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a  b  s  t  r  a  c  t

Since  the  past  two  decades,  immobilization  of  titanium  dioxide  (TiO2),  a popular  photocatalyst,  on differ-
ent  substrates  has been  drawing  a lot  of  attention  because  it eliminates  the  need  of costly  post-treatment
separation  processes.  Considering  the  various  substrates  that  have  been  tried  for  supporting  TiO2 photo-
catalysts,  polymer  substrate  seems  to  be  very  promising  due  to  its several  advantages  such  as  flexible
nature,  low-cost,  chemical  resistance,  mechanical  stability,  low  density,  high  durability  and  ease  of  avail-
ability.  This  review  covers  over  a hundred  published  papers  in the field  of  polymer-based  photocatalysts
and  presents  a comprehensive  study  on  the preparation,  photocatalytic  activity  and  reuse  of  TiO2/polymer
photocatalysts.  Polymer-supported  buoyant  TiO2 photocatalysts  and  biodegradable  polymer-supported
TiO2 photocatalysts  are  also  discussed.  Finally,  the  scope  for  future  work  and  challenges  for  commer-
cialization  of  polymer-supported  TiO2 photocatalysts  in  visible  and/or  solar  light  have been  highlighted.

© 2013 Elsevier B.V. All rights reserved.
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1. Titanium dioxide photocatalysis – an introduction

Heterogeneous photocatalysis using semiconductor titanium
dioxide, a popular photocatalyst has been an active area of research
since 1972 when Akira Fujishima and Honda first reported photoin-
duced decomposition of water on TiO2 electrodes [1,2]. TiO2 has
been reported as one of the most efficient photocatalyst because
of its following properties: (i) highly stable, (ii) economical, (iii)
non-toxic (to environment or humans), (iv) high turnover, (v)
can be supported on various substrates, (vi) complete mineraliza-
tion of organic pollutants, (vii) high catalytic activity, (viii) strong
oxidizing power, (ix) stable against photo corrosion, (x) chemi-
cal resistance [3–13]. TiO2 photocatalysis is a popular research
area and finds its application in various fields like air purification,
photo-induced hydrophilic coating and self-cleaning devices, self-
sterilization/water disinfection, wastewater treatment, production
of hydrogen fuel [3,14,15]. It must be noted that photocatalytic
water splitting for generation of hydrogen is a hot and critical
research topic which has been attracting a lot of recent attention.
This is because it involves generation of renewable energy with-
out emission of greenhouse gases. For further reading, few recent
research papers in the area of solar fuel generation are available
[16–20]. In this review article, we primarily focus on the use of
polymer-supported titanium dioxide photocatalysts for wastewa-
ter treatment.

1.1. Mechanism of photocatalysis

The mechanism of TiO2 mediated photocatalysis has been
discussed in various papers [21–26]. Nevertheless, for better
understanding, a commonly proposed simple mechanism for
mineralization of most of the organic contaminants by TiO2 photo-
catalyst has been illustrated by Eqs. (1.1)–(1.6) [14,27,28].

Step 1. Generation of photoinduced holes (h+
VB) and electrons

(e−
CB)

TiO2 + h� → h+
VB + e−

CB (1.1)

Here, h stands for Plancks constant and � is frequency of light.

Step 2. Formation of hydroxide radicals (
•
OH) by photogenera-

ted holes

H2O + h+
VB → H+ + •

OH (1.2)

Step 3. Formation of Superoxide anion radical (O
•−
2 )

O2(ads) + e−
CB → O

•−
2 (O2(ads) : Adsorbed oxygen) (1.3)

Step 4. Oxidation of organic contaminant
•
OH + contaminant → → → CO2 + H2O (1.4)

O
•−
2 + contaminant → → → CO2 + H2O (1.5)

Contaminant + h+
VB→contaminant

•+→the degradation products(1.6)

Furthermore, the mechanism of organic dye-sensitized TiO2
photocatalysis in visible light irradiation has been described by Han
et al. [29] and Pei et al. [30]. An interesting feature of these reac-
tions is that organic dye can act as a sensitizer along with being a
substrate to be degraded. The initial mechanism involves excita-
tion of the dye molecule on absorption of visible light (Eq. (1.7)).
The excited dye molecule (Dye*), generally injects electrons into
the conduction band (CB) of TiO2 photocatalyst and itself is con-
verted into its cationic radical (Dye

•+) (Eq. (1.8)). Subsequently,
these electrons assist in generating reactive species which leads
to degradation of the dye as summarized by Eqs. (1.9)–(1.13) [29].

Dye + h� → Dye∗ (1.7)

Dye∗ + TiO2 → Dye
•+ + TiO2(e−

CB) (1.8)

TiO2(e−
CB

) + O2 → TiO2 + O
•−
2 (1.9)

O
•−
2 + TiO2(e−

CB
) + 2H+ → H2O2 + TiO2 (1.10)

2O
•−
2 + 2H+ → O2 + H2O2 (1.11)

H2O2 + TiO2(e−
CB

) → •
OH + OH− + TiO2 (1.12)
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