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ABSTRACT

The removal of heavy metals (Cu?*, Zn*and Ni?*) from aqueous model solution has been
studied using Tripoli (Microcrypto crystalline silica = MCCS) as adsorbent. The adsorption equilibrium
studies are performed with a constant initial metal ion concentrations (namely 10 and 100 mg.L*) and
varying adsorbent weight. The adsorption percentages of Zn?* and Cu?* ions increase sharply by
increasing adsorbent doses in the range of 0.5 g to 5 g (approx.) and then it slightly increases in the
range of 5 g to 10 g of Tripoli, while the percentage removal of Ni?* increases sharply in the whole range
of 0.5 to 10 g of Tripoli. In this level, the maximum adsorption might be attained. The best pH value is at
about 7 to achieve the maximum removal, otherwise the precipitation of sorbet and the hydrolysis of
sorbent are occurred. The removal percentages at pH = 7 are high (Approx. above 92%), where the
diluted Zn?* is characterized as the highest removal efficiency. The obtained experimental data has
successfully fitted to the Langmuir and Freundlich isotherm models. The Freundlich constant K, for
Zn? is greater than the other heavy metals for the initial concentration 100 mg.L*. The negative value
of AG® confirms the feasibility of the process and the spontaneous nature of adsorption with a high
preference for metal ions (Zn?*, Cu?*and Ni?*, respectively) to adsorb onto Tripoli.
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INTRODUCTION

Jordan is considering among the poorest
ten countries in water resources (Deutsche
Gesellschaft fur Technische Zusammenarbeit
(GTZ), 2006). Thus the purification and re-utilization
of waste and industrial water has been given
maximum attention. Phosphate mine industry in
Jordan usually produces a large amount of effluent
water from ore upgrading process. Beside the need

for this amount of water; it is considered one of the
environmental pollution sources because it contains
several kinds of contaminants particularly the heavy
metals. These heavy metals in the large
concentration scales are considering one from the
most environmental and human health problems*.
These heavy metals start to influence on human
health by increasing of the heavy metal
concentrations over the standard and
recommended levels for drinking water and food.
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The National Research Council (NRC) in 1977 has
stated the limited standards cations concentration
in the drinking water at about 1.0 mg/L, <50 pg/L
and 5.0 mg/L for the copper, nickel, and zinc,
respectively®. The problem is due to: firstly, the high
atomic densities of the heavy metals that usually
associated with toxicity. Secondly, these metals are
not biodegradable and tend to accumulate in living
organism and then cause various diseases and
disorders®’. More specifically, the excess
concentration from some heavy metals in soils such
as Cd?*, Cr¢, Cu?, Ni** and Zn?" cause the
disruption of natural aquatic and terrestrial
ecosystems®!. Therefore, the excess concentration
of metal ions must be removed from municipal and
industrial effluents before discharge.

Many alternative chemicals, processes,
studies and traditional techniques'?2 were proposed
for removing the heavy metals out of the waste
effluent water*#1¢. In general, these techniques
include ion exchange, precipitation, phyto-
extraction, ultra filtration, reverse osmosis, and
electro-dialysis?*?”. Some of the examples are
organic precipitants such as DTC, (alkyl
dithiocarbamates), modified natural zeolites and
membrane filtration (micro-, ultra- and nano-
filtration)?83°, Their application in many practical
situations is however limited, due to various
interferences, development and control costs,
maintenance problems and process limitations.

Generally, the ion exchange and sorption
by using natural adsorbents are reported to be the
potential alternative for removing the heavy metal
ions from aqueous mixtures. Recently, these
alternatives have been chosen due to the several
reasons, for example, it has easy handling, low cost,
and safe for the environment and in the same time
have good adsorption properties®**2. There are
many publications deal with several kinds of natural
adsorbents, but in the same time are not meet all
effective adsorbent factors. Among these published
adsorbents are mostly not cost effective or/ and
have limiting resources, for instance using date-pits,
spent Animal Bones and Keratin-composed
biosorbents345,

Basing on the effective adsorbent factors
and on our recent works in this field, Tripoli is chosen

as one of the natural inorganic materials that could
be used for treating the wastewater*s*, Due to
several factors and conditions in this adsorbent, it
might be the next alternative natural adsorbent,
where this natural adsorbent actualizes all factors
to be effective in our lands**-°,

This work aims to investigate the utilization
of Tripoli (MCCS) for removing heavy metals from
the aqueous medium, which could be used as novel
inorganic adsorbent material. This adsorbent can
be used for the sorption of valuable and toxic Cu?*,
Ni2* and Zn?* as single phase metal ions, which was
accordant for the phosphate effluent water in our
country. The equilibrium distribution of metal ion
between the sorbent and the solution is important
in determining the maximum sorbent capacity.
Therefore, two isotherm models (Langmuir and
Freundlich) will be used to assess the different
isotherms and their ability to correlate the
experimental data. The Langmuir equation will
estimate the maximum adsorption capacity of
complete monolayer coverage on the Tripoli surface.
The Freundlich model is chosen to estimate the
adsorption intensity of the sorbent towards the
Tripoli.

EXPERIMENTAL

Preparation of Tripoli

Tripoli was collected and the weathered
surface was eliminated, cracked by a jaw crusher
machine. In order to remove carbonate and other
impurities, chemical treatment was performed by
adding of 0.1 M HCI, 0.1 HNO,, and NH,CI to the
Tripoli fractions. After 24 hours, the solid phases
were separated from the solution. Tripoli was
pulverized by the ball mill and the mortar, and what
was sifted out and set to -200 mesh (-74 my) was
used and washed with excessive amounts of 1.0 M
HCI through a suction filtration apparatus. Several
drops of 1.00x10° M EDTA solution and 2 mL of
NH,/NH,CI buffer to an approximately 5 mL sample
from the filtrate were added. Tripoli was then washed
with excessive amounts of double deionized water
until the filtrate gave a negative test for the chloride
ion upon addition of several drops of 0.1 M AgNO,
solution to a sample from the filtrate. Ater the
calicination, The Tripoli was stored in an oven at
110 °C.
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The qualitative mineralogical analysis for the treated
sample of Tripoli was determined using X-ray
diffraction system (Seifert analyze model XRD
3003 TT). The powder samples were scanned
between 0° and 65° 2¢, using Ni-filtered Cu K,
radiation, 40 kV/40mA, divergent and scattering slits
of 0.02°mm, and receiving slit of 0.15 mm, with
stepping of 0.01° and scanning speed of 3°/ min.

MATERIALS

All chemicals used were analytical grade
and were used as received. The metal salts of
(Zn(NO,), 3H,0, Cu(NO,), 3H,0 and Ni(NO,), 3H,0)
were purchased by commercial providers from Fluka
Chemika. NaOH, HNO, and HCI were purchased
from Merck.

Tripoli samples were collected from Aynon
village (about 10 km in northwest from the campus
of Mu’tah University, southern Jordan). The
estimated reserve near the surface is about 6.4x10°
million ton*e-°,

Instruments
The concentration measurements of Cu?*,
Ni2* and Zn?" were carried out by using a Perkin

Elmer AAS Analyst 300, with graphite furnace HGA
800, and auto-sampler AS 72. The flame type was
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air-acetylene and the absorption wavelengths are
324.7 nm (for Cu?*) and 213.9 nm (for Zn?*). The
pH was measured using hand held pH meters (315i/
SET). The shaking was carried out by using
magnetic agitation in special flask. The adsorption
flask was designed with special plastic form, where
it includes path for the water circulation with inlet
and outlet to control the temperature by water
thermostat.

METHOD

Stock solution (1000 mg L?*) of Cu?*, Ni?*
and Zn?*were prepared by dissolving exact amount
of metal salt (£0.01 g) in 1000 mL ultrapure
deionized water (18 Q cm). The standard model
solutions of 10 and 100 mg L* were prepared by
appropriate dilution. In order to keep pH constant,
three kinds of buffers (pH = 4, pH = 7, and pH =
9.2) were used (Model Laboratory Rasayan) where
one tablet was dissolved in 100 ml of deionized
water.

The developed method from Ho (in 1995)*
was used in the batch adsorption tests, where three
kinds of the heavy metal solutions (Cu?*, Ni?* and
Zn?") are used. The test procedures are as follows:
. Several amounts from Tripoli were taken (0.5,

1, 2, 5, 1 and 10 mg) with 100 ml of metal
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Fig. 1: XRD for a treated Tripoli sample with 0.1 M HNO, showing almost pure quartz
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ion solution and placed in the 250 ml of the
plastic bottle flask (special design).

. Two different concentrations of each metal
ions (100 and 10 mg.L*) were considered.
. The plastic bottle flask were capped and

shaken in a fixed magnetic agitation speed
at 400 rpm for 2.5 hours.

. After complete the agitation time, the sample
was filtered through Whatman 540 mm filter
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Fig. 2 : The adsorbent dose of Tripoli vs.
Percent removal of Zn#, Ni?>* and Cu?*:
2.5 hours, v = 100 ml metal solution, 25°C,
initial pH = 7, rpm = 400, and constant initial
concentration (10 mg.L?)

Ing, vs. InQe were plotted.

The results were expressed as the removal
efficiency (% sorption) and adsorption capacity of
the adsorbent:

The removal efficiency (% sorption) can be defined
as

C,-C
%Sorption:(oTe)xloo
0

The adsorption capacity of Tripoli (mg metal/g Tripoli)
was calculated by the following equation:

(CO _Ce)

q= S

Where
g: metal ions adsorbed by Tripoli (mg/g)

paper.

. The exact concentration of metal ions and
filterable metal concentrations were
determined by AAS without dilution (Perkin
Elmer AAS Analyst 300, with graphite
furnace HGA 800, and auto-sampler AS 72).
The average standard deviation of the
measurement was within 0.01 to 0.1 %.

. Qe was determined and Ce vs. Ce/Qe and
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Fig. 3: The adsorbent dose of Tripoli vs.
Percent removal of Zn?*, Ni?* and Cu?: 2.5
hours, v = 100 ml metal solution, 25°C, initial
pH =7, rpm = 400, and constant initial
concentration (100 mg.L-1)

C° : initial metal concentration (mg/L)

Ce : metal concentration at equilibrium (mg/L)
S: dosage= m/V

V : volume of metal solution (L)

m : mass of Tripoli (g)

RESULT AND DISCUSSION

Adsorption and analysis of natural Tripoli
Tripoli is considers a common name for
the natural rocky crystalline silica that has sub-
micrometer crystals (which is formed from
amorphous, often biogenic). This silica undergoes
the compacting over geologic time and then
produces the Microcryptocrystalline Silica (MCCS).
The physico-chimical properties of Tripoli were
published®2. This kind of silica has so fine pores that
are saturated with water, unless they are dried. Also,
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these pores have a certain cavities with different
sizes for adsorbing the suitable metal ions. On the
surface, it is ending with Si-O-H, which might bind
metal ions via the coordination aspects. Therefore,
the heavy metals can be stabilized by these pores
and then the toxicity is somewhat removed. This is
due to in situ encapsulated of the metal ions inside
silica cavities and pores. In this case, the metal ions
remain inert in the soil and environment. Basing on
these fundamental aspects, the adsorption process
via Tripoli is considering the potential alternative for
removing heavy metals especially for these
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Fig. 4: The selectivity of Zn?*, Ni* and Cu?
towards Tripoli from the equilibrium isotherm:
2.5 hours, v = 100 ml metal solution, 25°C,
initial pH = 7, rpm = 400, and constant initial
concentration (10 and 100 mg.L?Y).
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Fig. 5a: The solubility effect of Zn?", Cu?*, Ni#
vs. pH values: pH =n, 4,7 and 9.2 (where n =
the original pH value for model solution before
adsorption.), 2.5 hours, v = 100 ml metal
solution, 25°C, rpm = 400, and constant initial
concentration (10 mg metal ion x L)

countries of limiting resources. This is due to the
several reasons, for example, it has easy handling,
low cost, naturally occurring, huge quantity, and safe
for the environment. In the same time, the results
reveal that all metal ions exhibit strong affinity for
adsorbing heavy metals on Tripoli.
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Fig. 5b: The solubility effect of Zn?*, Cu?*, Ni?*
vs. pH values: pH =n, 4,7 and 9.2 (where n =
the original pH value for model solution
before adsorption), 2.5 hours, v = 100 ml metal
solution, 25°C, rpm = 400, and constant initial
concentration (100 mg metal ion x L?)
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Fig. 5¢c: The Effect of pH for the adsorption of
Ni?* by variant concentration of Tripoli:
remaining concentration (mg.L?) after the
adsorption vs. Tripoli dosage g/100 ml model
solution), pH =n, 4, 7 and 9 (where n = the
original pH value for model solution before
adsorption), 2.5 hours, v = 100 ml metal
solution, 25°C, rpm = 400, and constant initial
concentration (10 mg.L™)
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Diffractograms of the treated samples
(Fig. 1) showed only quartz as main mineral phase
by the percentage 100% as a microcryptocrystalline
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Fig. 5d: The Effect of pH for the adsorption of
Cu?* by variant concentration of Tripoli:
remaining concentration (mg.L?) after the
adsorption vs. Tripoli dosage g/100 ml model
solution), pH =n, 4,7 and 9, (where n =the
original pH value for model solution before
adsorption), 2.5 hours, v = 100 ml metal
solution, 25°C, rpm = 400, and constant initial
concentration (10 mg.L™)
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Fig. 5e: The Effect of pH for the adsorption of
Zn?* by variant concentration of Tripoli:
remaining concentration (mg.L?) after the
adsorption vs. Tripoli dosage g/100 ml model
solution), pH=n, 4, 7 and 9, (where n =the
original pH value for model solution before
adsorption), 2.5 hours, v = 100 ml metal
solution, 25°C, initial pH =7, rpm = 400, and
constant initial concentration (10 mg.L?)

(MCCS) and other forms of silica. Whereas, the
montmorillonite and dolomite were destroyed. The
characteristic calcite peak at 34.2 (2¢€) was reduced
completely. This indicates the complete removing
of the impurities through the chemical treatments
by acids and bases. Calcinations did not loss of the
original silica. It was used due to the decomposition
of last concentrations of carbonates and organic
matter as well as dehydration of the structural and
adsorbed water.

The geochemical data have been shown
the contents of non-treated Tripoli in the percentage
of greater than 92.45 wt % of MCCS (SiO,). The
specific gravity of Tripoli was found in the range of
2.4-2.6, with white creamy color®®%2. Table 1 presents
the main chemical composition of the natural Tripoli.
The determination description of these parameters
can be found in®.

The removing of original metals inside the
natural Tripoli can be tested using EDTA. The test
was performed by adding several drops of 1.00 x
10° M EDTA solution and 2 mL of NH,/NH,Cl buffer
to an approximately 5 mL sample from the filtrate,
the negative test for the presence of metal ions is
indicated by appearing the blue color of EDTA. Tripoli
was then washed with excessive amounts of double
distilled water until the filtrate gave a negative test

Fig. 6: Langmuir isotherm model plot of ge/Ce
of Zn?*, Ni?* and Cu?on tripoli vs. Ce (ppm) of
Tripoli: and Cu?: 2.5 hours, v = 50 ml metal
solution, 30°C, initial pH =7, 00 rpm, and
constant initial concentration (10 ppm).
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for chloride ion upon addition of several drops of mg.L*?, pH =7, rpm = 400, and the contact time =
0.1 M AgNO, solution to a sample from the filtrate. ~ 2.5 hours) are keeping constant (see Figs. 2 & 3).
The results reveal the strong adsorbing affinity for

Effect of Tripoli dosage all metal ions via Tripoli at around pH = 7. These
The effect of Tripoli dosage is discussed adsorbed metal ions reach the maximum

by using different amounts of adsorbent (viz. 0.5, percentage at about 100 mg Tripoli x L (see Figs.
1.0, 2.0, 5.0, and 10 mg), while the other parameters 2 and 3). This adsorbed percentage increases by
(T = 25°C. initial metal concentration = 10 or 100  increasing Tripoli dosage. Figure 2 clarifies the
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Fig. 7: Langmuir isotherm model plot of ge/Ce Fig. 8: Freundlich isotherm plot of In(qe)
of Zn?*, Ni?* and Cu?on tripoli vs. Ce (ppm) of vs. In(Ce), where Ce is the equilibrium
Tripoli: and Cu?: 2.5 hours, v = 50 ml metal concentration Zn?*, Ni?* and Cu?
solution, 30°C, initial pH =7, 00 rpm, and concentration on Tripoli: 2.5 hours, v = 50 ml
constant initial concentration (100 ppm) metal solution, 30°C, initial pH =7, 00 rpm,

and constant initial concentration (10 ppm)
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Fig. 9: Freundlich isotherm plot of In(ge) vs. In(Ce), where Ce is the equilibrium concentration
Zn?*, Ni?* and Cu?* concentration on Tripoli: 2.5 hours, v = 50 ml metal solution, 30°C,
initial pH = 7, 00 rpm, and constant initial concentration (100 ppm).



08 El-Hasan et al., Curr. World Environ., Vol. 3(1), 01-14 (2008)

Table 1: Langmuir constants

Langmuir constants Unax b (L/mol) G/1000 (kJ/mol)
Initial Conc. metal ion 10 ppm 100 ppm 10 ppm 100 ppm 10 ppm 100 ppm
Zn?* 5.33 14.663 3312 3967 -20.1 -20.5
Cu? 0.52 4.464 18966 964 -24.4 -17.1
Ni2* 0.31 2.327 21478 641 -24.7 -16.0

Table 2: Freundlich constants

Freundlich constants K, n

Initial Conc. metal ion 10 ppm 100 ppm 10 ppm 100 ppm
zZn? 0.25 1.12 1.11 1.60
Cu? 0.12 0.11 1.82 1.30
Niz* 0.07 0.08 1.96 1.69

Table 3: Chemical composition of the natural Tripoli

Elements Ca Si Na Mg Al Fe K

% 0.29 43.17 0.20 0.10 0.93 0.02 0.07

Table 4: Adsorption potential of various sorbents

Metal Sorbent (mg/g) Ref.

Zn?* Rolling mill scale 0.22 Isabel Martin
Blast Furnace sludge 4.26 Isabel Martin

Cu? Peanut hulls 2.95 Ozsoy H. D.
Sawdust 1.79 Yu B.

Niz* Zeloite Tuff 0.87 Al-Haj Ali
clinoptilolite 0.48 M.J. Zamzow

adsorption of metal ions in the diluted level (10 mg level concentration (100 mg metal ion x L), this is
metal ion x L) vs. adsorbent dosage, where attain  just when compares it with the diluted level. In this
the maximum percentage at about 95-99 % for all  case, the percentages have been calculated at
adsorbed metal ions. Fig. 3 exhibits the low about 60, 85, and 90 % for Zn?", Cu?* and Ni?,
adsorption percentage of the metal ions in the high  respectively.
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The adsorption percentages of Zn?* and
Cu? ions increase sharply by increasing adsorbent
doses in the range of 0.5 g to 5 g (approx.) and
then it slightly increases in the range of 5gto 10 g
of Tripoli, while the percentage removal of Ni%*
increases sharply in the whole range of 0.5t0 10 g
of Tripoli. In this level, the maximum adsorption might
be attained. This means, the amount of ions
bounded to the adsorbent are in the maximum
numbers, while the amount of the free ions remains
constant for any further addition from adsorbent.
Generally, the removal percentages increase by
increasing the Tripoli dosage for both diluted and
concentrated levels. This is due to the greater
availability of the surface area.

Variation of initial metal ion concentration

The effect of the Cu?*, Ni?* and Zn?* initial
concentration of vs. the adsorption percentages on
Tripoli is studied by using both diluted and
concentrated solutions (10 to 100 mg x L), while
keeping all other parameters constant (T = 25°C,
pH =7, rpm =400, and the contact time = 2.5 hours).
As clearly appear in the Fig. 4, the removal
percentages increase by increasing the initial metal
concentrations (10 vs. 100 mg metal ion x L). Such
observations are quite common®? %, while it is in
opposite of using natural zeolite®. This behavior is
connected with the diffusion process of the metal
ions through the micro-channel and pores on the
silica, where the metal ions are in competitive to
diffuse through these micro-pores. This competitive
will lock the inlet of channel on the surface, in the
same time it prevents the metal ions from passing
deeply inside the silica, i.e. the adsorption occurs
on surface only. Therefore, the removal percentages
increases for each case of the diluted metal ions
(10 mg x L'*). While the adsorption is concentration
independent at the level of the concentrated metal
ions, (above 100 mg x L*). This may return to the
reason of metal ions ratio to the available adsorption
sites are modicum. That means the competition for
the adsorption sites become fierce at high level
concentrations.

In general, the removal percentages are
high (Approx. above 92%), where the diluted Zn?*
is characterized as the highest removal efficiency
(Figure 4). The order of the percentage removal via
Tripoli is found as Zn?* > Cu? > Ni?*. In our

suggestion, the passing path of Ni?*interrupts on
the Tripoli surface through the adsorption process
more than Cu?* and then Cu?* > Zn?*. This behavior
relates to the metal-silica coordination aspect. It is
known that the silica has Si-O-Si backbone. The
oxygen in the silica backbone has two lone pairs,
and they are available to interact with the empty or
partially empty d-orbital of the metal ion.

The electronic states of the Zn?*, Cu?*and
Ni2* are d'°, d® and d?, respectively. Zn?* has full
orbital and diffuses easily inside Tripoli structure
without any strong interruption. The passing path
of Ni?* slightly interrupts through the interaction of
Ni2* with oxygen atoms on the silica surface, i.e.
locking the surface pores. This interaction may
prevent other ions to move inside the pores and
then increase the removal percentage. Therefore,
it is expected that Ni>* will be adsorbed on the
surface and near the surface more than Zn?. The
copper has the moderate behavior on the surface
between Zn?* and Ni?*.

This trend was compared with treated clay
(Sh2 adsorbent)®. The order of the removal capacity
in the batch adsorption via Sh2 adsorbent has
recently reported as Cu?*>Ni?*>Zn?* for both natural
and treated clay adsorbent. In our obtained trend is
found easier for the explanation more than the
reported study. This is due to the chemical
composition of Sh2 clay where contains several
adsorbent components, and then the adsorption is
carrying out on several adsorbents, for example,
silica, 34% calcite and chlorite, while Tripoli has one
pure quartz component. In addition, the adsorption
for these metals on Sh2 has a complicated story,
where depends on the techniques and conditions.
For example, the uptake capacity of metals in
column experiments was reported as
Ni#*>Zn?*>Cu?, and differed from that established
in the batch uptake®.

Effect of pH

Figure 5(a-b) shows the effect of pH vs.
the sorbet (Zn?*, Cu?*, Ni®*) behavior in the model
solutions before adsorbing. The model solution (10
and 100 mg.L?') was prepared in the deionised
water, and their pH values were changed by the
buffer solutions. After forming and filtrating
supernatant, the metal ion concentrations were
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detected by the AAS and then the remaining
concentrations were calculated. Figure 5a shows
the effect pH on metal ions in case of diluted model
solution (10 mg.L?). This figure clarifies the
precipitating of each metal ion in the basic medium
(pH greater than 7), which were found about 70%
for the Ni?* and 100% for both metals of Zn?* and
Cu?. It was found so complicated behaviors for the
same metals in the concentrated model solutions
(100 mg.L™) in both acidic and basic medium, which
is clearly shown in the Figure 5b. Basing on these
results, this study denoted the adsorption on Tripoli
in the neutral medium.

The values of pH are considering one of
the important parameters for the adsorption metal
ions on Tripoli. The initial pH value for the solutions
were varied, which was started from the original
value for the model solution (pH = n) to the pH = 4,
7 and 9.2. In this group of experiments, the amount
of adsorbent (0.5, 1, 2, 5 and 10 mg of Tripoli/100
ml of model solution), the concentration of
adsorbate (10 or 100 mg.L?), contact time (2.5
hours), Temperature (25 °C) and the agitation speed
(400 rpm) are kept constant. Figures 5(c-e) show
the removal of heavy metals (Cu?, Ni?*, Zn?*) on
Tripoli where completes at about pH = 7 for all
metals. Around this value, the percentage removal
increases by increasing Tripoli dosage. The
adsorption actualizes the maximum percentage for
the Zn?*, Cu?* and Ni?* at 10 and 5 mg Tripoli/ 100
ml model solution, respectively.

The metal ions were not adsorbed in acidic
medium (0 %) as well as they were precipitated in
basic medium (at about 95%). The adsorption can
not be carried out in the basic medium due to the
precipitating metal ions (sorbet: Zn?*, Cu?*and Ni?*)
as metal hydroxides M(OH), (see Figs. 5a- 5b).
Furthermore, the silica backbone structure (sorbent:
Tripoli) hydrolyzes by increasing the number of
protons in the acidic medium. Therefore, the best
pH value must be at about 7 to actualize and achieve
the maximum removal, which are clearly explicit in
the Figures 5(c-e). For this reason, there are no
removal incase of acidic medium as appeared in
theses figures. These results regarding the pH effect
are matching with the reported data when applied
in wastewater. Where the extent of adsorption for

these metals was largely independent of pH over a
wide pH range, but was significantly reduced at very
low (pH< 4) and to a lesser extent at high pH (pH>
10) [56]. Therefore, good adsorption efficiency via
Tripoli is expected at intermediate pH values likely
to be encountered with many waste waters.

Isotherm models

To quantify adsorption capacity of Tripoli
for the removal of Zn?*, Cu?* and Ni** from the
solution model of wastewater, the data were fitted
into the Langmuir and Freundlich adsorption
isotherm models®**". The Langmuir model supposes
a monolayer sorption with a homogeneous
distribution of sorption sites and sorption energies,
without interactions between the sorbet molecules.
It can be represented in a linear form as follows

C_ 1 ,1¢

G Ood O ¢

Whereq, is the equilibrium amount of metal
ions sorbet per unit mass of Tripoli (Mg/g), U IS
the maximum metal uptake per unit mass of Tripoli
(mg/g), C, is the equilibrium concentration of metal
ions in solution (mg/dm3) and b is Langmuir
constant (dm3/mol). b is related to energy of
sorption which reflects quantitatively the affinity
between the Tripoli and metal ions.

Therefore, a plot of ¢, /q, versusC,, gives
a straight line of slope 1/q,,, andintercept1/(q ., b)
as shown in Figs (6 and 7) for 10 and 100 ppm
initial solution, respectively for each metal ions of
Cu, Zn, and Ni.

The very useful relationship between
standard free energy change, AG°, and the
Langmuir constant, b, is given by the following
equation 57,

AG? =RTInb

where R is universal gas constant (8.314
J/mol K), and T is the absolute temperature in K.
The values of standard free energy change are
listed in the Tables 2 and 3 for the three heavy metals
at 10 ppm and 100 ppm. The negative value of AG°
confirms the feasibility of the process and the



El-Hasan et al., Curr. World Environ., Vol. 3(1), 01-14 (2008) 11

spontaneous nature of adsorption with a high
preference for metal ions (Zn?*, Cu? and Ni®*,
respectively) to adsorb onto Tripoli.

In contrast to the Langmuir model, the
Freundlich isotherm is more widely used but it
provides no information on the monolayer
adsorption capacity. The linear form of this model
is given as follow:

Ing, =InK, +1InCe
n

Wherek , and n are Freundlich constants, indicating
the adsorption capacity and the adsorption intensity
respectively. Theses values of and n are,
respectively, determined from the intercept and
slope of plotting versus.

The linear form of Freundlich adsorption
isotherms of each metal ion (Zn?*, Cu?* and Ni?*) at
10 ppm and 100 ppm are shown in the Figs. 8 and 9.

The goodness fit of the experimental data
is measured by the regression coefficients, R? as
shown in the Tables 2 and 3. These values indicate
to the applicability of the Langmiur model to Ni*?
and the applicability of Freundlich to Zn?* and Cu?
ions.

The Langmuir constant q,, (maximum
adsorption capacity) and the Freundlich constant
K, were obtained from the linear equations.
The values are summarized in the Tables 2 and 3.

It can be observed that the maximum
adsorption capacity of Tripoli is the highest for Zn?*
followed by Cu? and Ni?* for both initial
concentrations 10 ppm and 100 ppm. The
Freundlich constant K, for Zn**is greater than the
other heavy metals for initial concentration of 10
ppm and 100 ppm. The values of n for all three
heavy metals were obtained as greater than one,
which indicates good adsorption of these metals
onto Tripoli.

Table 4 summarized the various adsorbent
that used for adsorbing of Zn?*, Cu?* and Ni?*. The
comparison has been made in terms of (mg/g).
Although a direct comparison of Tripoli with other
reported adsorbents is difficult due to varying
experimental conditions employed in those studies,
but in general the adsorption capacity of Tripoli is
considerably higher than many of those adsorbents.

CONCLUSIONS

Tripoli can be used for the removal of
valuable and toxic Cu?*, Ni?* and Zn#* as single
phase metal ions from the aqueous medium, which
could be used as novel inorganic adsorbent material
in the poor countries. This is due to the several
reasons, for example, it has easy handling, low cost,
naturally occurring, huge quantity, and safe for the
environment. In the same time, the results reveal
that all metal ions exhibit strong affinity for adsorbing
via Tripoli, where attain the maximum percentage
at about 95-99 % for all adsorbed metal ions. The
suitable adsorption conditions to actualize the
maximum sorption must be at about pH =7, at about
50 to 100 mg Tripoli xL* and using the diluted
solution. The calculated values by Langmuir and
Freundlich models confirms the experimental data,
which has the spontaneous nature as
Zn>*>Cu?>Ni?". This is in consistence with Langmuir
and Freundlich models that gives the same order.
The equilibrium adsorption could be described by
Langmuir for Ni*? and by Freundlich adsorption
isotherms for Zn*2and Cu*?ions. The Tripoli
adsorption capacities of Zn*2, Cu*?> and Ni*? ions
are 14.66, 4.46 and 2.33 mg g™* respectively. This
study is based on a simple component with single
metal ions; the competition among ions should be
including in future studies in order to simulate waters
in the environment.
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