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Abstract 

Treatment of water hyacinth with sulphuric acid produces carbonaceous materials that have been used to remove Cu(II) and
Cd (II) ions from aqueous solutions. Untreated water hyacinth was also used for the subject of comparison. The textural
properties of the carbonaceous materials were determined from nitrogen adsorption at 77 K. The optimum pH for the sorption
of Cu (II) and Cd (II) ions on the investigated sorbents was determined. Dynamic adsorption measurements have been taken
at 298 K whereas equilibrium measurements were carried out at 298, 313 and 323 K. The adsorption of nitrogen at 77 K on
the untreated sample was too low and the surface areas of the treated samples 2, 3 and 4 were found between 70-208 m2/g.
The total pore volumes of these samples which were determined for the carbonaceous materials investigated were found to be
0.076-0.140 ml/g. The kinetic adsorption data of Cu (II) and Cd(II) were applicable to both pseudo – first and pseudo-second
order but fit more the latter order. The equilibrium adsorption data were found to fit Freundlich and Langmiur equations. The
values of DG, DH and DS are all negative indicating the feasibility and the spontaneous nature of the sorption of Cu (II) and
Cd (II) ions by the sorbents investigated. 
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1. Introduction 

Environmental contamination due to heavy metals is caused

by several industries such as metal plating, mining's, painting

and car radiator manufacturing, and also by agricultural

sources such as fertilizers and fungicidal sprays [1]. Copper,

nickel, zinc, cadmium and chromium etc., are harmful waste

materials, produced by galvanization industry [2]. The concen-

trations of heavy metals in waste materials are normally

much higher than the standards set by environmental agencies

and must therefore be decreased to lower limits before

discharge. Unlike most organic pollutants, heavy metals are

generally refractory and cannot be degraded or readily det-

oxified biologically and therefore cause adverse health in

that they are important class of human carcinogens [3-6]. 

Several processes have been developed for the removal of

heavy metals from waste discharges. These unit operations

include chemical precipitation [7-9], coagulation/flocculation

[10, 11], ion exchange [12], solvent extraction [13], cemen-

tation [13], complexation [14, 15] electrochemical operation

[16], biological operations [17, 18], adsorption [18-22], eva-

poration [23], filtration [24] and membrane processes [25].

Each of these processes has advantages and suffers from

some disadvantages. The advantages and disadvantages are

based on simplicity, flexibility and effectiveness of the

operation, cost, technical problems and maintenance. 

Adsorption of heavy metals from waste discharges is a

current trend. Many adsorbents such as silica, clays, cellu-

lose, and its derivatives and metal oxides are reported to

show high capacity for the removal of heavy metals [26-30].

However, activated carbons are by far more effective in this

application because of their high efficiency and removal

capacity. On the other hand, the capital and regeneration

costs of these types of sorbents are high. Hence researchers

have been encouraged to look for other types of low – cost

sorbents. Different types of agricultural materials and solid

wastes have been used for this purpose [31-35]. Carbonization

of agricultural materials can be performed by dehydration

with sulphuric acid and resulting in a colloidal porous active

charcoal at considerably lower cost compared with conven-

tionally activated carbons [36, 37]. 

Water hyacinths is an aquatic plant growing densely in

irrigation canals and channels retarding thus the flow of water

for irrigation processing, hindering fishing and generally affect

aquatic life. Although efforts are usually made to take this

plant away, large amounts are always left behind. Besides

the negative impact of the plant left uncollected plant does

not yet find any economic use. This encouraged us to get use

of water hyacinth as an adsorbent for the removal of

pollutants from water [38]. As a continuation the present

investigation is devoted to use as- received dried water

hyacinth (sample 1) for the removal of copper and cadmium

Carbon
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from water. Three colloidal carbons have been also prepared

by dehydrating water hyacinth with concentrated sulphuric

acid. Sample 2 was obtained by hydration at 25oC whereas

samples 3 and 4 were obtained by dehydration at 160oC.

Sample 3 was dried before using in sorption experiments

whereas sample 4 was kept wet and added in this form to the

aqueous solution of copper or cadmium ions. Samples 1-3

were characterized by nitrogen adsorption and FTIR. The

adsorption isotherms of cadmium and copper at 25, 40 and

50oC were followed and the kinetics of adsorption was

determined at 25oC. 

2. Experimental

2.1. Materials 

Water hyacinth was collected from an irrigation canal at

Giza Governorate (Giza, Egypt). The plant was taken off

with all its parts, washed several times with running tap

water and then with distilled water constantly added along

five days 12 h every day. The thoroughly washed plant was

dried at 353 K. The dried plant was chopped into very small

pieces, crushed and then sieved to 0.46-2.0 mm particle size,

this gives sample 1. Sample 2 “colloidal carbon” was obtained

by reacting sample 1 (10 g) with 100 ml (12 mol/dm3)

sulphuric acid at 298 K for 24 h. The resulting black mixture

was allowed to cool and then filtered using a buchner funnel.

The carbonized product was washed several times with

distilled water until the pH was between 3.5 and 4.5 and did

not give a precipitate with barium chloride solution. The

carbonized product was dried and stored in dry clean and

well closed bottle. Sample 3 was similarly prepared except

that reaction with sulphuric acid was carried out at 433 K for

2 h. Sample 4 was prepared following the same procedure

for preparation of sample 3 but, sample 4 was stored undried

in a clean well closed bottle with the minimum amounts of

water and acetone which change periodically to prevent the

formation of bacteria and meanwhile to keep the sample wet.

2.2. Methods

Nitrogen adsorption isotherms at 77 K were constructed

using a conventional volumetric apparatus. Before carrying

out adsorption measurements, the carbon sample was de-

gassed at 100oC under a reduced pressure of 10−5 Torr. 

The carbon content and the inorganic content of dry clean

and crushed water hyacinth (0.46-2.0 mm particle size) were

determined using ICP-AES. 

The elemental analysis of the inorganic matters is given in

Table 1. 

The functional groups on the surface of samples 1, 2 and 3

were identified by using Mattson – FTIR Spectrometer using

the KBr disc technique. The pH of the aqueous suspension

or slurries of the sorbents as well as the pH of the aqueous

solution of Cu (II) and Cd (II) were measured using digital

pH meter (Pope Model No. 1501). 

The adsorption of copper (II) and cadmium (II) was carried

out as follows. Defined amount of the sample was shaken

for different periods of time (kinetic experiments) at 298 K

or for 6 h (equilibrium experiments) at 298, 313 and 323 K.

Before the concentrations of Cu (II) and Cd (II) ions present

in the solution were measured, the adsorbent sample was

filtered from the mixture. The concentration of Cu (II) and

Cd(II) ions were measured using a Perkin – Elmer model

2380 atomic spectrophotometer, with hollow cathode lamps

and a 10 cm – slit burner for an air / acetylene flame wave-

lengths of 324.8 and 283.3 nm were employed for the

determination of copper and cadmium respectively. In all

kinetic and equilibrium experiments of the concentrations of

Cu(II) or Cd (II) ions were lower than or equal to 5 mmol /

dm3. 

The Batch adsorption technique was use for the deter-

mination of the distribution coefficient KD and the equili-

brium constant KC. Other conditions, i.e. the amounts of

adsorbent and adsorbate and the shaking time were kept

constant. 

3. Results and Discussion 

The carbon content was reported to be ≥ 90% and the

inorganic content in dry water hyacinth was determined by

igniting in air at 873K (5 g), in a crucible tills the disappear-

ance of all the carbon, as indicated by the absence of the

black color and attainment of a constant weight. The loss

ignition was determined to be 91.2% and the inorganic

content (left as ash) was 8.8%. The quantitative analysis of

the inorganic matters in water hyacinth was determined by

ICP-AES. 

3.1. Surface Functionality of the sorbents 

FTIR spectra of samples 1-3 (not illustrated) indicated

some differences in the intensity, area and shape of their

Table 1. Analysis of the inorganics in Water hyacinth. 

Element Spectral type Atomic % Compound %

Mg ED 5.04 Mg O 6.73

Si ED 6.55 SiO2 13.05

Cl ED 16.86 − −
K ED 16.10 K2O 25.12

Ca ED 4.56 CaO 8.48

Cu ED 5.08 CuO 13.38

Zn ED 4.98 ZnO 13.43

O ED 40.82
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absorption peaks. However, these differences don’t represent

clear evidences to allow strong conclusions. With some

reservation and based on the data reported in literature and

summarized in Table 2, one can give general explanations as

follows. All the samples investigated exhibited surface phe-

nolic, carboxylic, carbonylic, cyclic ether groups, phenolic

and C-H aromatic structure. Sulphuric acid – untreated

(sample 1) exhibited the most developed free OH and C-H

aliphatic structure and the less developed acidic groups

(phenolic, carboxylic and carbonylic). Sample 3, on the other

hand exhibited the less developed OH and C-H aliphatic

structure and mean while the well developed absorption

peaks assigned from surface acidic carbon- oxygen groups.

Sample 2 showed spectra intermediate between those ex-

hibited by samples 1 and 3. This may be taken as an evid-

ence that oxidation with sulphuric acid of cellulosic materials

concentrates the acid functionality on the surface of the

resulted carbonization product. 

The results obtained from FTIR qualitative coincide with

the surface pH values of the aqueous suspensions of the

samples which were 6.5, 5.3, 4.2 and 3.5 for samples 1, 2, 3,

and 4, respectively. Evidently, the pH values decreased upon

treatment with sulphuric acid with the decrease depending

on the severity of the treatment. 

3.2. Textural properties 

The adsorption capacity of an adsorbent is determined by

its texture (surface area and porosity). Chemically – activated

carbons and physically – activated carbons are characterized

by high surface area and wide range of pore size distribution.

Colloidal carbons prepared by dehydrating cellulosic materials

with concentrated sulphuric acid possess considerably lower

surface areas and less developed pore structure. Equally

important to the texture of an adsorbent in determining its

adsorption capacity particularly from solution is the chemistry

of its surface. 

The textural properties are determined from the adsorption

of nitrogen at 77 K. Prior to nitrogen adsorption, the sorbent

sample was degassed at 100oC under a reduced atmosphere

of 10−5 Torr. The adsorption was continued until near satu-

ration, i.e. at a relative pressure approaching 1.0. The nitro-

gen adsorption isotherms of sorbents 2-4 are shown in Fig.

1. The adsorption of nitrogen at 77 K on sorbent 1

(untreated) was too low to allow reproducible or trustful

values for the textural parameters. 

The nitrogen adsorption isotherms of sorbents 2-3 are type

II according to the BDDT classification [45], indicating the

Table 2. Assignment of FTIR Bands. 

Wave number cm−1 Assignment Groups References

900-740 C-H (out of plane bending) Aliphatic Structure 39,41

220-1000 C-OH (stretching) Phenolic group 39,40,42

1591;1440
1382;1285
1073;1019

Composed Carbonate and/or Carboxylic 
structure oxygen surface group 

39

1119;1073 
1154;1283

Composed Highly stable cyclic ether 
containing CoCoC groups

39,40,42

1640 Carbonyl adjacent hydroxyl Enol Structure 44

1705 Free carboxyl 44

1730;1750 1760 Carbonyl of carboxyl Ester and/or Lactone 44

2966;2918;2854 C-H (Stretching) Aliphatic Structure 39,40,42

3030 C-H (Stretching) Aromatic structure 40

3280;3388 O-H (Stretching-vibration) Aromatic 43

3444 O-H (Stretching with possible 
H-bending between O-H) groups 

Phenolic 39,41

>3500 O-H (Stretching) Free OH 43

Fig. 1. Nitrogen adsorption isotherms at 77 K onto the water
hyacinth investigated.



252 A. A. Attia et al. / Carbon Science Vol. 7, No. 4 (2006) 249-258

domination of mesopores. The BET equation [46] was

applied to determine the surface area SBET (m2/g) for each

sample. The total pore volume VT (ml/g) for each sorbent

samples was also determined from the volume of nitrogen

adsorbed near saturation. 

The mean pore radius, r' (nm) was calculated from the

relation ship.

r' = ×103

The volume of nitrogen adsorbed at relative pressure = 0.1

may be taken as a measure of the micropore volume Vmic,

this allowed the determination of the ratio Vmic/VT. 

Inspection of Table 3 reveals that (i) sorbent 2 measured

the lowest surface area and the largest mean pore diameter

(ii) the surface area of sorbent 4 (stored wet) is about 8%

higher than the surface area of sorbent 3 (store dry). The

mean pore radius of sample 4 is also about 7% larger than

that of sorbent 3. (iii) the microporosity in sorbents 2-4

represents a small fraction of the total pore volume, i.e 8-

10% of the total porosity. The predominating pores are of

mesoporous type, i.e. > 90% of the total porosity. Concen-

trated sulphuric acid acts as a dehydrating agent and as

oxidant for cellulosic materials resulting therefore in colloidal

and porous active carbons. Colloidal charcoal has a small

particle size and therefore one can expect that most of the

surface area of these carbons is considered as external surface

area and the other part is located in mesopores. Colloidal

carbons are there completely different than chemically- or

physically – activated carbons. The surface areas of the latter

are considerably higher. Also most of their surface areas are

located in micropores. It seems that dehydration and oxidation

of cellulosic materials and formation of colloidal carbons

requires heating to temperatures approaching 473 K. This

explains the low surface area and porosity of sample 2 which

was treated with sulphuric acid at 298 K, i.e treatment at

such low temperature brought about incomplete dehydration

and /or oxidation product [37]. 

3.3. Adsorption of Cu (II) and Cd (II) ions 

3.3.1. Effect of pH

The adsorption from solution in general and of metal ions

in particular depends to a great extent on the pH of the

adsorption medium. The influence of pH value of the metal

ion solution on the adsorption of the latter from single com-

ponent metal ion systems Cu(II) or Cd(II) was studied using

a dosage of 100 mg sorbent and initial metal ion concen-

trations of 20 mg/dm3. The initial metal ion solutions, i.e.

before the addition of the sorbent were adjusted to different

pH values (ranging from 3 to 7) via the addition of dilute

NaOH or HNO3 solutions. After agitating for a period

adequate for reaching equilibrium adsorption on the basis of

kinetic adsorption measurements, the final pH was recorded

and the equilibrium concentration of the metal ions was

determined. Fig. 2 shows the variation of the maximum

adsorption capacity of Cu(II) and Cd (II) ions onto sorbents

1 and 4. It is shown that for Cu (II) and Cd (II) ions adsorp-

tion on untreated sample (sorbent 1), the amount adsorbed

increased with the increase of pH from 3 to show maximum

at pH 6 and then slightly decreased with the further increase

of the solution pH to 7, i.e. the adsorption of both metal ions

on the untreated sorbent exhibited its maximum around

neutral conditions. For sulphuric acid – treated sorbent 3, the

maximum adsorption of Cd (II) is exhibited at pH value =

4.5, with the adsorption of this metal ion considerably lower

at pH values lower or higher than 5. The adsorption of Cu

(II) by sorbent 3 seems to be less sensitive to variation in the

solution pH between 3 and 7. However, slightly higher ad-

sorption values of Cu (II) has been found at pH = 5.0. The

high adsorption of Cu (II) and Cd (II) on sulphuric acid

treated water hyacinth (sorbent 3) at pH value = 5 may be

attributed to a change in the charge on the carbon surface

V
2 T

SBET

----------

Table 3. Textural properties of sorbents 1-3 as determined from
nitrogen adsorption at 77 K. 

Sample
SBET 

(m2/g)
VT 

(ml/g)
r' 

(nm)
Vmic 

(ml/g)
Vmic/VT 

(dimensionless)

2 70 0.184 5.3 0.014 0.076

3 192 0.408 4.3 0.042 0.103

4 208 0.480 4.6 0.050 0.104

Fig. 2. Effect of PH on sorption of Cu(II) and Cd(II) ions at 298
K onto a-Untreated water hyacinth (b) Sulphuric treated water
hyacinth. 
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with the change in the pH values. Electrostatic repulsion

between cations and positively charged surface of the carbon

occurred at low pH values, while metal ions replaced hydro-

gen ions on the carbon surface at higher pH values leading

to an increase in the extent of adsorption. 

3.3.2. Sorption kinetics 

After determining the optimum pH at which Cu (II) and

Cd (II) sorption should be followed, the kinetics of sorption

of Cu (II) and Cd (II) must be determined. Mean while, the

change of the sorption capacity, with time allowed the deter-

mination of the time required to attain equilibrium which is

essential to construct the adsorption isotherm. The kinetic of

Cu (II) ions sorption and of Cd(II) ions sorption at 293 K are

shown in Fig. 4(a) and (b), respectively. It is evident that the

adsorption capacity of sorbent 4 for Cu (II) and Cd (II) is the

highest among all investigated sorbents. Generally, the sorp-

tion capacities for Cu (II) and Cd (II) follow the order

sorbent 4 > sorbent 3 > sorbent 2 > sorbent 1. 

It is evident also that Cd (II) is more adsorbed than Cu

(II), this is true for all investigated sorbents. It is also pre-

dicted from Fig. 3(a) and (b) that the initial adsorption is

rapid and that after 40-60- min. insignificant increase of

adsorption with time was observed. The uptake of Cu (II)

and Cd (II) was found to vary linearly with the half power of

time (t0.5), in the initial stages of sorption Fig. 4(a) and (b).

Similar results were previously reported) by applying the

equation. 

qt = Kd t
0.5

where qt is the amount adsorbed (mg/g) and Kd is the rate

constant of pore diffusion.

This behavior is predicted when a large initial fraction of

the reaction is controlled by intraparticle diffusion [18] Kd

values of 0.35, 1.60, 4.20 and 4.90 mg·g−1 min0.5 were

calculated for the adsorption of Cu (II) onto sorbets 1,2,3

and 4, respectively, the Kd values for Cd (II) sorption onto

these sorbents were calculated to be 0.6, 1.5, 5.8 and 8.9.

It was found also that Cu (II) and Cd (II) uptake also

followed first order rate equation expressed as

Log10 (qe-qt) = log10 qe − 

where qt and qe are the amount adsorbed at time t and at

equilibrium in (mg/g), respectively K1, is the first order rate

constant (min−1) of Cu (II) or Cd (II) up take at 25oC. Fig. 5

(a) and (b) shows satisfactory straight lines when log10 (qe –

qt) values were plotted versus time. The K1 values for Cu (II)

and Cd (II) uptake are listed in Table 4. 

A trial has been also made to apply the pseudo- second

order rate equation to the uptake of Cu (II) and Cd (II) on

the investigated sorbent at 298 K, with time. 

t/qt = 1/(K2 qe
2) + (1/qe) t

qt and qe have been previously defined and K2 is the pseudo-

second order rate constant (q/mg min), of Cu (II) and Cd (II)

sorption. Evidently, typical straight lines with the least –

Scatter of points were obtained, Fig. 6(a) and (b). The K2

K1t

2.303
-------------

Fig. 3. Kinetics of a)-Cu(II) and, b)-Cd(II) ions sorption onto
untreated sulphuric acid treated-water hyacinth. Fig. 4. A plot for the rate of pore diffusion of a)-Cu(II) and, b)-

Cd(II) on untreated and sulphuric acid treated-water hyacinth.
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values are listed in Table 4. 

Table 4 indicates that the amounts of Cd (II) adsorbed at

equilibrium (qe) are always higher than those adsorbed from

Cu (II). It is also shown that both K1 and K2 for sorbent 1

are considerably higher than those determined for sorbent 2.

This is true for both Cu (II) and Cd (II) uptake. This may be

attributed to the difference in nature of these sorbents.

Sorbent 1 is a cellulosic matter on which adsorption takes

place on the external surface since no pores are existing. On

treatment of sample 1 with concentrated sulphuric acid to

have sorbent 2, one would expect partial carbonization and

development of some porosity in which the rate of adsorp-

tion decreased. This explains the relatively low values of K1

and K2 of Cu (II) sorption onto sorbent 2 relative to those for

sorbent 1. K1 and K2 for Cu (II) and Cd (II) ions sorption by

sorbent 3 and 4 are more or less equal and are very low

compared with those calculated for sorbents 1 and 2. This

may be taken as an additional evidence for the same explan-

ation. Sample 3 and 4 were treated with sulphuric acid at

433 K where carbonization is expected to be very high and

the fraction of microporosity is predominating. The rate of

adsorption in micropores is probably low compared with the

rate in mesopores on the external surface. It remains now to

point out that the uptake of Cu (II) and Cd (II) ions by the

investigated adsorbents follows pseudo–second order kinetics

since the correlation coefficient R2 were higher for this

kinetic model relative to R2 for first order kinetics. 

3.3.3. Adsorption isotherms 

We have already determined the appropriate pH values for

the sorption of Cu (II) and Cd (II) ions by investigated

sorbents (pH = 6) for sorbent 1 and (pH = 5) for sorbents 2-

4. It is shown also from the kinetic curves, Figs. 3(a) and (b)

Fig. 5. A plot for the first-order reaction for a)-Cu(II) and, b)-
Cd(II) on untreated and sulphuric acid treated water hyacinth.

Table 4. Kinetic parameters for the sorption of Cu (II) and Cd
(II) onto the investigated sorbents.

Sorbent

First order kinetics
Pseudo – second order 

kinetics

K1 
(min−1)

qe (mg/g) R2 K2 
(g/mg min)

R2

Cu (II) sorption

1 0.065 1.3 0.9600 0.076 0.9947

2 0.055 7.2 0.9800 0.0056 0.9925

3 0.050 19.2 .0.9602 0.0025 0.9987

4 0.048 23.0 0.9550 0.0026 0.9970

Cd (II) Sorption 

1 0.056 3.0 0.9720 0.0310 0.9888

2 0.052 8.5 0.9600 0.0080 0.9976

3 0.50 26.8 0.9700 0.0014 0.9981

4 0.49 36.5 0.7012 0.0013 0.9976

Fig. 6. A plot for the second-order reaction for a)-Cu(II) and,
b)- Cd(II) On untreated and sulphuric acid treated water hya-
cinth.
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that beyond 100-120 min contact, no significant increase in

the sorption capacity with time was observed. However, the

sorbents were soaked for 6 h to ensure the attainment of

equlibrium conditions. This equilibrium time is much shorter

than that reported for adsorption of heavy metals by activated

carbons since the latter contain a large fraction of the surface

located in micropores [18]. 

Representative sorption isotherms of Cu (II) and Cd (II)

ions on the investigated sorbents at 298 K are shown in Fig.

7 (a) and (b). The isotherms are typical type L according to

the classification reported by [47] for the adsorption

isotherms from dilute solutions. The equilibrium sorption

data allowed the determination of two important parameters,

namely the distribution coefficient KD and the equilibrium

constant KC. 

KD = 

Where Co and Ce are the initial and equilibrium concen-

tration of Cu (II) and Cd (II) (mg/dm3), respectively. V and

m are the volume of the equilibrated solution and the mass

of the sorbent, respectively 

Kc= qe/Ce 

qe is the equilibrium concentration of Cu (II) or Cd (II) on

the sorbent surface (mg/g) and Ce has been previously

identified. 

Table 5 lists the value of KD and KC for Cu (II) and Cd(II)

ions sorption at 298 K on the investigated sorbents. 

Table 5 reveals that (i) for Cu (II) and Cd (II) sorption, KD

for the sorbents investigated follows the order 1 > 2 > 3 > 4.

This evidently the same order of increasing the sorption

capacity adsorption parameter (ii) KC of the sorbents follows

the order 3 > 2 > 1 which is the same trend as the sorption

capacity. Sorbent 4 is an exception since its value for KC is

lower than that for sorbent 3 although the latter exhibited

lower sorption capacity. This is true for Cu (II) and Cd (II).

Among the investigated sorbents, sorbent 4 was stored wet

as previously described in the experimental part. Diffusion

of the sorbed ions at the interface may affect the equilibrium

constant of sorption on the particular sample. 

The adsorption isotherms of Cu (II) and Cd (II) at 298,

313, and 323 K onto the investigated sorbent were analyzed

using Langmuir and Freundlich equations. The linear form

of Langmuir equation is written as 

1/qe = 1/KL + (1/KL 

b) · (1/Ce) 

kL is a parameter related to the maximum adsorption

capacity, b is the equilibrium adsorption constant and can be

used to determine the Gibbs free energy (ΔG), enthalpy of

adsorption (ΔH) and entropy of sorption (Δs) using the

following relation ships. 

ln b = ln b – ΔH/RT

ln 1/b = ln b' ΔH/RT

and ΔS = (ΔH − ΔG)/T 

where b is the adsorption energy constant, R is the universal

gas constant and T is the absolute temperature oK. The plot

of ln (1/b) versus (1/T) gives ΔH. 

The linear form of the Freundlich equation can be written

as 

lnqe = ln KF + (1/n) ln Ce 

KF and (1/n) are constants related to the sorption capacity

and sorption intensity, respectively. 

Representative linear Langmuir plots are shown in Fig. 8

(a) and (b). Also, representative linear Freundlich plots are

shown in Fig. 9(a) and (b). 

The Langmuir and Freundlich constants derived from these

plots are listed in Table 6 from which it is obvious that the

C
o

C
e

–

C
e

-----------------  
v

m
----

Fig. 7. Adsorption isotherms of a)-Cu(II) and, b)-Cd(II) onto
untreated and sulphuric acid treated water hyacinth at 298 K.

Table 5. KD and KC for Cu (II) and Cd (II) adsorption at 298 K.

Sorbent
Cu II Cd II

KD KC KD KC

1 1028 0.074 984 0.179

2 981 0.374 963 0.490

3 820 0.904 861 2.000

4 814 0.885 850 1.740
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values of KL and KF although are different but they follow

the same trend because both are function of the adsorption

capacity. It is also evident from Table 5 that b decrease with

the increase of kL, i.e., with the increase of the adsorption

capacity. 

3.3.4. Thermodynamic parameter of Cu (II) and Cd (II)

adsorption 

The determination of the sorption of Cu (II) and Cd (II)

ions the investigated sorbents at 293, 313 and 323 K allowed

the evaluation of the thermodynamic parameters considering

the Langmuir model. Table 6 summarizes the values of ΔG,

ΔH and ΔS for every sorbent adsorbate system. 

It is predicted from Table 6 that all the values of the

standard free energy change (ΔGo) are negative suggesting

thus the spontaneous nature of the sorption of Cu (II) and Cd

(II)ions on the investigated sorbent and meanwhile refers to

Fig. 8. Linear Langmuir plots of a)-Cu(II) and, b)-Cd(II) ions
sorption at 298 K onto untreated and sulphuric acid treated
water hyacinth.

Fig. 9. Linear Freundlich plots of a)-Cu(II) and, b)-Cd(II) ions
onto untreated and sulphuric acid treated water hyacinth.

Table 6. Thermodynamics parameters of Cu (II) and Cd (II) sorption. 

Sorbent

289 K 313 K 323 K

-ΔGo KJmol−1 -ΔSo Jmol–1K−1 -ΔGo KJmol−1 -ΔSo JmolK−1 -ΔGo KJmol−1 -ΔSo JmolK−1 -ΔHo

Cu (II) Sorption at 

1 0.40 29 5.13 35 5.77 27 8.1

2 2.25 50 4.25 54 4.30 56 6.7

3 2.92 61 4.06 62 5.75 65 15.2

4 4.77 50 6.57 54 7.50 56 10.5

Cd (II) sorption at 

1 2.38 221 3.93 214 5.61 212 63

2 1.95 350 5.76 337 8.46 335 99.8

3 3.14 125 5.72 126 6.82 126 33.9

4 4.49 85 6.27 84 6.31 81 20.7
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the feasibility of the sorption process. The negative values of

the standard enthalpy change (ΔHo) indicates that the inter-

action of Cu(II) and Cd (II) with the investigated sorbent is

exothermic in nature, thereby demonstrated that the process

is stable energetically. All the values of (ΔHo) are negatively

low compared with heats evolved in chemisorptions process.

The values of (ΔHo) may ascribe specific interaction bet-

ween the adsorbed ion and the adsorbent surface. Negative

values of (ΔSo) indicated that the adsorption complexes are

stable. Such negative values may be attributed to association,

fixation or immobilization of Cu (II) and Cd (II) ions on the

sorbent surface due to adsorption, there by decreasing the

degree of freedom of these ions. 

4. Conclusion 

Treatment of water hyacinth with sulphuric acid at 298-

433 K is a simple low cost technique to produce carbon-

aceous materials of developed porosities and relatively high

surface areas. 

The carbonaceous materials produced by treating water

hyacinth with sulphuric acid exhibited high adsorption capa-

cities for Cu (II) and Cd (II) from their aqueous solution,

where it is found to be 23 mg/g for Cu and 36.5 mg/g for

Cd. 

The adsorption of Cu (II) and Cd(II) ions at 298 K proved

to be rapid and the dynamic adsorption data were applicable

to first order and pseudo- second order kinetic with the latter

well fitted.

The equilibrium adsorption data obeyed Freundlich and

Langmuir equations. The thermodynamics parameters of the

adsorption of Cu (II) and Cd (II) on the sorbents investigated

have been evaluated. The negative values of the standard

free energy change (ΔGo) indicate the spontaneous nature

and the feasibility of the sorption process. The negative

values of the standard enthalpy change demonstrates that the

process of sorption is stable energetically and the values of

(ΔHo) refer to some sort of specific interaction. The negative

values of (ΔSo) may be attributed to association, fixation or

immobilization due to adsorption, there by decreasing the

degree of freedom of the sorbed ions. 

References

[1] Khalfaoui, B.; Menai, A. H. J. Chem. Technol. Biotechnol.

1995, 74, 111. 

[2] Selomulya, C.; Meeyoo, V.; Amal, R. J. Chem. Technol.

Biotechnol. 1999, 74, 111. 

[3] International Agency for Research on Cancer (IARC)

“Cadmium, nickel, some epoxides, Miscellaneous indus-

trial chemicals 1976, Vol. 11, IAARC Scientific Publica-

tion, Lyan, France. 

[4] International Agency for Research on Cancer (IARC)”

Some inorganic and organometallic compounds 1973, Vol.

2 IARC Scientific Publication, Lyon, France.

[5] International Agency for Research on Cancer (IARC)”

Same inorganic and organometallic compounds, 1973,

Vol. 2 IARC Scientific Publication, Lyon, France.

[6] Farjzadeh, M. A.; Vardast, M. R. J. Chin. Chem. Soc.

2003, 50, 243. 

[7] Bhattacharyya, D.; Jumawan, D. A.; Sun, G.; Schwitzebel,

K. AICHE Series, Water-1980 1981, 77(209), 31.

[8] Linstedt, K. D.; Houok, C. R.; Connor, J. T. J. Water Pol-

lut. Control Fed. 1981, 43(7) 1507. 

[9] Smith, E. H, Metal Finishing, 13 Nov., 1995.

[10] Malik D. J.; Streat, M.; Grieg, J. Process Safety Environ

Prot. 1999, 77(B4), 227.

[11] Environmental Protection Agency (EPA), EPA 600/8,

1978, 77. 

[12] Tiravanli, G.; Petruzzelli, D.; Passino, R. Water Sci. Tech-

nol 1997, 36, 197.

[13] APHA, “Standard methods for the examination of water

and waste water”, 16th Edn, American Public Health Asso-

ciation, Washington D.C , USA, 1985.

[14] Bhattacharya, D.; Cheng, C. Y. R. Environ Prog. 1987, 6,

110. 

[15] Khim, H. C.; Moh, A. H. J. Chem. Technol. Biotechnol.

2000, 75, 1054.

[16] Davis, M.; Sandy, T. “Hand book of Industrial Waste treat-

ment”, Vol 1, ed. by Wang L.K and Sung-Wang M.H,

Marcel Dekker , New York, 1992, 127.

[17] Malik, D. J.; Strelko, V. Jr.; Streat, M.; Puziy, A. M. Water

Research 2002, 36, 1527.

[18] Youssef, A. M.; Mostafa, M. R. Indian J. Technol. 1992,

413. 

[19] Youssef, A. M.; Khalil, L. B.; El-Nabarawy, Th. Afinidad

IL 1992, 441, 339. 

[20] Huang, C. P.; Blankenship, D. W. Water Res. 1982, 18(1),

37.

[21] Marzal, P.; Seco, A.; Gabaldon, C.; Zerrer, J. J. Chem.

Technol. Biotechnol. 1996, 66. 

[22] Banat, F.; Al-Asheh, S.; Al-Roussan, D. Adsorption Sci.

Technol 2002, 20, 319. 

[23] Pradhan, J.; Das, S. N; Thakur, R. S. J.Colloid Interface

Sci. 1999, 217, 137.

[24] De Mora, S. J.; Harrison, R. M. Water Res. 1938, 17(7),

723. 

[25] Cartwright, P. S. Plating Surf. Fin. 1981, 68(4), 40. 

[26] Banat, F.; Al–Bashir, B.; Al-Haya Jneh, O. Environ.

Pollut. 2000, 107, 391.

[27] Banat, F.; Al-Ashed, S. Environ. Eng. Policy 2000, 2, 85.

[28] Berekect, G.; Argouz, A.; Ozel, M. J. Colloid Interface

Sci. 1997, 187, 338. 

[29] Rauf, N.; Ikram, M.; Tahir, S. Adsorption Sci Technol

1999, 17, 431.

[30] Moreina, J. C.; Poran, L. C.; Gushikem, Y Mickrochim.



258 A. A. Attia et al. / Carbon Science Vol. 7, No. 4 (2006) 249-258

Acta III 1996, 167. 

[31] Youssef, A. M.; Radwan, N. R. E., Abdel–Gawad, I.;

Singer, G. A. A. Collids and Surfaces A 2005, 252, 143. 

[32] Al-Asheh, S.; Banat, F. Adsorption, Sci. Technol. 2001,

19, 117. 

[33] Chong, K. H.; Volesky, V. Biotechnol Bioeng. 1995, 47,

451. 

[34] Mullen, M. D; Wolf, D. C.; Beveridge, T. J.; Bailey, G. W.

Soil. Biochem. 1992, 24, 129. 

[35] Ho, Y. S.; Wase, D. A. J.; Forster, C. E. Water Res. 1995,

32, 498. 

[36] Youssef, A. M.; El. Nabarawy, T.; Samra, S. E. Colloids

and Surfaces A 2004, 235, 153. 

[37] El, S.; El, C. M.; Pihugan, A. A.; Appleton, Q. J. Chem.

Technol Biotechnol. 2002, 77, 429. 

[38] El-Nabarawy, T.; Khedr, S. A. Adsorption Science and

Technol. 2002, 8(4), 385. 

[39] Zawadzki, I. “Chemistry and Physics of Carbon”, P.A.

Thrower Ed. Dekker, New York, vol 21, 1989, 147. 

[40] Fanning, P. E.; Vannice, M. A. Carbon 1993, 31, 721. 

[41] Shirdo, A.; Izmino, K. Carbon 1994, 32, 1233. 

[42] Figueiredo, J. L.; Pereira, M. F. R.; Freitas, M. M. A.;

Orfas, J. J. M. Carbon 1999, 37, 1379. 

[43] Gomez-Serrano, V.; Acedo-Ramos, M.; Lopez-Peinudo,

A.; Velenzual–Calahorro, C. Fuel 1994, 73, 387. 

[44] Boehm, H. P. High Temperature-High Pressure 1990, 22,

275. 

[45] Brunauer, S.; Deming, L. S.; Deming, W. S.; Teller, E. J.

Am. Chem. Soc. 1940, 62, 1723. 

[46] Brunauer, S.; Emmett, P. H.; Teller, E. J. Am. Chem. Soc.

1938, 60, 309. 

[47] Giles, C. H.; MaCEwan, T. H. “Proc. Intern. Cong. Sur-

face Activity”, Vol. 3, Landon, 1959, 451. 


