 32 25 O Sk i A by R 1 A,
AELER T8 SRR e e A TR T BB AN R PR AT L

Wk H . 2004-08-30 BRI R H #: 2004-03-02

IKAEE) i By R AT, s by Y
AERIEZ TGN, VoI IE g, ok
AT BN E kAL, i HLy5 i Fm R A7 £
SRR, BRI (R
PSRRI 28, NG, f5RnsE
PEARHI, AR I [8] £ sl AR AR L 2 /K ok
RS . AL, SRR g, A
PGPSR B ey, I A2 AR 23R, 3K
REFERRZ 5 e i 4k . Chu 251 i 4 R K e
XGIRHEAT T IEAE, AHILRE AR RDSAR . AR
FAEAE: Lim %0 R BRI LT

g e ke, Y, 1977 4, HMEURA, WFERESE + TR, E-mail: caoyonghua@]26.com



55

KA [T K TR T oM S5 R AL 741

Tk, AFRE R A A TR i 8 1 KL 45y
TR Z L BEIBRIR . P G158 AR 5 T 1) 3L
Lhggid ol £, REVEF AT IROE . REEKSE S
b TR T e AT T KR IR 5T
KA B TR L RS DL IR R Ak v
Ve, XAV K TR RO AOW 45 AT T LA
RGN, A SCRXT R R AT 4
2 [
2.1 R R AEE

P V5 ek B RT3y 5 KA BE ), SR
M, EEIREUEESL, AL A
(1936 %o [EALMBHG R A L (IR A2k,
IR Lo R AR A L, SRR R 21.5 %,
IAVESRH 13.9; IOk B RIETT R & APEL
TKENWA 1.

B2 FoO Ry B AR
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Table 2 Solidification scheme
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Table 1 Moisture content of material
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Fig.3 Relationship between moisture content and age
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Fig.4 Relationship between strength and age
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Fig.5 SEM image of sludge at age of 5 days
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Fig.6 SEM image of sludge at age of 25 days
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Fig.7 SEM image of L3 at age of 5 days
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Fig.8 SEM image of L3 at age of 25 days

M SEM B (AR AR, BREOARILED
MTLLER], FLHTTYE, BIAER IS 25 d I, 44
TR FLBR & B AN K, IR ARE 1 L AR
T A LK, 1 AL V5 e (R SEVERR 2 T 3R
b I . SR < 1 EOF 175 e e R S G B8
RS . SRR R IR AR LR A
A
3.2 WMMEHKIEEDT

LARSE B R BAT G SR A AL 2
TG RPRFAL, AT SRS B ARBLIR 5 VR R e H
A 2% AR TR, WA B4 os AR )
%L,//f?jlg[lowlfs]o

ASCKE SEM BT it LMRAEALPE,
THHEIT I 4, WEFUEL S LTS e i 2 T 0%
Ao SR (AL ERILIE 9.

IGHEECR T e, THEE R 4.

B9 WM 5 dITsE _HELER
Fig.9 Binary image of sludge at age of 5 days
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Table 4 Samples’ fractal dimensions at varied ages

WA /d 0 Al A2 A4 L2 L3 L5
5 1.687 1712 1729 1711 1734  1.758  1.745
25 1726 1729 1743 1770 1761  1.771  1.778
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