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Preparation of Superhydrophilic—Superoleophobic Diatomite Porous Ceramics and
Its Oil-Water Emulsion Continuous Separation Performance

HAN Lei, LI Xiaojian, LI Faliang, ZHANG Haijun
(The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: Diatomite porous ceramics prepared by a foam-gelcasting route were used as a matrix, and SiO, microspheres in-situ
formed by a solvothermal method were used to modify the surface roughness of diatomite porous ceramics. Capstone FS—50 (CS-50)
was used as a modifier to prepare SiO, microspheres and CS—50 co-modified superhydrophilic-superoleophobic diatomite porous
ceramics (SSMDPC) for the use of continuous separation of oil/water emulsions. The effects of TEOS/NH;-H,0 addition and CS—-50
concentration on the microstructure and wettability of the obtained samples as well as the oil/water separation continuous
performance and extreme environmental stability were investigated. The results show that the maximum oil contact angles in air and
water of the prepared SSMDPC are 153° and 158° respectively at TEOS/NH;-H,0 addition of 5%/2% and CS-50 addition of 5%
respectively. The continuous separation flux and separation efficiency of SSMDPC for edible oil/water mixture and edible oil-in-water
emulsion with a surfactant (5/95, mass ratio) are 162.3 kg:min™'-m™ and 98.3%, 93.7 kg:min™'-m™ and 91.3%, respectively.
Moreover, SMDPC can still maintain stable hydrophilic and hydrophobic properties under corrosion conditions (i.e., pH value of 1, pH
value of 14 and 1 M NaCl), even at —196 “C and 200 ‘C, which has broad application prospects in oil-in-water emulsion.
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(a) Optical micrographs of edible oil-water emulsion (b) Optical micrographs of edible oil-water emulsion with
with concentrations of 20 g-L™' concentrations of 50 g-L™'

(c) Optical micrographs of edible oil-water emulsion with (d) Optical micrographs of edible oil-water emulsion with
concentrations of 100 g-L™" concentrations of 150 g-L™"
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Fig. 1 Optical micrographs and oil droplet distribution of edible oil-water emulsion with different concentrations
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(a) With TEOS addition of 1%(Mass fraction)

(d) With TEOS addition of 7%
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(g) With NH;3-H,O addition of 2%
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Fig. 3  Effect of TEOS and NH; H,O addition on the microstructures of SMDPC
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Table 1 Comparison of oil-water emulsion separation property of various separation materials

. . Water Oil contact Separation Separation flux/
Material Oil . N Reference
contact/(°)  underwater/(°) efficiency/% (kg'min” -m™°)
WO5/TiO; decorated commercial stainless steel meshe — Trichloromethane 153.8 >98.5 33 [22]
Nanofibrous membrane n-hexane 162 >99.9 85.9 [23]
Cellulose nanocrystal/palygorskite nanorod membranes Soybean oil 164.7 98.5 2.3 [24]
Cellulose sponge Toluene 150 99.9 5.0 [25]
Filter paper Hexadecane 96.8 [26]
Multi-walled carbon nanotubes/titanium oxide-PVDF . .
Edible oil 140 97.3 13.5 [27]
nanofiber membrane
SSMDPC Edible oil 158 92.2 99.8 This work
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Table 2 Wettability of different interface

Wettability Air

Underwater

Hydrophilic (ysv> ysw)
Hydrophilic (ysv> ysw)
Hydrophobic (ysv < ysw)
Hydrophobic (ysv < ysw)
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7ov'COSbb < ywv'COSBy, Oleophobic
Lipophilic
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