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Strength and solidification mechanism of cement solidified sludge
improved with biological enzyme
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Abstract; In order to improve the strength of sludge, solve the problem of dredging sludge treatment in an
environmentally friendly and efficient manner, biological enzymes combined with cement are used to solidify the
sludge. Through the unconfined compressive strength test and direct shear test, the influence of biological enzymes
on the strength of cement solidified sludge were preliminarily analyzed. The synergistic solidification mechanism was
further explored by means of cation exchange capacity test (CEC) ,scanning electron microscope test (SEM) , X-
ray diffraction test (XRD) , and infrared spectroscopy ( FTIR). The results show that the combination of biological
enzymes and cement solidification treatment has a significant improvement effect on the strength of sludge, with a
maximum strength increase of 73. 8% . Moreover, the amount, type and curing time of biological enzymes
influenced its solidification effect, but biological enzymes do not react chemically with minerals in the soil. The
combined solidification action of biological enzymes and cement is mainly achieved by promoting cation exchange in
the sludge, reducing the electromotive potential of soil, improving the cementation of cement hydration products,
promoting the cementation of active clay minerals, and catalytically forming the coating structure. Among all kinds
of biological enzymes, Louis enzyme has the best curing effect. The unconfined compressive strength of Louis
enzyme cement solidified sludge in 7 days can reach 378. 8 kPa, and the cohesion and angle of internal friction can
reach 307 kPa and 52. 3°, which are increased to 73.8% ,33.2% and 55.2% respectively higher than cement
solidified sludge.
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Tab.1 Basic physical property of sludge
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Fig.1 Biological enzyme preparation used in the test
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Tab.3 Basic property index of biological enzyme preparation
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Fig.2 Changes in unconfined compressive strength of solidified sludge under different levels of enzyme and curing age
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Tab.4 The shear strength index of solidified sludge with a

curing period of 7 days under the optimal dosage
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S-CP 282.0 54.3 22.34 62.09

2.3 BUEST
2.3.1 HEIHEAH

FL 2 FL A7 R D 8 8 - AOR 9 22 3 1 100 %% ) A
5, P B LAV S W8l - SR U 2 TR AN+
A 2% 1T 190 PH S A G, BH S A A M AT, 28
TR N, §HUZ MR ol
RSHMTRABR FRPBIIN 7 d 45458
TR B AR A R A K R [ Ak Ak
S IE R B A — e B RIS AR T S-C 4,
S-CA 41 \S-CE 41 .S-CT 41 . S-CP 4 -+ ¥¢ v 5l i {37 53
MIFMET 1.29 4.27 3.34 3.81 mV, H %5 Fikb
P AT 6 0 H 2l A (BT R de B

®5 REBETHPRETdELREEINEA
Tab.5 Electric potential of solidified sludge after 7 days of

curing at the optimal dosage
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Tab.6 The content of exchangeable cations in solidified sludge with a curing period of 7 days at the optimal dosage
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Fig.3  Scanning electron microscopy of solidified sludge at the optimal dosage and curing time of 7 days
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Fig.4 EDS test energy spectrum of coating structure
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Fig. 5

XRD diffraction pattern of solidified sludge at the optimal dosage after curing for 7 days
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Fig.6  Fourier transform infrared spectroscopy of solidified sludge at the optimal dosage and curing time of 7 days
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Fig.7 Micro effect of biological enzyme combined with cement solidification treatment on sludge
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