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The Development and Application of Environmental-friendly, Low Surface Energy Materials
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Purpose and Background of the Research
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There are numerous applications for low surface energy materials
(LSEMs) today, including antifog and liquid-repellent surfaces.
Currently, LSEMs are made from fluorinated compounds.
However, fluorocarbons present significant environmental risks
owing to bio-persistence and bio-accumulation, and are costly.
The need to develop non-fluorinated LSEMs has been voiced by
the scientific community for the last three decades. That said, the
emission of volatile organic compounds (VOCs) is also known to
be detrimental to the environment. Supercritical COz (scCO2)
has emerged as a promising substitute for VOCs, offering both
green and energy-saving properties, in addition to being cheap,
non-toxic and non-flammable. One of the important challenges
for scCO2 application is to improve the solubility of polar
materials in scCO: solvency. Such an improvement will enable
the broadening of scCO2-based technologies, which industries

can use to replace volatile organic compounds (VOCs). One
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particular application of scCO: can be found in its ability recover
crude oil (CO2-EOR) from porous rocks in reservoirs. The main
disadvantage of using CO2 in EOR is its low viscosity, which
does not promote a uniform flow of CO: through oil-bearing
reservoirs, but rather viscous fingering of CO2 via a pathway of
least resistance through porous media. There is therefore a need
to develop systems that will enhance COz viscosity to a level
comparable to that of the oil. These aforementioned challenges
will be solved by colloid-forming LSEMs. Currently, Dr Sagisaka
and foreign joint-research groups are developing non-fluorinated
(or low F-content) LSEMs for the purpose of applying it to green

chemistry.
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Research Findings
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© By employing hyperbranched alkyl chains with multiple
methyl groups as a surfactant hydrophobic tail, we succeeded
in developing a non-fluorinated LSE surfactant (LSES) that
can reduce water surface energy to 21.8 mJ/m2 (i.e. down to
30% of pure water surface energy). This is comparable to a
fluorinated LSES. The LSES was also found to spread water
on superhydrophobic surfaces as fast as the trisiloxane-type
surfactant, which has been the most effective superspreader for
the last two decades.

(2) Using our LSESs, we created the most efficient W/CO:



nano-dispersion system ever reported, in which more than 85
molecules of water are dispersed per molecule. We also found
that LSE silica nanoparticles stabilized viscous foams in scCO:2
even at conventional oil reservoir conditions (e.g. 100 °C,
100-300 bar and salt concentrations of 100k-230k ppm) for
longer than three weeks.

© We developed a graphene-philic LSES, which can disperse
both a carbon nanomaterial (carbon nanotube or graphene)
and a natural polymer (natural rubber or cellulose) in water. It
succeeded in preparing composite films of carbon
nanomaterial/natural rubber mixtures that are over 10 times
more conductive than previously reported ones.

O Thiophene monomers with trimethylsilyl groups were
synthesized and electrodeposited on gold surfaces. This
resulted in superhydrophobic films formed by polymer
nanofibers which exhibited Petal and Lotus effects.
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In applying LSEMs to green chemistry technologies, we aspire
not only to environmentally friendliness but also to the low the
cost of LSEMs.
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Fig. 1 SEMimages of polymer films exhibiting Petal effect (left) and Lotus effect (right) prepared by
electrodeposition of thiophene monomers having trimethylsilyl groups on gold surfaces.
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Fig.2 Phase diagrams of pure CO: (bottom left) and ternary mixtures of
scCO2, water and CO2-philic LSES (top right). SANS data for W/CO2
nanodispersions (Top left) and optical micrograph of a W/CO: dispersion
(bottom right) are also displayed.



