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Abstract. Three activated carbons were prepared using phosphoric acid (P) as an activating
agent from date palm pits (DPP) as a precursor via thermal pretreatment producing (CP212,
CP214 and CP124) samples, where the ratio of raw material to phosphoric acid is (2:1and 1:2)
respectively at curing time two days for first sample and four days for the second and third
sample, the activating temperature was 550°C, the precursor was washed with distilled water,
dried, crushed, and then sieved. In order to study the effect of phosphoric acid modification, the
characteristics of the activated carbon produced were determined before and after acid
modification and subsequently compared. These characteristics include surface morphology,
surface area, average pore diameter and pore volume. Characterization results showed that
modification of date palm pits with phosphoric acid enhanced the surface area of the activated
carbon from 427.8 t0620.3 m?/g. The average pore diameter was also enhanced from 1.14 to 1.82
nm. SEM analysis confirmed the improvement in surface area and pore development resulting
from the phosphoric acid modification.

Introduction

MB is synthetic thiazine dye of an amorphous nature with a molecular formula
C16H18CIN3S.xH0. It is also called basic blue, tetra methylthionine chloride and colour index
(CI) number 52012. The molecular weight of MB is 320 and its maximum wave length 662nm. It
is dark green powder, with a characteristic deep blue colour in aqueous solution where it
dissociates into an MB cation and a chloride anion dye, Methylene blue is a common dye mostly
used by industries involve in textile, rubber, paper, plastics, leather, pharmaceutical cosmetics,
and food industries. Effluents discharged from such industries contain residues of dyes.
Consequently, the presence of very low concentrations in effluent is highly visible [1, 2].
Discharge of colored waste water without proper treatment can results in numerous problems
such as chemical oxygen demand (COD) by the water body, and an increase in toxicity. Organic
dyes are harmful to human beings the need to remove color from waste water become
environmentally important. It is rather difficult to treat dye effluents because of their synthetic
origins and mainly aromatic structures, which are biologically non-degradable. Moreover, their
degradation products may be mutagenic and carcinogenic [3,4]. Many dyes may cause allergic
dermatitis, skin irritation, and dyes function of kidney, liver, and brain, reproductive and central
nervous system [5]. It is estimated that 10-15%of the dyes are lost in the effluent during the
dyeing processes. Activated carbon has been extensively used in wastewater treatment, chemical
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recovery and catalytic support industries primarily due to large surface area and presence of
different pore sizes [6]. In most reported cases chemical activation is preferred as it, getting
better porous, more surface area and high yielding activated carbons [7]. Date palm pits are
considered one of the most useful and an abundant renewable agricultural waste, in 2006 world
production of dates, was about 7 million tons. About 14% of the fruit is waste material, in the
form of seeds. Date stones represent about 10% of the date weight. The chemical composition of
date stone consists of hemicelluloses (23%), lignin (15%), and cellulose (57%) [8]. Date palm
pits is not consumable by humans in any form; it has a high content of crude fiber (around 19%)
that may cause digestibility problems in ruminant animals as well The main objective of this
research is to prepare phosphoric acid (H3PO,)-activated carbons from date palm pits.

The following methods were used to characterize the prepared activated carbons: nitrogen
adsorption at -196°C, scanning electron microscopy for analysis of the surface chemistry, pHpzc,
surface pH analysis, and measurement of MB adsorption capacity at different temperatures.
Special attention was paid to kinetic studies.

Materials and Methods
1. Materials
All the primary chemicals used in this study were of analytical grade. Methylene blue with
99.99% purity was obtained from Sigma-Aldrich Company and phosphoric acid. Distilled water
was utilized throughout the experiments for solution preparation and glassware cleaning.
2.Preparation of activated carbons
In our study, we used (Sawi date palm pits) and the material was collected from pastry factory in
(Shubra Al Khaimah). The date palm pits were washed with hot deionized water to remove dust
and other impurities, and dried at105°C.Raw materials were ground into fine particles and sieved
to a particle size of (2mm). Phosphoric acid activated carbon samples were prepared by soaking
date palm pits in 50 wt. % analytical grade phosphoric acid at room temperature at different
ratios of raw material to phosphoric acid (CP212, CP214 and CP124) for curing time two days
for the first sample and four days for the second and third sample .The slurry was occasionally
stirred, the solid was then separated and heated gradually in absence of air in a stainless steel
reactor at a rate of heating = 10 °C /min up to 550 °C and then maintained at that temperature for
3 h. After cooling, the activated carbon mass was washed with distilled water till washing
solution attained a pH value of 6.0 then the washed material was dried at 110 °C for 24 h and
stored in clean dry bottles [9].
3. Characterization methods
3.1. Determination of % ash contents, weight loss on drying, pH of the supernatant and
pHpzc
The ash content percentage fixed carbons were carried out on each sample of the activated
carbon and the precursor. For each sample a crucible was placed in furnace at 650 °C for 1 h,
cooled down in a desiccator, and the weight of ignited crucible was recorded, 2.0 g sample of
activated carbon was placed in a crucible and transferred into a muffle furnace at 650 °C for six
hours. After heating, the crucible was allowed to cool to room temperature in desiccator. The
percentage ash content was determined using Eqg. (1) [10, 11].

Where, Ws is the weight of sample pulse crucible after firing, W, is the weight of empty
crucible and W is the weight of sample before firing.

The weight loss during drying was determined for the date palm pits and activated sample by
weighting 0.5 g of the sample and heating for 24 h in oven at 110 C° until the weight of the
sample became constant using Eq. (2).
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Where, Wy, and W, is the weight of sample before and after drying respectively

pH of the supernatant was determined by adding 0.5 gm of adsorbent to 25 mL of deionized
water and the mixture was shaking for 48 h, the supernatant was then filtered to remove solid
adsorbent and the pH of the supernatant was measured using Jenway pH-meter. pHpzc of
activated carbon was also measured as 50 mL of 0.01 M NaCl solutions was put into several
closed Erlenmeyer flasks. The pH in each flask was adjusted to a value between 2 and 6 by
adding HCI (0.01 M) or NaOH (0.01 M) solutions. We take 0.15 g from the sample and added
them to each flask, the flasks were agitated for 48 h, and the final pH was then measured. The
pHpzc is the point where pH final - pH initial = zero [12].
3.2. Scanning Electron Microscopy (SEM) analysis
The surface morphology was obtained using Scanning Electron Microscope (Quanta 250 FEG)
working at a high voltage of 15 kV. The samples were coated with gold by a gold sputtering
device for clear visibility and conductivity. Thereafter, the coated sample was placed on the
sample holder for analysis [13, 14].
3.3.Surface area and pore size analysis
The surface area and average pore size of samples were determined using a gas sorption
analyzer. The adsorption-desorption isotherm of nitrogen was determined at its boiling point -
196 °C by ASAP 2020 instrument. The samples were degassed under vacuum at 350 °C for 3h
prior to measurement. The nitrogen adsorption-desorption data were recorded at liquid nitrogen
temperature of -196 °C. The adsorption equilibrium time was set at 60 S. The Brunauer, Emmett
and Teller (BET) method was used to calculate the surface area, using the data obtained from the
N, adsorption isotherm within the P/P° range of 0.05 - 0.30, where P is the equilibrium pressure
and P° is the saturation pressure.
3.4. Adsorption equilibrium studies
Batch adsorption experiments were undertaken in a series of Erlenmeyer flasks containing 0.25¢g
of ACS and equal volumes of methylene blue solutions at varying concentration (50-500 mg /L).
The flasks were shaken in a thermostatic shaker at the desired temperature with shaking speed of
150 rpm for 24 h. The equilibrium concentrations of methylene blue in the supernatant were
analyzed spectrophotometrically using (HPST uv/vis spectrophotometer) at Anax 662 nm. The
effects contact time were studied with respectto the adsorption of MB byCP212, CP214 and
CP124.The effect of temperature was studied by conducting a batch adsorption experiment at 25,
35, and 45°Cfor CP124 as a selected sample.

Results and Discussion
1. Characterization of precursor and activated carbon samples.
Table 1: Ash content weight loss drying, pH of supernatant and pHpzc of samples.

sample Percentage ash | Weight loss pH of pHpzc
(%) drying (%) supernatant
DPP 0.77 13.24 5.95 6.32
CP212 5.170 4.59 2.35 3.20
CP214 4.765 4.960 2.65 3.5
CP124 3.214 5.155 3.00 4.3

Table 1 shows that ash content for DPP is 0.77%it is very low due to the higher amount of
cellulose and lignin [15], while for modified AC it is in the range of 3.214-5.170 %. We can say
that activating agent has the ability to dissolve apart of ash content; Moisture content is one of
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the factors that will influence adsorption capacity of activated carbon (AC). Moisture content in
case of DPP was (13.24 %) which is higher compared with that for activated samples and this
may be related to the decomposition of polar cellulose and hemi cellulose during chemical
activation at higher temperature in absence of air, while for sample activated by H3PO, the
weight loss during drying increase with increasing the percent of activating agent and curing
time, This is a logical result of the higher surface area, The pH value of activated carbon sample
is mainly based on the inorganic ingredients in the source material or added during manufacture.
In this study, acidic pH values were obtained. This is due to phosphorus-containing compounds
such as polyphosphates, which may form during impregnation [16].

2. Scanning electron microscopy (SEM)

Scanning electron microscopy images were taken to observe the surface topography of the
sample. Basically, the pore structure of activated carbon was observed. The micrographs of
activated carbon are shown in (Fig.1) which showed that chemically activated carbon sample
have high porosity compared to date palm pits ( DPP ). This was because during carbonization
process of raw material with phosphoric acid at high temperature (550°C), most volatile matter
was lost and thus created a system with advanced pore structure. Impregnation with phosphoric
acid followed by the second carbonization dehydrated the cellulose material, resulting in
weakening of the precursor structure and creation of pores. During chemical activation process,
phosphoric acid was responsible for decomposition of organic material to release volatile matter
and development of micro porous structure which could increase the adsorption capacity [17]
Besides, we found that for the sample activated with phosphoric acid by increasing the percent of
activating agent it minimizing the formation of tars and other liquids which could clog up the
pores and inhibit the development of pores as clear in sampleCP124 [18]. The porosity created in
the carbon structure was also resulted from phosphoric acid removal from carbon structure by
intense washing

CP124.

Fig. 1: SEM for (DDP) and activated carbons CP212, CP214 and
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3. Surface area and pore structure.

The BET surface area (Sger), external and mesopore surface area (Sextmeso) and the mean pore
radius (r”) of the activated carbons were determined by application of Brunauer-Emmett-Teller
(BET) analysis software with the instrument. The BET surface area was determined by means of

the standard BET equation applied in the relative pressure range from 0.06 to 0.30 [19]. The data
are summarized in Table 2.

Table 2: Textural properties of the investigated carbons as determined from nitrogen adsorption

Materials Research Forum LLC

at -196°C
Adsorbents | Sger (m*/g) Caer Sext;meso Vy Vp r
(m*/g) (cm3/g) (cm3/g) (nm)
DPP 0 0 0 0 0 0
CP212 427.8 -45.05 112.3 0.178 0.243 1.14
CpP214 470.6 -43.74 110.9 0.201 0.266 113
CP124 620.3 -187 330.7 0.172 0.567 1.82

We can conclude that: (i) the surface area for the date palm pits (DPP) is zero due to the
absence of the activating agent. (ii) Activation with HsPO, raise surface area, total pore volume,
micropores volume and pore radius. The last results based on that activation of biomass based
materials are dehydrating agents. These dehydrating agents penetrate deep into the biomass
structure and cause the organic molecules to disintegrate into smaller molecules. After the
release of these smaller molecules, tiny pores were created. Besides helping in the development
of new pores or expansion of the pore, it also affects in enhancing the surface area. Normally, it
was observed that micropores and mesopore formation results into a larger surface area of the
activated carbons.(Fig.2) presents the nitrogen adsorption/desorption isotherms at -196 °C for the
investigated activated carbon sample. It is clear that all above sample give hysteresis loop, this
hysteresis loop is usually attributed to thermodynamic or network effects or combination of two
effects [20].
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4. Adsorption of Methylene blue.

4.1 Effect of contact time on adsorption.

The adsorptions of the methylene blue by activated carbon (CP214 andCP124) were studied at
various time intervals (0.25- 25 h). (Fig .3) showed that the adsorption of methylene blue is fast
in the initial stage by passing the time it will decrease till a constant value at about 15 h
(equilibrium time). The fast adsorption at the initial stage occur due to the presence of high
uncovered surface area and active sites on the adsorbent [21,22]. The slow adsorption of
methylene blue by passing the time due to the small availability of uncovered surface area and
fewer remaining active sites, resulting in lengthy time for adsorption to reach equilibrium of
methylene blue [23].

4 CP124
50 -
40 -

- ] cP214

(mg/g)

0 5 10 15 20 25
t(h)

Fig. 3: Effect of contact time on removal of methylene blue onto CP214 and CP124

A Kinetic study considers as method to give us information about the adsorption mechanism
in our studies pseudo-first and pseudo-second order models were applied for CP214and CP124.
The linearized form of the PFO can be expressed as

K
log(ge — q,) = logq. — T:‘.Sﬂa t -

Where g is the equilibrium adsorbed amount (mg/g), qg: is the amount adsorbed in time t
(mg/g), K; is the pseudo-first-order rate constant (g/mg. min) and t is the time in minute .The
linearized form of the PSO can be expressed as

t 1 1

:—+ — 1t
qr Kzqe  qf (4)

Where K3 is the pseudo second order rate constant (g/mg. min)

(Fig. 4) depicts the application of linear pseudo-first-order and linear pseudo second order
kinetics model. Upon analysis of Table 3 one can concluded that the adsorption follow pseudo-
second order kinetics model based on: (i) Correlation coefficient R? for PSO ranged between
0.9904 and 0.9943 indicating the good applicability of PSO linearized form. On the other hand,
R? for PFO is very low (ranged between 0.89107and 0.67129). (ii) Calculated ge (mg/ g) from
PSO model are closer to qm (mg/g) calculated from Langmuir adsorption model while that
calculated from PFO is very high. (iii) K; ranged between 0.0159 and 0.0513 indicating the
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higher rate of adsorption especially in case of CP124 which exhibit a sharp increase in
adsorption at beginning time of adsorption as shown in Fig (3).
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Fig. 4: Pseudo—first order and Pseudo—second order kinetic model for adsorption of MB onto
activated carbon CP214 and CP124 samples.

Table 3: Parameter of pseudo-first-order and pseudo-second-order kinetics model for adsorption
of methylene blue onto activated carbon samples

Pseudo—second order kinetic Pseudo—first order kinetic model
model q
”} Sample
R [ K@ | gy | R | K | g (mgig) | M9
mg h)
0.9904 | 0.0159 36.764 0.89107 | -16.28x10-* 480.83 20 |CP214
0.9943 | 0.0513 63.694 0.67129 | -11.37x10-* 477.50 81.36 |CP124

4.2. Adsorption isotherms.

The purpose of carrying out the batch adsorption isotherm is to determine the best isotherm
model for methylene blue adsorption by activated carbons and to determine the maximum
adsorption capacity (Qmax). In this study we used Langmuir models [24] which describe the
monolayer adsorption of the adsorbate onto the sorbent. The linear equation for this model is
given by

C_ 1 .G
Qe bgm 9. 5)

Where g is the amount adsorbed at equilibrium time (mg/g), C. is the equilibrium
concentration of methylene blue (mg / L), qm is the maximum adsorption capacity (mg/g), and b
is known by Langmuir constant (L/mg) and it is related to the heat of adsorption. If we plot C¢/Qe
versus Ce for methylene blue activated carbons, it will give a straight line with slope = 1/gn, and
an intercept = 1/ bgm, as shown in (Fig.5A).0One of the essential characterizes of Langmuir
isotherm can be expressed by a separation factor, R : which is defined as showed in equation (6).

1

Rp=—
L™ 1%bg,

(6)
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Here, C, is the highest initial solute concentration. The R_ value implies whether the
adsorption is unfavorable (R >1), linear (R =1), favorable (0< R_<1), or irreversible ((R_.= 0).
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Fig. 5: Adsorption isotherms (A) and linear Langmuir equation of methylene blue onto activated
carbon samples (B).

Table 4: Langmuir parameter for adsorption of MB onto investigated carbon samples.

Langmuir parameters Sample

Re R’ b (L /mg) Omax (Mg/q)
0.0847 0.9909 0.0135 19.249 CP212
0.0585 0.9933 0.0201 20 CP214
0.0617 0.9808 0.019 81.366 CP124

From (Fig 5A) we observed that a very steep initial raise at the beginning of adsorption, this
may be due to the fact that as initial concentration increases there are adsorption sites available
for adsorption of methylene blue, thus enhancing the % uptake [25]. Upon inspection of Table 4,
(i) Correlation coefficient (R%) ranged between 0.9808 and 0.9909 indicating the accepted
applicability of Langmuir models as shown in (Fig 5B). (ii) R value lies between 0 and 1
indicating that adsorption of methylene blue on activated carbon was favorable .It is clear that
the R_ values decrease with the increase in initial dye concentration, indicating that the
adsorption was favorable at higher MB concentration. (iii) CP212 and CP214 approximately
have the same value of gn, due to there is no observable difference in surface area or surface
chemistry, while by doubling amount of H3PO, activating agent as in CP124 sample there is
observable increase in qm by about 4 times based on increasing surface area by about 150 m?/g.
4.4. Effect of temperature and thermodynamic study
The effect of temperature on the removal of MB in aqueous was studied by varying the
temperature between 25, 35 and 45 °C. The data presented in Fig 6 and it showed that adsorption
of MB on CP124, activated carbon sample increase with raising temperature from 25 to 45 °C,
due to the enlargement of pore size or creation of some new active sites on the surface of
adsorbent due to rupture of bond. These also lead to enhancement the transformation of MB from
the bulk of solution to the surface
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Fig. 6: Adsorption of methylene blue on CP124 activated carbon sample at 25, 35 and 45 °C.

Thermodynamic parameters were calculated for CP124 sample, to explain the nature of
adsorption process on the surface and within the pores of activated carbons. The distribution
coefficient, Entropy change, and Gibbs free energy change of the adsorption process is related to
the equilibrium constant by the classic Van’t Hoff equation

=, (10)

Where Kj is the distribution coefficient for the adsorption, C; is the surface concentration of MB
and C. the equilibrium concentration. According to thermodynamics, the Gibbs free energy
change is also related to the entropy change and heat of adsorption at constant temperature by the
following equation:

AG =AH -TAz (11)
AG = _RTInKqy (12)

Where, R is the universal gas constant (8.314 x 10> kJ K 'mol™), T is temperature in K. AG®
is the free energy change (kJ mol™), AH® is the change in enthalpy (kJ mol™), AS® is the entropy
change (kJ mol™ K™), Thus AH® and AS°® can be determined by the slope and intercept. The
value of AS°, AH® and AG®, are showed in Table 5.The negative values of free energy change
mean spontaneous process with a high affinity of the adsorbate to the surface of adsorbent. The
positive value of enthalpy change and standard entropy indicated spontaneous and endothermic
nature of adsorption process.

Table 5: Thermodynamics parameter for adsorption of MB onto CP124

AG
_ AH® AS°
(kJ mol™) 1 21 1 Sample
318 K 308 K 208k | (KImol™) 1 (k) mol™K™)
°5.056 ~4.246 -3.436 20.702 0.081 CP124

Conclusions

Three activated carbons were prepared from (DPP) using activating agents: HzPO,, ash content,
nitrogen adsorption, SEM and pHpzc. Sger ranged between 427.8 and 620.3 m?/g. The optimum
condition for removal of MB was confirmed at pH7, equilibrium time 24 h and increased with
temperature. Maximum adsorption capacities for the three adsorbents were found to be 19.2, 20,
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and 80 mg/g for CP212, CP214 and CP124, respectively at 25 °C. The adsorption of MB on the
prepared activated carbons follow pseudo-second order kinetic model with correlation
coefficients reached to 0.9933. Thermodynamic measurements showed spontaneous and
endothermic nature of adsorption process.
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