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Hydrophobic modification of Al,O, and SiC microfiltration membranes for
oil-solid separation
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(Membrane Science and Technology Research Center, State Key Laboratory of Materials— Oriented Chemical Engineering ,
Nanjing Tech University, Nanjing 210009, Jiangsu, China)

Abstract: The Al,O, film and the SiC film with an average pore diameter of 500 nm were hydrophobically modified
by n—octyltriethoxysilane and ethanol as modifiers and solvents, respectively. The concentration and modification of
the modifer were investigated by graft polymerization. The wettability and oil-solid separation performance of the
modified Al,0, and SiC MF membranes were investigated. The backflushing operation and long—term stability test
for the modified membranes were conducted. Under the optimal modification conditions with grafting agent
concentration of 0.2 mol L', grafting temperature of 40°C and grafting time of 12 h,the water contact angles (WCAs)
of the modified Al,O, and SiC membranes were as high as 134°+1°and 140°+1°, respectively. It was found that the
hydrophobic SiC membrane showed higher hydrophobicity than that of the Al,0, membrane. For oil-solid separation
experiments, both modified membranes exhibited excellent rejection to impurities in oil phase. However, the
hydrophobic modification had a more significant effect on the flux of SiC membrane. The fluxes of hydrophobic
Al,0, and SiC MF membranes were 1134 L-m™+h™" and 1408 L-m™-h™', respectively, with transmembrane pressure

of 0.25 MPa. Backflushing operation was beneficial to the flux recovery of ceramic membrane, especially
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hydrophobic SiC membrane.
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Table 1 Specification parameters of ceramic membranes

Outer/inner Effective
Membrane Porosity/% diameter membrane area/
/mm em?
AlLO, 30—35 12.8/8 24.2
SiC 30—35 12.8/8 242
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Fig.1 Schematic diagram for hydrophobic modification of

ceramic membrane
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Fig.2 Schematic diagram of cross—flow filtration apparatus
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Table 2 Comparison of hydrophobicity of hydrophobic

ceramic membranes prepared via chemical grafting method

Membranes ~ Average pore size ~ WCA  Application Ref.
AlLO, 0.76 pm 133° NaCl [10]
Ti0,~ALO, 12.9 nm 116° NaCl [24]
ALO, 0.7 pm 130° NaCl [25]
y/a=AlLO, 5 nm 134° H,/CO, [26]
70, 0.2 um 134° W/0 [27]
AlLO, 0.5 pm 134° W/0 this work
SiC 0.5 pm 140° W/0 this work
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Table 3 Mass loss within 110—230°C and hydroxyl group

content of ceramic membranes before and after

modification
Membranes Mass loss(110—230°C)/%  n_qy,/(mmol -g™")
A-500 0.0197 0.0394
A-500HB 0.0154 0.0308
S-500 0.0757 0.151
S-500HB 0.0128 0.0256
ALO, B
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Table 4 Contact angles and surface free energy of ceramic membranes before and after modification

Contact angle/(°)

Surface free energy/(mN-m™)

Ceramic membrane

Water Ethylene glycol Diiodo—methane Dispersive component Non-dispersive component Total

A-500 23 24 19 423 7.67 50.0
A-500HB 134 55 39 36.6 3.01 39.6
S-500 10 20 8 445 7.39 51.9
S-500HB 140 58 42 354 2.68 38.1
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Fig.8 SEM images and EDS spectra of ceramic membranes before and after modification
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Fig.9 Cross—section SEM images of ceramic membranes before and after modification
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Fig.12  Optical photographs for oil-solid mixture (a), filtrates
obtained by using membrane A-500HB (b) and filtrates
obtained by using membrane S—500HB (c)
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