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a  b  s  t  r  a  c  t

Spinel  ferrite  (SF)  magnetic  materials  are  an  important  class  of  composite  metal  oxides  containing  ferric
ions and  having  the  general  structural  formula  M2+Fe2

3+O4 (where  M =  Mg2+,  Co2+,  Ni2+, Zn2+, Fe2+,  Mn2+,
etc.).  SFs  possess  unique  physicochemical  properties  including  excellent  magnetic  characteristics,  high
specific  surface  area,  surface  active  sites,  high  chemical  stability,  tunable  shape  and  size,  and  the  ease with
which  they  can  be  modified  or functionalized.  As a result  of  their  multifunctional  properties,  affordabil-
ity,  and  magnetic  separation  capability,  SF  adsorbents  are  a top choice  for water  purification  applications
that  require  high  adsorption  efficiencies  and  rapid  kinetics.  In this  review,  we  discuss  adsorption  per-
formance  and  possible  applications  of SFs  and  their  derivatives  for treating  a  wide  range  of  aqueous
pollutants  such  as  metal  ions,  dyes,  and  pharmaceuticals.  Key  parameters  influencing  the  sorption  per-
formance  such as  particle  size,  shape,  annealing  temperature,  functionalization,  and  metal  ion doping
have been  comprehensively  discussed.  In addition,  adsorbate–adsorbent  interactions,  desorption,  regen-
eration,  and  utilization  of spent  adsorbent  have  also  been  summarized.  The  review  also  covered,  how  SFs
are prepared  from  industrial  waste  using  green  synthetic  routes  and  general  remarks  about  toxicological
effects.

© 2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Scientific advancement and industrialization have been both
beneficial and problematic for the environment and to human
populations. Problems associated with drinkable water are par-
ticularly notable. Currently, there are droughts in both California
and Sãuo Paulo, and there is lead contamination in some of the
water in Flint, Michigan, all of which affect the availability of safe
drinking water [1–9]. And even though a depletion of ground-
water resources has been recorded throughout the world, there
is an increasing demand for clean water to support human pop-
ulations, industries, and living organisms [10–12]. For all these
reasons, water is no longer considered a free resource. In sev-
eral developing and developed countries, individuals are paying
for clean water and furthermore, some governments have imposed
water tariffs [13]. The most significant water problems include: (i)
groundwater depletion, (ii) contamination of fresh water resources
(rivers, lakes, wells and ponds), and (iii) a high demand for fresh
water (due to a rapid increase in population and urbanization)
[14–16]. A sustainable solution to these problems is the recycling or
recovery of fresh water from tainted water. However, many lethal
chemical compounds, such as metal ions, dyes, and pharmaceuti-
cals, which originate from urban and industrial wastewater, can
be present in drinking water, and may  lead to human diseases
and/or damage to the environment. For these reasons, a number
of different approaches to developing highly efficient water purifi-
cation methods have been undertaken [17–28]. Optimal water
purification methods should be available at a low cost [16], so
they are affordable to developing nations. Adsorption technology
using a solid adsorbent meets these needs because it offers high
performance, affordability, and an environmentally friendly appli-
cation.

Researchers from various fields, including environmental,
chemical, biotechnological and material science, have come
together to develop novel adsorbents to solve wastewater
treatment problems [29–38]. Published reports describe the
development of a range of adsorbents including: carbon-
based three-dimensional architectures [39], three-dimensional
graphene-based macrostructures (3D GBM) [40], magnetic chi-
tosan composites (MCCs) [41], ordered mesoporous materials [42],
inorganic nano-adsorbents [43], nanoadsorbents [44], agricultural
biomasses [45], graphene nanosheets [46], metal–organic frame-
works [47], sludge-derived activated carbons [48], biosorbents [49],
tailored zeolites, [50] and bio-derived materials [51]. Of all the
adsorbents developed to date, activated carbon (AC), a material
known for years, was  one of the most successful, and is, still
present in commercial applications. However, after extensive usage
(AC becomes exhausted), pollutant loaded AC must be separated
from the aqueous solution and regenerated, a process that typi-
cally involves filtration or centrifugation [52]. Problems arise when
filters become blocked, or carbon is lost. Furthermore, AC has a non-
polar surface making it inappropriate for inorganic contaminant
removal, and it exhibits a low adsorption affinity for low molecular
weight polar organic pollutants [53]. These shortcomings limit the
prevalent applications of AC. On the other hand, many of the newly
developed adsorbents are nanoparticles, meaning that removal
from aqueous solutions after adsorption is difficult and the tox-
icity of nanoparticles is a concern [28,54,55]. An ideal adsorbent
for commercial application should have following characteristics:
(i) high performance, (ii) rapid adsorption, (iii) cost-efficient, (iv)
environmentally non-toxic, (v) reusability, and (vi) ease of separa-
tion. When applied in a batch solution, the most difficult of these
challenges has been an effective separation of the particles from
aqueous solution. Recovery of the non-biodegradable sorbent after
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