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bstract

The objective of this work was to convert corncobs to activated carbon by low temperature chemical treatment for removing copper from
astewater. The parameters for developing a new adsorbent i.e. sorption capacity, selectivity, regenerability, suspension test, and kinetics were

nvestigated. All studies were performed in batch experiments. Removal of copper from aqueous solutions varied with the amount of adsorbent,
etal ion concentration, agitation time, solution pH and the species of copper present. It was found that the effect of temperature was very small.
he Langmuir model was found to best fit the equilibrium isotherm data. Kinetics of copper removal at two different temperatures obeyed Lagergren
seudo-first-order equation. Effect of water hardness, other cations (Pb2+ and Zn2+) on copper removal was also studied. Experiments with anionic
nd cationic complexes of copper showed that anionic copper species are not removed at all by the prepared material. To observe the nature of
urface and pore structure scanning electron microscope (SEM) images of modified corncobs were used. To study the interaction forces between the
dsorbent and the metal ion functional group analysis with infrared spectroscopy and proximate analysis were carried out. In addition, recovery of

he metals ion and regeneration of spent adsorbent was possible by acidified hydrogen peroxide. Since the uptake capacity of the prepared adsorbent
s 26 mg Cu/g for copper, it can be a potential adsorbent for removing and recovering other heavy metal ions from contaminated wastewaters. The
orption capacity of the treated corncobs for copper was better than the reported capacity of other activated carbons prepared from agricultural
ources.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Rapid industrialization throughout the world has generated
uge volumes of wastes containing toxic materials, such as
eavy metals, dyes, phenols and surfactants. The presence of
eavy metals in wastewater and surface water is major concern of
he public health and the environment. The increased use of met-
ls and chemicals in the process industries have resulted in the
eneration of large quantities of aqueous effluents that contain
igh levels of metals, creating serious environmental disposal
roblems. Additionally, mining, mineral processing and extrac-

ive metallurgical operations generate huge volumes of toxic
iquid waste [1]. Treatment of high volume wastewater contain-
ng low concentrations of pollutants is becoming increasingly
mportant as the discharge regulations become more stringent
2].

∗ Corresponding author. Tel.: +92218265743.
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Copper and its salts are widely used industrial chemicals as
gricultural fungicides, petroleum refining, electroplating baths
nd in pigments. Mining wastes and acid mine drainage con-
ribute significant quantities of dissolved copper to effluent
treams [11]. Copper usually occurs in nature as oxides and sul-
des. In acidic environments, free aqueous Cu2+ dominates. At
H 6–8, the predominant species are Cu2+, Cu(OH)2, CuHCO3

+,
uCO3, and CuOH+, while at pH > 10 the major species are
u(OH)2

4− and Cu(OH)3
− [3]. Copper is essential to human

ife and health but, like all heavy metals, is toxic as well [4].
opper may be found as a contaminant in food, especially shell-
sh, liver, mushroom, nuts and chocolate. Excess copper in the
uman body can cause stomach and intestinal distress such as
ausea, vomiting, diarrhea and stomach cramps.

The average concentration of copper in lakes, rivers and

roundwater is about 4 �g/L. However, in few cases groundwa-
er also contains higher levels of copper due to human activities.
he Environmental Protection Agency (EPA) sets a limit of
.3 mg Cu/L in drinking water and the allowed industrial dis-

mailto:khannasir@myway.com
dx.doi.org/10.1016/j.jhazmat.2006.06.119
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harges level of copper should not exceed 1 mg/L, otherwise the
ater has a metallic taste.
A number of methods exist for the removal of heavy metals

rom liquid wastes when they are present in high concentra-
ions. These include coagulation, precipitation, evaporation, ion-
xchange, membrane processes and biosorption [5–7]. Among
he different physicochemical processes, sorption has shown to
e the best prospects for overall treatment owing to its economi-
al feasibility and environmental friendly behavior [8–10]. Some
orkers have successfully used biosorbents such as Kraft lignin

or heavy metal removal form aqueous system which shows quite
igh adsorption capacity for cadmium and copper [11]. Com-
ercial activated carbon is widely used for the removal of heavy
etals, but its high capital and regeneration cost has encouraged

esearchers to seek a new and cheap adsorbents.
In this study, activated carbon was prepared from corncob, a

ocal agricultural by-product of Zea mays plants and abundantly
vailable cheap feedstock. Vaughan et al. [12] have chemically
nalyzed the corncobs and showed that it mostly consists of
ellulose, hemicellulose and a small fraction of lignin. They
tudied the removal of metals including copper by untreated,
ater-washed, sodium hydroxide treated and acid washed corn-

obs but did not report regeneration and removal of other copper
pecies besides the Cu2+ ion. Sorption without regeneration is
ot viable because it merely transfers the contaminant from one
hase to another. Dried and powdered corncobs tend to form
hick slurry in water due to its starch content and its prop-
rty of swelling in water and therefore need pretreatment. The
owdered corncob in this study was carbonized with sulfuric
cid, utilizing its dehydrating and oxidizing action on organic
aterials, and then thermally treated for improving its sorption

apacity. The carbonized material was then tested for copper
emoval under varying conditions. The influence of pH, agita-
ion rate, dose of adsorbent, chelating agents, and temperature
as investigated and its potential use for industrial waste water

reatment using a synthetic and a real industrial sample. An
ttempt was also made to study the influence of copper removal
n the presence of competing metal ions. Recycling of the adsor-
ent was also carried out with hydrogen peroxide under acidic
onditions.

. Experimental

.1. Quality assurance/control

To establish the accuracy, reliability, and reproducibility
f analytical results, the reagents employed were of highest
urity and the volumetric glassware employed for dilution
nd solution preparation was of class “A” quality. The exper-
mental blanks were used when necessary. The batch exper-
ments were run once. The AAS Cu standard was obtained
rom May & Baker Ltd., England. The Perkin-Elmer atomic
bsorption spectrophotometer-2380 was operated at the wave-

ength at maximum sensitivity (0.077 mg/L), 324.8 nm with slit
idth of 0.7 nm and the analysis was carried out the linear

ange of copper. Before the analysis, the AAS were optimized
y sensitivity check (4.0 ppm) copper standard to display an

g
1
c
n
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bsorbance of 0.2 units on the instrument. The spectrophotome-
er readings were averaged thrice with an integration time 3 s to
btain better precision. Dilutions where necessary, were made
n approximately 1% HNO3 to avoid adsorption of metal on
he glassware surface and prevent copper precipitation. The
erkin-Elmer quartz wool was used in filtering pipette (because
lter papers were adsorbing copper significantly) to simulta-
eously filter and measure required volume. The pipette was
ashed with dilute HNO3 prior to use and initial volume
as discarded [13]. The glassware were washed as described

n Ref. [14] followed by rinsing with distilled water and
ir-dried.

.2. Materials

Corncob used in the preparation of the activated carbon was
btained from a local vegetable market. Sulfuric acid from
iedel-de-Häen of extra pure quality having 95–97 assay value

density 1.84 g/mL) was used for the preparation of activated
arbon. The working stock 1016 Cu2+ mg/L solution was pre-
ared by dissolving 1.0161 g of pure copper wire in 15 mL of
ure concentrated nitric acid and diluting to mark in 1 L volu-
etric flask with distilled water and diluted accordingly.

.3. Method

Corncob carbon was prepared by treating the milled corncobs
ith 1.8 times weight of sulfuric acid (18 M) and heated for
4 h at 150 ◦C. It was washed several times with distilled water
ver a Büchner funnel to remove remaining sulfuric acid, till
he washings became neutral to litmus and dried in an oven at
00 ◦C for 6 h. The mesh size of the dried material was 80–100.

Batch mode sorption experiments were carried out with
.50 g of adsorbent and 50 mL of copper(II) solution in 250 mL
rlenmeyer flasks with an agitation rate of 125 rpm. The pH of

he solution was adjusted with 0.01 M nitric acid or potassium
ydroxide. The flasks were placed on an orbital shaker at a con-
tant speed of 125 rpm, and the solutions filtered using a filtering
ipette. To optimize the removal of copper, experimental runs
ere carried out to determine the equilibrium time, agitation

peed, optimum pH and adsorbent dose.
The sorption capacity q in mg Cu/g of adsorbent was cal-

ulated by mass balance equation. The equilibrium isotherm
ere determined at 31 ± 1 ◦C under optimized conditions in the

oncentration range of 50–1000 mg/L. Sorption kinetic stud-
es were carried out at 31 ± 1 and 45 ± 1 ◦C with 100 mg/L
u, after adjusting pH at 2.0 (low pH was adjusted intention-
lly to slow down the sorption process) in the time interval of
.5–60 min.

Acidified hydrogen peroxide was a regenerating solution
ade by 1 mL of 33% H2O2 and 1 mL of 65% HNO3 diluted

o 100 mL. Regeneration of adsorbent was carried out by treat-
ng the loaded material with 10 mL regenerating solution per

ram of the adsorbent was used batch-wise in four cycles with
00 mL of 250 mg/L copper solutions each time. The corn-
ob carbon after adsorption was filtered over a Büchner fun-
el and transferred quantitatively to the regenerating solution
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Table 1
Data of chemical and physical properties of chemically treated adsorbent

Proximate analysis (wt.%)
Moisture 17.0 ± 0.66
Volatile matter 41.53 ± 1.23
Ashes 3.21 ± 0.05
Fixed C 37.62 ± 4.32

Elemental analysis (wt.% of dried material)
C 71.31
H 1.52
N 0.83
S 0.55

Physical parameters
Pore dimensions (from SEM) 31.4 �m × 23.8 �m
pH of aqueous slurry 3.01
Gross calorific value (HHV) 4095 ± 9.48 (kcal/kg)
Texture Granular free flowing powder
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nd stirred with magnetic bead for 15 min. It was then re-
ltered washed with distilled water to remove hydrogen per-
xide and nitric acid; oven dried at 104 ◦C and used again for
he subsequent experiments. Percentage removal of copper was
valuated.

Moisture, ashes, volatile matter and pH (of aqueous slurry)
ere determined by ASTM (1995) [15]. The gross calorific
alue (also known as High heating value HHV) was deter-
ined by ASTM method (D 2015-96) in a bomb calorimeter.
lemental analysis (C, H, S, and N) was carried out in a Perkin-
lmer, PE-2400 analyzer. The FT-IR Spectrum was recorded
n Thermo-Nicolet, IR-100 spectrophotometer in the range of
avenumbers between 4350 and 350 cm−1 at resolution of 4
sing 16 scans. The sample disc was prepared by mixing the
orncob carbon with oven dried IR grade KBr in a 1:600 (w/w)
atio. The scanning electron microscope (SEM) images of the
urface corncob carbon were taken on JEOL JSM-6380, ana-
ytical scanning microscope. The corncob carbon was first gold
oated (300 Å thickness) with ion sputtering device and then
bserved under the microscope.

The suspension test of the corncob carbon, to provide a quick
nd reliable way of determining the pH point of zero charge
pHPZC), was carried out using the pH drift method used by
ang et al. [16], with the modification that sodium chloride was
sed as an inert electrolyte. Prior to measurement of pH drift, the
orncob carbon was thoroughly washed with water followed by
ilute sodium hydroxide (∼pH 10) to neutralize any free sulfuric
cid that may have remained and finally soaked in HCl for 24 h.
fter filtration, it was washed with distilled water till the filtrate
as free of chloride and sulfate ions as detected by AgNO3 and
arium sulfate tests. The “enriched” corncob carbon was then
ir-dried. This was done to ensure the removal of any potential
ffects on pH drift due to dissolution of salts in corncob carbon.
he pH of test solutions was adjusted in 0.005 M NaCl in the

ange between 1.92 and 10.90 using 0.5 M HCl or 0.5 M NaOH.
0.06 g of corncob carbon was added into 20 mL of the pH-

djusted solution in a plastic capped vial and equilibrated for
4 h. The final pH was measured and plotted against the initial
H. The pH at which the curve crosses the pHinitial = pHfinal line
as taken as pHPZC.

. Results and discussion

Various methods of preparing adsorbents based on activated
arbon are described in Kirk–Othmer Encyclopedia of Chemi-
al Technology [17]. However, these methods require anaerobic
yrolysis (heating at high temperature in the absence of air)
f pre-treated material in the presence of argon or nitrogen
tmosphere. Therefore, in this work we tried chemical activa-
ion combined by low temperature heating to make the process
nvironmental friendly. It was observed that treatment with con-
entrated sulfuric acid alone was not sufficient, as checked

y its ability to remove metals and dyes, though the mate-
ial was completely carbonized by the acid; heating at 150 ◦C
as needed to convert the carbonized material into porous

orbent.

l
t

r

Color Black
Odor Slight

.1. Characterization of the adsorbent prepared from
orncobs

The characteristics of the material prepared from corncob
re summarized in Table 1. Moisture, ash, volatile matter and
xed carbon constitute the proximate analysis of charcoal. Fixed
arbon represents the percentage of carbon that remains after
ubtracting the percentage moisture, ash and volatile matter. The
otal carbon content of the dried adsorbent was 72%. The pre-
ared adsorbent had high moisture content (17%) compared to
he raw dried corncobs (3.5%) and ash content was greater than
he raw material (1.3%). This can be attributed to the fact that
large amount of volatile matter consisting of steam, gaseous

ecomposition products was lost. Ash content plays a significant
ole in the sorption of electrolytes from solution when present in
small quantity [18]. Analysis showed a low sulfur and nitrogen
ontent, i.e. 0.55% and 0.83%, respectively rule out presence of
ny nitrogen or sulfur based functional group.

Since the material was charred in the presence of air,
he functional groups are mainly oxygen containing groups.
he FT-IR spectrum (Fig. 1) shows hydroxyl group –OH
ν = 3415 cm−1), carboxyl group–COOH (ν = 1697 cm−1) and
OO− (1616 cm−1). The acidic nature of the aqueous slurry of

he corncob carbon shows the presence of these acidic functional
roups despite extensive washing. These functional groups can
ndergo pH dependent coulombic interactions with the sorbate
nd play important role in the sorption process. The percent
onization of the carboxyl and hydroxyl groups is highly pH
ependent owing to the different properties of these groups. The
arboxylic acids have a Ka values of about 10−5are sufficiently
onized in the natural pH of slurry (∼3). The negatively charged
roups on the adsorbent surface are responsible for electrostatic
ttractions between the cations and the negative groups. Also the
H groups take part in ion-exchange process, but this should
ead to a significant decrease in pH of the solution. However,
his was not observed in this study.

The SEM images (Fig. 2) at 600× and 1800× magnification
eveal the nature of the surface of the carbonized corncob as a
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Fig. 1. FT-IR spectrum of the corncob carbon. Possible surface groups on the
adsorbent

Peaks (cm−1) Surface groups

3415 ν(O–H)
1697 ν(carboxylic acid –COOH)
1
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Fig. 3. Suspension test for determining the pH of point of zero charge of corncob
carbon by pH drift method. (©) Sulfuric acid treated corncob; (�) untreated
d
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616 ν(ionized carboxyl COO−)

orous reef-like surface and irregular tubular structure, with an
verage pore diameter of about 39.4 �m.

.2. pH of point of zero charge

The pHPZC of any adsorbent is a very important characteris-
ic that determines the pH at which the surface has net electrical
eutrality. In this work the pH drift method was employed to
etermine this parameter. It was noted that despite extensive

ashing of the carbon, the final pH after equilibration decreased

apidly as shown in Fig. 3. At a low pH of 1.92, a slight increase
o a pH of 1.94 was observed. The curve obtained cuts the
Hinitial = pHfinal line at 2.7. The importance of this value is that

s
4
c

Fig. 2. SEM images of the corncob surface: (a) 600× and (b) 180
ried corncob powder.

ne can readily expect that removal of metal ions is not feasi-
le below this pH because the net positively charged surface is
nlikely to attract the cations. This intrinsic acidity of the corn-
ob material is due to the treatment with concentrated sulfuric
cid and could not be removed upon thorough washing with dis-
illed water. Since the filtrate of suspension does not give any
recipitation with Ba2+ (for SO4

2− ions remaining after acid
reatment) and silver nitrate (for Cl−) ions, we believe that the
cidity is of organic origin.

.3. Sorption isotherms
The uptake of copper by the prepared activated carbon is
hown in Fig. 4. The isotherm illustrates a saturation limit of
.85 mg copper/g of treated corncob at a pH of 2.4 with an initial
opper concentration of 100 mg/L. With a 1000 ppm solution the

0× magnification showing the pore structure and pore size.
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xperimental sorption capacity was 26 mg Cu. Since the q-value
as highest for 0.5 g of adsorbent, this amount was chosen for

urther experiments (Fig. 4).
The equilibrium data was fitted to the Freundlich and Lang-

uir models:

= KC1/n (Freundlich model)

= qmKaC

1 + KaC
(Langmuir model)

here K and n are 0.60 and 1.8, respectively, in the Freundlich
odel, whereas Ka and qm are 3.02 × 10−4 and 31.45 for the
angmuir model. Linear plots (R2-value of 0.9986), of and
/q versus 1/C show the applicability of Langmuir isotherm.
he maximum sorption capacity value of 31.45 from the Lang-
uir plot is comparable or better than reported qmax value of

arious commercial carbon prepared from agricultural sources
Table 3). The correlation coefficient obtained with the Fre-
ndlich isotherm was 0.9781.

.4. Effect of pH

The sorption of heavy metals on activated carbon is known
o be pH dependent. It was observed by Farajzadeh et al. and
ltundogan et al. that the uptake of heavy metals was favored

t pH greater than 3.0 because at low values hydrogen ions
egin to compete with the metal cation. The pH of point of zero
harge measurement on this adsorbent supports this observation,
elow which the surface is net positively charged and unable to
ind Cu2+ ions. However, experimental study was necessary to
etermine the optimum pH of copper removal. Fig. 5 shows the
ffect of pH on the sorption capacity of the prepared carbon. The
ighest value was achieved at a pH of 4.5. At this value the dom-

nant specie of copper was free Cu2+ ion and mainly involved
n sorption process. This has been confirmed by speciation dia-
ram [19] and from absorption spectra. Further experiments at
igher values are hindered owing to the immediate precipita-

ig. 4. Effect of the dose of adsorbent on removal of copper. [Cu2+] = 100 mg/L,
emperature = 31.0 ◦C, agitation time = 40 min, pH 2.4. (�) q (mg/g); (�) %
emoval of copper.
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ig. 5. Effect of pH on the uptake of copper. Amount of adsorbent = 0.5 ± 0.01 g,
Cu2+] = 50 mg/L, temperature = 31.0 ◦C, agitation time = 2 min.

ion of blue copper hydroxide. Therefore, to avoid formation of
opper hydroxide, we have worked at below pH 4.5. However,
arajzadeh (2003) in his study reported for removal of copper
p to pH 10 having very low concentration of copper on rice
ran. This was most likely the combined effect of sorption and
he formation of precipitation.

.5. Sorption dynamics

The rate constant k1 is determined from the following tradi-
ional plot for first-order Lagergren rate expression:

n(qe − qt) = ln qe − k1t

here qt and qe (mg/g) are the amounts adsorbed at time t
min) and at equilibrium, respectively. A linear relationship
as obtained by plotting ln(qe − qt) versus time. This plot

evealed that sorption process followed pseudo-first-order kinet-
cs (R2 = 0.9917 and 0.9836 at 304.15 and 318.15 K, respec-
ively). The pseudo-first-order rate constants were found to
e k1 = 0.1027 min−1 304.15 K and 0.1778 min−1 at 318.15 K,
howing that the sorption is very slightly affected by temperature
nd hence physical adsorption was also involved.

.6. Competitive removal of copper in binary metal systems

The studies were carried out to investigate the competitive
ffects in binary Cu–Zn, Cu–Pb and Cu–Ca systems at fixed
oncentration of copper (100 mg/L) and varying concentration
f other metal ions. The pH effect on the metal sorption in
ixtures was similar to that in a single-metal system. The com-

etitive effect of the metals was evaluated by comparing the
orption with that in mixtures. Fig. 6 represents the amount

dsorbed and percent removal of the copper. Taking into consid-
ration that the Pb2+, Ca2+ and Zn2+ concentrations were two
imes higher (200 mg/L) than that of Cu2+, it can be observed
hat Cu2+ removal efficiency was decreased by 53% for Pb2+,
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erating solution. The choice of the regenerating solution was
totally empirical since hydrogen peroxide has a great tendency
to dissolve metallic copper in acidic solutions. Hydrogen per-
oxide acts as strong oxidizing agent in acidic medium and is

Table 3
Comparison of materials investigated for copper removal

Sorbent Reported qmax (mg Cu/g)

Granulated activated carbon, F-400 [22] 1.89
Rhizopus arrhizus (seaweeds) [22] 15.75
Chlorella vulgaris (seaweeds) [22] 88.2
Pseudomonas aeruginosa (seaweeds)

[22]
18.27

Phanerochaete sp. (seaweeds) [22] 26.46
Bone char [11 and references therein] 100
Lignite [11 and references therein] 60
Coal [11 and references therein] 1.62
Carbon prepared from apricot stones [11

and references therein]
12.01

Carbon prepared from coconut shells [11
and references therein]

11.10

Carbon prepared from lignite coal [11
and references therein]

9.80

Carbon prepared from peanut hulls 89.29
ig. 6. Interference of lead, calcium (water hardness) and zinc on the removal
f copper. Initial concentration of Cu2+ = 100 mg/L, pH 3.0, temperature =
0 ± 1 ◦C, agitation time = 10 min.

7% for Ca2+ and 19% for Zn2+. In all cases, metal sorption
nto the adsorbent was found to be competitive in multicompo-
ent systems. The effect of calcium was studied to assess the
ffect of hard water on the uptake of copper. Toxicity of copper
s said to be related to water hardness; according to the Mas-
achusetts Department of Agricultural resources, presence of
opper in water with a hardness of less than 20 mg/L CaCO3 is
ore toxic to fish than copper in the water at a greater hardness

20].

.7. Removal of anionic and cationic species of copper

Under ordinary conditions copper exists as cupric ions but

astewaters also contain various complexing ions which may
ind copper, forming anionic or cationic complexes. This fact
as been largely ignored in previous studies [12,21]. This work
evealed that the charge on the copper complex played a key role

able 2
ffect of complexing agents on the adsorption of copper at the optimum pH for
omplex formation

. no. Complex pH Cu remaining after
adsorption (mg/L)

% Removal

[Cu(H2O)6]2+ 3.03 17.25 82.75
[Cu(NH3)4]2+ 11.25 0.99 99.19
[Cu(EDTA)]2− 2.00 100 0
[Cu(EDTA)]2− 11.32 100 0
[CuCl4]2− <1.00 100 0

oncentration of Cu2+ = 100 mg/L, agitation time = 10 min, temperature =
0.5 ◦C.

N

A

O

P

A

C

Z

f Hazardous Materials 141 (2007) 237–244

n the sorption process. The removal of only cationic species
ndicated the nature of surface groups present on the adsorbent
Table 2). At 100 mg/L initial concentration of copper 10-fold
xcess of complexing agents was added. It was noted that the
ddition of NH3 resulted in 99% removal of copper owing to the
ormation of opposite charged complex specie.

.8. Regeneration of spent adsorbent

One of the important issues in developing a new adsorbent
s its regeneration capability. In this work batch-wise regener-
tion was carried out. The chemically treated corncobs can be
ompletely regenerated by acidified hydrogen peroxide and it
as observed that in four cycles the percentage of removal of

opper was greater than 90% in each cycle. The recharging of
he spent adsorbent was visible by the blue color of the regen-
(PHC) [11 and references therein]
orit carbon, PK1-3 [11 and references

therein]
40

lmond shell carbon [11 and references
therein]

2.5

live stone carbon [11 and references
therein]

6.0

each stone carbon [11 and references
therein]

3.27

ctivated carbons after [11 and references therein]
(1) Ash discharging 5.0
(2) Followed by oxidation by 13%

H2O2

9.6

(3) Followed by outgassing at 1400 K
in argon atmosphere and contacting
with an atmosphere at room
temperature

15.3

ommercial activated carbon, India [11
and references therein]

2.74

ea mays (corncobs) (this study) 26
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atalytically decomposed in the presence of heavy metal ions
ncluding copper [23]. The general route to decomposition is
iven by

educed catalyst + H2O2 → Oxidized catalyst + H2O

xidized catalyst + H2O2 → Reduced catalyst + O2

Cu(II)–H2O2 system is said to be a Fenton-like reagent and
ndergoes Cu(II) to Cu(I) cycle while generating free radicals.
ince copper is sorbed onto the carbon surface by chemical and
hysical sorption, it may be possible that these catalytic reactions
re responsible for dislodging to copper ions from the loaded
aterial.
In another study by Khan and Zareen [24], they successfully

sed acidified hydrogen peroxide for regeneration of granite
and loaded with anionic surfactants. The proposed mechanism
as also based on free radical generation in the presence of Fe2+

ons (Fenton’s reagent).

.9. Application

To check the applicability of the prepared adsorbent, a syn-
hetic sample containing representative 100 mg/L of heavy met-
ls, i.e. nickel, lead, chromium and zinc was prepared. An
ndustrial effluent sample of 500 mL containing 256 mg/L of
opper ion was agitated for 40 min at 125 rpm using 5.0 g of
he adsorbent. After attainment of equilibrium, sample was ana-
yzed. Result showed that 57% removal of the copper ions took
lace from the mixture. The same run was also carried out with
he two real samples namely A12 and B12, collected from local
ndustrial effluents. The percentage removal of copper was 51.07
nd 73.49, respectively. Comparison of other adsorbents studied
or copper is summarized in Table 3.

. Conclusions

Activated carbon was prepared by chemical treatment of
orncob by concentrated sulfuric acid. The corncob carbon
s prepared from cheap starting materials with low tempera-
ure heating without any requirement for a special atmosphere.
he corncob carbon can also be recycled by hydrogen perox-

de. Also temperature had little effect on the sorption process;
his can be important parameter for an adsorbent because the
ffluents from industries can have higher temperature than the
nvironment. The sorption capacity of the activated carbon was
ested on copper removal from aqueous solutions by chang-
ng typical adsorption parameters. The maximum sorption was
chieved with agitation rate 125 rpm at a solution of pH 4.5 at
oom temperature. Addition of complexing agents which form
egatively charged complexes with copper such as EDTA to
he solution completely hindered the sorption of the metal at

cidic and alkaline pH. The present study reveals that starting
aterial of the proposed activated carbon is cheap and easily

vailable material. The prepared adsorbent shows an excel-
ent adsorbing capability for copper removal from industrial
ffluent.
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