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Abstract
Heavy metals come out from various industries alongwith the effluents. In this work, chromium was removed from
wastewater using activated carbon as an adsorbent. The adsorption process is widely used for the removal of heavy
metals from wastewater due to its low cost, abundance and eco-friendly nature. Experiments were carried out in batch
adsorption mode. Effect of initial metal concentration, pH, temperature and adsorbent dose on removal efficiency of
chromium was investigated. The isotherms of adsorption data were analyzed using adsorption isotherm models such as
Langmuir and Freundlich. It was found that Langmuir isotherm is best fit.
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1 Introduction
Effluents which come out from various industries cause a problem for human and aquatic life. Because they
contain heavy metals and these heavy metals are carcinogenic and toxic (MacCarthy et al. 1993). They come
out mainly from textile, paper and mining industry etc. The heavy metals are cadmium, chromium, copper,
lead, arsenic, mercury and nickel (Mehdipour et al. 2015). Although there are several techniques for heavy
metal removal from wastewater such as chemical precipitation, ion exchange, electrodialysis, membrane
filtration, coagulation–flocculation and adsorption (Fu & Wang 2011). But among all these techniques
adsorption is preferred because of its advantages such as low cost, availability, generation of highly treated
effluent and regeneration. However other techniques have a problem of highly sensitive operating conditions,
high cost and sludge formation (Fu & Wang 2011). These heavy metals are not biodegradable and they can
cause several diseases such as vomiting, nausea stomach cramps, skin irritations and anemia etc (Barnhart
1997). Copper is used in various industries for plumbing and electrical wiring due to its properties such as
good electrical and thermal conductivity and good corrosion resistance (Ren et al 2008). However it is
essential metal for human life but when it exceeds in limit it causes stomach and mental problems, liver
damage etc. Cadmium comes from mining, ceramics and metal plating (Mohan & Pittman 2006). Lead causes
high blood pressure, gastrointestinal diseases and anaemia problems in human body. Mercury can affect
central nervous system, paralysis and blindness. Nickel can cause gastrointestinal problems, kidney and lung
problems, skin dermatitis and pulmonary fibrosis (Borba et al. 2006). Zinc is necessary for human health but
its large quantity can cause skin irritation, stomach cramps, vomiting and anaemia (Oyaro et al. 2007). In this
work activated carbon was used for removal of chromium from wastewater due to its well-developed porous
structure and a high internal surface area for adsorption and effect of various parameters such as initial metal
concentration, pH, adsorbent dose and contact time was also investigated alongwith isotherm study.

The amount of heavy metal adsorbed per unit mass of the adsorbent (qe) was calculated by using the
following mass balance equation,

= ( ) ∗
and the percentage adsorption of metal ion was calculated as follows
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Removal=
( ) ∗ 100

C0=initial metal ion concentration

Ce=Final metal ion concentration

V=Volume of solution (L),

W = mass of adsorbent (g)

2 Materials and methods
2.1 Chemicals and adsorbent:
The stock solution containing 1000 mg/L of Chromium (VI) by measuring 2.835 gram of potassium
dichromate in 1000 mL of deionized double distilled water was prepared. The absorbance was measured using
atomic absorption spectrophotometer. The sigma grade activated carbon was used as an adsorbent.

3 Results and discussion
3.1 Effect of initial metal ion concentration
From Fig. 1, it is clear that the removal percent of chromium decreases with increase in metal concentration
from 5 mg/L to 25mg/L. This is because the number of adsorption sites decreases with increase in metal
concentration (Olgun & Atar 2011).

Fig. 1 Effect of initial metal ion concentration on removal efficiency of chromium
3.2 Effect of adsorbent dose
From Fig.2, it is clear that on increasing adsorbent dose, chromium removal increases. As the adsorbent dose
increases surface area increases and this leads to increase in number of functional groups.

Fig. 2 Effect of adsorbent dose on removal efficiency of chromium

0
20
40
60
80

100
120

0 20 40

%
 re

m
ov

al
 C

r

initial conc. of chromium (mg/L)

88

90

92

94

96

98

0 0.1 0.2 0.3

%
 re

m
ov

al
 C

r

Adsorbent dose (gram)



288 Renu, Madhu Agarwal, Kailash Singh

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 4, Issue 6

June 2017

3.3 Effect of pH
For chromium ion, removal is low at high pH and it is highest at low pH. At low pH, functional groups
present in the adsorbent become protonated and it produces strong attraction force between negatively charged
chromate and protonated surface of the adsorbent. However on increasing pH, functional groups present in
adsorbent become deprotonated and repel negatively charged chromate and removal decreases (Sabela et al.
2016).

Fig. 3 Effect of pH on removal efficiency of chromium

3.4 Effect of contact time
From Fig.3, it is clear that on increasing contact time removal of chromium increases and it becomes constant
after 5 hour. Thus 5 hour is the equilibrium time.

Fig. 4 Effect of contact time on chromium removal

3. Adsorption isotherm
In this study, Freundlich and Langmuir isotherm were used to analyse the adsorption data. Fig.5 shows the
equilibrium data fitting for Freundlich and Langmuir for chromium removal. Freundlich isotherm indicates
that the surface of adsorbent is not homogeneous and adsorption is multilayer process. Langmuir isotherm
indicates that adsorption is monolayer.

Freundlich isotherm,logq = logk + logC
kf : measure of adsorption capacity

qe : equilibrium heavy metal uptake (mg/g)
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1/n : adsorption intensity

Ce : equilibrium concentration (mg/L)

Langmuir isotherm,1q = 1k q C + 1q
kL : the Langmuir constant, (L/mg)

qm : maximum adsorption capacity (mg/g)

Ce : equilibrium concentration (mg/L)

(a) Freundlich isotherm

(b) Langmuir isotherm
(c)

Fig. 5 Adsorption isotherm for removal of chromium using activated carbon (a) Freundlich isotherm
(b) Langmuir isotherm
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Table.1 Kinetic parameters for adsorption of chromium on activated carbon
Isotherm Parameters

Freundlich

kf 1.64

1/n 1.35

R2 0.97

Langmuir

qm 28

kL 0.12

R2 0.99

Conclusion
In this study, it was concluded that activated carbon is an efficient adsorbent for removal of chromium.
Various parameters are responsible for adsorption process such as initial metal ion concentration, pH, contact
time and adsorbent dose. Removal of chromium increases with increases in contact time and adsorbent dose
and decreases with increase in metal ion concentration and pH. Further Freundlich isotherm and Langmuir
isotherm were fitted with the adsorption data and it was analysed that the R-Square value is larger for
Langmuir isotherm, thus it indicates that Langmuir isotherm is best fit.
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