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• Membrane fouling, due to hydrophobici-
ty, is the main drawback of membrane
processes.

• Polymer membranes can be modified
by different methods to overcome
membrane fouling.

• Interfacial polymerization, surface reac-
tion, nanoparticle blending, etc. are used.

• Nanocomposite membranes by blending,
sol–gel, self-assembly, etc. can be used.
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The advantages ofmembrane technology over conventional separationmethods are high removal capacity, flexibil-
ity of operation and cost effectiveness. However, the main limitation to the greater use of membrane technology is
membrane fouling. Fouling is the phenomena of deposition or adsorption of colloids, particles, biomolecules and
macromolecules (e.g. proteins, polysaccharides), salts, etc. on the membrane surface and/or inside pores and pore
walls during filtration. This leads to a decline in permeation flux, change in selectivity and separability during filtra-
tion operation, and reduces membrane life. Various studies have concluded that intrinsic hydrophobicity of mem-
brane materials is one of the main reasons for fouling. To overcome this drawback, various nanocomposite
membranes are being tailored to impart certain properties such as hydrophilicity, anti-fouling, self-cleaning, photo-
catalytic, and photodegradation. This review is focused on the nanocomposite membranes that are made by incor-
porating nanoparticles (NPs) into polymeric membrane matrix by different methods like coating, blending, and
deposition. Some of the nanocomposite membranes reported include metal-based NPs viz. TiO2, SiO2, Al2O3, Si,
Ag, ZnO, ZrO2, Mg(OH)2, CaCO3, and TiSiO4; carbon-based NPs viz. graphene oxide (GO) and carbon nanotubes
(CNTs); and NP composites viz. GO–SiO2, GO–TiO2, SiO2–TiO2, and Ag–SiO2.

© 2015 Elsevier B.V. All rights reserved.
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3-BPA 3-bromopropionic acid
ABS acrylonitrile butadiene styrene
AFM Atomic Force Microscope
AIBN Azo-bis-isobutyrylnitrile
ATR Attenuated Total Reflectance
BET Brunauer–Emmett–Teller
BPPO Brominated polyphenylene oxide
BSA Bovine Serum Albumin
CA cellulose acetate
ca. circa (meaning approximately)
CNTs carbon nanotubes
CPVC chlorinated PVC
CS chitosan
DLS Dynamic Light Scattering
DMAc N,N′-dimethyl acetamide
DMF N,N′-dimethyl formamide
DMSO dimethyl sulfoxide
DOM dissolved organic matter
DSC Differential Scanning Calorimetry
ECH epichloro hydrine
ED Electro-dialysis
EDA ethylene diamine
EDX Energy Dispersive X-ray spectroscopy
EEM Fluorescence–Excitation Emission Matrices
ELS electrophoretic light scattering
EPS extra-cellular polymeric substances
FT-IR Fourier Transform-Infra red spectroscopy
GO graphene oxide
GOx glucose oxidase
GP gas permeation
HEMA 2-hydroxyethyl methacrylate
HFBM hexafluorobutyl methacrylate
ICIC 5-isocyanato-isophthaloyl chloride
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ICP-MS Inductively Coupled Plasma-Mass spectroscopy
IP interfacial polymerization
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MF microfiltration
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MOFs metal organic frameworks
MPD m-phenylene diamine
MPDSAH {3-(Methacryloylamino)propyl}-dimethyl(3-

sulfopropyl)ammonium hydroxide
MPTES 3-mercaptopropyltriethoxysilane
MWCNT multi-walled CNT
MWCO molecular weight cut-off
NF nanofiltration
NIPS non-solvent induced phase separation

NMP N-methyl-2-pyrrolidone
NMR Nuclear Magnetic Resonance
NOCC N,O-carboxy methyl chitosan
NOM natural organic matter
NP(s) nanoparticle(s)
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PA polyamide
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PE polyethylene
PEG polyethylene glycol
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PEO polyethylene oxide
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PVA polyvinyl alcohol
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PVP poly vinyl pyrrolidone
rGO reduced GO
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SEM Scanning Electron Microscope
SMP soluble microbial products
SOC synthetic organic compound
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SWCNT Single-walled CNT
TBPO Tert-butyl peroxide
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TEM Transmission Electron Microscope
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TGA Thermo-Gravimetric Analysis
THF tetrahydrofuran
TIPS thermally induced phase separation
TMC Trimesoyl chloride
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XPS X-ray Photo-electron spectroscopy
XRD X-Ray Diffraction
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