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h i g h l i g h t s

" Introducing MWCNT-NH2 and PEG enhance sorption capacity of CS/PVA membranes.
" MWCNTs improve reusability, adsorption rate and stability of the membranes.
" PEG increases pore capacity compared to MWCNT.
" Adsorption of copper on CS/PVA membranes was endothermic and spontaneous.
" CPMP membrane offers superior adsorption–filtration performance.
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a b s t r a c t

Polyethylene glycol (PEG) and amino-modified multi-walled carbon nanotubes (MWCNT-NH2) were uti-
lized to modify chitosan/polyvinyl alcohol (CS/PVA) thin adsorptive membranes for copper ion adsorp-
tion. SEM, AFM, water affinity and mechanical analysis were performed for membrane
characterization. Batch adsorption experiments were conducted to determine the effects of additive,
pH, metal concentration and temperature on adsorption. Macroporous membranes were prepared by
introducing PEG into the casting dopes; however, the upper limit for PEG loading was 5 wt%. Adsorption
capacity of CS/PVA membrane was increased from 11 to 30 mg/g by addition of 5 wt% PEG to the blend.
Addition of MWCNT-NH2, especially at optimal concentration of 1 wt%, improved membranes adsorp-
tion/transport behavior by creation of nanochannels and supplementary interstices in the compact CS/
PVA matrix. Copper ion adsorption on CS/PVA membrane was elevated from 11 to 19 mg/g by introducing
1 wt% MWCNT-NH2. Thermodynamic parameters (DH�, DS� and DG�) revealed endothermic nature, favor-
ability and spontaneity of the adsorption. Moreover, kinetic studies showed that MWCNT-NH2 plays pri-
mary role in adsorption rate enhancement. Adsorptive membranes containing combined MWCNT-NH2

and PEG (called ‘CPMP’), demonstrated superior sorption capacity (�35 mg/g) and reusability among
tested membranes. Finally, thin adsorptive membranes were tested in dynamic mode using a dead-
end filtration setup. CPMP showed superior performance as expected. Based on the results, introducing
combined MWCNT-NH2–NH2 and PEG can greatly elevate CS/PVA membranes capability for adsorptive
removal of copper ions from water.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

Heavy metals as common contaminants of industrial wastewa-
ters should be typically removed prior to wastewater discharge
due to toxicity. Recently, treatment of effluents containing low

concentrations of heavy metals is of great concern [1,2]. Tech-
niques such as chemical precipitation, membrane filtration, ion ex-
change, extraction, carbon adsorption and co-precipitation/
adsorption have been investigated for heavy metal elimination
from aqueous solutions [3–5]. Membrane adsorption offers superi-
ority over conventional processes due to favorable hydrodynamic,
high removal efficiency, acceptable reusability and small footprint
[6–9].

1385-8947/$ - see front matter � 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.cej.2012.11.071

⇑ Corresponding author. Tel.: +98 831 4274530; fax: +98 831 4274542.
E-mail address: smadaeni@yahoo.com (S.S. Madaeni).

Chemical Engineering Journal 215–216 (2013) 791–801

Contents lists available at SciVerse ScienceDirect

Chemical Engineering Journal

journal homepage: www.elsevier .com/locate /cej

http://dx.doi.org/10.1016/j.cej.2012.11.071
mailto:smadaeni@yahoo.com
http://dx.doi.org/10.1016/j.cej.2012.11.071
http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej

