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Abstract

Crushed, depitted peach stones were impregnated activated with 50% H3PO4 followed by pyrolysis at 500oC. Two activated

carbons were produced, one under its own evolved gases during pyrolysis, and the second conducted with air flow throughout

the carbonization stage. Physicochemical properties were investigated by several procedures; carbon yield, ash content,

elemental chemical analysis, TG/DTG and FTIR spectra. Porosity characteristics were determined by the conventional N2

adsorption at 77 K, and data analyzed to get the major texture parameters of surface area and pore volume. Highly developed

activated carbons were obtained, essentially microporous, with slight effect of air on the porous structure. Oxygen was

observed to be markedly incorporated in the carbon matrix during the air treatment process. Cation exchange capacity towards

Cu (II) and Cd (II) was tested in batch single ion experimental mode, which proved to be slow and a function of carbon dose,

time and initial ion concentration. Copper was up taken more favorably than cadmium, under same conditions, and adsorption

of both cations was remarkably enhanced as a consequence of the air treatment procedure. Sequestration of the metal ions was

explained on basis of the combined effect of the oxygen functional groups and the phosphorous-containing compounds; both

contributing to the total surface acidity character.
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1. Introduction

Unlike most organic pollutants, heavy metals (HMs) are

generally refractory and cannot be degraded or readily

detoxified biologically. Due to their common presence in

industrial applications, HMs end up being discharged into

lakes and streams or being washed into water body during a

rain event. There, they bioaccumulate in the food chain,

posing a threat to public health and wildlife [1]. The harmful

effects of HMs, deposited and accumulated in the human

body, cause disorders and damage in several organs, especi-

ally in the liver, pancreas, myocardium, kidney, basal ganglia

of the brain, eyes and the skeleton [2]. In addition, other

environmental impacts include the reduction of ecosystem

diversity, plant and animal death, and reduced rates of repro-

duction in affected organisms. Consequently, the EPAs phase

II (October 1999) seeks to further minimize the discharge of

HMs and other pollutants, through extending current regu-

lations to acquire the employment of best management

practices (BMPs) to control discharging concentrations of the

more dangerous HMs to become zero from any source, direct

or indirect [3]. The most common HMs in residual water were

highlighted as arsenic, cadmium, chromium, copper, lead,

mercury, nickel and zinc. Cadmium and mercury are two of the

most toxic metals present in the aqueous environment, hence

the maximum permissible concentrations in drinking water has

been set at 5 and 1 µg·l−1 (ppb), respectively [4]. 

Cadmium is introduced into bodies of water from smelt-

ing, metal plants, Cd-Ni batteries, phosphate fertilizers, min-

ing, pigments, stabilizers, alloy industries and sewage sludge.

Similarly, copper is discharged from same sources, and its

deposition and accumulation in the human body causes

damage in several organs leading to Wilson's disease (hepa-

tolenticular degeneration) [2]. 

Technologies being used for the treatment of large volumes

of dilute metal ion-containing solutions, including chemical

precipitation, coagulation, membrane processes, and ion ex-

change, are often unable to meet the new and more stringent

requirements or have the drawback of being very expensive.

Adsorption has been shown to be an economically feasible

alternative method for removing trace metals from waste-

water and water supplies, and denoted as the Best Available

Technique [5]. Sorption (adsorption, ion exchange, complex-

ation) utilizing adsorbing filter media, proved an attractive

option for small business, industries or municipalities, to

treat wastewater or runoff. Through the physical and chemical

processes of sorption it is possible to remove significant

portion of the total metal concentration, thus lowering the

effluent concentration to a level which will be detrimental to

public health and environmental quality [5]. 

Carbon
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A variety of materials have been investigated for the

removal of metals from metallurgical effluents. Conventional

activated carbons (ACs) are extensively used in water treat-

ment of color, odor and organic contaminants [6]. These

carbonaceous materials also proved to possess the potential

for removal of inorganic species from effluent streams.

Accordingly, in the last few years, adsorption onto activated

carbon attracted much attention with respect to the removal

of trace metal ions from wastewater and water [7-15].

Methods for the production of ACs are conventionally

divided either to thermal (steam or CO2), or chemical (ZnCl2

or H3PO4) activation. Activation with H3PO4 has been the

most favorite technique during the last two decades [16-26],

most of them were concerned with porosity characteristics

and the uptake capacity towards various organic contaminants

from the aqueous solution. However, previous studies focused

on the thermal treatment of the impregnated precursor under

its own atmosphere. Since the uptake of metal species are

generally associated with the presence of surface O-functional

groups, modification of the parent carbons was achieved for

this purpose by post-oxidative treatment (air, KMnO4, H2O2,

HNO3, and persulphoric acid) [16]. A modified method was

developed involving concurrent phosphoric acid activation

and air oxidation at temperatures between 400 and 500oC

(denoted as air activation) [27-30]. Such treatment provided

appreciable quantity of surface functional groups and the

highest metal uptake. Thus, there was no discrete oxidation

step separate from the pyrolysis and activation steps as in the

“standard” or “continuous” methods [28]. This strategy of

activation was done to test the hypothesis that air atmos-

phere would not reduce surface area and may obviate the

need for a separate air oxidation step, thus greatly reducing

the time and material needed for producing high surface area

activated carbons with metal adsorption capabilities. 

Our object in this study is to test the batch metal uptake

capacity of Cu (II) and Cd (II) by a H3PO4-activated plant

by-product (activation only of peach stones) and its air-

activation counterpart. Correlations to the porous and chemi-

cal properties and type of metal ion are also displayed. A

matrix effect analysis was applied in a trial to correlate the

metal adsorption capacity to the contact time (CT), initial

concentration (Co) and carbon dose (CD) [31]. Several

techniques of physico-chemical characterization were used

to support the observed results. 

2. Experimental

2.1. Activated Carbons

Two carbons (AC1 and AC2) were derived from peach

stone shells under chemical activation scheme by impreg-

nation with 50% H3PO4 followed by pyrolysis for 2 h at

500oC. The former (AC1) was pyrolyzed under its own de-

composition gases and the latter (AC2) under forced air [26].

Produced carbons were thoroughly washed by hot distilled

water and decanted until washings were near to pH 6.5 and

finally dried at 110oC. Both carbons were characterized for

their ash content, slurry pH and elemental analysis (C, H, O,

by a VARIO Microanalyzer System). In addition, thermogravi-

metry was recorded at a heating rate of 10oC/min up to

1000oC in static air, using a Perkin-Elmer 7 Series Thermal

Analysis System. FTIR spectra were recorded, as well, by

the KBr disc technique in the range 4000-400 cm−1 using a

Nexus 670 FTIR Spectrophotometer (Nicolet, USA).

To evaluate the porous characteristics, the adsorption iso-

therms of N2 at 77 K were determined using a sorptometer

type Gemini 2375 V3.03 (Micromeritics). Various porosity

parameters were estimated by applying the αs-method [32];

these are: the total surface area (Sα

t, m
2/g), non-microporous

surface area (Sα

n, m
2/g), micropore volume (Vα

o, cm3/g), total

pore volume (VP, cm3/g) at P/Po=0.95, mesopore volume

(Vmeso=VP−Vα

o, cm3/g), and microporous surface area (Sα

mic

=Sα

t−Sα

n, m2/g).

2.2. Adsorption Studies 

Copper and cadmium were purchased in pure standard

solutions in concentration 1000 mg/L from Merck, 64271

Damstadt, Germany. Subsequent dilution was carried out to

required concentrations using double distilled water (DDW).

Batch adsorption studies were determined at ambient temper-

ature using the two solutes and the two sorbents in single ion

experiments. Three amounts of each activated carbon (100,

200, and 250 mg) were individually weighed and transferred

into glass bottles and 100 ml of each metal (10, 20, and 50

mg·l−1) in aqueous solution, were separately added. After a

contact time of 24, 48, and 72 h under agitation, the slurry

was centrifuged for 10 min at 1500 rpm, filtered using

whatmann filter paper no.44 to remove the sorbents.

The removal efficiency (% R) of either metal was calculat-

ed according to the following equation:

% R=

where Co and Ce are the initial and final equilibrium concen-

trations (in mg/L) in aqueous medium. A Perkin-Elmer Model

2380 Atomic Absorption Spectrophotometer (AAS), operat-

ing with an air-acetylene flame, was used to determine the

metal concentrations in the aqueous solution before and after

treatment.

3. Results and Discussion

3.1. Characteristics of the activated carbons under consid-

eration

The two major properties of activated carbons are their
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surface area and internal porosity, as well as the surface

chemical structure. Both determine and control the adsorp-

tion capacity in aqueous media of organic and inorganic

species. The tested carbons, AC1 and AC2, are excellent

adsorbents (Table 3) with high surface areas (Sα

t), total

internal porosity (VP) and extensive microporosity (Vα

o/VP

and Smic/S
α

t, 0.85-0.95). 

Flowing air, during pyrolysis at 500oC, leads to carbon

gasification which reduces the carbon yield (%Y), raises the

ash content (Table 1) and decreases the content of micro-

pores (Table 3) from 0.96 to 0.93 (Smic/S
α

t) or from 0.91 to

0.84 (Vα

o/VP). The apparent small differences between AC2

and AC1 seem to be a higher ash content (Table 1) and

mesoporosity properties (Vmeso and Sα

n, in Table 3), although

no other strong changes appear in the porosity characteri-

stics.

On the other hand, the impact of air flow, during pyrolysis,

on the surface chemical properties, was ascertained by the

determined slurry pH, TG/DTG, FTIR and elemental analy-

sis. The effect of air atmosphere leads to enhanced gasifi-

cation of carbon associated with decreased yield (Table 1)

and generation of O-functionalities imparting surface acidity.

This is achieved by reduction of carbon (elemental from 86

to 69%), reduction of yield (Y=42 to 31%) and enhanced

acidity (pH from 4.6 to 3.4). Such effect is meanwhile,

reflected on the production of a more stable solid carbon

(fixed carbon) as noticed by the lower loss in weight

exhibited on the TG curve (Fig. 1), which shifts to higher

temperatures (e.g. weight loss of AC1 and AC2 at 400oC=

12.1 and 4.2%, at 500oC=27.5 and 9.1%, at 600oC=63.8 and

41.6%, at 700oC=80.4 and 70.5%, and to meet at 800 and

900oC, with major flat DTG peaks at 536 and 589oC, respec-

tively). It is well known that the clean surface of AC should

be hydrophobic with very low affinity for water adsorption

[34]. The presence of heteroatoms, especially oxygen that

would be in the form of active chemical groups analogous to

organic species which, due to their polarity and possibility to

attract water via hydrogen bonding, become primary adsorp-

tion centers [35].

Table 1. Some Physicochemical Properties AC1 and AC2

Property AC1 AC2

Carbon Yield (%)
Ash Content (%)

Slurry pH
Elemental Analysis

% C
% H

% O (by diff)
H/C (atom/atom)
O/C (atom/atom)

41.8
2.88
4.6

85.8
3.4
10.5
0.475
0.092

30.8
7.05
3.4

68.6
5.6
25.3
0.979
0.276

Table 2. Weight Loss Data from Thermogravimetry

Temperature
(oC)

AC1
% wt loss

AC2
% wt loss

100
200
300
400
500
600
700
800
900

5.4
9.6
9.8

12.1
27.5
63.8
80.4
83.7
86.3

3.4
3.8
3.8
4.2
9.1

41.6
70.5
82.5
87.7

Table 3. Texture Characteristics of Tested Activated Carbons
Obtained from N2 Adsorption at 77 K

Parameter AC1 AC2

Total surface area (Sα

t, m
2/g) 1407 1437

Total pore volume (VP, cm3/g) 0.689 0.668

Micropore volume (Vα

o, cm3/g) 0.634 0.563

Mesopore volume (Vmeso, cm3/g) 0.055 0.105

Non-microporous area (Sα

n, m2/g) 55 101

Mesoporosity (Vα

meso/VP, %) 8.0 15.7

Microporosity (Vα

o/VP, %) 91 84

Mesoporosity (Sα

n/Sα

t, %) 4.0 7.0

Microporosity (Sα

mic/Sα

t, %) 96 93

BET-surface area (SBET, m
2/g) 1390 1404

Fig. 1. TG and DTG of AC1 and AC2.
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Comparison of the two FTIR spectra (Fig. 2) indicates

considerable variation in the form and intensity of bands

within the range of 1750-1000 cm−1, for AC1 and AC2. Most

of the bands in this region is well established and assigned to

several O-functionalities (C=O, CO–O, C–OH, C–O–C) [33-

40], which confirm their clear abundance. A small sharp peak

at 1370 cm−1 is usually ascribed to C=O stretching vibrations

of ketones, aldehydes and carboxyls. A strong band at 1600-

1580 cm−1 is associated with aromatic ring vibration (C=C)

enhanced by polar functional groups. Small sharp bands at

1300-1000 cm−1 have been assigned to C–O stretching in

acids, alcohols, phenols, ethers and esters [38]. In addition,

absorption in this region has been attributed to phosphorous

and phoso-carbonaceous compounds. These show peaks at

1220, 1180, 1080, 1000-900 cm−1, ascribed to P=O, P–O–C,

P=OOH, P–O–P, P–O, P–OH, and several phosphate com-

plexes [33-40]. Such groups exhibit strong acidic behaviour

and very stable, chemically and thermally. Acidic sites on

H3PO4-activated and oxidized carbon surfaces are composed

acid groups (phosphorous containing, carboxylic and pheno-

lic) [38-40]. Among them phosphorous-containing groups

are the most important for the adsorption of heavy metal

ions from aqueous solution. 

The above results are supported by the higher oxygen

content of AC2 than AC1 (cf. 25.3 and 10.5% or O/C of
Fig. 2. FTIR spectra of AC1 and AC2.

Fig. 3. Effect of (a) contact time, (b) initial concentration, and (c) carbon dose on the removal % of Cu (II, ■) and Cd (II, □) onto AC1.
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0.092 and 0.276, respectively). Thus, AC2 is highly enriched

by oxygen incorporated in the carbon matrix, and expected

to affect the metal ions uptake.

3.2. Impact of various variables on removal of Cu (II) and

Cd (II) ions 

Starting with 100 ml solutions containing 10 up to 50 mg/

L, from either cations, and contacted with 100~250 mg AC,

the removal capacity was determined. Fig. 3 and 4 illustrate

representative uptake values (% removal) as function of con-

tact time (CT), initial concentration (Co), and carbon dose

(CD). 

Carbon AC1 is a poor adsorbent for both metal ions,

where it removes only around 5~30% of copper and 1~12%

of cadmium in the aqueous solution. Carbon AC2 shows

considerably higher capacity for sequestration of either metal

ion where copper is removed within 60~100% and cadmium

from 50 up to 91%. Prolonged contact with the adsorbent

improves the metal ions uptake at all initial concentrations

(Fig. 3a, b & c). Although metal ions removal is generally

experienced to be a fast process, where equilibrium is attain-

ed within few hours, yet in the system under consideration it

appears to be much slower, needing up to 72 h. This might

be ascribed to the predominant micro porosity (Table 3)

characterizing both carbons (84~91%) which causes pore-

diffusion to be the rate determining step for metal ions

adsorption. Micro porosity < 2.0 nm naturally would control

the diffusion of the hydrated Cu(II) & Cd(II) ions surround-

ed by 6 water molecules. This delays the final stage of metal

adsorption into the internal micro pores to such long periods

of equilibrium.

Increasing the initial metals concentration from 10 to 50

mg/L is normally expected to show a decline in percent

removal, as observed in Fig. 4 (a , b &c) for AC2. However,

in case of AC1 (Fig. 3a, b & c) the apparent trend is some-

what reversed, where removal percentage is abnormally

increased with an increase in ions concentration in solution.

In the former case (AC2), a limited high number of adsorp-

tion sites are assumed to be available for the adsorption

process where surplus ions are left in solution with increased

initial concentration. Whereas a very low amount of sites are

involved in ions uptake (Cu (II) and Cd (II)), however, an

increase in their abundance increased their diffusion during

Fig. 4. Effect of (a) contact time, (b) initial concentration, and (c) carbon dose on the removal % of Cu (II, ■) and Cd (II, □) onto
AC2.
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the different stages of adsorption.

Raising the carbon dose (from 1.0 to 2.5 g/L) is generally

associated with an increase in percent removal (Fig. 5a & b).

This should be due to the increase in the adsorption sites on

the carbon surface but not proportional to the added mass of

adsorbent. 

A series of experiments was carried out at lower carbon

doses (1/10 of above experiments). A selected contaminant

concentration of 20 mg/L (100 ml) was contacted with dif-

ferent weights of powdered samples of AC2, corresponding

to 0.1 up to 0.25 g/L, under same variation of contact time.

In Fig. 5 (a & b), the comparison of metal removal capacity

is plotted under the two different CD conditions. Adsorption

sites are practically a function of surface area (m2/g) which

is a direct function of adsorbent weight that supply more

area (and consequently available sites). However raising the

adsorbent mass is accompanied by a regular (or linear) rise

in (% removal) as a limiting up take seems to attain as ap-

pear in Fig. 5. A state of competition between the available

sites might reduce the total % up take, and probably also due

to the high micro porosity which inhibits the free diffusion to

the deeply-located adsorption sites. Copper is still uptaken in

a higher degree than cadmium as before, although the % R is

not a direct function of CD. As would be anticipated metal

ions removal should be 10-fold reduced as mass of adsorbent

is reduced, however, for copper it is reduced only by about

50% and for cadmium it is diminished by about 70%. It is

interesting to note that the % R of cadmium at low CD

values (100 to 250 mg/L) as illustrated in Fig. 5(b), forms a

continuation to the high CD values (1.0 to 2.5 g/L) with a

very small effect of contact time. As to the removal of

copper as function of CD, it is apparent that the uptake at

250 mg/L is good such that it surpasses that achieved by a

higher CD of 1.0 g/L.

3.3. Collective data of metal removal by the two carbons 

A trial was made to correlate the metal removal capacity

to the three considered variables: contact time (CT), metal

initial concentration (Co) and carbon dose (CD) (matrix effect)

Fig. 5. (a) Effect of carbon dose (different CD ranges) on Cu
(II) ions removal onto AC2, stirring time=24, 48, and 72 h. (b)
Effect of carbon dose (different CD ranges) on Cd (II) ions
removal onto AC2, stirring time=24, 48, and 72 h.

Table 4. Average Percent Removal of Copper Ions Under Different Conditions

Range
(CD)

AC1 AC2
Range
(Co)

AC1 AC2
Range
(CT)

AC1 AC2

100 mg AC,
 (10/50 mg/l, 1/3 day)

9.2 77.8
10 mg/l Cu2+, 

(0.1/0.25 g AC, 1/3 day
16.2 95.2

24 h
(0.1/0.25g AC, 10/50 mg/l)

10.9 76.8

200 mg AC, 
(10/50 mg/l, 1/3 day)

15.8 83.7
20 mg/l Cu2+, 

(0.1/0.25 g AC, 1/3 day)
15.9 82.5

48 h
(0.1/0.25g AC, 10/50 mg/l)

14.7 85.4

250 mg AC,
 (10/50 mg/l, 1/3 day)

20.7 91.1
50 mg/l Cu2+, 

(0.1/0.25 g AC, 1/3 day)
13.5 74.8

72 h
(0.1/0.25g AC, 10/50 mg/l)

19.6 90.3

Table 5. Average Percent Removal of Cadmium Ions Under Different Conditions

Range
(CD)

AC1 AC2
Range
(Co)

AC1 AC2
Range
(CT)

AC1 AC2

100 mg AC,
 (10/50 mg/l, 1/3 day)

3.3 63.0
10 mg/l Cd2+, 

0.1/0.25 g AC, 1/3 day
2.6 82.7

24 h
(0.1/0.25g AC, 10/50 mg/l)

3.0 68.7

200 mg AC, 
(10/50 mg/l, 1/3 day)

4.5 72.1
20 mg/l Cd2+, 

(0.1/0.25 g AC, 1/3 day)
6.4 72.6

48 h
(0.1/0.25g AC, 10/50 mg/l)

4.5 71.4

250 mg AC,
 (10/50 mg/l, 1/3 day)

6.7 78.5
50 mg/l Cd2+, 

(0.1/0.25 g AC, 1/3 day)
5.5 58.3

72 h
(0.1/0.25g AC, 10/50 mg/l)

7.0 73.5
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[39]. Average values for the experimental data are shown in

Tables 4-6, for copper, and cadmium, so as to assess the

relative impact of the various factors on the process of ad-

sorption. The previous observed trends are confirmed here,

i.e. (a) the superiority of AC2 compared to AC1 and (b) the

higher affinity of copper, to both adsorbents, than cadmium.

Thus, the mean removals of copper by AC2 as function of

CT are increased from 76.8 to 90.3%, and with increased

carbon dose from 77.8 up to 91.1% which signifies that both

variables pose the same effect. The mean percent removal of

Cu (II) decreases with increased metal loading in solution

(10, 20, 50 mg/L) from 95.2 to 82.5 and 74.8% respectively.

Generally, the early copper uptake at lower parameter values

(CT, CD and Co) is not changed in correspondence with their

increase. AC1 removes considerably lower copper ion per-

centages: 10.9~19.6% as function of CT, 9.2~20.7% as

function of CD and 16.2~13.5% as function of Co.

Average removals of cadmium by AC2 as function of CT

slightly increases (68.7 to 73.5%) also in relation to CD

(63.0~78.5%) and decreases by an increase in Co

(82.7~58.3%). Activated carbon 1 exhibits much lower

mean removals for cadmium ranging between 2.6 to 7.0%,

under increased variable conditions. Finally, Table 6 collects

a comparison between removal of Cu (II) and Cd (II) by

AC2 from two solutions of fixed initial concentration of 20

mg/L, as function of two CD ranges (1.0~2.5 and 0.1~0.25

g/L). An increased contact time (from 1 to 3 days) achieves

the following uptakes of copper in the two ranges (76.8,

49.6, 85.4, 50.7 and 90.3, 55.5%) respectively. Cadmium

removal exhibits same trend: 68.7, 21.1, 71.4, 26.8, and

73.5, 28.6%, in same order. However, the difference in mean

removal capacity with in three days is much greater between

the two cations: in case of cadmium (viz. 71.2 to 25.5% and

for copper 84.1 to 51.9% respectively). Cadmium removal is

thus more seriously affected by reduced amount of carbon in

solution; however, it is not 10-times reduction. 

The same trend of reduction in metal removal is exhibited

in case of the variation of carbon dose; although to different

extents (see Table 6). However, it was possible here to

estimate the amounts uptaken as mg/g in case of the three

CD values (10, 20 and 25 mg/100 ml, corresponding to 0.1,

1.0; 0.2, 2.0 and 0.25, 2.5 g/L, respectively). Although the

%R seems to be much diminished between the two cases yet

the amounts uptaken of copper per gram adsorbent are

increased: 15.4 to 85.6; 8.3 to 52.5 and 7.2 to 49.1 mg/g,

respectively. In case of Cd (II) removal, the same obser-

vation appears where the amounts adsorbed per gram carbon

increased as: 12.6 to 44.2; 7.2 to 25.9 and 6.3 to 22.8 mg/g

respectively for the experiments with 100, 200 and 250 mg.

This suggests that the removals performed on the high CD

solution do not present the actual capacity of the activated

carbon in remediation of metal ions from aqueous solution.

The high capacity of AC2 indicates it to possess more

adsorption sites than its counterpart derived in absence of the

flow of air during pyrolysis.

A trial was made to represent the abovementioned data as

function of equilibrium concentration, Ce (Fig. 6) (adsorption

isotherm) which indicates that adsorption conforms to an S-

Type isotherm. Probably it might revert to the familiar L-Type

if initial metal concentration was extended to higher values. 

3.4. Specific impact of adsorbent and/or contaminant ion

properties on the process of adsorption

Activated carbon is widely used as an adsorbent due to its

high adsorption capacity, which is related to both of the pore

Table 6. Comparison Between Average Removal Capacity of
AC2 Towards Cu (II) and Cd (II), Under Different Carbon
Doses:(a) Mean % Removals as Function of Contact Time

Contact time Range of CD
Cu (II) 

removal %
Cd (II) 

removal %

24 h
1.0-2.5 g/l

0.1-0.25 g/l
76.8
49.6

68.7
21.1

48 h
1.0-2.5 g/l

0.1-0.25 g/l
85.4
50.7

71.4
26.8

72 h
1.0-2.5 g/l

0.1-0.25 g/l
90.3
55.6

73.5
28.6

Mean % R
(1-3d)

1.0-2.5g/l
0.1-0.25g/l

84.1
51.9

71.2
25.5

(b) Mean % R and Adsorption Capacity (mg/g) as Function of
Carbon Dose

Carbon dose
g/l

Range of CT
days

Cu (II) Cd (II)

% R mg/g % R mg/g

1.0 g/l
0.1 g/l

1/3 days
1/3 days

78.2
42.8

15.4
85.6

63.0
22.1

12.6
44.2

2.0 g/l
0.2 g/l

1/3 days
1/3 days

83.3
52.5

8.3
52.5

72.1
25.9

7.2
25.9

2.5 g/l
0.25 g/l

1/3 days
1/3 days

90.3
61.4

7.2
49.1

78.5
28.5

6.3
22.8

Fig. 6. Adsorption isotherms of Cu (II) and Cd (II) ions onto
AC2.
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structure and chemical nature of the carbon surface depend-

ing on the preparation conditions. Since the ACs used are

microporous adsorbents, heavy metals penetrate easily into

these pores when their ionic diameter become small. With

respect to porosity, the two carbons under investigation show

very small differences in their texture characteristics (Table

3) which cannot account for the considerably distinguished

adsorption capacity towards the two metals (AC2 capacity is

between 4 and 20-fold higher than AC1). 

For adsorption of metals onto AC, surface chemistry is

expected to play a key role as well, since adsorption is favored

by the presence of oxygen-containing functional groups and

electro-static attraction of the metal ions for these groups

[30]. Such groups can be increased by several liquid-phase

oxidation techniques, and/or through subsequent air oxidation

of a GAC or during its preparation (e.g. H3PO4/air treatment).

The distinguished metal removal capacity of AC2, in com-

parison to AC1, would be associated with the effect of oxi-

dation by flowing air which somewhat promotes mesoporo-

sity with an expected generation of carbon-oxygen function-

alities involved in the enhanced metal removal. Such effect

is confirmed here by various methods of analysis: air gasifi-

cation (loss in carbon yield); increased oxygen content,

raised O-functional groups noticed in the FTIR spectra and

the appreciable decrease in slurry pH of the carbon An

excellent AC with highly developed porous structure is not

the only requirement for metal remediation from aqueous

media, it should, moreover, satisfy a proper surface nature

with adequate adsorption sites (anchoring sites) and suitable

porosity dimensions accessible to the hydrated metal ions

[38].

A new approach was advanced in the last decade describ-

ing the origin of surface acidity in carbons, particular to

H3PO4-activated carbons (AC). Residual phosphorous in the

derived ACs was suggested to appear as stable inorganic and

organic phosphates. Possible candidates for surface chemical

species are polyphosphates, phosphonic acids, phosphonous

acids and phosphines [34-42]. Accordingly, it was suggested

that carbons activated with phosphoric acid may be regarded

as prospective cation-exchangers for the removal of heavy

metals from water solutions [38, 39]. Sites involved in the

metal removal are de-protonated phosphoric, carboxylic or

phenolic groups [42]. 

In addition, the target metal ion properties plays a decisive

role in their removal by adsorption onto AC. The order of

uptake is determined by many factors, the most significant

are: ionic potential, electronegativity character, chemical pro-

perties, ionic radius, hydrolysis, and solution pH [25], copper

has ionic potential 3.3 and Cd 1.9 [43]. The hydration number

is 6.0 for the metals studied, their ionic radii will be for Cu

(II)=0.419 and Cd (II)=0.426 nm. Together with their hydration

shell, copper have a relatively smaller radius that can penet-

rate into narrow pores and thus showed a larger access to the

adsorbent surface F (Smetal/Stotal=12.9 and 2.3% for Cu (II)

and Cd (II), respectively)[18]. In addition Cu (II) possesses a

higher ionic potential than Cd (II), as a result of which the

interaction of Cd (II) ions with the AC surface is weaker

than that of Cu (II). The pH over hydroxides of Cu and Cd

are 5.3 and 8.0, characterize their tendency for hydrolysis.

The ions of Cd (II) are hydrolyzed to lower extent under the

experimental conditions (solution pH ~5.0, or lower, due to

the carbon surface). This might probably explain the higher

adsorption of Cu (II) on the acidic surface of the carbon

[44]. Because Cu (OH)2 was found to precipitate only at pH

~6.0, it was postulated that Cu (II) removal at pH < 6.0

occurred mainly via adsorption [45]. Acid oxidized carbon

enhanced greatly the metal uptake capacity and column

performance towards several metals, their selectivity was:

Cd < Zn < Ni < Cu. The bigger size, lower mobility in the

solution phase and lower charge density of Cd (II) ions

might have reduced the sorption process compared to the

relativity smaller copper ions [45]. The same trend of metals

uptake was confirmed by Badel et al [43], where it appears

as: Cu (II) > Pb (II) > Cd (II) Ag (I), and many other authors.

Sequestration in mmol/g was reported to follow the

sequence Cu > Pb > Ni > Co > Zn > Cr > Cd [6]. The most

important parameters controlling heavy metals adsorption and

their distribution between sorbent and solution, are postu-

lated to be: the solid type, metal speciation, metal concent-

ration, solid pH, solid-solution mass ratio, and contact time

[47]. The uptake of metal ions is assumed to be a function of

polar or acidic surface groups on the carbon. Data difference

of several metals probably arise from difference between the

hydrolysis constants and the ionic diameters of heavy

metals; copper (II) being the smallest between Cu (II), Ni

(II), Fe (II) and Mn (II) [9]. 

4. Conclusions

The present results showed the significant influence of the

nature of the activating agent and the atmosphere on the final

properties of the carbon materials. Unlike carbons obtained at

high temperatures (e.g., physically activated carbons), phos-

phoric activated carbons show acid character as oxidized

carbons do. Phosphorous containing surface groups, besides

O-functional groups, play a dominating role in sequestration

of undesirable metal ions. Activation of H3PO4-impregnated

peach stones under flowing air favored the development of

oxygen-functional groups of the resulting activated carbons,

in accordance with the strong oxidation condition provided

by this atmosphere. This scheme remarkably promoted the

cation removal capacity of both Cu (II) and Cd (II) ions than

its counterpart obtained under no-external atmosphere. The

apparent higher uptake of the former cation over the latter

may be attributed to some physico-chemical differences bet-

ween the two metal ions. Air-flow during pyrolysis of H3PO4-

impregnated carbon precursors, a process previously believ-
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ed to inflict the activated carbon properties, proved to be

very beneficent to the ion-binding capacity, with insignificant

deleterious effect on the porous structure. 
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