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Multiple oil spill disasters over the last few years

have highlighted the challenges of effective oil–water

separation. The separation of oil–water micro- and

nano-emulsions (emulsions with dispersed droplet

sizes in the micro- or nano-meter range) can be

particularly difficult.1,2 Shi et al.3 from the Chinese

Academy of Sciences in Suzhou and Beijing have

now developed ultrathin carbon nanotube mem-

branes that can separate a wide range of oil–water

micro- and nano-emulsions with separation

efficiency 499.9%. Perhaps more significantly, the

separation fluxes are 2–3 orders of magnitude

higher than those obtained with current commer-

cially available separation membranes.

Membrane-based oil–water separation tech-

nologies are attractive for emulsion separation

because they are energy-efficient, cost-effective

and applicable across a wide range of industrial

effluents. One factor that governs the flux of the

permeate during separation is the membrane

thickness. This separation flux is inversely pro-

portional to the thickness of the membrane, that is,

thinner membranes provide a higher separation

flux. The thickness of commercially available

separation membranes can vary between tens

and hundreds of micrometers. In comparison,

Shi et al.3 developed free-standing single-walled

carbon nanotube network films that can be as

thin as 30 nanometers. These films are

hydrophobic (water-repellent with water

contact angles 4901) and superoleophilic

(extremely oil-absorbent with oil contact angles

of 01). Consequently, they allow oil to easily

permeate through, while simultaneously

preventing the permeation of water. Multiple

groups have previously developed hydrophobic

and oleophilic surfaces,4,5 however the membranes

developed by Shi et al.3 are perhaps the thinnest to

date. By utilizing these ultrathin membranes in a

separation apparatus (Figure 1a), Shi et al.3

demonstrated the separation of various oil–water

emulsions with fluxes between 104–105 L m�2 h�1

per bar, which are 2–3 orders of magnitude higher

than the fluxes typically obtained with commercial

separation membranes.

Their separation apparatus consisted of a filtra-

tion cell (ultrathin carbon nanotube membrane

placed on a ceramic membrane) sandwiched

between two glass beakers (Figure 1a). When a

water-in-oil emulsion was added above the filtra-

tion cell, and a transmembrane pressure applied,

oil permeated through the membrane, while water

was retained above the membrane. In this manner,

a series of water-in-oil emulsions, including sur-

factant-free water-in-petroleum ether, water-in-iso-

octane, water-in-cyclohexane microemulsions

(Figure 1b) and span80-stabilized water-in-toluene

nanoemulsions (Figure 1c), were separated with a

separation efficiency 499.9%.

The chemical stability of carbon nanotubes

against a range of acids and bases allows these

membranes to separate a broad range of water-in-

oil emulsions. One potential limitation of the

membranes is that they can get fouled by the oil

present within the emulsions, and therefore have to

be periodically cleaned by passing ethanol. Further

research on effectively separating commercially

relevant emulsions and oil-in-water emulsions

using these membranes, as well as, improving their

anti-fouling properties can make these membranes

even more attractive for industrial deployment.
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Figure 1 (a) A separation apparatus with the filtration cell sandwiched between glass beakers. (b and

c) A water-in-petroleum ether microemulsion and a water-in-toluene nanoemulsion, respectively, before

separation, and the corresponding permeates after separation. Copyright Wiley-VCH, 2013.
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