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Abstract

Three olive stones-derived activated carbons (ACOS) with different chemical characteristics, appropriate for
the removal of iron and manganese in groundwater are prepared. The steam activated carbon is obtained from
carbonized olive stones in the presence of nitrogen in the temperature range from 700 to 900°C and modified by HNO,
and ammonium persulphate. The structure of the activated carbons was characterized by N, adsorption at 77 K, scan
electron microscopy and FTIR. B.E.T and a-methods are used to deduce the effective surface areas. The parameters
(such as initial pH, temperature, etc) affecting the adsorption capacity of ACOS toward iron and manganese cations
removal from aqueous solutions are investigated using batch experiments. The study of kinetic models including
pseudo first order and pseudo second-order are carried out. Langmuir adsorption isotherm is investigated. Equilibrium
adsorption data fitted the Langmuir adsorption isotherm well with R?>0.9908. The maximum adsorption capacities of
ACQOS for the removal of iron and manganese cations are calculated. The results obtained revealed that the sample
activated by HNO, has the highest adsorption capacity followed by ammonium persulphate and steam activated
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samples. The mechanism of adsorption is proposed.
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Introduction

Ground water is the major source of drinking water in rural and
semi-urban areas of Egypt. Both iron and manganese are common
contaminants in groundwater, in concentrations exceeding 10 ug/L
but they are rarely present in contaminations exceeding 1.0 g/L [1].
The World Health Organization (WHO) has set a guideline value of
0.3 mg/L of iron and 0.05 mg/L of manganese in drinking water [2],
and many of the countries, including Egypt, have adopted this value
in their national drinking water standards. In the Delta district of
Egypt, where Dakahlia Governorate is located, a substantial part of
groundwater used for potable uses shows contamination significantly
exceeding the maximum contaminant level (MCL). The presence of
high concentrations of iron and manganese in water causes economic
and technological problems. On contact with air, they precipitate a dark
sludge with influences the development of ferruginous and manganese
bacteria on walls of pipes enhancing thus the corrosion of the pipes
[3,4]. Manganese is also toxic to the brain resulting in neurological
disorder similar to Parkinsons disease [5,6]. Although iron is an
essential mineral for human, its presence in ground water above a
certain limit makes the water un-usable for aesthetic considerations
such as metallic taste, odour, staining of laundry and plumping fixtures.

A number of specialized processes have been developed for
the removal of metals from water and waste discharges. These
unit operations include: chemical precipitation [7,8], coagulation/
flocculation [9,10], ion exchange/solvent extraction [11,12],
cementation [13,14], complexation [15,16], electrochemical operation
[17], biological operations [18], evaporation [19], filtration [20],
membrane processes[21] and adsorption [22-26].

Adsorption of heavy metals on activated carbons (ACs) and
modified ACs proved to be the most efficient technique in this
application. It is recommended to use low cost precursors that are
available in large amount, renewable and contain high carbon content
and low inorganic content. These requirements are found in many
agricultural wastes [25]. Olive stones are agricultural waste which has
been widely used for the preparation of ACs [27,28].

The objective of the present investigation is the preparation of AC
developed from olive stones and to modify the surface of these carbons
by surface oxidation with concentrated nitric acid and ammonium
persulfate. The textural properties and the chemistry of the surface of
the carbons prepared were determined. The adsorption of Mn (IT) and
Fe (III) from their aqueous solution, at different conditions of solution
volume, adsorbent mass, solution concentration, pH and temperature,
kinetic and equilibrium adsorption were performed.

Materials and Methods
Materials

The chemicals used HCI, HNO,, (NH,)25,0,), NaOH and
standard stock of iron (FeCl,), manganese (MnCl,) were of analytical
grade. Stock solutions containing 1000 mg/l of Fe,(SO,),12H,0 and
1000 mg/1 of MnCl, by dissolving the calculated amounts in doubly
distilled water.

Preparation of the activated carbons

The activated carbon C was prepared by carbonizing clean dry
crushed olive stones (0.4-0.6 mm) in nitrogen atmosphere at 450°C,
followed by gasification with steam at 900°C to a burn off=29%. Details
of preparation are reported elsewhere [25]. Modification of steam
activated carbon “C” was carried out by oxidation with 65% nitric
acid to get HNO,-modified carbon “C1”. Oxidation with ammonium
persulphate of carbon C was also carried out to get persulphate-
modified carbon “C2” Details of procedures are given elsewhere [28].
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Characterization of the activated carbons

The adsorption of nitrogen at 77 K was studied using a conventional
volumetric apparatus. Prior to adsorption, the carbon sample was
degassed at 473 K under a reduced pressure of 10 Torr. The adsorption
was followed until a relative pressure p/po=0.95 and the desorption was
continued until the closure of the hysteresis loop.

Scanning electron microscopy of activated carbons was examined
using the SEM (JEOL-JEM-100S) under the following conditions: The
samples were prepared by sprinkling the powder lightly onto a double-
sides adhesive tape which was mounted on SEM specimen stub. The
edges of the double-sided tape were printed with gold. Micrographs
were obtained in a secondary electron imaging mode using a potential
difference of 25 KV. SEM observations were carried out at magnification
of 400x. Representative sections of surfaces were recorded and
developed on monochrome paper (IL Ford FP4).

A Fourier transform infrared (FTIR) spectrometer (Perkin-Elmer)
model 1430 was used to detect the IR-observable functional groups
on the carbon surface, in the wave number range 4000-400 cm™. The
samples were first mixed with KBr and then pressed into pellets. The
KBr pellet contains 0.5 wt% carbon.

Adsorption of iron and manganese

Batch experiments were carried out by shaking a stopper flasks
containing specific concentration of Fe** or Mn** cations solution and
specific amount of ACOS at 80 rpm for desirable time, temperature and
initial pH. The suspensions were then filtered and the filtrates were
analyzed using flame atomic absorption spectrophotometer (Perkin-
elmer model 2380). The pH values of suspensions were adjusted with
dilute HCI or NaOH solution. The experiments were carried out by
varying the initial metal ion concentration, contact time, amount of the
adsorbent, pH of the initial suspension.

Results and discussion

Characterization of activated carbons

Textural properties: The surface area and porosity of carbons are

prominent factors in determining their adsorption capacities [29].
The textural properties of solids are conventionally determined from
the adsorption of nitrogen at 77 K and the adsorption data are usually
analyzed by the application of the BET equation [30].

The adsorption of nitrogen by the carbons investigated was found
to be relatively rapid with the equilibrium attained within 25 min
indicating that the adsorption is not controlled by activated diffusion
encountered in ultrafine pores and meanwhile refers to the accessibility
of the entire pore structure to the nitrogen molecules [24]. Figure 1
depicts the nitrogen adsorption isotherms measured at 77 K for the
carbons C, ClI and C,The isotherms of carbon C is mainly type I
according to the BDDT classification with no hysteresis loop [31], this
isotherm is also characterized by very steep initial portion and gave the
highest BET-C constant (Table 1).

The isotherms of carbon C1 and C2 show mixed characteristics of
type I and type II, they are less steep and exhibited closed hysteresis
loops. The nitrogen adsorption data fitted very well the BET equation.
The linear BET plots are shown in figure 2. The surface areas SBET
(m*/g) were calculated and the total pore volume VT (ml/g) were read
from the volume of nitrogen adsorbed at P/P0 = 0.95. Included also
in table 1 are the BET-C constant and the mean pore radius r (nm),
calculated from the relationship: r=(2V, (ml/g)*10°)/S, T (m*/g).

More knowledge on the texture of the carbons investigated could be
obtained by considering the a-method [32] in analyzing the nitrogen
adsorption results. The application of the a-method has been performed
using the standard data reported [33].

This method is considered as an independent method for the
determination of the specific surface area S (m*/g) from nitrogen
adsorption data. The method allows also the determination of some
important textural parameters. These parameters are the area of
micropores S ¢ and the area of non-micropores S ¢ The volumes
of micropores and of non-micropores V_¢ and V *have been also
determined. Figure 3, shows the a-plots of C, C, and C, The textural
parameters determined by the a-method are listed also in table 1.
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Figure 1: The nitrogen adsorption isotherms at 77 K of (a) C; (b) C1 and (c) C2.

Carbon S,.ym,/g V. mig rnm BET-C constant S, m2/g S¢ m?g S, m,g V. “mlig VvV, “mlig V. NT %
c 831.3 0.547 1.32 25 812 136 676 0.136 0.401 73.3
C1 729.6 0.705 1.93 18.5 740 385 335 0.39 0.25 35.5
C2 576 0.699 2.43 " 525 265 260 0.599 0.1 14.3

Table 1: Textural characteristics of the carbons investigated.
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Figure 2: Linear BET plots of nitrogen adsorption at 77 K by (a) C; (b) C1 and (c) C2.
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Figure 3: The a plots of nitrogen adsorption at 77 k of (a) C; (b) C1 and (c) C2.

Table 1 depicts: (i) comparable surface areas are obtained from the
BET-method and the a-method. This may be taken as an evidence for the
reliability of the measurements. (ii) The surface area of the un-oxidized
activated carbon is higher than those of the oxidized derivatives. (iii)
The total pore volume of the un-oxidized carbon C is lower than those
of the oxidized carbons C1 and C2. This could be attributed to the pore
widening brought about by oxidation. Evidently r of carbon C was
calculated to be 1.32 nm, where as r of C1 was calculated to be 1.93 nm
and r of C2 was found to be the largest , i.e=2.43 (nm). Included also
in table 1 are the ratio V_*/V, the values obtained may be taken as a
support for the pore widening due to oxidation of activated carbons.
Thus, the ratio was 73.3% for C, 35.5% for C1 and dropped to 14.3%.
(iv) The textural changes depend among other factors on the oxidizing
agent used.

The scanning electron microscopy: The scanning electron
microscopy images gave insight into the olive stone structure with
respect to its shape. The dark areas are macro pores and the pale grey
areas are due to the carbon matrix. Figure 4, represents the morphology
of the resulting activated carbon prepared via physical (C) and chemical
(using HNO,, C1) activation methods, respectively. It can be clearly

seen that physical and chemical activations show some changes in the
surface of the particles after activation. The different pore structures
of the activated carbon prepared from either physical (using nitrogen
as activating agent) or chemical (using HNO,) activation are observed,
which depend upon different reaction mechanisms. Figure 4, depicts
two pictures (a) for physically activated carbon (C) and (b) for HNO,
activated carbon (C1). In this concern, the sample (a) activated by N,
gas indicated that the carbon matrix are greater than the dark areas.
This is referred to the nature of the micro pores resultant from the
activated N, gas. Whereas, the dark areas are greater than the carbon
matrix using HNO, as activator in chemical activation. This implies to
the higher surface area of sample (b) due to mesopores as well as to
micro-pores.

Also, this shows that the olive stone activated by HNO, have
irregular carbon matrix. ie. of different shapes and sizes. This was
proved by nitrogen adsorption isotherms of activated olive stone which
indicated that they were mainly micro pores only in physical activation
and mixture from micro- and mesopores in chemical activation.

This may be explained by progressive changes in the surface of the
cellular structure of the parent material with HNO, solution used as
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shown in figure 4. The cellulose units are hydrolyzed by the acid and
thus the main components of inter cellular wall are broken down to
smaller structure.

Thus it is apparent that the external surface of olive stone is quite
rough, consisting of cavities, cracks, and irregular protrusions.

Chemistry of the carbon surface: The chemistry of the surface of
a carbon is more important than its textural properties in determining
its adsorption from aqueous solution particularly when the adsorption
involves interaction with the surface functional groups via ion
exchange and/or complex formation which is most probably the case in
adsorption of metal ions on activated carbons.

The chemistry of the carbon surface is attributed to the existence
on the surface of carbon-oxygen functional groups of acid or basic
character. The FTIR spectra of samples C, C1 and C2 (before and
after adsorption of iron and manganese) have been recorded. Because
the surface C-O groups, particularly those of acid type are the most
important sites for the adsorption of heavy metals from their aqueous
solutions [34], concentration is directed to such functional groups.

The recorded IR spectra (before adsorption of iron and manganese)
depict\the existence of absorption bands at 1610 cm’, 1365-1330
cm” and 1100-1081 cm™ for C,C1 and C2. These bands are assigned
respectively to symmetric COO- vibration [35], stretching C-O of OH
groups and ether type structure and phenolic or aliphatic OH [36]. The
band 1710-1705 cm™ is shown only for the oxidized carbons C1 and
C2, the 1710-1705 cm™ band is assigned to stretching C=0 vibration
of lactone, quinine and carboxylic acid [37] which are all of acid type.
Based on this, the existence, absence or shift in the location in the 1700-
1750 cm™ should be considered.

The FTIR spectra of C, C1 and C2 after the adsorption of Fe (III)
showed the following changes: for carbon C, the disappearance of the
1610 cm™ and the down ward shift of the 1340 cm™ band to 1292 cm™
and the appearance of a new band centered at 1207 cm™ may account
for Fe (III) interaction with the un-oxidized carbon C. A new band
centered at 1750 cm™ made its appearance upon Fe (III) uptake by
this particular sample, taking in consideration that the FTIR spectra
of carbon C, before iron adsorption did not show such band. This

observation may be explained by the significant decrease in the pH of
iron solution after equilibrium adsorption. It seems that Fe (III) can
be adsorbed via ion exchange under certain circumstances. It has been
reported on the carbon surface some C-O groups increased and new
groups have appeared [38], possibly via a reaction such as

C+4Fe* + H,O = CO, + 4Fe + 4H".

For C1 and C2, the interaction with Fe (III) brought about a
significant shift of the 1710 cm™ band to 1740 cm™ and the appearance
of a new band centered at 1232 cm™* together with the disappearance of
the 1610 cm™ and 1330 cm™ bands.

The FTIR spectra of C, C1 and C2 after the adsorption of Mn (II)
showed the following changes: for carbon C, the adsorption of Mn (II),
the disappearance of 1340 cm™ band and the shift of the 1610 cm™
band to 1579 cm™ may indicate the possible interaction of Mn (II)
via complexation. For carbon Cl1, the interaction of Mn (IT) with the
surface was associated with the disappearance of the bands at 1610 cm™!
and 1330 cm™ referring thus to the involvement of the corresponding
groups in the interaction with Mn (II) via complexation. However
the small shift of the 1710 cm™ to 1705 cm™ may not account for any
mode of interaction. For C2, the interaction with Mn(II) proceeded
also with the disappearance of 1610 cm™ and 1365 cm' bands, together
with the appearance of a band centered at 1207 cm™ standing for =C-O
symmetric stretching. These significant changes are related to the
uptake of Mn (IT) by carbon C2 via complex formation. It remains, here
to exclude the uptake of Mn (II) via ion exchange process. The slight
shift of the band at 1710 cm™ upon Mn (I1) interaction either with C1
or C2 may be taken as an evidence for this explanation. Evidence was
shown by the negligible of the pH of Mn (II) solution prior to or after
the adsorption.

The pH of the aqueous slurry of the carbon material provides a
convenient indicator of the type and concentration of the chemical
parameters of the ACs investigated. Table 2 reveals that (i) the surface
pH of carbon C (8.5) indicate its surface basicity, i.e the basic functional
groups on the surface of non-oxidized carbon are more dominating
compared with those of the acid type. The same is also true, but to a
less extent for C2 of surface pH=7.6. Steam activation at 950°C usually
leads to the formation on the carbon surface of C-O groups of basic

carbon Surface pH pH zpc Carboxyl (m.eq/g) Lactonic (m.eq/g) = Phenolic (m.eq/g) Carbonyl (m.eq/g) Total (m.eq/g)
Cc 8.5 5.4 0.21 0.20 0.18 0.24 0.83
C1 52 4.4 1.00 0.89 1.02 1.55 4.45
c2 7.6 5.1 0.48 0.44 0.64 0.69 2.25

Table 2: Surface chemical parameters of the investigated carbons.

Figure 4: Scanning electron micrographs of (a) steam activated carbon and (b) HNO,-oxidized carbon at magnification of 400 x.
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character [38]. Oxidation of steam activated carbon with nitric acid
creates C-O groups of acid character decreasing thus the surface pH.
Treatment with persulphate (C2) decreased the surface pH from 8.5 to
7.6, yet the strength of the acid was not high enough to turn over the
surface pH in the acid range. Oxidation of carbon C with 45% nitric
acid (C1) brought about this turn-over. Thus the surface pH of C1 was
determined to be 5.2.

The pH of zero point charge pH pzc of C, C1, C2 were determined
to be 5.4, 4.4 and 5.1, respectively (column 3 of Table 2). It seems that
pH zpc is always lower than the corresponding surface pH, but both
follow the same trend.

The surface acidic groups could be determined in (m.eq/g) by
the selective neutralization with a series of bases of varying strength.
NaHCO,, Na,CO,, NaOH and NaOCH.. NaHCO, neutralizes
carboxylic groups where as those neutralized by Na,CO, but not by
NaHCO, are lactones. The weak acid groups neutralized by NaOH but
not by Na,CO, were postulated as phenols.

The reaction of NaOC,H, is not considered as a true neutralization
reaction since it did not involve change by H* or Na* ions.

The groups reacting with NaOC,H,, but not with NaOH, were
suggested to be carbonyl groups [39]. Table 2 indicates that the
concentration of the acids groups considerably increase with treatment
with nitric acid with this increase depending of the acid strength used
in the oxidation of the steam-activated carbon C. Table 2 reveals that:

i. The total surface acidity of HNO,-oxidized carbon “C1” is
the highest where as the non-oxidized activated carbon “C”
measured the lowest surface acidity. Evidently carbon “C2”

modified by oxidation with persulphate exhibited intermediate
total surface acidity.

ii. Oxidation with persulphate was found to be associated with
more than two fold increase with respect to the concentration
of carboxyl and lactonic groups and about three fold increase in
the concentration of both phenolic and carbonyl groups.

iii. On the other hand, oxidation with nitric acid brought about 5-6

fold increase in the concentration of the different types of the

surface acid groups, compared with the non-modified carbon.

Adsorption of Fe (III) and Mn (IT)

Effect of contact time: The effect of contact time is an important
parameter in determining the equilibrium time that should be allowed
for the maximum uptake of an adsorptive by a given adsorbent.
Meanwhile, the determination of the uptake from an adsorptive at
different time intervals permits the construction of an adsorption
kinetic curve from which the adsorption rate constant and the order
of the adsorption process could be obtained. The kinetics of Fe (III)
and Mn (IT) uptakes were followed using solutions of initial pH=6 and
initial concentration of the adsorption solution=5 ppm and adsorbent
dosage=0.010 g.

The kinetic adsorption curves of Fe (III) and Mn (IT) by carbon
C1 at 25°C are shown in figure 5. The data obtained show that the
metal ion uptake by the oxidized carbon CI increased with increasing
contact time, with equilibrium being established in less than one hour.
This equilibrium time was considered, but more time was allowed
particularly in determining the equilibrium adsorption isotherms to
ensure the attainment of equilibrium conditions.

20 30
tmin

a

40 50 60

Figure 5: The kinetic adsorption curves of (a) Fe(lLl) and (b) Mn(M) by the activated carbon C1 at 25 °C.
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Figure 6: The sorption kinetics of Fe(LL) and Mn([1) at initial concentration on oxidized carbon C1.
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Usually the adsorption of heavy metal ions is analyzed using the
Lagergren-first-order and pseudo-second order kinetic equations.

The Lagergren-first-order kinetic equation [40] is based on
adsorbent capacity and may be written as

dqt/dt = Kl,ads (qe_qt) (1)

Where K|, (1/min) is the first-order sorption rate constant, q,
and q, are the equilibrium uptake and the uptake at time t, respectively.
Equation (1) can be integrated using the boundary conditions q,=0 at
t=0 to give

ln (qe_qt):ln qe_ Kl,ads t (2)

Thus if the adsorption kinetics obey the Lagergren-first-order
kinetic equation, a plot of In (qe-qt) versus t should result in a straight
line. However, in many cases the Lagergren-first-order equation only
fits the sorption kinetics over the first 15-20 min of the sorption process
[41]. Figure 6 shows a fit of the sorption kinetics of Fe (IIT) and Mn (IT)
at initial concentration on oxidized carbon C1.

The pseudo-second-order kinetic equation [42] is, also based on
the sorption capacity of the sorbent and is given by

dq/dt=K, ,(q,-q)* 3)

Where K, is the rate constant for pseudo-second-order sorption .
Integrating equation (3) with the boundary conditions q=0 at t=0 gives

t/qI:t/qc+ 1 /KZ,ads qez (4)

Thus, for pseudo-second-order kinetics a plot of t/q, versus t should
result in a straight line, with the values of q,and K, , being determined
from the slope and intercept. Figure 7 shows a plot to test such pseudo-
second-order kinetics. The values of sorption rate constant, the
equilibrium uptake and the correlation coeflicient are listed in table 3.

As can be seen from figure 7 and table 3, pseudo-second-order
kinetics gave a good fit to the data for the sorption of Fe (III) and Mn
(IT) onto the HNO, oxidized carbon C1.

The kinetic data obtained were also fitted to the intra particle
diffusion model presented by the equation [43]

q = K,t*s (5)

where K, is the rate constant for intra particle diffusion (mg/g.
min'?). The subsequent linear plots of uptake against the square root of
the contact time obtained are depicted in figure 8. A good correlation

(a)

Figure 7: Linear plots of t versus t/q, of a Fe(LU) and b Mn() sorption at 25 °C on oxidized carbon C1.

(b)

Figure 8: Linear plots of uptake against the square root of the contact time of (a) Fe(LLl) and (b) Mn (I1).

Metal ion Experimental First-order model Second-order model
9, (exo) K,(min~) q.(theor)(mg/g) R? K?(g/mgmin) qe(theor)(mg/g) R?
Fe(LL) 0.85 3.67*10" 0.273 0.81 2.08*10" 0.87 1
Mn() 1.25 3.5*102 1.02 0.95 8.25102 1.21 1
Table 3: First-order and second-order constants for the adsorption of Fe (LLI) and Mn (1) by carbon C1.
T T T T T T T 1.0 T T T T T
08 a " A -
- 0.8 -
06 " T -
L] 0.6
S 04l E & -
- 0.4
-
0.2 - 4
0.2 -
T s 4 s T e 00 . L L + -
12 2

J Chem Eng Process Technol
ISSN: 2157-7048 JCEPT, an open access journal

Volume 4 « Issue 4 « 1000154




Citation: Akl MA, Yousef AM, AbdElnasser S (2013) Removal of Iron and Manganese in Water Samples Using Activated Carbon Derived from Local
Agro-Residues. J Chem Eng Process Technol 4: 154 doi:10.4172/2157-7048.1000154

Page 7 of 10

coeflicient for the experimental results with the linearized form of the
model would indicate that the diffusion mechanisms are controlling
factors in the sorption kinetics. Correlation coefficients were found to
be very high, i.e R>=1 for Fe (III) and Mn (II), respectively. The fact that
the linear line passed through the origin and the linearity extended over
a relatively wide range could indicate that intra particle diffusion is the
only phenomenon occurring.

Effect of sorbent concentration: In this case, the effect of different
amounts of sorbent on the removal of Fe (III) and Mn (IT) was
considered. Experiments were conducted using 50 ppm Fe (III) and 50
ppm Mn (II) at an initial pH 6 and different sorbent concentrations
viz., 5,10,20,30 and 50 mg/L. The adsorption data for the residual
concentration of Fe (IIT) and Mn (IT) ions versus the amount of sorbent
used are present in figure 9.

The results indicate that a greater amount of Mn** was removed
from the solution with increasing amount of the sorbent in the system.
This effect may be explained in terms of the availability of a greater
surface area with a higher number of functional groups on the AC
surface.

Effect of pH: The removal of heavy metal ions from aqueous
solution is known to be strongly dependent on the pH value of the
solution [44]. The solution pH affects the surface charge on the solid
particles and the solubility of the metal ions. The effect of pH Fe (III)

and Mn (IT) adsorption by the HNO,-oxidized carbon Clwas studied
over an initial pH range of 2-7. Figure 10 depict a plot for the uptake
of Fe (III) and Mn (IT), respectively as a function of initial pH of the
solutions where the initial Fe (III) and Mn (IT) concentrations were 5
ppm, adsorbent concentration 50 mg and adsorption solution volume
50 mlL

Effect of the solution volume: To determine the influence of
the solution volume, the concentration of Fe (III) and Mn (IT) was 5
ppm, the mass of the sorbent “carbon C1” was 50 mg, the initial pH 6.
Figure 11 shows the metal ion uptake as a function of the volume of the
adsorption solution. It is shown that for both metal ions, i.e Fe (III) and
Mn (II), the metal ion uptake by carbon C1 decreased with the increase
of the sorption solution volume. This may be explained by considering
the increase of the thickness of the diffusion layer.

Equilibrium sorption of Fe (III) and Mn (II): The adsorption
isotherms of Fe (III) and Mn (IT) on ACs investigated are shown in
figure 12. The isotherms are of Langmuir type, i.e type L with steep
initial portion and with a plateau starting at relatively low concentration
and covers a wide range of equilibrium concentrations.

The adsorption isotherms were analyzed using the linear form of
the Langmuir equation, i.e., equation (6)

Ce/qe = Ce/qm +1/KL.qm (6)

Residual conc. ppm

L L L L L
o 10 20 30 40 50

sorbent conc.mg/ml
(a)

Figure 9: Influence of sorbent concentration “carbon C1” on the uptake of (a) Fe(LL) and (b) Mn(IT) from aqueous solution.

Residual conc. ppm

sorbent conc.mg/ml

(b)

(a)

de (Mmglg)

(b)

Figure 10: Uptake of (a) Fe(LL) and (b) Mn() by “carbon C1” as a function of initial solution pH.
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Figure 13: Linear Langmuir plots for equilibrium adsorption isotherms of Fe(LLl) and Mn(I1) on C, C1 and C2.

Where q, (ppm) is the amount adsorbed at equilibrium
concentration C_ (ppm), qm (ppm) is the maximum sorption capacity,
convention-ally considered as the mono layer capacity and K| is the
Langmuir adsorption constant (L/mg). The linear Langmuir plots of Fe
(1) and Mn (IT) adsorption on all the investigated carbons are shown
in figure 13. Values of q_ and K are listed in table 4 together with the
values of regression coeflicients R? of each system. The high values of R?
refer to the excellent fit of the results obtained to the Langmuir model.

Mechanism of adsorption

Modification of the carbon surface via oxidation with concentrated
nitric acid introduces a variety of carbon oxygen functional groups
of acidic nature. These groups dissociate in aqueous solutions and
participate in the metal binding process. It is likely that other surface
oxygen atoms (some of them may not be a component of protonogenic
functional groups) may participate in metal complex formation. Thus,
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Fe(LL) Mn()
Sample
q,, mg/g K, L/mg q,, mg/g K L/mg
C 8.06 2.07 9.52 1.62
c1 12.2 0.195 10 0.22
c2 10.64 0.192 6.66 0.38

Table 4: The values of g and K.

one would expect an ion exchange between Fe (III) and Mn (IT) with
the H* released from the carboxylic and phenolic surface groups and
therefore these groups contribute significantly to the enhancement of
metal ion uptake. Carbonyl and/or lactonic groups, on the other hand
are more likely involved in a complex formation with metal ions like Fe
(IIT) and Mn (IT) [45].

Conclusion

The results obtained in this study clearly demonstrated the potential
use of activated carbons derived from olive stones for the removal of Fe
(L) and Mn (IT) from aqueous solutions. The following conclusions
can be drawn based on obtained results:

d. Nitric acid and persulphate-activated carbons possess polar
surfaces due to the existence of a number of carbon-oxygen
groups of different basicity.

e. The sorption of Fe (III) and Mn (IT) ions onto chemically
activated carbons is high and the mechanism of ion exchange
is predominating.

f.  The kinetic studies indicated that equilibrium in the adsorption
of Fe (III) and Mn (II) on activated carbon was attained within
one hour.

g. The optimum pH corresponding to the maximum adsorption
was found to lie between 5.0 and 6.0.

h. The amount of Fe (IIT) and Mn (IT) adsorbed increased with the
increase of concentration

i. The extent of adsorption for Fe (III) and Mn (IT) increased
along with an increase of activated carbon dosage.

j.  Pseudo-second-order kinetics gave a good fit to the data for
the sorption of Fe (III) and Mn (IT) into the HNO,-activated
carbon, and also the correlation coefficients for second-order
model are higher than the first-order model for Fe (III) and Mn
(17).

k. The high values of R2 in Langmuir model give an indication of
favorable adsorption.
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