Electrosurface properties of carbon nanotubes in aqueous suspensions: Combined effects of surfactants and laponite platelets 
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Stabilization of aqueous suspensions of carbon nanotubes (CNTs) is an acute task for a number of technological applications. The effects of surfactant (CTAB, cationic surfactant and Triton X-100, non-ionic surfactant), polyethylene oxides (PEG, PEO) and clay platelets (Laponite RD( (Lap)) on the electrokinetic potential and aggregation stability/size distribution of CNTs have been studied. The studies were performed at constant pH (4.5±0.1), different concentrations of surfactants and different mass ratios X=Lap/CNTs. The effects of aging time and duration ultrasonic treatment were also investigated. The procedure of preparation of mixed Lap/CNT+CTAB suspensions has no effect on the stability and electrokinetic properties. For concentration of CTAB in the interval of Cs=3.64.10-5–1.82.10-2 wt % a narrow monomodal size distribution of aggregates with median size of 21–24 µm was observed. At higher CTAB concentrations (above critical micelle concentrations, CMC), formation of aggregates with median size of 140-150 μm takes place, with preserving the monomodal size distribution. Aggregation of CNTs in this case probably occurs by deposition of individual CNT on the surface of primary aggregates. Addition of Lap platelets in the range from X=0 to 0.4 causes a monotonic decrease of the ζ-potential of the CNTs from -40 mV to -30 mV with reaching its plateau value at X≥0.4. This evidences the high surface coverage of CNTs by Lap platelets at which the CNT+Lap complex acquires the ζ-potential value of Lap. In mixed Lap/CNT suspensions (X=1.0), a bimodal particle size distribution was registered, with appearance of big aggregates ((150-300 μm), both in dilute (Cs=3.64.10-5–3.64.10-3 wt %) and concentrated (Cs>CsCMC) solutions. These big hybrid Lap/CNT aggregates were loose, rather unstable, and they could be easily destroyed by ultrasonic treatment. Addition of Triton X-100 with concentrations up to CMC does not change the ζ-potential, but results in high aggregation stability of CNTs aqueous suspension. Addition of increasing amounts of PEG-400 reduces the absolute (negative) value of the ζ-potential of CNT and results in their overcharging. The isoelectric point of CNTs corresponds to 6(10-2 M of PEG-400 which is much more than the surfactant concentration necessary for efficient stabilization of the suspension. The optimal PEG-400 concentration for suspension stabilization was found to be 1.3(10-4 M (or 0.6 mmol/g), i.e. at relatively high values of the electrophoretic mobility (ζ-potential about -30 mV) of CNTs. At this PEG concentration the suspension was stable during several days. At higher surfactant concentration a substantial part of CNTs were sedimented and big flocks were registered. The decrease of ζ-potential with increasing surfactant adsorption we explain by the shift of the shear plane into solution as a result of formation of rather thick adsorption layers of the PEG-400 on the surface. 

