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ABSTRACT

This study investigates the removal of chromium (VI) ions from aqueous solution using resin synthesized by
modifying red onion skin extract with a tri-carboxylic acid (citric acid). The performance of citric acid red onion skin
extract resin (CRER) in the removal process was examined based on the effect of temperature (302 to 343 K),
agitation time (10 to 60 min) and initial ion concentration (2 to 100 mg/L). Data analysis from agitation time
experiments showed that equilibrium adsorption was attained within 30 min. Maximum percentage adsorption was
observed at 313 K, while the percentage ion adsorbed increased with increase in initial concentrations of Cr (VI)
ions. The experimental data were subjected to Langmuir, Freundlich and Temkin isotherm models evaluation; and
the deductions from the correlation coefficient (R%) of the plots showed that Freundlich isotherm model represented
the best fitting for the batch experiment. Thermodynamic parameters were determined and the results indicated that
the sorption process was spontaneous with AG values as -9.433, -8.811, -7.745, -5.400 and -3.395 kJ/mol for 302, 313,
323, 333 and 343 K respectively. Adsorption with CRER was exothermic with respect to its negative AH (-55.610 KJ/
mol) value, while decrease in disorderliness of the adsorption system was reflected by the negative AS (-150.816 J/K/
mol) value. Pseudo-second order kinetic process was resolved for the reaction rate investigations, with the values of
activation energy and pre-exponential factor as -118.167 kJ/mol and 5.749 x 107 g/mol/min respectively. Dubinin-
Radushkevich isotherm model was used to evaluate the sorption mechanism, and it was observed that physisorption
is the dominant mechanism for the reaction with the E values ranging from 6.51 to 6.95 kJ/mol at the different
experimental temperatures.
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INTRODUCTION Studies have shown that an estimate of 1.2 billion humans drink

contaminated water which makes it a channel for the prevalence
The earth surface is 70% covered by water of which about 97%

of it is salty water and only 3% of the world water is fresh. This
fresh water is 70% frozen, and only less than 1% of the water is
available for drinking and domestic purposes [1]. Urbanization

of water related sickness in the society, which eventually leads to
the death of approximately 5-10 million people around the
world, most of whom are children [3]. In developing countries,
statistics have shown that over 70% of generated industrial waste

and industrialization further possess waste water disposal dumped untreated into water bodies, thus polluting the

problem, as most of the industrially generated wastes contain <. ble water supply. This industrial waste only adds to the
very high concentration of heavy metal ions that end up in water
bodies. The occurrence of these heavy metals has the ability of

enhancing different soil characteristics and the migration of
toxic ions through dissolution of metals [2]. Pollution of water bodies by heavy metals poses serious threat in

aquatic ecosystem because majority of these metals are highly

increase of other toxic pollutants that contaminate and reduce
the water beneficial properties [4].
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poisonous, even at very small concentrations. Non-
biodegradability and bioaccumulation of metal in living
organism have made them to become concentrated throughout
the food web, thereby increasing the tendency of heavy metal
ions adsorption into human body, resulting in various effects on
human health worldwide [5,6]. It is of utmost importance that
the level of these metal concentrations in portable waters,
effluent waters, and waters used for agricultural and recreational
purposes be reduced to the range recommend and recognize by
International Health Authorities such as the World Health
Organization (WHO).

Heavy metals such as cadmium, chromium, nickel, lead and zinc
have been narrated to be introduced into immediate
surroundings through media such as air, food and soil and water
[7]. This heavy metal have been studied and reported to damage
the ecosystem, affect human health due to its hazardous nature,
especially when their concentration is more than the accepted
limit [8-10]. There major sources include waste-water discharged
from health centers, different production industries including
Cd-Ni battery, metal plating and alloy producing [11]. Research
has shown serious environmental concern due to the presence
and effect of these metals in waste stream and ground water
because these metals are toxic to various life forms; however,
removing them and controlling their levels in waste waters is
very crucial [12].

Chromium is the first element in group six of the periodic table,
with an atomic number of 24. Its characteristics include luster,
hard, brittle and steely-grey in color [13]. It is a chemical element
that takes a high polish resistance furnishing and has a high
melting value. Chromium, being a transition metal and
belonging to period four in the periodic table has a standard
atomic weight of 52 g/mol, melting point 2180 K, boiling point
2944 K and density 7.19 g/cm?. It has different oxidation states
mainly +6, +3 and +2, as well as different isotopes (°° Cr, °! Cr,
52 Cr, 3 Cr and °* Cr) [14]. Chromium metal possess a high
value as a result of its hardness and high corrosion resistance,
thus having an electronic configuration of [Ar] 3d5 451.

Chromium metal ion in its +3 oxidation state has not been
considered toxic. Cr (III) ion is a good nutrient in small
amounts in humans and plays a role in metabolism of insulin
and sugar. However, Cr (VI) has been considered toxic and
cancer causing. Trivalent chromium is a dominant species
compare to hexavalent chromium. The relation between Cr (III)
and Cr (VI) solely depends on oxidative properties and pH with
regard to its location. Chromium +3 oxidation state has higher
stability, +3 and +6 are the most common among chromium
compounds [15]. Inhaled hexavalent chromium is a known
human carcinogen. People exposed to hexavalent chromium are
at higher risk of developing lung cancer, asthma, or damage to
the nasal epithelia and skin. Cancer in the oral cavity and small
intestine has also been caused by drinking of contaminated
chromium (VI) water. Also irritation or ulcers in the stomach
and liver, and toxicity of the liver are all caused by accumulation
of contaminate chromium (VI) water [16]. In the United States,
the Occupational Safety and Health Administration permissible
exposure limit for aitborne exposure of hexavalent chromium is

5 ug/m’ (0.005 mg/m?) [17].
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Several water treatment methods are available, which include:
adsorption, ion exchange, chemical precipitation, membrane
process, flotation, chemical coagulation and electrochemical
methods [5]. These methods have series of limitations when
considering the degradability of sorbent, ability to bind and
concentrate metal ions from aqueous media [18]. Thus, the
application of adsorption technique using adsorbents of
biodegradable origin offer outstanding number of advantages
such as ease of operation, economical in terms of cost of
application, green chemistry oriented, compactible with
ecosystem and high degree of the treated effluent especially for
well-designed sorption process [19,20]. Nevertheless, since the
process of the metal ion removal involves interaction of the
metal ions concentrate and the active groups within the
adsorbent; simple chemical processes are usually employed in
the retrieval of metal ions from the used adsorbent [21].

The characteristic behavior of carboxylic acid compounds and
their derivatives have long history of usefulness in the
production of additives, preservatives, carbonated beverages,
fruit juice, dairy products, drugs, fungicides, plastics lubricants,
paints, processed food, resins, varnishes, adhesives,
photographic films, lubricating oils, rubbers, perfumes, paraffin
candles, etc. Citric acid was used in this research so as to
maximize its hydroxyl group property. In this case study
therefore, the metal removal capacity of citric (tri-carboxylic) acid
modified red onion skin extract resin (CRER) in relation to the
influence of pH, concentration, agitation time and temperature
on the process was explored for the remediation of Cr (VI) ion
contaminated water.

MATERIALS AND METHODS

Sample collection and preparation

The purchased onion skin from mile 1 market in Port Harcourt,
Rivers State, Nigeria was preserved in a clean plastic bag, and
transported to the laboratory for the research. The onion skin
was washed with distilled deionized water and aired for three
days at 302 K to dry. Milling of the dried red onion skin was
performed with an electric grinding machine, sieved to particle
size of 150 pm, and preserved in corked bottle prior to
extraction process.

Extraction procedure

Extraction of pulverized red onion skin (3450 g) was carried out
using soxhlet extractor and acetone as the extracting solvent.
The desired extract was recovered from the extractsolvent
mixture by evaporation.

Preparation of citric acid red onion skin extract resin

(CRER)

Red onion skin extracts (15 g) was dispersed in 100 ml of
deionized water at 302 K for 30 min on a magnetic hot plate
with constant stirring. Citric acid (4.77 g) was added to the
stirred mixture and the temperature was increased to 323 K.
lodine of 0.75 g was added to the mixture, with the temperature
of the water bath maintained at 323 K for 4 hours. The reaction
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mixture was removed from the heating source and allows
cooling to 302 K. A 30 ml saturation solution of Na;S;04 was
added to the mixture and the brownish color of the iodine
thrice with 250 ml distilled deionized water. The resultant
residue was dried for 4 hours at 333 K in an oven, and stored in
an airtight container properly labeled at 302 K [22].

Preparation of standard solutions

Stock solution (1000 mg/L) was prepared in 1 L volumetric flask
by dissolving 5.73 g of Nay;Cr;07.2H;0 in distilled deionized
water. Standard solutions of 5-100 mg/L Cr (VI) ion solutions
were prepared by dilution of the stock.

Adsorption capacity studies

Batch equilibrium experiments were carried out to determine
the adsorption capacity with focus on the effect of temperature,
agitation time and concentration. The experiment involves
shaking 0.2 g of CRER with 20 ml of the Cr (VI) ion solution in
a mechanical shaker with corked plastic bottle at 302 K. The
mixture was equilibrated for an hour and filtered. Analysis of
the filtrater was done with  Atomic  Absorption
Spectrophotometer (Perkin Elmer, 700 series) to ascertain the
amount of metal ion adsorbed by CRER. The above experiment
was repeated at different concentrations (2 to 100 mg/L),
agitation time (10 to 60 min) and temperature (29 to 70°C).

Analysis of metal ion adsorption capacity

The subtraction of the value of equilibrium concentration from
that of initial metal ion gave the amount of metal ion adsorbed,
while the percentage Cr (VI) ion adsorbed by CRER was
calculated using equation (1).

CO -C

- e) (1)

(o]

Metal ion adsorbed (%) = 100(

The adsorption capacity (q.) of CRER was deduced by the mass
balance from initial to equilibrium composition using the
relationship in equation (2) and the values plotted against those
of initial metal ion concentration [23-25].

7, = 3(C,— C)(2)

Where C, and C, are the initial and final equilibrium metal ion
concentration in solution (mg/L) respectively; V is the volume
of the initial metal ion solution (L) and m is mass of CRER
used (g).

Determination of point of zero charge with CRER

The point of zero charge of CRER was evaluated using the
procedure [26]. 0.1 g sample of CRER was placed in several
conical flasks containing 50 cm? of 0.01 M NaCl. The pH value
of the suspension was adjusted to 2, 4, 6, 8, 10, 12 by adding
drops of 0.1 M HCI or 0.01 M NaOH solutions. The tightly
corked flask was agitated intermittently in a mechanical shaker
at 302 K for an hour to attain equilibrium. The suspension was
filtered and the final pH of the filtrate determined. The ApH is
then plotted against the initial pH, and the point of zero charge
extrapolated from the plot.
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RESULTS AND DISCUSSION

Point of zero charge

The point of zero charge (PZC) is the pH at which a resin
dispersed in an electrolyte displays neutrality or zero charge.
However, for a resin to be able to take up positive metal ions
(cations), it needs to have pH value above the PZC value; thus,
making the medium negatively charged, thereby adsorbing or
exchanging positive metal ions.
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Figure 1: Plot of ApH against pH.

From the experiment, CRER exhibited PZC value of 4.7,
showing that at pH greater than 4.7, CRER resin can
successfully adsorbed Cr (VI) metal ions in an aqueous medium

(Figure 1).

Effect of temperature

Temperature effects on adsorption of metal ion onto CRER
were studied at temperatures of 29, 40, 50, 60 and 70°C. The
experimental result for CRER was not linear with regards to
temperature increase. It was observed that temperature increase
from 29 to 40°C increased the percentage ion adsorbed from

90.70 to 98.90% (Figure 2).

= 100 -
”-
1.
§ 9
g o
E g0
S
€ g6
§ o
8 :
F-4 20 a0 60 80
Temperature ( °C)

Figure 2: Plot of Percentage Cr (VI) ion adsorbed against Temperature.

However, with further increase in temperature, the percentage
ion adsorbed reduced gradually from 98.90 to 85.22% for 40 to
50°C; followed by 85.30 to 85.00% between 50 and 70°C. This

suggests weak interaction of metal ions with the CRER active
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points and also between the adjacent molecules of the adsorbing
phase at temperature above 40°C. The CRER adsorbents
experienced some form of deformation of its pore size due to
increase in temperature, thus leading to alteration of the
original structural arrangement of the resin matrix [27].

Effect of agitation time

The degree of metal ion adsorption is related to the efficiency of
active sites to adsorb metal ions, as well as the contact time at
the solid-liquid interface [28]. The result for the time dependent
experiment for the adsorption of Cr (VI) ions at 29°C are shown
in Figure 3.
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Figure 3: Plot of Percentage Cr (VI) ion adsorbed against Time.

Cr (VI) ion adsorption rate was high at the initial stage of the
analysis such that more than 90% of total ion adsorption
occurred within 30 min, after which adsorption decreased and
followed by no significant metal ion uptake between 50 and 60
min. This could be due to the large surface area of CRER
adsorbing site at the beginning resulting to ion adsorption at the
active surface. In addition, metal ions tend to pass via the
deeper surface of the adsorbent pores for ion adsorption and
encounter much large resistance which slows down the
adsorption process during the later phase of adsorption [29].
The adsorption reduced to 91.97, 90.58 and 90.55% at time 40,
50 and 60 min respectively after equilibrium was attained at 30
min (94.77%). The experimental result showed that agitation
time of 30 min was enough to achieve maximum adsorption,
since there was no drastic change observed in percentage
adsorption after 30 min.

Effect of initial metal ion concentration

Adsorption of metal ion is sufficiently influenced by the initial
metal ion concentration in aqueous solution. In this study,
initial metal ion concentration was varied from 5-100 mg/L and
its effect on the adsorption of Cr (VI) ions is presented in Figure
4. In order to obtain the sorption capacity of CRER, Cr (VI)
metal ion data was plotted as the percentage concentration of
the metal ion adsorbed with the adsorbent against the initial
metal ion concentration (C_). The graph representing the results
is presented in Figure 4.
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Initial metal ion concentration (mg/L)

Figure 4: Plot of Percentage Cr (VI) ion adsorbed against Initial metal
ion Concentration.

It is observed from Figure 4 that the degree of adsorption is a
function of initial metal ion concentration. The percentage ion
adsorbed for CRER increased with increase in initial
concentration of Cr (VI) ions. This may result from an increase
in metal ions for the specific amount of adsorbing material and
due to saturation of available adsorption site on the adsorbing
material.

However, increase in Cr (VI) ion adsorption as the initial metal
ion concentration increase could be because, at lower initial
concentration the few Cr (VI) metal ions present in the solution
interact with the available active points, thus enhancing the ion
adsorption. Furthermore, as initial metal ion concentration
increases, and with functional active points remaining constant;
the percentage ion adsorbed increased drastically due to the
presence of much available metal ions in solution competing for
the fixed number of active sites on the CRER until ion
adsorption maximum is attained; thus, points out to the
saturation of the active sites with some metal ions unabsorbed
from solution [30].

Sorption thermodynamic studies

The fundamental parameters necessary for the design of any
system of heavy metal removal involves the equilibrium data
evaluated from studies on sorption dynamics. Sorption
isotherms describe how the sorbate interacts with sorbents [31].
Equilibrium is established at the optimum sorption capacity of
sorbents (CRER) and sorption isotherm helps in evaluating the
sorption capacity of sorbents from the batch experiment. The
isotherm which best describes sorption process was investigated
by applying the equilibrium results evaluated at temperatures
302, 313, 323, 333, and 343 K to the linearized forms of
Langmuir, Freundlich and Temkin models [32-37]. These
models are presented in equations (3), (4) and (5) respectively.

e = L_F&...(g)
qe me Xm

Ing,=InKg+ = InCy(4)
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RT

RT
Ge =1, I Kp+ 51 Ce(5)

The constants b, KT and KF are for Langmuir, Temkin and
Freundlich isotherm respectively, X, is the monolayer
adsorption capacity, 1/n is the activity strength of adsorption in
the sorption process having values between zero and one, R is
the gas constant and T is temperature, bt is related to the
adsorption rate, C, is the equilibrium concentration of the
solute in the solution (mol/L), and g, is the amount of solute
adsorbed (mol/g). The plots of the adsorption isotherms are
display in Figures 5-7.
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Figure 5: Langmiur isotherms at different Temperatures.
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Figure 6: Freundlich isotherms at different Temperatures.

The linear equations for the three isotherm models and their
respective correlation coefficient (R2) values are presented in
Tables 1 and 2. Freundlich isotherm model gave the highest R%
values and best explained the adsorption process.

However, it signifies that CRER possess a heterogenic surface.
Again, Freundlich isotherm model was explored in evaluating n,
1/n, KF and AG at the different temperatures and their values
presented in Table 3.
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Figure 7: Temkin isotherms at different Temperatures.
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Figure 8: Plot of In KF against 1/T.

From Table 3, it was observed that the values of 1/n with
respect to all temperature studied are greater than unity, which
indicates that cooperative sorption process played a vital part in
the removal of Cr (VI) ions using CRER. Also, the n results are
less than one referring to the fact that bond energies increase
with the surface density. Similar trend in the removal of Cd (II)
and Pb (II) ions by using succinic acid red onion skin extract

resin [38].

The plot of In KF against 1/T is linear (Figure 8). From the
graph, AH and AS were evaluated from the slope and intercept
using equations (6) [39]. AG was computed with equation (7).

0 0
AS” AH
In K = F=Fr(6)

AG = AH —TAS-(7)

The AH value evaluated from the slope of the graph in Figure 8
is -55.610 kJ/mol, while AS value from the intercept is -150.816
J/K/mol. The AG value as calculated at different temperatures
is shown in Table 3. The negative AH values imply that
exothermic sorption process occurred, while the negative AS
value indicates a reduction in randomness at resin-solution
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interface. Also, AG values were negative which indicate the
feasibility and spontaneity of the adsorption process at the
different temperature investigated. Negative AH and AS were
observed in the removal of Cu (II) ions from aqueous solution
by the use of onion and garlic skin extracts; while negative AG
and positive AS were observed in the removal of Mn (II), Fe (II),
Pb (II) ions from aqueous medium using carboxylated-
epichlorohydrin red onion skin extract resins [40,41].

Adsorption kinetic studies

Adsorption kinetics is a necessary parameter for evaluating the
adsorption pathway and efficiency in the removal of toxic metal
ions from aqueous medium. In this study, pseudo-first order,
pseudo-second order, Elovich and intra particle diffusion model,

were used to evaluate and predict the sorption behavior of the e
batch analysis. An equation (8) to (11) represents the linear S0E+06 -
equations of the models [42-46]. 40E+06 |
k OE+06
Log(q, = a,) = Logd, — 5zo5t ~(8) ¢
2.0E+06
t 1 1
—— + —-.. 9 1.0E+06
g queZ e ( )
0.0E+00 -
L L 00 500 1000
q=gn(@p)+5In(®)--(10) s

q=K, t'/2+ C--(11)

ge=amount of the chromium (VI) ions adsorbed at equilibrium; 45E0S
4.0E-05
gr=amount of the chromium (VI) ions adsorbed (mol/g) at time B ;/3
v29°C
(0); gl Pt
. , ) Sasmes | 44 g
ki=pseudo-first order rate constant adsorption (1/min); £, opos ity
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Figure 11: Plot of Intra particle Diffusion Kinetic Model.

The resolved values from the straight line graphs for adsorption

kinetic studies are presented in Figures 9-12. The equation of 25 -
straight line for the four models studied and their corresponding 100

correlation coefficient (R2) are shown in Tables 4 and 5.

Pseudo-second order kinetic model gave the highest R? values
from the study, and thus gives a better explanation for the
kinetic behavior of CRER in removing Cr (VI) ions from the
metal solution. The pseudo-second order rate constant (k;) and

qe were determine from the slope and intercept of the graph. In

addition, the natural logarithm of k; was plotted against 1/T at

varied temperatures according to equations 12 (Figure 13)

according to equations 12.
Figure 12: Plot of Elovich Kinetic Model.

E
Ink,=InA -  +2-(12)

The pre-exponential factor (A) and activation energy (E,) was
determined from slope and intercept of the plot as 5.749 x 1017
g/mol/min and -118.167 KJ/mol respectively. The negative
values of the activation energy indicate that exothermic sorption
process took place.
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Figure 13: Plot of In k; against 1/T.

Adsorption mechanism studies

Dubinin-Radushkevich (DR) isotherm model was used to study
the pathway through which the reaction followed for removal of
Cr (VD) ions from aqueous medium at different temperatures
[47]. The linear form of DR isotherm model is displayed in
equation 13:

Inqg,= Inq, — Bpe 2---(13)
gp=maximum ion adsorption capacity (mol/g)

Bp =DR model constant (KJ/mol)

e=Polanyi potential which is equivalent to RT In(1+1/C,), BD is
related to the mean free energy E, of sorption per mole of metal
ion through equation 14:

Table 1: Linear Equations of the Isotherm Model.

OPEN 8 ACCESS Freely available online

1

Plot of In q, versus €2 gave linear graph (Figure 14).

E= o (14)
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Figure 14: Plot of Dubinin-Radushkevich isotherm model at varying
Temperature.

The values of Bp and qp were evaluated from the slope and
intercept of the plots. E values were deduced by inputting values
of Bp into equation (16). These values are displayed in Table 6.
The E value gives information on the sorption pathway involved.
If the E value is less than 8 KJ/mol, it implies physisorption is
the dominant pathway, values ranging from 8 to 16 KJ/mol,
implies sorption pathway involves ion exchange and above 16
KJ/mol, chemical adsorption is the dominant sorption pathway
[48]. From the values in Table 6, the observed E values for
CRER resin are below 8 KJ/mol, implying that physisorption is
the main sorption pathway.

Temp (K) Langmuir Freundlich Temkin
302 y=-136606x +2.6962 y=1.4389x+3.7570 y=5E-05x +0.0005
313 y=-14342x +3.4669 y=1.4349x +3.3857 y=5E-05x +0.0005
323 y=-13307x +3.7858 y=1.3997x +2.8844 y=5E-05x +0.0005
333 y=-78850x +2.7300 y=1.2771x +1.9507 y=4E-05x +0.0005
343 y=-17620x +3.7706 y=1.2404x +1.1908 y=4E-05x +0.0005

Table 2: Comparison of Coefficient of Determination (R?) for the Isotherms.

Temp (K) Langmuir Freundlich Temkin
302 0.9572 0.9967 0.8641
313 0.828 0.9877 0.8567
323 0.9796 0.9963 0.852
333 0.8513 0.9983 0.8993

Mod Chem Appl, Vol.7 Iss.1 No:19.7.266
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343 0.9705 0.9988 0.8729
Table 3: Freundlich constants and AG Values at different temperatures.
Freundlich Constant
Temp (K) n 1/n KF (mol/g) AG (KJ/mol)
302 0.695 1.4389 42.82 9.433
313 0.6949 1.4349 29.539 -8.811
323 0.7144 1.3997 17.893 -1.745
333 0.783 1.2771 7.034 5.4
343 0.8062 1.2404 3.29 -3.395
Table 4: Linear Equations for the Kinetic Model.
Temp (K) Pseudo-first order Pseudo-second order Intraparticle diffusion Elovich
302 Y y=-0.0020x-4.0092 y=82629x+886999 y=3E-07x+8E-06 y=4E-07x+8E-06
313 Y y=-0.0010x-4.2037 y=29374x+174968 y=1E-06x+2E-05 y=3E06x+2E-05
323 y=-0.0011x-4.2480 Y=25536x+168881 y=1E-06x+3E-05 y=2E-06x+2E-05
333 y=-0.0009x-4.2735 y=25830x+123983 y=9E-07x+3E-05 y=2E-06x+3E-05
343 y=-0.0011x-4.3234 y=24470x+102930 y=1E-06x+3E-05 y=2E-06x+3E-05

Table 5: Coefficient of Determination (R%) Values for the Kinetic Model.

Temp (K) Pseudo-first order Pseudo-second Order Intraparticle diffusion Elovich
302 0.1118 0.7732 0.0552 0.6158
313 0.656 0.9841 0.5876 0.506
323 0.4373 0.9626 0.3109 0.1972
333 0.4054 0.976 0.2862 0.1786
343 0.5073 0.9905 0.4565 0.3422

Table 6: Linear Equations, Dubinin-Radushkevich Constants and R? Values.

Temp (K) Linear equation Bp (mol%/]J?) qp (mol/g) E (K]J/mol) R?
302 y=-1.179E-08x -3.3623 1.18E-08 0.0347 6.51 0.9933
313 y=-1.150E-08x-3.5496 -1.2E-08 0.0287 6.59 0.9911
323 y=-1.151E-08x-3.8312 -1.2E-08 0.0217 6.59 0.9925
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333 y=-1.089E-08x-4.2411 -1.1E-08 0.0139 6.78 0.9974
343 y=-1.034E-08x-4.6714 -1E-08 0.0094 6.95 0.9958

CONCLUSION 9. Alslaibi TM, Abustans ], Ahmad MA, Abu-Foul A. Cadmium

removal from aqueous solution using microwaved olive stone

This study displayed the use of red onion skin extract in activated carbon. ] Environ Chem Eng. 2013;1:589-599.

synthesizing resin for the adsorption of Cr (VI) from aqueous 10. Verlicchi P, Galletti A, Petrovic M, Barcelo D. Hospital effluents as

medium. Chemical modification of red onion skin extract using a source of emerging pollutants and overviews of micro pollutants
citric acid enhanced the adsorption characteristics. Batch and sustainable treatment options. ] Hydrol. 2010;389:416-428.
experimental results shows that factors such as agitation time, 11. Khavidaki HD, Aghaie H. Adsorption of thallium (I) ions using
initial metal ion concentration and temperature affect the metal cucalyptus leaves powder. Clean. 2013;41:673-679.

removal capacity of CRER. Comparing the isotherm models 12. Serencam H, Gundogdu A, Uygur Y, Kemer B, Bulut VN, Duran

applied for this research, Fruendlich isotherm model showed C, et al Rémoval .Of cadmium _from aqueous solution by

best fitting for the experiment with respect to the R? value. The Nordmann‘ fir (Abies nordmanmifna (Stev.) - Spach. - Subsp.
) . . . nordmanniana) leaves. Bioresource technology.
adsorption process was observed to be feasible with negative 2008:99:1992-2000.

AG, exothejrmm with respect.to A1ts negative AH Val.ue. Hovyever, 13. Meiia |. Atomic weights of the elements (IUPAC Technical

the negative AS Va.lue mdlcatf:s . reduced disorderliness. Report) Pure Appl Chem. 2016;88:265-291.

Kinetically, the adsorption process indicated that pseudo-second 14. Housecroft EC, Alan G. Inorganic chemistry. Pearson, New Jersey,
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