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ABSTRACT: The potential of palm kernel shell, as agricultural waste, to remove Cr (V1) from aqueous solution was
evaluated. Effective parameters such as pH (2-8), temperature (20-80 °C), contact time (10-120 min), adsorbent
concentration (0.1-1 g/L), and initial Cr (V1) concentration (10-100 mg/L) were all studied to attain the maximum
removal efficiency. Results show the adsorption capacity increases as pH value decreases and the optimum pH value
is pH= 2.0. The other optimal conditions are temperature 40 °C, contact time 45 min, adsorbent concentration 0.5 g/L
and initial Cr (VI) concentration 10 mg/L. The equilibrium data for chromate adsorption well fitted to Freundlich
equation, with maximum adsorption capacity of 125 mg/g. This novel activated carbon derived from palm shell
powder has been found to be effective for the removal of Cr (V1) and not noxious to the ecosystem.

INTRODUCTION

The expansion of industries near the suburbs has led to the
entry of high levels of heavy metals such as chromium,
lead, mercury, cadmium and cobalt into groundwater and
municipal sewage. These metals are stable and can have a
damaging effect on our ecosystem and our general health
[1, 2]. Chromium is one of the most abundant water
pollutants in the oxidation states of Il to VI. The most
important steady state of this element is Cr, Cr (111) and Cr
(V1) capacity that can be transferred from human resources
to the environment. This metal can cause acute and chronic
side effects in blood warming organs. Researchers believe
that chromium is likely to be in the human's biological
system at state I1l, which is derived from the diet [3, 4]. Cr

(V1) typically comes from sewage produced by the cement,

mining, electroplating, leather tanning, dyeing and
environmental industries [5]. Chromium concentration in
industrial wastewater is 0.5 - 270 mg/L, and even reaches
1300 to 2500 mg/L in tannery [6]. This is while the
European Union (EU) and United States Environmental
Protection Agency (USEPA) have set the limit below 0.05
mg/L and the final limit of chromium Il and VI
recommended below 2 mg/L [7]. There are many ways to
remove these ions in aqueous solutions that can have
chemical, physical or biological approaches [8].
Physicochemical methods for chromium removal include of
electrochemical reactions, ion exchange, membrane
technology, chemical treatments, or adsorption by activated

carbon [9-14]. The use of activated carbon as an adsorbent
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can improve the quality of water. Also due to the high
surface area, mesoporous cavities and the active level of
carbon have a high potential for chromium removal as a
contaminant in aqueous media [15].

Recently, the use of activated carbon from agricultural
waste and biomass materials as Cr (VI) adsorbent has
attracted many researchers due to the economic cost and
availability. Among these lesions are rice and straw, olive
bagasse, eichhornia crassipes, peanut shells, jatropha wood,
longan seed and date palm seeds all have been used to
remove heavy metals [16-21]. Among plant sources, palm
kernel is a substance that is rich in fiber, in addition to its
frequency and low cost. As regards that Iran produces 1017
million tons of dates annually, it has the second rank of
world in production of this product [22] and the palm
kernel is disposed of without any processing. So, we tried
to use this agricultural product to adsorb chromium.

The palm kernel forms about 10-15% of the date weight
and, on average, contains 73.2% cellulose [23]. The
physicochemical properties of palm kernel fiber have been
investigated [24] which are showed that the nucleus of the
palm consists of two parts, shell and the brain that were
interchangeable in terms of materials. The purpose of this
study was prepared the activated carbon by termochemical
method from the crust of the palm kernel. That this process
involves two steps, carbonization of the raw material by
heat and chemical activating by a mixture of potassium and
sodium hydroxide. In continues, we study the effects of
activated carbon on the adsorption of Cr (VI). Then, we
examined the effect of effective parameters on the
adsorption including pH, temperature, contact time,
absorbent dose and Cr (V1) concentration. In addition, by
linear regression analysis, we investigated the patterns of
adsorption isotherms. However, no research has ever been
done to show using of the palm kernel shell (PKS),
specifically effects on the absorption of Cr (VI).

MATERIALS AND METHODS
Chemicals

The palm kernels were prepared from a palm grocery store

in Borujerd City, Lorestan, Iran. This city is a producer of

date syrup in Iran. The date type was Mazafati of Bam. In
all experiments, distilled water was used for preparation.
Potassium dichromate (K,Cr,05), hydrochloric acid (HCI),
sodium hydroxide (NaOH) and Potassium hydroxide
(KOH) were purchased from merck. A stock solution
containing chromium 0.5 g/L was prepared by dissolving
1.404 g of potassium dichromate in 500 ml of distilled
water. The desired concentrations 1-100 mg/L obtained by
diluting the stock solution. HCI (0.1 N) and NaOH (0.1 N)

are used for regulation of pH.
Characterization study

The BET surface area of the prepared activated carbon was
measured with surface area analyzer (Quantachrome
AS1Win). Morphological study was carried out with a
scanning electron microscopy (SEM) (HITACHI model, S-
3400N, Japan). The concentration of Cr (VI) in the
supernatant solution before and after adsorption was
determined using a double  beam UV-Vis
spectrophotometer (Unico, Japan). The pH of solution was
measured with an Ohaus pH meter using a combined glass
electrode. (Model ST2100, USA).

Experimental
Core and shell separation of palms

The palm kernels were first washed with distilled water for
decontamination and exposed to sunlight for 5 days. Then
they were crushed by a mill (mesh 2 mm). The cores
consist of two outer and inner parts are separated by a sieve
400 p. The powder that passed through the sieve was the
same as PKS, which was kept in the dark container until the

experiments were carried out.
Carbonization of palm kernel shell (PKS)

To prepare the biomass from the date palm, 50 g of palm
kernel powder was weighed and sieved by mesh 100 pum.
The shells were washed by distilled water and placed in an
oven at 110 °C for 3 hours. It was then placed in a furnace

at 600 °C for 3 hours. The biochar was cooled down to
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reach the ambient temperature and again sifted through a

100 p sieve.

Preparation of Activated carbon palm kernel shell (AC-
PKS)

A solution was prepared by dissolving potassium and
sodium hydroxide in a 1:1 weight ratio in distilled water.
Then the biochar was immersed in the solution. Until the
mixture begin to boil, heated and stirred. The heat stalled
and abandoned for 24 hours. The resulting mixture was
filtered to obtain activated charcoal. The charcoal was
immersed in a crucible and is calcified at 450 °C for 3
hours in the furnace. (At a temperature of 5 degrees per
minute), activated carbon is produced. It was washed with
0.1 M HCI to remove residual chemicals, such as salts KCI
and NaCl. The CPKS is dried in an oven 110°C for 24
hours.

Adsorption Experiments

The residual chromium concentration in the reaction
mixture was analyzed by centrifuging and then measuring
the absorbance of the supernatant at the maximum
wavelength. The Ay Value of the Cr (V1) ion is 370 nm.
Chromium concentration in the reaction mixture was
calculated from stoke curve. The amount of adsorbed Cr
(VI) onto the CPKS (Adsorption capacity), g, (mg/g), was
calculated by relationship (1):

4, (cizce @

Where C, and C, are the initial and equilibrium liquid-
phase concentrations of chromium, respectively (mg/L), V,
the volume of the solution (L), and m is the mass of the
used AC-PKS (g). Removal percentage (A %) were

calculated from equation (2)

CO _Ce

A(%) = C
0

)

Effective parameters onto Cr (V1) adsorption by AC-PKS

To find optimal pH for Cr (VI) adsorption, 100 ml solution

100 mg/lit Cr (VI) solution was placed in an erlenmeyer

and its pH was adjusted in range of 2-8 by 0.1 and 1 M HCI
and NaOH. Then 0.05 g, AC-PKS was poured out, the
solution was filtered after 30 min at 30+2 °C and the
absorption of the remaining potassium dichromate solution
was measured. In order to determine the best mixing time,
to several Erlenmeyers containing 100 ml of Cr (VI)
solution with concentration of 100 mg/L at pH=2, 0.05 g of
absorbent are added and mixed at different times of 10-120
min. The effect of solution temperature on removal of Cr
(VI) was investigated in 20-80 °C. In this experiments, 0.05
g absorbent was added to 100ml of 100 mg/L Cr (VI)
solution at pH=2. The absorbance equilibrium assessment
experiments onto AC-PKS were performed by adding 0.05
mg of adsorbent containing 100 ml of potassium
dichromate solution at various concentrations of 1-100
mg/L at pH = 2. at 30 min. To detect the best dose of the
absorbent, 100 ml of Cr (VI) solution (100 mg/L) was
poured into 8 erlene and 10-100 mg of absorbent,
respectively, was added to each of them. At the end of each
experiment, 5 ml of each sample were centrifuged and the
concentration of the residual solution was measured.
Characteristic of effective parameters on adsorption of Cr
(VI) onto AC-PKS is shown in Figure 1.

Adsorption isotherm investigation

Freundlich and Langmuir kinetic adsorption models are

commonly used in the removal of pollutants.
Langmuir Absorption Model

Langmuir isotherm [25] is one of the most prestigious
physical absorption laws, which is true in many cases. To
attract a mono layer on surfaces with a limited number of
absorption positions is used. The relationship is as

following:

4,_ QmaxkiCe ®)
T Atk Cey
Where g, is the concentration of the adsorbed pollutant in
mg/g at any moment, Qn.y, IS the maximum adsorption
apacity by adsorbent in mg/g. The equilibrium constant k;

or b, which is depends on the amount of adsorbent-



M. Razavi Mehr/ Journal of Chemical Health Risks 9(1) (2019) 75-86

adsorbate tendency, and C, is the concentration of C. 1 + C. @
equilibrium pollutant or not absorbed in mg/g. The diagram de  Gmaxb  Gmax
C./qe in terms of C, is a homogeneous function obtained 1 1 1 1
i —= =+ ®)
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Figure 1. The effective parameters graphs of adsorption of Cr (VI) onto PKS.

The values of gy, and b can be obtained from the intercept the linear diagram 1/q,, relative to 1/C, constant values
and slope, respectively. The equation (4) can also be obtain. The Dimension Index (R)) is also used to test the
expressed as equation (5). In this case, with the drawing of usability of the Langmuir equation and is expressed as (6).
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R
YT 14 bC,

(6)

Where C, is the initial concentration of the solution and b is

Langmuir constant. If the value is R> 0, model is

inappropriate, if R, = 1, is appropriate as the linear model,
if 0 <R, <1, the model is suitable and if R; = 0, the model is
inefficient [26]. Also, the four linear forms of Langmuir

isotherm model are listed in Table 1.

Table 1. The four linear forms of Langmuir isotherm model.

Langmuir isotherm forms Equation Plot
] C. 1 C,

Langmuir-1 —= — vs.C,
qe qmaxb qmax e

L ir-2 1 1 1 1 1 1

angmuir- —= — — vS.—

e qmaxb Ce qmax qe Ce

. 1 q e

Langmuir-3 e = Gmax — (B ) C_: qe US'C_E
. Qe _ _ 9e

Langmuir-4 c.- bqmax — bQqe C VS. q,

Freundlich absorption model

Freundlich absorption isotherm [27] is valid for adsorption
on the heterogeneous surface, and its equation is in the

form of relation (7).

1
Go = kp.C/" ()

Where g, and C, are the same as those mentioned in the
Langmuir relationship. k; and n are the Freundlich model
constants, which represent adsorption capacity and
absorption intensity respectively, and is obtained from the

slope and intercept of the linear derivative of equation 8.

1
—logC,

logq. =logks + nf

®
RESULTS AND DISCUSSION

This research was conducted to absorb Cr (V1) by activated
carbon from palm kernel shells. For increase of confidence,
correctness and accuracy of the tests, sampling and analysis
of samples were repeated several times. All of charts were
drafted in the excel software under windows. The specific
surface area of the activated carbon was calculated by BET

equation within a relative pressure range 0.05-0.35 atm.
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The BET surface area, pore total volume and pore median
diameter of the PKS were found 121.82 m?/g, 0.826 m®/g
and 27.14 nm, respectively. According to the category of
IUPAC where micropores (< 2 nm), mesopores (2-50 nm),
and finally macropores (> 50 nm); therefore, it can be
concluded that the high adsorption capacity of activated
carbon despite the low surface area BET can be interpreted
by the presence of a large distribution of mesopores that
adsorbed chromium ions. The textural characteristics of the
prepared PKS activated carbon (AC-PKS) are presented in
Table 2. Figure 2 shows the SEM micrograph of AC-PKS
sample before and after Cr (V1) adsorption. The surface of
AC-PKS- loaded Cr (VI) adsorbent (Figure 2(b)) is
different from the surface of adsorbent before adsorption
(Figure 2(a)).This is clear that SEM micrograph before
adsorption, indicated a uneven and typical surface with a
prominent gloomy stains of holes and hollows extending
that there was a probability for Cr (VI) metal ions to be
trapped and adsorbed onto the surface. Figure 2(b) shows
after adsorption, pores were exactly filled and AC-PKS
surface more regular and rather smoother with several
accumulation and agglomeration that Cr (VI) ions have

been associated to surface.
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Table 2. Textural characteristics of the prepared PKS activated carbon (PKS-AC).

Physical properties

Volume

BET surface area (m?/g)
Total volume (cm®g)

Median pore diameter (nm)

121.82
0.826
27.14

Figure 1 shows the percentage of removed Cr (VI) at
different levels pH, initial concentration of chromate,
contact time, temperature and adsorbent amount. Due to
this fact that maximum adsorption (100%) was obtained at
pH = 2, this pH was considered as optimal pH. When the
initial pH of the solution increases from 2 to 5, the
adsorption rate decreases from 100 to 67 and with
increasing pH from 5 to 7, adsorption changes will be faster
to 2, which may be due to coagulation or deposition of
Cr(VI). These absorption changes can be explained by
soluble chromium species and superficial PKS groups.
Acidic conditions change surface charge of adsorbent,
degree of ionization of adsorbate, separation of active agent
groups in active sites, and also soluble chemistry. At pH

higher than 8, dominant form is CrO,%. With increasing
acidity, equilibrium progresses to the formation of
dichromate and the dominant chromium species in the
acidic pH include of Cr,0,%, HCrO,, CrsOy?%, Crs015%
[28; 29]. On the other hand, under acidic conditions, the
surface of the adsorbent is very protonated, which causes to
absorb Cr (VI) onto PKS in form of anionic. Increasing of
the amount of pH reduces the surface protonation, which in
turn leads to a decrease in the adsorbent positive surface
potential and thus reduces the electrostatic force between
the absorbent and the adsorbate. In addition, when the pH is
alkaline, competition between OH™ and CrO,* arises for
adsorption onto the absorbent surface [30].

Figure 2. SEM micrograph of the particles of AC-PKS (a) before (b) after Cr (V1) adsorption

The relationship between the amount of removed
chromium by PKS and contact time was investigated for

studding the rate of absorption. Fig. 1 shows the absorption

Cr (V1) onto PKS that the initial concentration of chromate
was considered 100 mg/L and pH = 2. The figure shows
that more than 50% of the absorption took place in less
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than 20 minutes, and after this time, the absorption rate
decreases. Also, as it is known, about 97% of chromium
has been removed by PKS up to 45 min. The absorption
rate is almost constant from 45 to 120 min. Thus, the
optimal contact time was selected 45 min. Thus, it can be
concluded that the amount of binding Cr (VI) to the
adsorbent is high in the initial stages and gradually
decreases and finally remains constant. At the beginning of
the adsorption process, the absorption rate increases due to
the large number of adsorption sites, the difference in
concentration between the adsorbed substance in the
solution and its amount on the adsorbent surface. But with
lapse of time, the slope is very gentle and calm. This is due
to the presence of a layer of absorbent on the surface of
PKS. Also it is difficult to occupy the remaining surface
areas [31].

The results of the temperature effect at optimal pH=2,
contact time of 45 minutes for PKS are presented.
Regarding the diagram, it can be said that for PKS at 40°C,
Cr (V1) absorption is greatest. So that removal efficiency is
99% in this temperature. The rate of chromium ion
penetration onto the adsorbent surface increases with
increasing temperature. This phenomenon can be attributed
to the distribution of chromium ions and the increase in the
number of absorption sites that at low temperatures, due to
the reduction of the Kkinetic energy of Cr (VI), the
conduction of these ions to active absorbent positions
decreases. As a result, absorbent and adsorbate community
is minimized [32].

Also, absorption experiments were carried out at initial
concentrations of chromium 1-100 mg/L with a dose of 5
mg/100ml of PKS and its results are presented in Figure 1.
The results showed that when initial concentration of Cr
(VI) increases, removal percentage reduces. This can be
explained by the fact that all adsorbents have a limited
capacity of active positions. They also are saturated at a
certain concentration [32]. By increasing the chromium
concentration up to 20 mg/L, the absorption rate reaches
about 50%. Afterwards, the slope of the absorption curve
decreases.

In the following, for investigation adsorbent amount onto

Cr (VI) removal, experiments were carried out that
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adsorbent amount was changed from 10 to 100 mg in 100
ml of solution and initial chromate concentration was
considered constant. The results showed that,_generally
with increasing amount of adsorbent, the removal
percentage increases and the maximum absorption occurs
at an absorbent dose of 0.01 g that in this amount, the
removal efficiency is 100%. With increasing the absorbent
dose increases the absorption site that its result is an
increase in removal percentage. Also, increasing the dose
from 0.05 to 0.1 g had a slight effect on removal
percentage. This can be attributed to a decrease in the area
of the effective absorbent surface at higher absorbent doses
[33]. Due to economic issues; 0.05 g of PKS was selected
as the optimum dose to remove chromium. Absorption
percentage is 92% in this dose of PKS.

The adsorption isotherm indicates how the adsorbate
molecules are distributed between the liquid phase and the
solid phase when the adsorption process reaches an
equilibrium state. The analysis of the isotherm data by
fitting them to different isotherm models is an important
step to find the suitable model that can be used for design
purpose. Calculations were performed for Langmuir and
Freundlich linear models. Also the parameters and
constants of these isotherms were measured (Table 3). The
numerical value of the calculated constants for describing
the Cr (VI) adsorption behavior onto PKS and the
determination coefficients of R? for each of the Langmuirl
and Freundlich isotherms have plotted at different
temperatures (Fig. 3 and 4). Comparison of correlation
coefficient obtained from graphs for any isotherms can be a
suitable measure for the matching of the data and
mentioned isotherms. As results show, Freundlich isotherm
has more adjustment with data than Langmuir isotherms.
Correlation coefficients for Freundlich model in 40, 50 and
60°C are R* = 0.997, 0.991 and 0.964 which is more
suitable than the Langmuir model and the n¢ > 1, indicating
that adsorption of Cr (V1) onto PKS is a favorable physical
process [34]. Table 4 shows the comparison of maximum
monolayer adsorption capacity of Cr (VI) onto various
adsorbents. It is clear that PKS used in this work has a
relatively suitable adsorption capacity of 125 mg/g

compared to other adsorbents found in literature. The
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remarkable thing is that with the least dose of adsorbent, we will have a maximum absorption (125 mg/g).

Table 3. Isotherm parameters obtained from the four linear forms of Langmuir model and Freundlich
model for removal of Cr (VI) by PKS at 40, 50, 60 °C

Model Parameters 40°C 50 °C 60°C
Qmax (Mg/g) 125 125 111
Langmuir
isotherm1 b (L/mg) 0.0548 0.0503 0.0625
R? 0.954 0.960 0.956
Qmax (Mg/g) 100 100 100
Langmuir
isotherm? b (L/mg) 0.1063 0.0893 0.084
R? 0.905 0.942 0.994
Qmax (Mg/g) 98.81 100 96.38
Langmuir
isotherm3 b (L/mg) 0.0972 0.0839 0.0875
R? 0.764 0.800 0.883
Qmax (Mg/g) 115.18 109 102
Langmuir
isothermd b (L/mg) 0.07 0.0670 0.077
R? 0.764 0.800 0.883
Freundlich n 245 281 281
isotherm K [(mg/g)(L/mg)"] 17.57 20.99 20.99
R? 0.997 0.991 0.964
0.7
0.6 1
0.5 1
o
> 0.4 4
0.3 1
0.2
0.1
0 T T )
0 20 40 60

C.

Figure 3. Langmuirl isotherm model of Cr (VI) adsorbed onto PKS.
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Figure 4. Freundlich isotherm of Cr (V1) adsorbed onto PKS.
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Table 4. Comparison of the maximum monolayer adsorption of Cr (V1) onto various adsorbents.

Maximum monolayer adsorption

absorbent Absorbent dose References
capacity (mg/g)

AC-PKS 05g/L 125 This work
Longan seed 6 35.02 [20]
date palm seed 49/L 120.48 [31]
Ziziphus jujuba cores 1g/L 196.38 [32]
Pistacia terebinthus 2 9.97 [35]
olive stones 0.5 71 [36]
apple peels 1 36.01 [37]
mango kernel 25 7.8 [38]

Thermodynamic parameters such as enthalpy (AH®,
ki/mol), standard entropy (AS°, J/molK), and changes in
the Gibbs free energy (AGP, kd/mol) were calculated in
order to understand adsorption process; the following
equations have been taken into account:

_ Co—C
ke= e ©
Ink, = L +ASO 10
nke=-—r+—4 (10)
AG® = —RTlnk, (11)
AG® = AH® — TAS® (12)

Where K. is the equilibrium constant, R (8.134 J/molK) is
the gas constant, and T (K) is the absolute temperature. The
data of InK; versus 1/T were fitted using the Van’t Hoff
plot at different temperatures and initial concentrations of
Cr (V1) (Fig. 5); from this plot, values of AH® and AS° were
obtained from the slope and the point of intercept. The
straight line, which does not pass through origin, shows a
good linear relationship for optimal initial concentration of
Cr (V1) (10 mg/L) with both values of slope and point of
intercept determined at 74649 and -21.1 and the

correlation coefficient R?= 0.994.
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The thermodynamic values (AH®, k/mol), (AS®, J/molK),
and (AG®, kJ/mol) for the adsorption of Cr (V1) ions onto
“AC-PKS” were calculated using the equations 9-12. The
results are summarized in Table 5. AH®°, AS® and AG®
values were observed as negative for studied three
temperatures. The negative values of AG® show that
adsorption process onto AC-PKS is spontaneous. It can be
seen for table 6 that AG® values become more negative with
the decreasing of temperature so, decreasing temperature
The
temperature in the adsorption of Cr (V1) ions onto activated

favors the adsorption process. importance of
carbon has been clearly illustrated. The negative values of
AHC indicated that the adsorption of Cr (VI) ions onto
activated carbon is an exothermic process. The AS° values
play an important role in reflecting whether the order of
adsorbate at the solid/ solution interface during the
adsorption process becomes less random AS°<0 or more
random AS° > 0 [39]. Moreover, negative AS® value
involves decreasing in degree freedom of Cr (VI) ions in
the solution. Also, the sign of AS® show whether the
adsorption reaction is an associative or dissociative process.
So, since AS®, has a negative value, it can be an associative

mechanism [40].
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Table 5. Thermodynamic parameters for the adsorption of Cr (V1) ions onto

AC-PKS at different temperatures (Co= 10mg/L).

T (K) K. AG' (kJ/mol) AH' (kJ/mol) AS° (J/molK) R’
313 14.3846 -7.14
323 8.0909 -5.40 -62.06 -175.53 0.994
333 3.4944 -3.66
3 -
25 -
2 -
L 15 -
¥
=
1 4
0.5 -
f
0 = : : : —A
0.00295 0269= 0.00305 -0 06T 000315 ©.0032
_05 J
UT
= C0=10 mg/L C0=50 mg/L et C0=70 mg/L e C0=100 mg/L

Figure 5. Relationship between thermodynamic constants and temperature of Cr (V1) onto PKS.

CONCLUSIONS

In this study, “AC-PKS,” was prepared from palm kernel
shell powder, a naturally abundant medicinal plant widely
is used in Iran for the purposes of food and agriculture
treatment, wich was successfully used to remove Cr (VI)
from wastewater. Experiments were performed to identify
the nature of adsorption. The following characteristics were
found:

*Palm Kernel Shell, an inexpensive and easily available
material, was found very effective to remove Cr (VI) from
aqueous solutions.

«.The operating parameters for the maximum sorption were
pH= 2, initial Cr (VI) solution concentration (10 mg/L),
adsorbent dosage (0. 5 g/L), contact time (45 min) and
temperature (40 °C).

*The amount of AC-PKS absorption (mg/g) increases with
increase in adsorbent dosage and decreases with increase in
initial solution concentration.

*Adsorption behavior is described by a Freundlich

isotherm. This model appears to provide the best
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correlation of experimental data for the adsorption of Cr
(V1) than the Langmuir isotherm.

*The tested activated carbon in the present study showed
higher adsorption capacities Qmax, (125 mg/g) compared to
those of some chars and activated carbons reported in the

literature.
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