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ABSTRACT

Providing clean and affordable water to meet human needs is a grand challenge of the 21st
century. Worldwide, water supply struggles to keep up with the fast growing demand,
which is exacerbated by population growth, global climate change, and water quality
deterioration. The need for technological innovation to enable integrated water manage-
ment cannot be overstated. Nanotechnology holds great potential in advancing water and
wastewater treatment to improve treatment efficiency as well as to augment water supply
through safe use of unconventional water sources. Here we review recent development in
nanotechnology for water and wastewater treatment. The discussion covers candidate
nanomaterials, properties and mechanisms that enable the applications, advantages and
limitations as compared to existing processes, and barriers and research needs for
commercialization. By tracing these technological advances to the physicochemical
properties of nanomaterials, the present review outlines the opportunities and limitations
to further capitalize on these unique properties for sustainable water management.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

wastewater infrastructure are often non-existent. In both
developing and industrialized countries, human activities

Water is the most essential substance for all life on earth and a
precious resource for human civilization. Reliable access to
clean and affordable water is considered one of the most basic
humanitarian goals, and remains a major global challenge for
the 21st century.

Our current water supply faces enormous challenges, both
old and new. Worldwide, some 780 million people still lack
access to improved drinking water sources (WHO, 2012). It is
urgent to implement basic water treatment in the affected
areas (mainly in developing countries) where water and
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play an ever-greater role in exacerbating water scarcity by
contaminating natural water sources. The increasingly strin-
gent water quality standards, compounded by emerging con-
taminants, have brought new scrutiny to the existing water
treatment and distribution systems widely established in
developed countries. The rapidly growing global population
and the improvement of living standard continuously drive up
the demand. Moreover, global climate change accentuates the
already uneven distribution of fresh water, destabilizing the
supply. Growing pressure on water supplies makes using
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unconventional water sources (e.g., stormwater, contami-
nated fresh water, brackish water, wastewater and seawater)
a new norm, especially in historically water-stressed regions.
Furthermore, current water and wastewater treatment tech-
nologies and infrastructure are reaching their limit for
providing adequate water quality to meet human and envi-
ronmental needs.

Recent advances in nanotechnology offer leapfrogging
opportunities to develop next-generation water supply sys-
tems. Our current water treatment, distribution, and
discharge practices, which heavily rely on conveyance and
centralized systems, are no longer sustainable. The highly
efficient, modular, and multifunctional processes enabled
by nanotechnology are envisaged to provide high perfor-
mance, affordable water and wastewater treatment solutions
that less rely on large infrastructures (Qu et al, 2013).
Nanotechnology-enabled water and wastewater treatment
promises to not only overcome major challenges faced by
existing treatment technologies, but also to provide new
treatment capabilities that could allow economic utilization of
unconventional water sources to expand the water supply.

Here, we provide an overview of recent advances in
nanotechnologies for water and wastewater treatment. The
major applications of nanomaterials are critically reviewed
based on their functions in unit operation processes. The
barriers for their full-scale application and the research needs
for overcoming these barriers are also discussed. The poten-
tial impact of nanomaterials on human health and ecosystem
as well as any potential interference with treatment processes
are beyond the scope of this review and thus will not be
detailed addressed here.

2. Current and potential applications for
water and wastewater treatment

Nanomaterials are typically defined as materials smaller than
100 nm in at least one dimension. At this scale, materials often
possess novel size-dependent properties different from their
large counterparts, many of which have been explored for ap-
plications in water and wastewater treatment. Some of these
applications utilize the smoothly scalable size-dependent
properties of nanomaterials which relate to the high specific
surface area, such as fast dissolution, high reactivity, and
strong sorption. Others take advantage of their discontinuous
properties, such as superparamagnetism, localized surface
plasmon resonance, and quantum confinement effect. These
applications are discussed below based on nanomaterial
functions in unit operation processes (Table 1). Most applica-
tions discussed below are still in the stage of laboratory
research. The pilot-tested or field-tested exceptions will be
noted in the text.

2.1.  Adsorption

Adsorption is commonly employed as a polishing step to
remove organic and inorganic contaminants in water and
wastewater treatment. Efficiency of conventional adsorbents is
usually limited by the surface area or active sites, the lack of
selectivity, and the adsorption kinetics. Nano-adsorbents offer

significant improvement with their extremely high specific
surface area and associated sorption sites, short intraparticle
diffusion distance, and tunable pore size and surface chemistry.

2.1.1. Carbon based nano-adsorbents

2.1.1.1. Organic removal. CNTs have shown higher efficiency
than activated carbon on adsorption of various organic chem-
icals (Pan and Xing, 2008). Its high adsorption capacity mainly
stems from the large specific surface area and the diverse
contaminant—CNT interactions. The available surface area for
adsorption on individual CNTs is their external surfaces (Yang
and Xing, 2010). In the aqueous phase, CNTs form loose bun-
dles/aggregates due to the hydrophobicity of their graphitic
surface, reducing the effective surface area. On the other hand,
CNT aggregates contain interstitial spaces and grooves, which
are high adsorption energy sites for organic molecules (Pan
et al,, 2008). Although activated carbon possesses comparable
measured specific surface area as CNT bundles, it contains a
significant number of micropores inaccessible to bulky organic
molecules such as many antibiotics and pharmaceuticals (Ji
et al., 2009). Thus CNTs have much higher adsorption capac-
ity for some bulky organic molecules because of their larger
pores in bundles and more accessible sorption sites.

A major drawback of activated carbon is its low adsorption
affinity for low molecular weight polar organic compounds.
CNTs strongly adsorb many of these polar organic compounds
due to the diverse contaminant—CNT interactions including
hydrophobic effect, T—m interactions, hydrogen bonding, co-
valent bonding, and electrostatic interactions (Yang and Xing,
2010). The w electron rich CNT surface allows w—r interactions
with organic molecules with C=C bonds or benzene rings,
such as polycyclic aromatic hydrocarbons (PAHs) and polar
aromatic compounds (Chen et al., 2007; Lin and Xing, 2008).
Organic compounds which have —COOH, —OH, —NH, func-
tional groups could also form hydrogen bond with the
graphitic CNT surface which donates electrons (Yang et al,,
2008). Electrostatic attraction facilitates the adsorption of
positively charged organic chemicals such as some antibiotics
at suitable pH (Ji et al., 2009).

2.1.1.2. Heavy metal removal. Oxidized CNTs have high
adsorption capacity for metal ions with fast kinetics. The
surface functional groups (e.g., carboxyl, hydroxyl, and
phenol) of CNTs are the major adsorption sites for metal ions,
mainly through electrostatic attraction and chemical bonding
(Rao et al., 2007). As a result, surface oxidation can signifi-
cantly enhance the adsorption capacity of CNTs. Several
studies show that CNTs are better adsorbents than activated
carbon for heavy metals (e.g.,, Cu®*, Pb>", Cd*", and Zn*") (Li
et al,, 2003; Lu et al., 2006) and the adsorption kinetics is fast
on CNTs due to the highly accessible adsorption sites and the
short intraparticle diffusion distance.

Overall, CNTs may not be a good alternative for activated
carbon as wide-spectrum adsorbents. Rather, as their surface
chemistry can be tuned to target specific contaminants, they
may have unique applications in polishing steps to remove
recalcitrant compounds or in pre-concentration of trace
organic contaminants for analytical purposes. These appli-
cations require small quantity of materials and hence are less
sensitive to the material cost.


http://dx.doi.org/10.1016/j.watres.2012.09.058
http://dx.doi.org/10.1016/j.watres.2012.09.058

Download English Version:

https://daneshyari.com/en/article/4481763

Download Persian Version:

https://daneshyari.com/article/4481763

Daneshyari.com


https://daneshyari.com/en/article/4481763
https://daneshyari.com/article/4481763
https://daneshyari.com

