
Journal of Hazardous Materials B122 (2005) 177–183

Short communication

Adsorption of copper from aqueous solution on
Brassica cumpestris(mustard oil cake)

Mohammad Ajmal, Rifaqat Ali Khan Rao∗, Moonis Ali Khan
Department of Applied Chemistry, Faculty of Engineering and Technology, Aligarh Muslim University, Aligarh 202002, Uttar Pradesh, India

Received 7 March 2004; received in revised form 7 March 2005; accepted 14 March 2005
Available online 4 May 2005

Abstract

The adsorption behavior of various heavy metals on mustard oil cake (MOC) was studied. The maximum adsorption of Cu(II) was observed
followed by Zn(II), Cr(VI), Mn(II), Cd(II), Ni(II) and Pb(II). The adsorption of Cu(II) was found to be dependent on initial concentration
of solution, pH, adsorbent dose, temperature and contact time. The adsorption followed pseudo-first-order and second-order kinetics but
pseudo-second-order kinetic model was better obeyed since experimental data agreed well with theoretical data. Thermodynamic parameters
were also evaluated. The adsorption process was found to be endothermic and spontaneous in nature. Attempts were also made to desorb Cu(II)
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espectively.
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. Introduction

Industrialization has a tremendous impact on the concen-
ration and distribution of heavy metals in the atmosphere, on
he land and in the water bodies. The extent of this widespread
ut generally diffuse contamination has caused concern about

ts possible effects on the plants, animals and human beings.
mong these contaminants, copper is a metal of concern.
opper is generally considered to be non-toxic for man but
t concentration exceeding 5 mg l−1 impart color and undesir-
ble taste to water. The World Health Organization’s guide-

ine for drinking water based on its staining properties is
mg l–1 [1]. Beyond the permissible level (5 mg l−1), copper
auses acute and chronic disorders in human beings such as
astrointestinal catarrh, cramps in the calves, hemochomato-
is and skin dermatitis brasschills, usually accompanied by
igh fever[2,3]. Industries discharging copper in the wastew-
ter are electroplating industries, pulp and paper mills, fertil-

zer plants, steel work foundries, petroleum refineries, aircraft

∗ Corresponding author. Tel.: +91 571 2700920x3000.

plating and finishing, motor vehicles and non-ferrous m
works[4–6].

Processes generally used for the removal of Cu(II) f
wastewater include precipitation, evaporation, reverse
mosis and ion exchange. But most of these proce
are economically non-feasible for small scale industrie
treat the waste effluents. The adsorption process has
found to be economically appealing for the remova
heavy metals from wastewater. For the treatment of
per rich effluents at the solid-solution interface, sev
adsorbents have been used earlier[7–13]. The adsorptio
behavior of orange fruit peel, sawdust, kyanite and
husk for the removal and recovery of Hg(II), Cr(VI), Ni(I
Cu(II), Cd(II), Pb(II), Zn(II) and Mg(II) from rivers an
industrial wastewater have been studied in our labora
[14–18].

In the present study, a new adsorbent mustard oil
(MOC) prepared from the seeds ofBrassica cumpestris(mus-
tard) is used. It is a valuable by-product left after the
traction of oil and is known as mustard oil cake. It conta
significant amount of proteins, of value as animal fee
E-mail address:rakrao2000@yahoo.com (R.A.K. Rao). edible and as nitrogenous manure otherwise. The chemical
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composition of mustard oil cake shows nitrogen (4.5%) and
phosphorous penta oxide (1.5%)[19].

2. Material and method

2.1. Adsorbent

Oil was extracted from theB. cumpestris(mustard) seeds
and waste matter left after extraction is known as mustard
oil cake. The mustard oil cake was treated with hot double
distilled water in order to remove the oil and finally dried in
air over at 60–65◦C for 24 h. After drying, the adsorbent was
sieved through 40–60 mesh size (BSS) and used as such.

2.2. Adsorbate solution

Stock solution of Cu(II) was prepared (1000 mg l−1) by
dissolving the desired quantity of copper nitrate trihydrate
(AR grade) in distilled water. Solutions of other metal ions
were prepared (1000 mg l−1) by dissolving their chlorides or
nitrates.

2.3. Adsorption studies

Adsorption studies were carried out by batch process.
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were shaken in a shaker incubator and at the predetermined
intervals, the solution of the specified flask was taken out
and filtered. The concentration of Cu(II) in the filtrate was
determined by atomic absorption spectrophotometer (GBC
902 model). The amount of Cu(II) adsorbed in each case was
then determined as described earlier.

2.6. Effect adsorbent dose

A series of 250 ml conical flasks each containing 50 ml
of Cu(II) solution of 50 mg l−1 concentration were treated at
20◦C with varying amount of adsorbent (0.1–1.0 g) at pH 4.
The flasks were shaken in a shaker incubator and after equi-
librium, the solutions were filtered .The amount of Cu(II) in
the filtrate was then determined by atomic absorption spec-
trophotometer. The amount of Cu(II) adsorbed in each case
was then calculated as described above. The same procedure
was repeated at 30 and 40◦C.

2.7. Breakthrough capacity

0.5 g of adsorbent was taken in a glass column (0.6 cm
internal diameter) with glass wool support. One litre of Cu(II)
solution with 50 mg l−1initial concentrations (C0) was then
passed through the column with a flow rate of 1 ml min−1.
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.5 g adsorbent was placed in a conical flask in which 5
olution of metal ion of desired concentration was ad
nd the mixture was shaken in shaker. The mixture

hen filtered and final concentration of metal ion was
ermined in the filtrate by atomic absorption spectrop
ometer (GBC 902). The amount of metal ions adso
as calculated by subtracting final concentration from in
oncentration. All the experiments were carried out in
icate and mean concentration was calculated by aver
hem. The relative standard deviation (R.S.D.) for each
le was calculated. The values of R.S.D. (on percent b

n all the experiments were found to be in the range 0.5
.252%.

.4. Effect of pH

The effect of pH on the adsorption of Cu(II) was st
ed as follows: 100 ml of Cu(II) solution was taken in
eaker. The pH of solution was adjusted by adding d
olution of hydrochloric acid or sodium hydroxide. The c
entration of Cu(II) in this solution was then determin
initial concentration). Fifty millilitres of this solution wa
aken in a conical flask and treated with 0.5 g of adsor
nd after equilibrium, the final concentration of Cu(II) w
etermined.

.5. Effect of time

A series of 250 ml conical flask, each having 0.5 g
orbent and 50 ml solution (of known Cu(II) concentratio
he effluent was collected in 50 ml fractions and the am
f Cu(II), C was determined in each fraction with the h
f atomic absorption spectrophotometer. The breakthr
urve was obtained by plottingC/C0 versus volume of th
ffluent.

.8. Desorption studies

Desorption of Cu(II) was carried out as follows: 0.5 g
dsorbent was treated with 50 ml Cu(II) solution (50 mg−1)

n a conical flask. The solution was filtered after 24 h.
dsorbent was then washed several times with distilled

er to remove any excess of Cu(II). It was then treated
0 ml of 0.1 M sodium chloride solution and then filtered

er 24 h. The filtrate was analyzed for Cu(II) desorbed.
ame procedure was repeated with potassium sulphat
ydrochloric acid solutions.

.9. Regeneration studies

0.5 g of adsorbent was treated with 50 ml Cu(II) solu
50 mg l−1) in a conical flask and after equilibrium, it was
ered. The adsorbent was then treated with 50 ml hydroch
cid solution (0.05 M) for 24 h. It was filtered and filtrate w
nalyzed for Cu(II) desorbed. The adsorbent was washe
ral times with distilled water in order to remove excess a

t was again treated with 50 ml of Cu(II) solution and
bove procedure was repeated a number of times (five
r cycles). The same procedure was repeated with 0.1 M
rochloric acid solution.
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Table 1
Adsorption of different metal ions on to mustard oil cake (MOC)

S. no. Metal ions Adsorption (mmols g−1)

1 Zn(II) 0.691
2 Mn(II) 0.582
3 Cu(II) 0.717
4 Cr(VI) 0.675
5 Cd(II) 0.396
6 Pb(II) 0.183
7 Ni(II) 0.357

3. Result and discussion

The adsorption behavior of different metal ions on mus-
tard oil cake is shown inTable 1.The adsorption or metal
uptake (mmols g−1) of Cu(II) was found to be maximum
followed by Zn(II), Cr(VI), Mn(II), Cd(II), Ni(II) and
Pb(II).

3.1. Effect of time and initial concentration

The effect of time and amount adsorbed (x/m) by MOC is
presented inFig. 1.The adsorption of Cu(II) has been shown
to increase with time and attains a maximum value at 20 min
and then remains almost constant for 50 mg l−1 initial Cu(II)
concentration, but below this concentration, the maximum
adsorption occurs much earlier. When initial Cu(II) concen-
tration is increased from 5 to 50 mg l−1, the amount adsorbed
increases from 8.8 to 96 mg l−1, showing that adsorption of
Cu(II) depends upon the initial concentration because amount
of Cu(II) adsorbed increases by increasing the initial concen-
tration.

Fig. 2. Effect of pH.

3.2. Effect of pH

The effect of pH on the adsorption of Cu(II) on MOC in
shown inFig. 2. The percentage adsorption varies from 44
to 94%. When pH is increased from 2 to 10 at 50 mg l−1

initial concentrations, the maximum percentage adsorption
is observed between pH 3 and 4. At this pH, there are two
species of Cu(II) present in the solution[15]:

(i) Cu(II) (large quantity);
(ii) CuOH (small quantity).

The maximum adsorption at pH 3–4 indicates that Cu(II)
ions are predominantly adsorbed on MOC (since Cu(II) ions
are present in large quantity in this pH range) either by ion
exchange or by hydrogen bonding. The percent adsorption
increases slowly with increasing pH and becomes constant
above pH 6 due to the precipitation of Cu(II) as Cu(OH)2.

3.3. Adsorption isotherms

The adsorption isotherm data were analyzed with Lang-
muir and Freundlich isotherms[14]. The values ofθ andb
were calculated from the slope and intercept of the linear
plots of 1/(x/m) versus 1/Ce (Table 2).

This essential feature of the Langmuir isotherm can be
e ion or
e
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Fig. 1. Effect of time and initial concentration of Cu(II).
xpressed in terms of dimensionless constant separat
quilibrium parameter (RL), which is defined as:

L = 1

1 + bC0
(1)

hereC0 is the initial metal ion concentration (mg l−1) andb
s the Langmuir constant. The values ofRL reported inTable 2
t different temperatures are less than unity (RL < 1) showing

avorable adsorption of Cu(II) on MOC[20]. The values o
f andnwere calculated from the intercept and slope of
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Table 2
Langmuir and Freundlich constants at different temperature for the adsorption of Cu(II) on to MOC

Temperature (◦C) Langmuir isotherms Freundlich isotherms

θ0b (l g−1) θ0 (mg g−1) b (l mg−1) R2 RL LogKf Kf n R2

20 63.350 454.54 0.139 0.9901 0.887 1.8512 70.99 1.82 0.9933
30 78.125 434.78 0.179 0.9842 0.848 1.9515 89.43 2.09 0.9988
40 74.620 714.28 0.104 0.9853 0.905 1.9539 89.92 1.69 0.9692

Freundlich plots. These values are reported inTable 2.The
values ofn between 1 and 10 represent beneficial adsorption
[21].

3.4. Effect of temperature

The temperature range used in this study was 20–40◦C.
The values of equilibrium constants (Kc) at 20, 30 and 40◦C
were calculated from the following relation[22]:

Kc = CAc

Ce
(2)

where CAc and Ce are the equilibrium concentrations
(mg l−1) of Cu(II) on the adsorbent and in solution, respec-
tively.

�G0 = −RT ln Kc (3)

whereT is the absolute temperature,Rgas constant and�G0

is the standard free energy change. The values of enthalpy
change (�H0) and entropy change (�S0) were calculated
from the following relation:

logKc = �S0

2.303R
− �H0

2.303RT
(4)

�S0 and�H0 were calculated from the slope and intercept
o

values ofKc, �H0, �S0 and�G0. The positive value of�H0

indicates that the process is endothermic. The negative values
of �G0 show that process is spontaneous and spontaneity
increases with increase in temperature. The positive value
of �S0 suggests an increase randomness at the solid–liquid
interface during adsorption.

3.5. Adsorption kinetics

The rate constants were calculated by using Lagergren
first-order and pseudo-second-order kinetic equations. Lager-
gren first-order expression is given by equation:

log(qe − q) = logqe − K1

2.303t
(5)

whereqe is the amount adsorbed at equilibrium,q the amount
adsorbed at timet andK1 is the adsorption rate constant. The
linear plot of log (qe–q) versust is observed (Fig. 4). The

Table 3
Thermodynamics parameters at different temperature for the adsorption of
Cu(II) on MOC

Temperature
(◦C)

Kc �G0

(kJ mol−1)
�H0

(kJ mol−1)
�S0

(kJ mol−1)

20 12.88 −6.247
3
4

Fig. 4. Lagergren pseduo-first-order kinetics.
f linear plot of logKc versus 1/T (Fig. 3). Table 3shows the

Fig. 3. Plot of logKc vs. 1/T.
0 15.13 −6.842 11.105 0.059
0 16.85 −7.337
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Fig. 5. Psedo-second-order kinetics.

regression coefficient (R2) in this case is 0.9971. The value
of rate constantK1 as determined from the slope of the line
was 0.357 min−1 the pseudo-second-order adsorption kinetic
rate equation is given as:

t

q
= 1

K2qe
2 + 1

qet
(6)

whereK2 is the adsorption rate constant of pseudo-second-
order kinetics (g mg−1 min−1). The value ofK2 was calcu-
lated from the slope of the linear plot oft/q versust (Fig. 5).
A comparison of the experimental sorption capacities and
calculated values obtained from Eqs.(5) and (6)shows that
qe (theoretical) value calculated from the pseudo-first-order
kinetic model (42.6 mg g−1) differed largely fromqe (ex-
perimental) value (48.0 mg g−1). In pseudo-second-order ki-
netics, the calculatedqe (theoretical) value (48.0 mg g−1)
was found to be very close toqe (experimental) value
(48.0 mg g−1) and also the high value (0.9998) of the cor-
relation coefficient (R2) confirmed the applicability of the
pseudo-second-order kinetics.

3.6. Breakthrough capacity

The breakthrough curve for 50 mg l−1 initial Cu(II) con-
centration and a flow rate of 1 ml min−1 with 0.5 g adsor-

Fig. 6. Breakthrough capacity.

bent is shown inFig. 6. The breakthrough curve showed that
50 ml of the solution (corresponding to 2.5 mg Cu(II)) could
be passed through the column without detecting Cu(II) in the
effluent. The breakthrough and exhaustive capacities were
determined as 5 and 10 mg g−1, respectively.

3.7. Desorption studies

In order to make the adsorption process more econom-
ical, it is important to desorb and regenerate the spent ad-
sorbent. The desorption studies were carried out by batch
process using NaCl, K2SO4 and HCl solutions of different
concentrations. The results are reported inTable 4. Desorp-
tion of Cu(II) with NaCl or K2SO4 is negligible showing that
Cu(II) is strongly adsorbed on MOC. This is important be-
cause Cu(II) adsorbed by MOC will not be exchanged by
NaCl or K2SO4 if MOC is to be used to sequester Cu ions
in soil since appreciable amount of these salts are usually
present in the soil. However, desorption up to the extent of
67% could be achieved when 0.1 M hydrochloric acid solu-
tion was used as eluent. Desorption of metal ions with acid so-
lution indicates that adsorption of Cu(II) is via ion-exchange
process.

Attempts were made to regenerate the spent adsorbent
with 0.05 and 0.1 M hydrochloric acid solutions. The results

T
D

S of Cu(I d

1
2
3
4
5

able 4
esorption of Cu(II) by various eluents

. no. Amount of Cu(II) adsorbed
(mg)/0.5g adsorbent

Amount

45 1.1
42.8 1.2
42.1 2.0
44.2 28
43 29
I) recovered (mg) Recovery (%) Eluent use

2.2 0.1 M NaCl
2.8 1.0 M NaCl
4.0 0.1 M K2SO4

63.3 0.05 M HCl
67.4 0.1 M HCl
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Fig. 7. Regeneration studies by batch process.

were almost similar.Fig. 7 shows that percent adsorption
decreases from 86 to 64% after first regeneration and recov-
ery of Cu(II) is 67.4%. The percent adsorption then remains
almost constant (64–60%) in the subsequent cycles. The re-
markable decreases in the first regeneration cycle indicates
that perhaps certain adsorption sites or functional groups are
decomposed or destroyed by hydrochloric acid and hence
it is expected that Cu(II) is weakly adsorbed in the second,
third and fourth cycle. However, 60% adsorption could be
achieved up to fourth regeneration cycle.

4. Conclusions

Mustard oil cake is a low cost material abundantly avail-
able in India. It is used as manure in agriculture to pro-
vide nitrogen and phosphorous (essential plant nutrients).
Its adsorption properties could be utilized to sequester
Cu(II) ions in the soil. The order of adsorption of various
heavy metals on MOC is Cu(II) > Zn(II) > Cr(VI) > Mn(II) >
Cd(II) > Ni(II) > Pb(II).

The adsorption of Cu(II) is pH dependent and maximum
adsorption occurs at pH 3–4.

The adsorption follows pseudo-first- and pseudo-second-
order kinetics but pseudo-second-order kinetic equation is
b

eous
i ater
( out
d

nnot
b aCl,
K me
e t of

MOC with hydrochloric acid remarkably reduces the capacity
of adsorbent.

Acknowledgements

Authors thank the Chairman, Department of Applied
Chemistry, Z.H. College of Engineering and Technology,
Aligarh Muslim University, Aligarh (India), for providing
research facilities.

References

[1] WHO, Guidelines for Drinking Water Quality, Recommendations,
vol. I, WHO, Geneva, 1984.

[2] T.R. Comp, Water and its Impurities, Reinhold, New York, 1964.
[3] A.G. Mukherjee, Environmental Pollution and Health Hazards

Causes and Control, Galgotia Publication, New Delhi, 1986.
[4] U. Forstner, C.T.W. Wittman, Metal Pollution in the Aquatic Envi-

ronment, Springer, New York, 1981.
[5] F. Dalang, J. Buffle, W. Haerdle, Study of the influence of fulvic

substances on the adsorption of Cu(II) ions at the Kaolinite surface,
Environ. Sci. Technol. 18 (3) (1984) 134–140.

[6] D.W. Jenkins, Flow of toxic metals in the environment, in: Proceed-
ings of the International Conference on Environmental Sensing and
Assessment, vol.1, Willey/Interscience, New York, 1976.

[7] V.K. Gupta, Equilibrium uptake, sorption dynamics, process devel-
ickel
a low

so-
000)

kel,
ater

[ ion
815.

[ rar-
s by

[ per
rms,

[ pper
–pits,

[ ies
ry
87

[ in
98)

[ the
viron.

[ val
r by
127–

[ ais
very
etter obeyed.
The adsorption process is endothermic and spontan

n nature. Breakthrough capacity shows that 50 ml of w
corresponding to 2.5 mg of Cu(II)) can be treated with
etecting Cu(II) in the effluent.

The Cu(II) ions are strongly adsorbed on MOC and ca
e recovered with various neutral salt solutions like N
2SO4, etc. The recovery of Cu(II) can be made to so
xtent with dilute hydrochloric acid solution but treatmen
opment and column operations for the removal of copper and n
from aqueous solution and wastewater using activated sludge,
cost adsorbent, Ind. Eng. Chem. Res. 37 (1998) 192–202.

[8] S.E. Samra, Removal of Ni(II) and Cu(II) ions from aqueous
lution onto lignite-based carbons, Adsorpt. Sci. Technol. 18 (2
761–775.

[9] O. Yavuz, Y. Altunkaynak, F. Guzel, Removal of copper, nic
cobalt and manganese from aqueous solution by Kaolinite, W
Res. 37 (2003) 948–952.

10] Y.S. Ho, G. Mc Kay, Application of kinetic models to the sorpt
of Cu(II) ion on to peat, Adsorpt. Sci. Technol. 20 (2002) 797–

11] I. Villaescusa, N. Fiol, M. Martinez, N. Mivalles, J. Poch, J. Se
sols, Removal of copper and nickel ions from aqueous solution
grape stalks wastes, Water Res. 38 (2004) 992–1002.

12] J. Peri, M. Trgo, N. Vukojevi Medvidovi, Removal of zinc, cop
and lead by natural zeolite a comparision of adsorption isothe
Water Res. 42 (387) (2004) 1893–1899.

13] F. Banat, S. Al.-Asheh, D. Al-Rousan, A comparative study of co
and zinc ion adsorption onto activated and non activated Date
Adsorpt. Sci. Technol. 20 (2002) 319.

14] M. Ajmal, R.A.K. Rao, R. Ahmad, J. Ahmad, Adsorption stud
on Citrus reticulata (fruit peel of orange): removal and recove
of Ni(II) from electro plating waste water, J. Hazard. Mater. B
(2001) 127–137.

15] M. Ajmal, A.H. Khan, S. Ahmad, A. Ahmad, Role of sawdust
the removal of Cu(II) from industrial waste, Water Res. 32 (19
3085–3091.

16] M. Ajmal, R.A.K. Rao, B.A. Siddiqui, Adsorption studies and
removal of dissolved metals using pyrolusite as adsorbent, En
Monit. Assess. 38 (1995) 25–35.

17] M. Ajmal, R.A.K. Rao, R. Ahmad, J. Ahmad, L.A.K. Rao, Remo
and recovery of heavy metals from electroplating waste wate
using kyanite as an adsorbent, J. Hazard. Mater. B 87 (2001)
137.

18] M. Ajmal, R.A.K. Rao, Shahana Anwar, Jameel Ahmad, R
Ahmad, Adsorption studies on rice husk: removal and reco



M. Ajmal et al. / Journal of Hazardous Materials B122 (2005) 177–183 183

of Cd(II) from waste water, Bioresour. Technol. 86 (2003) 147–
149.

[19] A.C. Gaur, S. Neelakantan, K.S. Dargan, Organic Manuers, Indian
Council of Agricultural Research, New Delhi, 1981, pp. 68–69.

[20] V.J.P. Poots, G. Mckay, J.J. Healy, Removal at basic dye from ef-
fluent using wood as an adsorbent, Water Pollut. Control Fed. J. 50
(1978) 926.

[21] K. Kadirvelu, K. Thamaraiselvi, C. Namasivayam, Adsorption of
Ni(II) from aqueous solution onto activated carbon prepared from
coirpith, Sep. Purif. Technol. 24 (2001) 497–505.

[22] C. Namasivayam, K. Ranganathan, Removal of Cd(II) from waste
water by adsorption on waste Fe(III)/Cr(III) hydroxide, Water Res.
29 (1995) 1737–1744.


	Adsorption of copper from aqueous solution on Brassica cumpestris (mustard oil cake)
	Introduction
	Material and method
	Adsorbent
	Adsorbate solution
	Adsorption studies
	Effect of pH
	Effect of time
	Effect adsorbent dose
	Breakthrough capacity
	Desorption studies
	Regeneration studies

	Result and discussion
	Effect of time and initial concentration
	Effect of pH
	Adsorption isotherms
	Effect of temperature
	Adsorption kinetics
	Breakthrough capacity
	Desorption studies

	Conclusions
	Acknowledgements
	References


