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modified Hummer method























Conclusions

We have for the 1st time the effects of GO on the physical and 

mechanical properties of a soil.

With only a small amount of GO (no more than 0.08 wt.%), the 

properties of the clayed sand can be modified significantly, in 

terms of liquid limit, plasticity index, compressibility, and 

undrained shear strength. 

 The effectiveness of GO as a soil modifier stems from its 

extremely high specific surface area (2600 m2/g) and very 

stable dispersion in water. The hydrophilic GO sheets 

intercalate into the spaces between the soil particles and help to 

increase the bound water content, leading to less 

compressibility of the clayey sand. 



Mechanism for soil reinforcement by electro-

osmosis in presence of calcium chloride



Figure 2. Alternating pulse wave potentials.



Figure 3. Positions for samples tested for water

content and mechanical property.
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Figure 4. Variation of moisture content, pH value and free Ca2+ concentration 

with treatment time and soil location. (A-C): H2O-30; (D-F): CC-30; (G-I): CC-1.
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Figure 5. Temporal evolution of electric current with time during

electro-osmosis, with electrolyte or water removed at 15 h.





Figure 7. Shear strength of the soils

sampled from different positions.



Figure 8. Soil settlement as a function of

distance from the anode.



  

  

  

 1 Figure 9. SEM micrographs for various soil samples.

(A, B) Sample H2O-30; (C, D) Sample CC-30; (E, F) Sample CC-1.



Conclusions
In order to study the complex mechanisms underlying the soil 

reinforcement by electro-osmosis, we proposed a new electric field 

condition where the traditional constant potential is partially replaced 

by alternating pulse wave potentials. 

The temporal proportion of the alternating potential was varied to 

adjust both the pH values of the soil and the dynamic behaviors of the 

in situ formed particles. 

By detailed investigation of shear strength, settlement as well as the 

microstructure of the soil, we reveal that the primary mechanism for 

the shear strength improvement in the presence of CaCl2 anolyte is not 

only water drainage but also the in situ formation of Ca-rich particles 

and their inter-connectivity at the microscopic level. 





































Conclusions
In this work we adopted different configurations of anodes with

the injection of various concentrations of positively charged

SiO2@Al2O3 core–shell NPs to study the effects of electroosmosis

and NPs injection on the dewatering and consolidation of

a soil. 

(1) Regardless of the absence or presence of NPs, both the electric 

current and the time efficiency of soil dewatering increased with the 

number of anodes per cathode, which can be attributed to the more 

uniform and larger effective electric field formed in the soil (lake silt). 

This translated to denser microstructure and improved cohesion and 

friction angle of the soil.

(2) The addition of NPs further enhanced the electric current and 

drainage efficiency during electroosmosis, which increased with the 

concentration of the NP suspension. 



Future Direction of This Work

 Treatment of anode to minimize its corrosion and interfacial 

resistance

 Vacuumed compression pretreatment + nano-electroosmosis

 Geo-environmental engineering: removal of soil pollutants

…
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