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a b s t r a c t

A deep understanding of adsorption of Pb2+ and Cd2+ ions from their aqueous solutions on activated
carbons and their HNO3-oxidized forms has been attempted. These activated carbons were obtained from
date pits using different activation methods. Adsorption isotherms of Pb2+ and Cd2+ ions were determined
from solutions at pH 3 and 5.9. The results revealed that all obtained isotherms exhibited the model
fitting according to Langmuir equation. The oxidized samples prone, slightly, to the high affinity isotherm
eywords:
ctivated carbon
urface modification
olution pH
TIR

type. The results revealed also that the investigated carbons removed appreciable amounts of lead and
cadmium ions which increased by increasing pH of solutions from 3 to 5.9. The adsorption capacity of the
investigated carbons also increased by HNO3 acid surface treatment. The results were discussed in light
of a possible chemical modification by nitric acid resulting in the creation of a large number of surface
functional oxygen species. This interpretation was confirmed by FTIR investigation. The solution-pH and
the surface chemistry of the carbons were found to play a decisive role in the uptake of these heavy metal

ns ra
eavy metals removal ions from aqueous solutio

. Introduction

Today, the removal of heavy metal contaminants is one of the
ost important environmental issues to be solved. In the last years,

he importance of heavy metals pollution control has encouraged
major research effect to develop effective means to identify and

emove these toxic pollutants from drinking water and wastewa-
er. The presence of heavy metals in the environment is of major
oncern because of their threat to human life and the environ-
ent. The current regulatory trend is for heavy metal discharge

imits approaching those of drinking water standards [1]. For
ffluents with high metal concentrations, chemical precipitation
rocesses (e.g. hydroxide, sulphide, carbonate) are the oldest and
ost frequently used due to its low cost. However, many metal

earing wastes contain substances, such as complexing agents, that
ecrease the effectiveness of precipitation processes leading to rel-
tively high metal concentrations in the effluent. Thus, additional
reatment processes, down-line from the precipitation process,

ay be required to “polish” the effluent prior to discharge. These

ertiary processes may be the primary metal removal process from
aste streams having low concentrations of metal ions. Examples of

uch processes involving separation procedures are ion exchange,
everse osmosis cementation, electrochemical, membranes, solvent

∗ Tel.: +20 50 223 2515; fax: +20 23 337 0931.
E-mail address: elhendawy@yahoo.com.

304-3894/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2008.12.118
ther than the carbon texture characteristics.
© 2008 Elsevier B.V. All rights reserved.

extraction and adsorption. Ion exchange and reverse osmosis, while
effective in producing and effluent low in metal ions, have high
operation, and maintenance costs are subject to fouling [2].

Treatment with activated carbon (AC) has been reported to be
efficient for removal of organic and inorganic pollutants from aque-
ous solutions [3,4]. Its application, in filters for removal of heavy
metals (e.g. Hg) proved a competitive process in removal of trace
amounts [5,6]. Adsorption on PAC indicated that the process was
highly efficient in removing several metal ions from wastewater
with an efficiency exceeding 80% [7]. Since then the adsorption
by AC has become an established water treatment method for the
removal of heavy metals, and hence received considerable atten-
tion [1,2,8–18]. These studies covered the removal of several metals
including, essentially, Pb2+, Hg2+, Ca2+, Co2+, Zn2+, Cu2+, Cr3+, and
many others such as rare earths and gold [19]. In particular, lead
and cadmium occupy a prominent position as many investiga-
tors mentioned their treatment with activated carbons prepared
from commercial products, agricultural wastes or from coal origin
[1,2,5,9–11,14,16,18–20]. This is attributed to their specific toxicity
effects, as there, with Hg2+, has been classified as priority pollutants
by the US Environmental Protection Agency (EPA) [2].

Agricultural waste products are considered as a convenient

source for preparation of activated carbons because of their contin-
ual availability, low cost, and feasibility for deriving wide spectra
of activity. The adsorption characteristics of activated carbons are
generally governed by the source of raw material and the prepara-
tion procedures used during carbonization and activation. Another

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:elhendawy@yahoo.com
dx.doi.org/10.1016/j.jhazmat.2008.12.118
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mportant factor is the surface chemistry of the carbons, particu-
arly in case of metal ions removal [21].

The objective of the present study was to investigate the
fficiency of removing lead and cadmium ions from aqueous solu-
ions using activated carbon derived from a novel agricultural
y-product; namely date pits. Several factors affecting this process
re considered which include the solution-pH, conditions of prepa-
ation, texture characteristics, and surface modification through the
reatment with nitric acid.

. Experimental

.1. Adsorbents

A series of activated carbons, obtained by various activation pro-
edures, have been investigated [22,23]. One group of carbons was
repared by impregnation with phosphoric acid (30, 50, 70 vol%)
ollowed by carbonization at 300, 500, or 700 ◦C for 3 h, then thor-
ughly washed with distilled water and finally dried at 110 ◦C. These
arbons are denoted by the letters CP followed by two digits; the
rst indicating heat-treatment temperature 3, 5, or 7 and the second

ndicating acid concentration; 3, 5 or 7 respectively. Thus, e.g. CP-
5 means a carbon activated by H3PO4 of 50 vol% and heat treated
t 500 ◦C. The second group of carbons were prepared by the tradi-
ional steam activation, via carbonization at 500 ◦C for 3 h, followed
y gasification by steam/N2 at 850 ◦C up to various burn-off values.
hese carbons are denoted by the letters CS followed by the degree
f burn-off (12–73%). Two more carbon samples were obtained by
he one-step steam pyrolysis, at 600 or 700 ◦C, developed recently
y Gergova et al. [24,25]. These are denoted by S-600 and S-700,
espectively. A last carbon sample was prepared by impregnating
he raw material with KOH followed by carbonization at 700 ◦C for
h, as recently suggested by Laine and Calafat [26]; this is denoted
y K-700.

Portions of the activated carbons obtained under different acti-
ation conditions were subjected to oxidation by HNO3 to introduce
xygen surface complexes [17]. The procedure was as follows:
0 cm3 of concentrated nitric acid was added to 5 g of activated
arbon, and the suspension was heated on a hot plate until dry-
ess. The residue was washed with distilled water until no nitrates
ere present, and dried overnight at 110 ◦C.

.2. Adsorbates

Pb(II) and Cd(II) metal ions were studied, the salts used were
ead acetate for Pb(II) and cadmium nitrate for Cd(II). A stock solu-
ion of each metal salt was prepared (1000 mg/l) by dissolving the
equired amount of metal salt in its acidified double distilled water
in 1% HNO3 or acetic acid solution) to prevent hydrolysis forma-
ion. All the chemicals or reagents used were of AR grade. The stock
olutions of Pb(II) and Cd(II), were diluted with distilled water to
btain standard solutions.

.3. Methodology of the equilibrium isotherms

Batch mode sorption studies of Pb(II) and Cd(II) from aqueous
olutions were carried out to obtain the equilibrium isotherms
t 25 ◦C. For determining the adsorption isotherms, 100 ml of
etal solution of varying concentrations, ranged between 25 and

50 mg/l, was treated with 100 mg of adsorbent and agitated imme-

iately for 24 h. This period of time was determined on the basis of
ur preliminary studies which was sufficient for the equilibrium
ptake of these metal ions. Two series of experiments were carried
ut for each metal ions at two initial pH of 3 and 5.9. The pH values
ere adjusted by adding a controlled amount of 0.1 M nitric acid
s Materials 167 (2009) 260–267 261

for Cd(II) or 0.1 M acetic acid for Pb(II) solutions, where the adsorp-
tion is significant but below the pH at which the metal hydroxide
precipitation occurs. It is known that the metal hydroxide species
begin to form at about pH 6 for lead and at about pH 8 for cadmium,
for this reason the chosen-pHs here were below these limits. After
equilibrium period, the solution was filtered. The residual metal
concentrations for each metal in their test solutions were measured
by using a Perkin-Elmer model 2380 Atomic Absorption Spectrome-
ter. The metal concentration retained in the sorbent phase qe (mg/g)
was calculated by using the equation:

qe = (C0 − Ce)V
W

(1)

where C0 and Ce are the initial and equilibrium concentrations of
the metal ion in solution (mg/l), V is the solution volume (liters)
and W is dry weight of the sorbent mass (g).

3. Results and discussion

3.1. General consideration

The adsorption capacities Qo (mg/g) for all investigated adsor-
bents towards every metal ions were calculated using the following
the linear portion of the Langmuir equation:

Ce

qe
= 1

Qob
+ 1

Qo
Ce (2)

where Ce is the equilibrium metal ion concentration (mg/l or ppm),
qe the amount of lead or cadmium ions adsorbed at equilibrium
(mg/g) and Qo (mg/g) and b (l/mg) are Langmuir constants related
to adsorption capacity and energy of adsorption, respectively.

An interesting relationship is also plotted to demonstrate the
removal capacity (%R) for the various prepared carbons as func-
tion of initial metal ions, Pb2+ or Cd2+, concentrations. It is defined
as the ratio of difference in metal concentration before and after
adsorption (C0 − Ce) to the initial concentration of metal ions.

%R = C0 − Ce

C0
× 100 (3)

Such relationship is useful to predict the performance or the effi-
ciency of each carbon in treatment of wastewaters with variable
loadings of these heavy metals, Pb2+ or Cd2+ ions.

3.2. Uptake of Pb2+ ions by activated carbons

Fig. 1 depicts the adsorption isotherms of Pb2+ by some investi-
gated carbons in both forms oxidized and non-oxidized, in aqueous
solutions at pH 3 and 5.9. All isotherms exhibit the L-type, Lang-
muir, as classified by Giles [27], despite a slight tendency to a high
affinity isotherm, H-type, was shown by the oxidized carbons. It is
clearly shown from Fig. 1 that the isotherms of the oxidized car-
bons attained the plateau or the monolayer coverage more faster
than the non-oxidized forms. This finding indicates that the oxi-
dized carbons are more efficient in adsorption of Pb2+ than the
non-oxidized ones. Such behaviour could be ascribed to an effec-
tive formation of abundance of oxygen functional groups on the
oxidized carbon surface. These functional groups could act as acidic
active sites that increased progressively the sequestration of Pb2+

from aqueous solutions. The monolayer capacity, Qo (mg/g), was
evaluated from the linear Langmuir plots (Table 1). Since, in aque-
ous solution, the Pb2+ should be hydrated, a hydration number

was suggested to be 4–7.5 [28]. The diameter of Pb2+

aq then might
be equal to 8.02 nm whereas the diameter of a water molecule
is 0.276 nm. Therefore, with the exception of the ultra-micropores
(less than 0.8 nm in diameter), all the surfaces areas corresponding
to super-micropores, meso- and macropores would be effective and
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Fig. 1. Adsorption isotherms of Pb2+ by selected activated ca

ccessible to remove Pb2+ from aqueous solutions. By considering
he hydrated radius of Pb2+

aq, an estimate of the surface area covered
y adsorbed Pb2+ ions was calculated [2] and given in Table 1. Since
any factors affect the adsorption of metal ions from their aque-

us solutions, many variables are considered here so as to assess
he relative effect of each on the removal capacity.

.2.1. Dependence of Pb2+ removal on carbon texture
haracteristics
The investigated carbons displayed a wide range of porous char-
cteristics where their specific surface areas (SBET) ranged between
0 and 945 m2/g, their total pore volumes (Vp) ranged between
.011 and 0.533 ml/g, and their mean pore radii (r̄) ranged between
.1 and 45.4 Å. Details regarding their textural characteristics have

able 1
dsorption of Pb2+ from aqueous solution by the activated carbons at pH 5.9 and 3.0.

ample (Oxidized) at pH 5.9 at pH 3.0 Sam

Qo (mg/g) SPb2+
(m2/g) Qo (mg/g) SPb2+

(m2/g)

P-33 (ox) 87 128 50 73 CP-
P-35 (ox) 91 134 57 84 CP-
P-37 (ox) 98 144 60 88 CP-
P-53 (ox) 144 211 94 138 CP-
P-55 (ox) 151 221 70.5 103 CP-
P-57 (ox) 112 164 68 100 CP-
P-73 (ox) 134 196 89 131 CP-
P-75 (ox) 162 237 101 148 CP-
P-77 (ox) 157 230 105 154 CP-
S-12 (ox) 96 141 87 128 CS-
S-37 (ox) 133 195 98 144 CS-
S-54 (ox) 101 148 81 119 CS-
S-73 (ox) 169 248 146 214 CS-
-600 (ox) 131 192 86 126 S-6
-700 (ox) 182 267 162 237 S-7
-700 (ox) 139 204 117 172 K-7
under different conditions (HNO3-oxidation, pH 3 and 5.9).

been reported elsewhere [22,23]. Most of the tested carbons are
typically microporous (mean radii of 7–15 Å) the upper limit of
wide-pores shown by few carbons. As mentioned before, the ultra-
micropores are inaccessible to the diameter of lead hydrated ions
in aqueous solutions. Thus the surface characteristics for those
carbons were found to play a limited role in the Pb2+ adsorption
process. The high adsorption capacities of the investigated carbons
might be due to another factors such as the solution-pH and the
surface chemical nature. Based on the values of surface areas cov-

ered by Pb2+ (Table 1), it seems that a reasonable fraction of the total
surface area takes part in the removal of lead ions 12–77% in rela-
tion to SBET of nitrogen surface areas. It is noticeable that the present
carbons adsorb significant amounts of lead ions from aqueous solu-
tion ranged between 42 and 182 mg/g (for both carbon forms and

ple (Non-oxidized) at pH 5.9 at pH 3.0

Qo (mg/g) SPb2+
(m2/g) Qo (mg/g) SPb2+

(m2/g)

33 59 86 42 62
35 62 91 45 66
37 66 97 44 65
53 95 139 76 112
55 139 204 54 79
57 80 117 50 73
73 89 130 74 108
75 117 172 84 123
77 119 175 87 17
12 88 129 70 103
37 127 186 105 154
54 80 117 66 97
73 138 202 131 192
00 115 169 77 113
00 157 230 143 210
00 127 186 92 135
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Table 2
Removal efficiency (%R) of the activated carbons towards Pb2+, estimated for various initial concentrations at C0 = 25 and 75 (mg/l).

Sample (Oxidized form) C0 = 25 (mg/l) C0 = 75 (mg/l) Sample (Non-oxidized) C0 = 25 (mg/l) C0 = 75 (mg/l)

CP-33 (ox) 69 50 CP-33 61 38
CP-35 (ox) 71 53 CP-35 60 41
CP-37 (ox) 55 45 CP-37 48 36
CP-53 (ox) 52 41 CP-53 41 32
CP-55 (ox) 54 44 CP-55 43 33
CP-57 (ox) 50 52 CP-57 39 37
CP-73 (ox) 73 58 CP-73 62 50
CP-75 (ox) 97 91 CP-75 81 55
CP-77 (ox) 81 55 CP-77 75 51
CS-12 (ox) 58 40 CS-12 49 31
CS-37 (ox) 91 71 CS-37 52 33
CS-54 (ox) 63 47 CS-54 47 35
C
S
S
K

b
b
T
d
s

3

o
r
c
v
n
t

a

S-73 (ox) 73 45
-600 (ox) 71 57
-700 (ox) 56 41
-700 (ox) 70 53

oth pHs) as indicted in Tables 1 and 2. These amounts are much
igger than previously reported values (20–40 mg/g) [1,2,14]. So,
he solution-pH and the surface chemistry of the carbons play the
ecisive roles in the uptake of these metal ions from their aqueous
olutions and the texture characteristics show very limited effect.

.2.2. Influence of activation conditions on Pb2+ removal
Inspection of the results in Table 1 indicates that the scheme

f activation appears to affect the efficiency of active carbon in
emoval of lead ions. Generally, steam-activated, and KOH-treated,
arbons are relatively more efficient adsorbents than those acti-

ated by H3PO4. Naturally this could by attributed to the basic
ature of these carbons (pH > 8) [22,23] in comparison to the acid-
reated ones.

The fact that the phosphoric acid carbons showed high Pb2+

dsorption capacities (cf. Table 1) could be attributed to the pres-

Fig. 2. Removal capacity of Pb2+ (%R) by activated carbons
CS-73 68 34
S-600 46 28
S-700 35 30
K-700 64 44

ence of some PO4
3− which could act as active centers contribute in

Pb2+ sequestration. The observed increase in the uptake capacity of
acid-activated carbons by increasing the calcination temperature
of the samples activated within 300–700 ◦C could be attributed to
the possible increase in the amount of PO4

3− that may formed and
retained on their surfaces.

3.2.3. Effect of solution-pH on adsorption of Pb2+

The solution-pH may have a role in their adsorption capaci-
ties towards Pb2+. This parameter was investigated in the present
work. The results of this investigation are given in Table 1.

Examination of this table shows that the increase in the pH of
solution from 3 to 5.9 resulted in a significant increase in the
Pb2+ uptake capacities by these activated carbons. The increase
was attained about 62, 53 and 37% for three modes of activa-
tions as displayed by the samples CP-75 (ox), S-600 (ox) and

under different conditions (oxidation, pH 3 and 5.9).
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carbo
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t

Fig. 3. Adsorption isotherms of Cd2+ on some activated
S-37 (ox), respectively (Fig. 1, Table 1). The enhanced increase
n the Pb2+ uptake by active carbons due to increasing the pH
f solution has been reported by several authors [1,5,9]. This
rend has been discussed in terms of a possible hydrolysis of

Fig. 4. Removal capacity of Cd2+ (%R) by some activated carbo
ns under different conditions (oxidation, pH 3 and 5.9).
adsorbate species and the formation of some surface compounds
[8,9,17,29–31].

In fact, activated carbons are characterized by the presence of
surface functional groups such as hydroxyl and carboxylic groups.

ns under different conditions (oxidation, pH 3 and 5.9).
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the spectra of the oxidized carbon at 890 and 730 cm−1 which can
be assigned to bending vibration (in-plane �) of NO2 and bend-
ing vibration (out-of-plane �) of NO2 of aromatic nitro compounds
[33].
A.A. El-Hendawy / Journal of Haz

hese groups may interact with metal cations to release protons
3O+ in aqueous solution [8,9,16,32]. Accordingly, this will account

or the impact of pH on metal adsorption equilibria which was
emonstrated to be very sensitive, and mostly increasing with pH,
able 1. The pattern of increase varies for individual metals as driven
y solution phase equilibria of oxide/hydroxide complexes and pre-
ipitates [1].

Another suggested factor that might play an equally important
ole in determining adsorption in the present study, is the presence
f the additional controlled-amount of acetate species, through
cidification with acetic acid to stabilize the adsorption process at
H 3. This might act through competitive adsorption on the estab-

ished hydrophobic carbon surface. The presence of dilute acetic
cid was noticed to reduce significantly the lead removal capac-
ty in column experiments [1]. It was hypothesized that acetic acid
eacted with the carbon associated OH− (on the surface and in the
ore liquid) which produced a more rapid decrease in adsorbent pH
nd subsequent decrease in lead removal. Acetic acid (through com-
on ion effect) might favour the stabilization of dissolved species of

b2+ in solution and thus decreases its affinity towards the adsor-
ent. One can conclude that at low pH, both the adsorbent and
he adsorbate are positively charged which arising an electrostatic
epulsion between them. In addition, the presence high concen-
ration of protons (H3O+) at lower pH of solution, these protons
ill be in competition with the positively charged metal ions for

he adsorption sites on the carbon surface. Thus, both electrostatic
epulsion and competition hinder or hampering the metal adsorp-
ion leading to a sharp decrease in adsorption capacity.

.2.4. Estimated partial removal at different initial metal
oncentration

Based on the initial and equilibrium concentrations of Pb2+,
ercentage removal capacities were evaluated at specific values
Table 2). From the practical point of view, most of the tested car-
ons seem to remove appreciable amounts of lead at a level of
5 mg/l, which is usually encountered in some contaminated waste
treams. Activated carbons obtained under different preparation
onditions remove in average from 50 up to 77% at such lead level
nd at the equilibrium in batch treatment conditions. Inspection
f Table 2 appears, clearly, that the oxidized-carbons, in general,
emove the biggest amounts of Pb2+ than the non-oxidized ones. At
n initial low level of C0 = 25 mg/l, they reported the highest metal
emovals, as %R (50–97%), and at a high level of C0 = 75 ppm they
emoved 41–91%. It was noticed also that the investigated carbons
dsorbed considerable amounts of lead ions than cadmium ions,
his could be ascribed to the fact that the lower the pH at which

etal hydroxide species from, the better the removal and thus,
t was expected that lead would be better removed compared to
admium, as obtained in this study (Fig. 2).

One fixed bed experiment (column) was conducted using an
nfluent solution containing 20 mg Pb2+ in liter (20 ppm) of aqueous
olution, and employing carbon CP-77. At a flow rate of 150 ml l−1

he AC column produced an effluent containing only 0.3–0.5 ppm
f Pb2+ up-to 3 h, this consider as a pre-indication shows the effi-
iency of these carbons in the removal of lead ions from aqueous
olution through column mode.

.3. Efficiency of activated carbons in the removal of Cd2+ ions

A series of experiments were carried out to elucidate the effi-
iency of the prepared carbons in removing cadmium ions from

queous solution, with the aim of comparison with Pb2+ removal.
ig. 3 illustrates the adsorption isotherms of Cd2+ ions on some rep-
esentative carbon samples that clearly show their matching with
he Langmuirian type. Fig. 4 shows their corresponding removal
apacities towards Cd2+ under different conditions (oxidation, pH
s Materials 167 (2009) 260–267 265

3 and 5.9). The corresponding monolayer capacities Qo (mg/g) are
given in Table 3. Cadmium seems to be removed, relatively, in
smaller amounts than lead ions. This was appeared at the lower pH
of 3, for the three modes of activation that can be represent with
the three oxidized carbons CP-75 (ox), CS-37 (ox) and S-700 (ox).
Their uptake capacities ranged 48–153 mg/g for Cd2+ in comparison
to 50–162 mg/g for Pb2+. However, the comparison of these values
with their data obtained at pH 5.9, in this case these representative
samples removed increasing comparable amounts of both metal
ions. They removed 160, 131 and 169 mg/g of Cd2+ ions compared
to 162, 133 and 182 mg/g of Pb2+ ions, respectively.

Compared to the fractional removal of lead at C0 = 25 mg/l, cad-
mium ions are removed at a higher rate (R ≥ 83%) (Fig. 4). It might be
assumed that the superior removal of cadmium could be attributed
to faster migration in solution, and to probably lower hydration
number surrounding them. This makes more micropores available
to their adsorption.

3.4. Surface chemistry investigation

Fig. 5 shows the FTIR spectra of a representative carbon sam-
ple, CP-55 and its oxidized form CP-55 (ox). It is well known that
many direct information about the surface chemical nature of the
carbons may be obtained from their IR spectra. Thus, from the com-
parison of the spectra of both oxidized and non-oxidized carbons
(Fig. 5) we can see the following: broad bands were observed in the
spectra of both carbons forms in the range above 3000 cm−1. These
bands together with that appearing at 1717 cm−1 could be ascribed
to stretching vibration of hydroxyl groups involved in hydrogen
bonding probably participating with water adsorbed molecule on
the carbon. These bands were appeared more intense and sharp in
the spectra of the oxidized form which indicating an increase in
surface hydrophilicity and thus water adsorption as a consequence
to HNO3 oxidation [17]. New bands at 1577, 1538 and 1334 cm−1

were found in the spectrum of the oxidized carbon indicating the
presence of nitro and nitrates groups on the carbon surface. The
bands centered and appeared at 1720 cm−1 in the spectra of both
investigated carbons are more prominent in carbon spectra and
is ascribed to stretching vibration of C O in carboxylic acid and
lactones groups. [17,33]. Two new weak bands were observed in
Fig. 5. A representative FTIR spectra of CP-55 carbon sample and its oxidized form
CP-55 (ox).
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Table 3
Adsorption of Cd2+ from aqueous solution by the activated carbons at pH 5.9 and 3.0.

Sample (Oxidized form) Qo (mg/g) Sample (Non-oxidized) Qo (mg/g)

at pH 5.9 at pH 3.0 at pH 5.9 at pH 3.0

CP-33 (ox) 85 48 CP-33 57 38
CP-35 (ox) 88 55 CP-35 60 41
CP-37 (ox) 91 59 CP-37 61 36
CP-53 (ox) 130 91 CP-53 86 32
CP-55 (ox) 143 70 CP-55 127 33
CP-57 (ox) 103 66 CP-57 77 37
CP-73 (ox) 127 87 CP-73 83 50
CP-75 (ox) 160 99 CP-75 115 55
CP-77 (ox) 155 103 CP-77 117 51
CS-12 (ox) 93 85 CS-12 80 31
CS-37 (ox) 131 91 CS-37 121 33
CS-54 (ox) 97 77 CS-54 73 35
C
S
S
K
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C

S-73 (ox) 160 140
-600 (ox) 130 83
-700 (ox) 169 153
-700 (ox) 131 108

Therefore, one can conclude that the liquid phase nitric acid oxi-
ation of carbon brought about the fixation of a large amount of
xygen functional groups in the form of carbobxylic acid groups as
ell as nitro- and nitrates complexes. These groups, consequently,

ncrease the surface polarity that may contribute the sequestra-
ion of these polar metals ions from aqueous solutions, as will be
iscussed in the next section.

.5. Effect of surface modification on the uptake of Pb2+ and Cd2+

ons

Figs. 1 and 3 illustrate the adsorption isotherms of Pb2+ and
d2+ by the HNO3

− oxidized activated carbons (denoted by ox).
xidation of the investigated carbons brought about a significant
ffect on the adsorption of lead and cadmium ions. This finding is
learly observed through the big adsorbed amounts of Pb2+ or Cd2+

y the oxidized form of the investigated carbons (Tables 1 and 3,
igs. 1–4). The observed increase in their metal adsorption capac-
ties, as a consequence to oxidation process, was attained (in
verage) about 31 and 19% for lead and cadmium ions, respectively
Tables 1 and 3). This could be attributed to the oxidation process
esulted in abundant of the adsorption sites that could sequestrate
hese big fractions of these metals from their aqueous solutions.

Nitric acid is recognized as a strong aggressive oxidant for the
arbon surface. Its effect appears in generating and increasing the
xygen complexes; which have been reported by many investiga-
ors [9,16,17,21,23,31]. A considerable increase in the total acidic
arboxylic and phenolic groups, appears which is dependent on
he temperature of treatment with HNO3 [17]. A relative greatest
ncrease appears in the carboxylic groups which might dissociate
n the aqueous media to release H+ ions. The released H+ will create
lectron donor centers that may facilitate and increase Pb2+ or Cd2+

eposition on the carbon surface. It has been reported that sorption
f metal ions could be explained on the basis of an ion-exchange
echanism [32] or surface complexation [16,17]. As the carbon sur-

ace attracts the metal ions an equivalent amount of H+ are released
nto solution [34,35]. It is well known that the nitric-acid treatment
ncreases the oxygen-containing functional groups which include
cidic phenolic, hydroxyl, carbonylic and nitro groups on the car-
on surface. Lead and cadmium adsorption may include formation
f surface complexes with these functional groups on the carbon

urface. The suggested equations for the reactions between metal
ons, M2+, and surface functional groups to form complexes may be
xpected as follows in the aqueous medium:

n(OH)2+ + M2+ → Cn(OM)2+ + 2H3O+ (4)
CS-73 129 34
S-600 111 28
S-700 151 30
K-700 124 44

2Cn(OH)+ + M2+ → (CnO)2M2+ + 2H3O+ (5)

Now the determining factor will be the surface chemistry rather
than the texture characteristics of the carbon adsorbent. Where,
although the uptake capacity seems to be limited by the available
nitrogen-SBET, nevertheless, the surface areas covered by Pb2+ ions,
SPb2+

, represents a significant fraction of the total surface areas
(cf. Table 1). Oxidation by HNO3 is believed to increase the carbon
hydrophilic nature to become more wettable by water, as confirmed
in this study via appearing a strong water IR-band in the oxidized
form spectrum. Under these modified oxidation conditions and in
water as a transport medium, an enhanced migration, diffusion and
adsorption of Pb2+ or Cd2+ ions could take place, as observed in the
obtained results in this study.

4. Conclusions

Date pits offer a promising raw material for the production of
activated carbons for water treatment purposes. The investigated
carbons exhibited good to high uptake capacities for metal ions.
From slightly acidified lead acetate solutions (at pH 3) the HNO3-
oxidized carbons adsorbed 50–162 mg/g of Pb2+ that increased,
significantly, by increasing the solution-pH to 5.9 and reported the
range 87–182 mg/g. This uptake was found to be dependent on
the preparation and activation procedure. Uptake of Pb2+ increases
as function of heat-treatment temperature for the H3PO4 acti-
vated carbons which could be attributed to the presence of some
PO4

3− that may act as active centers contribute in Pb2+ seques-
tration. Steam-activation, generally enhances adsorption of lead
ions probably due to the basic nature of these carbons. Many
factors affect the uptake of metal ions: (1) scheme of activation
of the adsorbent, (2) pH of the adsorption medium or solution,
(3) surface oxygen complexes of the adsorbent (consequent to
HNO3-treatment) and (4) texture characteristic of the carbon (no
apparent effect). The surface chemical nature of the activated car-
bon and pH of solution were found to play the major roles to
inflict the highest impact on Pb2+ and Cd2+ ions removal. Lead
is removed in somewhat higher amounts than cadmium due to
its lower solubility and lower pH for complexation or deposition,
which promotes its removal in comparison to Cd2+. Lead ions at
the level of 25 mg/l, which is considered a low level and usu-

ally encountered in contaminated streams, the activated carbons
increase their fractional removal with pH (from 3 to 5.9), then with
HNO3 oxidation to attain up to 97%. At same level of Cd2+, oxida-
tion with HNO3 has a limited effect or affects slightly the partial
removal.
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