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Abstract: Industrial activities paves way for the production of an important byproduct called the sludge. The
properties of Industrial sludge shows broad variations based on its origin and type of treatment undergone.
Positively the sludge is found to be a material that is rich in carbon. This property of the sludge is being utilized for
the production of activated carbon. Adsorption using activated carbon is a popular treatment method nowadays. But
the expensive nature of commercial activated carbon demands its replacement by low cost carbon procured from
waste materials. Sludge to carbon conversion processes can significantly reduce the sludge volume produced,
eliminate the need for further treatment of sludge, reduce the cost of hauling and land filling the sludge, and reduce
transportation costs. Many research works reported the adsorbing properties of different sludge based adsorbents in
removing industrial pollutants. This paper critically reviews the usage of sludge based activated carbon in adsorbing
the heavy metals from industrial wastewaters.
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1. Introduction reverse osmosis, ultrafiltration and photocatalysis [9].
The degradation of the environment due to the The disadvantages of conventional methods include
polluting nature of the metal laden industrial incomplete metal removal, high reagent and energy
wastewater is a real problem in several countries. The requirements, generation of toxic sludge or other
toxic heavy metals present in the industrial waste products that require careful disposal [10].
wastewater include arsenic, lead, mercury, cadmium, Adsorption process is considered better than other
chromium, copper, nickel and zinc. These heavy methods because of convenience, easy operation,
metals are discharged primarily from metal working simplicity of design and capability of removing
industries especially electroplating industries. Metal different types of pollutants [11]. The present review
plating, mining operations, tanneries, chloralkali, article deals with the usefulness of different sludge
radiator manufacturing, smelting, alloy industries and based absorbents in removing heavy metals from
storage batteries industries discharge huge amounts of industrial wastewaters.
metal laden wastewaters [1]. The recalcitrance and
persistence nature of the heavy metals necessitates 2. Heavy Metal Sources
treatment before its discharge into the water bodies Various industrial sectors produce and discharge
[2]. Heavy metals pose harmful effects on land wastewater containing several heavy metals into the
animals including human beings apart from being ecosystem such as mining and smelting of metallic
toxic to aquatic organisms. Once the metal enters the ferrous, surface finishing industry, energy and fuel
food chain, large concentrations of heavy metals may production, fertilizer and pesticide industry and
accumulate in the human body [3]. Heavy metals application of metallurgy, iron and steel electro
disrupt metabolic functions by accumulating and plating, electrolysis, electro osmosis, leather working,
thereby disrupting the function in vital organs and photography, electrical appliance manufacturing,
glands such as the heart, brain, kidneys, bone, liver, metal surface treating, aerospace and atomic energy
etc and by displacing the vital nutritional minerals installation [35]. Chromium (VI) is known to cause
from their original place, thereby, hindering their skin rashes, respiratory problems, weakened immune
biological function [4]. Metal toxicity is highly systems, kidney and liver damage, alteration of
dependent on the absorbed dose, the route of exposure genetic material, lung cancer and death [6]. The
and duration of exposure, i.e. acute or chronic [5]. contamination of copper can cause severe damage of
Different treatment technologies are practiced for the kidney and liver and even death when consume in
removal of heavy metals from industrial wastewater high concentrations [7]. Cadmium has been classified
including adsorption on new adsorbents, ion by U.S. Environmental Protection Agency as a
exchange, membrane filtration, electrodialysis, probable human carcinogen. Its chronic exposure
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results in kidney dysfunction and high levels of
exposure will result in death [8].

3. Carbon Adsorption

Adsorption using low-cost adsorbents is found to
be more environmental friendly technique with wide
number of natural materials or industrial wastes
gathering in abundance from our environment [12].
Industrial wastes represent unused resources and also
cause serious disposal problems [13]. One such useful
material is the industrial sludge with rich carbon
content.

3.1. Industrial Sludge

Activated carbon is that carbon produced from a
carbonaceous source. It can be produced by
carbonization, activation or chemical activation.
Activated carbon is characterized extraordinary large
specific surface area, well-developed porosity and
tunable surface containing functional groups.
Commercial activated carbons are commonly
produced from naturally occurring carbonaceous
materials such as coal, wood and peat. The carbon
content of the industrial sludge can be effectively
utilized for the production of activated carbon. Several
organic wastes can be used as a precursor of activated
carbon. The final properties of the obtained product
depend not only on the characteristics of the used raw
material but also on the activating agent used and the
conditions of the activation process [14].

4. Activated Carbon from Industrial Sludge

Several literatures report the successful
utilization of industrial sludge in making activated
carbon for removal of several contaminants from
industrial wastewaters. Activated carbon derived from
primary sewage sludge was used for adsorption of
phenol from the synthetic wastewater [17]. Activated
carbon derived from textile industry sludge was
synthesized as an initiative of low cost adsorbent for
removing dyes [18]. Activated carbon (AC) was also
prepared using corn stalk and sewage sludge by
chemical activation method [19]. The paper mill ETP
sludge was found to contain unused wood based
material generated during digestion process. The
wood based material after drying was processed to
develop micro porous structure [20]. The developed
carbon removed colour from the same paper and pulp
industry wastewater. The paper mill sludge char on
chemical activation by potassium hydroxide was
found to adsorb metals [21]. The characterization of
the activated char revealed its iodine and methylene
blue number; and specific surface area. The process of
development of micro and mesoporous structure was
also done using the method of zinc chloride activation
[22]. The preparation of activation carbon was made
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possible using the waste activated sludge from water
purification plant [23]. The carbon adsorbed
contaminants like metals, phenols, xylidines, amines,
Methylene blue and molasses [24]. A potential
adsorbent for removing acid and basic dyes was
developed from sewage sludge by pyrolysis under N,
or CO, atmospheres [25]. Composite materials were
also used for metal adsorption from solution.
Composite materials exhibited metal adsorption
capacity in par with commercial activated carbon [26].
Sulphuric acid was found to be a good chemical
activation agent that produced activated carbon with
high porous structure and large specific surface area
[27,32]. The activated carbon (AC) prepared from
wastewater treatment sludge by KOH activation was
used to purify crude glycerol [28]. sludge based
activated carbon was also developed by activated
using Fenton’s reagents (H,O,/Fe*") [29]. Methylene
Blue (MB) and Reactive Red 24 (RR 24) dyes are
removed from aqueous solution using sludge based
activated carbon prepared from paper mill sludge by
the method of carbonization at low temperature [30].
Nitrate present in ground water was removed using
activated carbon developed from rice husk and paper
industry sludge [31]. The activated carbon synthesized
from paper mill sludge at low cost was found to
remove phenol from aqueous solution. The adsorbent
characteristics before and after adsorption process
were examined using BET, FTIR, and SEM analyses
[33]. Textile sludge based activated carbon was found
effective in oil removal as well [34].

5. Removal of Heavy Metals using Sludge Based
Activated Carbon

Food processing industry sludge was used to
prepare activated carbon by direct chemical activation
with ZnCl, that removed heavy metals Cu (II), Pb (II)
and Cd (II) from aqueous solution [15]. Sugar mill
sludge was used to prepare activated carbon for
removal of heavy metals namely nickel, lead and
cadmium from industrial wastewater [16]. The
activated carbons (ACs) prepared by chemical
activation of brewing industry sewage sludge with 5SM
zinc chloride or concentrated phosphoric acid had
high adsorption capacity of Pb(II) and Cr(VI) ions
[23]. The possibility of removing nickel and cadmium
from aqueous solutions by Sewage sludge ash was
studied [36]. The adsorbent derived from sewage
sludge through chemical pyrolysis has been used for
the adsorption of Cd* and Ni*'from aqueous
solution. The capacity of adsorption calculated from
the Langmuir isotherm was 16 and 9 mg/g for
Cd*" and Ni*', respectively at the initial pH of 5.8 at
25 °C [37]. The removal of binary mixed metal ions
[Hg(Il), Pb(Il), Cu(Il) and Cr(IIl)] from water was
investigated. Two different sewage sludge-based
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adsorbents were produced and used for this purpose:
PS, obtained by pyrolysis of sewage sludge, and AS,
by ZnCly,chemical activation of sewage sludge
followed by pyrolysis [38]. Smith et al., has reviewed
the published research in this field of production, the
characteristics and the potential applications of
sewage sludge-based adsorbents (SBAs) [39]. The use
of cheap carbon-based adsorbents from sewage sludge
pyrolysis to remove Na', K, Ca’" and Mg*" from
saline water was studied [40]. Two materials produced
from sewage sludge one by pyrolysis of dried sewage
sludge and the other by chemical activation of dried
sewage sludge with ZnCl, followed by pyrolysis (AS)
to adsorb metals Hg(II), Pb(Il), Cu(Ill) and Cr(III)
[41]. Sewage sludge and bagasse were used as raw
materials to produce cheap and efficient adsorbent
with great adsorption capacity of Pb(2+). By pyrolysis
at 800 °C for 0.5 h, the largest surface area
(806.57m?/g) of the adsorbent was obtained, enriched
with organic functional groups [42].

6. Conclusion

Over the past two decades, environmental
regulations have become more stringent, requiring an
improved quality of treated effluent. In recent years, a
wide range of treatment technologies such as chemical

precipitation, adsorption, membrane filtration,
electrodialysis, and photocatalysis, have been
developed for heavy metal removal from

contaminated wastewater. It is evident from the
literature survey that adsorption by activated carbon
has been found as one of the most -effective
conventional means to treat inorganic effluent with
high metal concentrations. It has been found that after
chemical or thermal modifications, industrial waste
sludge exhibited tremendous heavy metal removal
capability. Concentration of adsorbate, extent of
surface modification and adsorbent characteristics are
the factors responsible for metal adsorption capability.
Cost effectiveness and technical applicability are the
two important key factors for selecting effective low
cost adsorbent for heavy metal removal.
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