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Date pits activated carbon for divalent lead ions removal
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Phosphoric acid impregnated activated carbon from date pits (DPAC) was prepared through single step activation.
Prepared DPAC was studied for its structural, elemental, chemical, surface and crystal nature. Adsorption ability of the
DPAC was assessed through divalent lead ions separation studies. Effect of adsorbent dosage, contact time, pH, operating
temperature and initial feed concentration on lead removal by DPAC was studied. Maximum Pb(II) adsorption capacity
of 101.35 mg/g was attained for a contact time of 30 min and pH of 6 at 30�C. Increase in initial feed concentration
enhanced the adsorption ability of DPAC and the rise in adsorbent dosage resulted in improved Pb(II) removal efficiency.
Thermodynamic studies revealed that the lead adsorption on DPAC was exothermic and instantaneous in nature. Kinetic
and equilibrium studies confirmed the suitability of pseudo-second order and Langmuir isotherm for divalent lead ions
binding on DPAC. Reusability studies showed that HCl was the effective regeneration medium and the DPAC could be
reused for a maximum of 4 times with slight reduction in Pb(II) removal efficiency (<10%). Results indicated the
promising use of date pits biomass as a low cost and efficient starting material to prepare activated carbon for divalent
lead ions removal.
� 2019, The Society for Biotechnology, Japan. All rights reserved.
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Separation of toxic metal ions from the drinking water and in-
dustrial aqueous streams is a highly explored research field (1).
Lead ion is one such toxic contaminant present in nature and in-
dustrial wastewaters, usually in the divalent form (2). Wastewaters
discharged by electroplating, dye and paint, battery manufacture,
glass industries and so on contain a high level of lead ions which
needs effective separation before discharge (3). Accumulation of
these non-degradable lead ions over time in aqueous streams
causes severe ecological and environmental problems (4). Con-
sumption of lead contaminated water can cause anemia, brain
damage, cancer and even fatality in case of humans (4,5). Impo-
tency, miscarriage and stillbirth are also attributed to lead
poisoning effects in humans (6). World Health Organization norms
restrict the level of lead ions to 0.01 ppm in drinking water (7,8).
Hence complete elimination of lead ions from the aqueous streams
is a very essential step in the domestic water as well as industrial
wastewater treatment process.

Various physio-chemical processes namely chemical precipita-
tion, electro-chemical precipitation, electro-dialysis, adsorption,
ion exchange and membrane technology are commercially avail-
able for the separation of lead ions from the wastewater streams
(8). Recently, solid phase extraction of analytes using different
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types of sorbents including metallic nanoparticles is being explored
(9e16). However, use of excessive chemicals, generation of toxic
sludge, need of additional separation steps and high cost are the
major disadvantages associated with these processes. Adsorption is
still one of the preferred separation processes due to its economic
feasibility and technical ease (17). Adsorption technique is highly
preferred for removal of elements present in trace levels in aqueous
streams (18). Activated carbon used as a predominant adsorbent in
the adsorption process is a carbonaceous substance known for its
high porosity, large specific surface area and better mechanical
strength (19). As compared to biosorbents, activated carbon possess
better adsorption capacity, high surface area, better stability,
excellent thermal resistance and inertness to adsorption conditions
making them as an ideal choice (20). Removal of various toxic
pollutants includingmetals, dyes, and gases by activated carbon has
made the activated carbon based adsorption system very attractive,
especially for lead removal from its aqueous streams (20,21).

High cost and less reusability of commercial activated carbon
has led to development of waste biomasses derived activated car-
bon, having better adsorption capacities (22). These biomasses
mainly consist of agricultural wastes having a rich content of cel-
lulose, hemicelluloses and lignin components (23). Various agri-
cultural biomasses such as papaya peel (24), sugarcane bagasse
(25), oak shell (26), pinecone (27), hazelnut husks (28), coconut
shells (29), cow bone (30) have been studied for activated carbon
preparation and their application for lead ions separation. Carbon
derived from the biomasses could be activated by either physical or
chemical means. Physical activation is a two-step process, (i)
All rights reserved.
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carbonization step which produces non-porous char and (ii) acti-
vation step using carbon dioxide (CO2) or steam, to enhance the
textural properties (31). Chemical activation involves simultaneous
carbonization and activation using chemical reagents such as zinc
chloride (ZnCl2), sulphuric acid (H2SO4), phosphoric acid (H3PO4),
potassium hydroxide (KOH) and sodium hydroxide (NaOH) as the
activating agents (32). Acid based activation incorporates a large
amount of eCOO groups on the carbon surface in addition to in-
crease in surface areas. These negatively charged carboxylic groups
provide additional activity for adsorbate removal especially for
heavy metals like lead, cadmium, cobalt, and mercury.

Low ash content, well defined natural structure and enhanced
lignocellulosic composition make dates pits as suitable starting
materials for production of activated carbon (33). However, limited
literature and research works have been carried out with the date
seeds for activated carbon synthesis (34). High porosity activated
carbon through pyrolysis and physical activation using steam was
developed from date seeds (35). Physiochemical activated carbon
derived from date pits using CO2 and KOH as activating mediums
was studied for bentazon and carbofuran removal (36). Hydrother-
mal carbonized and NaOH activated carbon derived from date seed
was employed for methylene blue dye separation studies (37). Date
pits activated carbon using ZnCl2 was effectively used to remove
metallic salts and reduce BOD for textile and tannery effluents (38).

For the reported work, date pits activated carbon (DPAC) using
H3PO4 as the activating agent was synthesized from date pits using
single step approach. The obtained activated carbon was charac-
terized for its structure, porosity parameters and functional groups.
Prepared activated carbon was used to study its divalent lead
(Pb(II)) adsorption ability in batch mode. Different adsorption fac-
tors namely initial feed concentration, operational temperature,
adsorbent dosage, contact time and pHwere studied to understand
their effects on Pb(II) separation by DPAC. Thermodynamic analysis
was performed to examine the Pb(II) adsorption nature on DPAC
surface. Adsorbate-adsorbent interactions based various sorption
isotherms were tested for equilibrium binding of Pb(II) molecules
on DPAC surface. Time based adsorption data were correlated and
studied with standard kinetic models. The reusability of the DPAC
for Pb(II) removal was also analyzed using different regeneration
mediums. The obtained experimental observations and results are
discussed. The main novelty of this investigation is to highlight the
usage of waste date pits biomass as a potential sorbent for the
removal of toxic divalent lead ions from its aqueous solution. Also
the phosphoric acid activated date pits was prepared through one-
pot approach as compared to the conventional chemical activation
which involves two different heat treatment steps for carbonization
and activation.
MATERIALS AND METHODS

Materials Date pits were collected from the date fruits (Kimia variety) pur-
chased at the local market. These seeds were thoroughly washed in distilled water
for 3 times and sun dried thoroughly. Subsequently, the pits were powdered in a
high speed rotary mill and sieved through mesh no. 100 (ASTMeE11). The collected
date pit powder was preserved in a tight enclosure for further usage. Analytic grade
chemicals and solutions procured from Merck, India were employed in this study.
Fresh distilled water was used for all solutions preparation and wash purposes.

Preparation of activated carbon The seed powder was washed thoroughly
and dried at 120�C for 8 h. Subsequently, the powder was soaked with phosphoric
acid (85% H3PO4) for a weight (seed powder) by volume (acid) ratio of 1:2.5. After
12 h of impregnation, the filtered date pits powder was subjected to carbonization in
a muffle furnace maintained under continuous nitrogen flow. The carbonizationwas
carried out at 650�C for 120min. The cooled carbon samples were removed from the
furnace and washed repeatedly till neutral pH. DPAC were then dried and preserved
at room temperature in air-tight closed bottles.

Characterization of activated carbon Brunauer-Emmett-Teller (BET)
method was applied for the determination of specific surface area (SBET). Total pore
volumewas estimated by the volume of nitrogen gas adsorbed (at a relative pressure
of 0.98) to the DPAC surface per unit mass of the sample taken. Fourier transform
infrared spectroscopy (FTIR), X-ray photoelectron spectroscopy (XPS) and Boehm’s
titration were carried out to understand the surface chemistry of the DPAC powder.
FTIR analysis was performed on the DPAC in an IR spectrophotometer (IR Affinitye1,
Shimadzu, Kyoto, Japan) with KBr pellet over the range of 4000 to 400 cm�1. Spectral
resolution was 2 cm�1 and the obtained spectra were corrected for the KBr back-
ground. The XPS spectra of the fresh DPAC was obtained on an XPS spectroscope
(AXIS Nova, Manchester, UK) with pass energy of 20 eV. The quantity of various
surface functional groups on the prepared activated carbon was estimated through
Boehm’s method using the standard reagents (27).

Structural and elemental properties of the synthesized DPAC were analyzed
through X-ray diffraction (XRD), scanning electron microscopy (SEM) and energy
dispersive X-ray analysis (EDX) studies. Crystalline nature of the fresh and spent
DPAC samples was analyzed in an XRD instrument (Bruker D8 Advance, Bruker, UK)
at step intervals of 0.02. SEM equipment (Evo-18, Carl Zeiss, USA) was used to un-
derstand the pore structure of the DPAC samples. EDX was carried out to determine
the elemental composition of DPAC powder samples. SEM and EDX studies were
performed for both fresh and Pb(II) loaded DPAC samples.

Batch adsorption studies Various sample feed solutions required for the
Pb(II) adsorption studies were obtained from a feed stock Pb(NO3)2 solution of
1000 ppm. The pH of the prepared feed samples for adsorption studies was adjusted
by buffer solutions. Lead ions adsorption studies on the prepared DPACwere carried
out in batch mode. The feed solution was introduced into the flasks containing a
definite amount of the DPAC adsorbate, at a specified initial concentration and
operating temperature. Following parameters were studied in their specified range
to understand their effects towards Pb(II) adsorption on the DPAC surface: contact
time for 1e120 min, pH for 2e7, operating temperature for 30e60�C, adsorbent
dosage for 0.5e4 g/L (DPAC powder in unit litre of Pb(NO3)2 solution) and feed so-
lution concentration for 5e50 mg/L. The choice of the parameters and their value
ranges were identified by thorough literature survey and related works for Pb(II)
ions removal by adsorption. Adsorption tests were carried out under thorough
mixing using a magnetic stirrer at an agitation speed of 300 rpm. Reported values
are average of the experiments carried out in triplicate. Adsorption batch run was
performed using 50 mL volume feed solution having an initial concentration of
50 mg/L treated with 0.1 g of adsorbent at pH 6 and contact time of 30 min at 30�C,
unless otherwise specified.

Test samples were collected at prescribed intervals and subjected to centrifu-
gation for five minutes at 3000 rpm. Pb(II) concentration in the supernatant was
estimated through an atomic absorption spectrophotometer (ZA3000, Hitachi,
Tokyo, Japan). Divalent lead removal percentage (%R) was estimated by the formula:

%R ¼ Ci � Ce
Ci

� 100 (1)

where Ci and Ce are the Pb(II) concentrations (mg/L) pertaining to initial and equi-
librium states of adsorption.

Pb(II) adsorption capacity after time t (min) of adsorption for the DPAC (qt) was
calculated using the formula,

qt ¼ ðCi � CtÞ � Vf

Wa
(2)

where Ct (mg/L), Vf (L) and Wa (g) are concentration of Pb(II) after time t, volume of
feed solution taken and the weight of the DPAC adsorbent used. Equilibrium
adsorption capacity (qe) for the prepared DPAC was calculated from Eq. 2 using Ce
instead of Ct.

Reusability studies Investigations were performed to regenerate the lead
ions loaded DPAC and their successive reuse as adsorbent for Pb(II) removal. Reus-
ability of the DPAC adsorbent is very important as it decides the economic success
for synthesized activated carbon and lowers the spent adsorbent level (30). Three
different regeneration mediums, distilled water, 0.01 M hydrochloric acid and
0.01 M sodium hydroxide, were tested for their effective desorption of divalent
lead ions from the used-up DPAC adsorbent. Fixed quantity of Pb(II) adsorbed
DPAC powder was introduced to 50 mL of the desorption solvent in Erlenmeyer
flask and the solution mixture was stirred at a constant speed of 300 rpm using
magnetic stirrer. Regenerated DPAC absorbent was then filtered, washed, dried
and used for further adsorption studies.

Equilibrium isotherm studies Isotherm models of Langmuir, Freundlich
and Temkin were matched with experimental equilibrium values. According to
Langmuir theory, absence of molecular interactions between adsorbate results in
single layer deposition on the adsorbent surface. The adsorbent possesses identical
active sites and has a restricted adsorption capacity (qmax). According to Langmuir,
the relation between Ce and qe in a linearized form is presented as (39)

Ce
qe

¼ 1
qmax � KL

þ Ce
qmax

(3)

where qmax (mg/g) and KL (L/mg) are the monolayer maximum adsorption capacity
and the adsorption constant for Langmuir isotherm, respectively. Separation factor (RL)
explicates the favor of adsorption if 0 < RL < 1 and is given by the expression (29):
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RL ¼ 1
1þ KLCi

(4)

Freundlich isotherm assumes interactions among adsorbed molecules resulting
in multi-layer formation on the adsorbent surface (40). Freundlich isotherm relates
Ce and qe linearly as:

lnðqeÞ ¼ ln
�
Kf

�
þ 1
n
�lnðCeÞ (5)

where Kf (mg1�1/n L1/n/g) and n are the adsorption constant for Freundlich isotherm
and the adsorption intensity, respectively.

Temkin isotherm postulates the theory of indirect adsorbate/adsorbate in-
teractions resulting in decreased heat of adsorption (41). The linear relation between
ln (Ce) and qe is given by the equation:

qe ¼ RT
b

lnðKtÞ þ RT
b

lnðCeÞ (6)

where Kt (L/mg) is Temkin isotherm constant, b (J g/mol mg) is adsorption energy
variation factor, R (J/mol K) is universal gas constant and T (K) is absolute
temperature.

Kinetic studies Adsorption dynamics experiments for lead ions binding on
the DPAC powder were carried out. The obtained experimental data were then fitted
with the described kinetic models to understand the adsorption dynamics pattern.
Pseudo-first order model relates qt linearly with time (t) as (24)

lnðqe � qtÞ ¼ lnðqeÞ � k1�t (7)

where k1 is the pseudo-first order rate constant (1/min).
The linear relational form between qt and t according to pseudo-second order

kinetic model is given as (25)

t
qt

¼ 1
k2 � q2e

þ t
qe

(8)

where k2 is the pseudo-second order rate constant (mg/g min).
Elovich kinetic model is more suited for chemisorption process relating qt and t

in a linear fashion as shown below (14):

qt ¼ 1
bE

ln
�
aE
bE

�
þ 1
bE

ln ðtÞ (9)

where aE (mg/gmin) and bE (g/mg) are the initial adsorption rate and the desorption
constant, respectively.

RESULTS AND DISCUSSION

Performance of various adsorbents for Pb(II)
adsorption Pb(II) adsorption tests were carried out using
various adsorbents derived from date pits and the adsorption ca-
pacity of the adsorbents is presented in Table 1. The various
adsorbents are: (i) raw date pit powder (RDPP), (ii) dried date pit
powder at 100�C for 24 h (DP100,24) , (iii) phosphoric acid
impregnated date pit activated carbon (DPAC), (iv) potassium
hydroxide impregnated activated carbon (KOH-DPAC) which was
synthesized by the same procedure of DPAC preparation except
for the usage of potassium hydroxide as the activation agent
TABLE 1. Performance of various date pits adsorbents for adsorbent dosage of 0.05 g.

Adsorbent Pb(II) adsorption capacity (mg/g)

Raw date pits powder (RDPP) 10.53
DP100,24 31.69
KOH-DPAC 55.27
DPAC 115.83
Commercial AC 64.18

TABLE 2. Textural parameters and surface chemis

Sample BET specific surface
area, SBET (m2/g)

Average pore
radius, Rm (nm)

Total pore
volume, Vp (cm3/g)

RDPP 0.027 0.114 0.255
DPAC 316.9 3.204 1.167
instead of phosphoric acid and (v) commercial activated carbon
(commercial AC). As presented in Table 1, DPAC possessed the
highest lead ions binding ability while raw date pit powder
recorded the lowest performance. DPAC produced 1.8 times
better adsorption of lead ions as compared to commercial AC
under similar adsorption conditions. Also, it was observed that
the DPAC had a adsorption ability of two times more as compared
with the alkali based date pit activated carbon (KOH-DPAC).
Hence the acid based activated carbon derived from date pits
powder was selected for further studies to investigate the impact
of adsorption parameters on Pb(II) elimination from its aqueous
solution.

Characterization of DPAC adsorbent Surface area analysis
for the raw date pit powder and the DPAC were performed by N2

adsorption/desorption studies. Table 2 contains the results for the
textural parameters studies. Increase in the surface area and
average pore radius for DPAC as compared to raw date pit
powder clearly indicated the pore structure promotions due to
phosphoric acid activation. Larger pore radius of DPAC could
promote the particle diffusion within the adsorbent and thus
increase the adsorption capacity (42).

XPS is an ideal method for investigating the surface composition
and oxidation state information of the activated carbonwhich were
prepared from date pits. Fig. 1 shows the wide spectra obtained for
the fresh DPAC sample which exhibit two intense peaks at 286 and
530 eV corresponding to carbon (C 1s) and oxygen (O 1s), respec-
tively. Insets of Fig. 1 show the deconvolution spectrum of the
carbon and oxygen molecules pertaining to 1s status. Deconvolu-
tion of the C 1s spectra consists of three component peaks. In
particular, the spectra at 285.5 eV can be assigned to sp2 hybridized
carbon (C]C). Weak intense peaks in the range of 289.4 and
290.1 eV indicate the presence of carbonyl/carboxylic groups andp-
p* shake up satellite peak, respectively (31). In the case of O 1s,
three types of O-containing groups could be verified on the surface
of the prepared carbons, including the functional groups of CeO,
C]O, and OeC]O corresponding to peaks at 531.4, 531.8, and
534.7 eV, respectively (22).

Boehm titration results for the concentration of different surface
functional groups of raw date pit powder and DPAC are presented in
Table 2. Results showed that there was a balance of total acidic and
basic functional groups in DPAC. Concentration sequence for the
acidic functional groups was: carboxyl > phenolic > lactone. The
increased acidic group concentration on DPAC surface, especially
the carboxyl amount, presents a good potential for metal ion
adsorption to its surface. The reduction in the basic functional
group for DPAC as compared to raw date pit powder is ascribed to
the phosphoric acid activation (43).

Phase purity, chemical and structural natures for the pristine
and spent DPACwas investigated by XRD, FTIR and SEM techniques.
Fig. 2A illustrates the XRD patterns for fresh and lead loaded DPAC.
The broad diffraction peak seen at 2q ¼ 22� represents the graphite
crystallinity in both samples. The absence of any characteristic peak
in the fresh DPAC clearly indicated the amorphous nature of the
adsorbent. This amorphous nature of the adsorbent aids for the
easy diffusion of Pb(II) ions to its surface and would cause an
effective lead ions removal (44). In case of the spent DPAC, a mild
shift of the broad amorphous peak was observed which was due to
try for the raw date pits and DPAC surfaces.

Concentration of functional groups (mmol/g)

Carboxyl Phenolic Lactone Total acidic Basic

0.048 0.865 0.274 1.187 2.067
0.752 0.694 0.192 1.638 1.602



FIG. 1. XPS spectra of pure DPAC sample.

FIG. 2. XRD and FTIR spectra of fresh and expended DPAC surface.
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the interactions between the functional groups of the adsorbent
DPAC and adsorbate Pb(II) ions. Also the sharp peak felt at
2q ¼ 26.5� for the spent DPAC indicated the successful binding of
the lead metal on DPAC (45).

FTIR spectra of the fresh and Pb(II) adsorbed DPAC samples is
shown in Fig. 2B. These absorption spectra display almost the same
shape with considerable amount of shifts in their peaks due to
Pb(II) adsorption. Significant difference in the spectra for the eOH
group presence and absence was seen around 3411 cm�1. The band
was quiet wide for fresh DPAC representing the hydrogen bonding
between the eOH group (46). The mere disappearance of this
stretch for Pb(II) loaded DPAC indicated the interaction between
eOH group and Pb(II) ions (38). The eC]O band at 1769 cm�1

(carboxyl) and 1059 cm�1 (carbonyl) were moved to 1761 cm�1 and
1047 cm�1 with reduced intensity. In similar fashion, the eCeH
band at 1287 cm�1 (alkyl halide) and 908 cm�1 (aromatics) were
relocated to 1279 cm�1 and 893 cm�1. These red shifts of the bands
with reduced intensities are due to the successful adhesion of metal
ions on the DPAC surface (47). In addition, formation of new peak at
516 cm�1 can be assigned to the stretching vibration of PbeO bond,
indicating the adsorption of Pb(II) to DPAC surface (48). FTIR studies
confirmed the successful binding of Pb(II) ions on DPAC and the
functional groups eCOO, eCO and eCH were actively involved in
the Pb(II) adsorption.

SEM/EDX micro-images of fresh and spent DPAC samples are
presented in Fig. 3. SEM studies of both forms of the adsorbents
were performed at the same resolution for comparison analysis. As
seen in Fig. 3A and B, the SEM micrographs of DPAC clearly illus-
trated differences in the surface morphology of the DPAC pristine
surface and their lead ions loaded surface. The pure surface of DPAC
exhibited lamellar and spongy nature with high porosity and sig-
nificant roughness. The roughness in the surface is due to the ex-
istence of various carbon based functional groups present in DPAC.
These organizations promote easy diffusion of metal ions to the
adsorbent active sites. After adsorption of lead, the surface
morphology was changed to much less porous and decreased
roughness with well interconnected fibrillary network. EDX spectra
for the fresh and Pb(II) loaded DPAC samples are presented in
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Fig. 3C and D. On comparison, it can be seen that the spectra for
spent adsorbent has distinct peaks pertaining to lead metal. Also,
the reduced intensity of oxygen in Fig. 3D indicates the interactions
of lead and oxygen ions owing to surface adsorption. SEM and EDX
results confirmed the Pb(II) ions adhesion on DPAC surface.

Effect of adsorbent dosage and pH Impact of DPAC loading
on Pb(II) removal is illustrated in Fig. 4A. Increase in DPAC dosage
from 0.5 to 4 g/L improved Pb(II) removal efficiency from 76.8% to
92.6%. Increase in active sites availability for lead ions adsorption
with the increase in DPAC dosage produced better lead removal
efficiency (24). In contrast, Pb(II) adsorption ability of DPAC got
reduced from 136.45 mg/g to 90.16 mg/g with rise in adsorbent
dosage. Competition of the Pb(II) ions for adsorption sites (at low
adsorbent dosage) and insufficiency of metal ions in liquid phase
(at high adsorbent dosage) resulted in the decreased adsorption
strength with incremental DPAC dosage. It was also clear that the
Pb(II) separation efficiency showed a sharp increase when the
DPAC concentration was varied from 0.5 to 2 g/L and reached a
plateau nature for further increase of DPAC load. This indicated
that 2 g/L of DPAC concentration was an optimal dosage for
effective Pb(II) removal for the prescribed experimental conditions.

Fig. 4B explains the results of feed solution pH variation on Pb(II)
uptake capacity of DPAC. It was clearly seen that lead adsorption
ability enhanced with the increase in feed solution pH from 2 to 6.
At low pH, high positive charge density inhibited the adhesion of
Pb2þ ions on DPAC binding sites. With increase in pH, deprotona-
tion effects caused a rise in negative charge density on DPAC
adsorbent promoting the binding of Pb(II) ions. For pH > 6, the
adsorption capacity declined due to metal hydroxide formation
which precipitates out of the solution making further adsorption
studies insignificant (30).
FIG. 3. SEM and EDX micrographs o
Effect of contact time and initial feed
concentration Fig. 4C highlights the influence of contact time
and feed solution concentration on DPAC performance for lead
ions separation. It was understood that rise in feed concentration
results in better uptake ability of Pb(II) on the surface of DPAC.
High initial concentration of feed solution produced higher
concentration gradient resulting in enhanced driving force for the
adsorption process (24). However, the Pb(II) removal efficiency
got reduced as 99.4%, 98.1%, 95.6% and 91.4% when the feed
concentration was increased as 5, 10, 25 and 50 mg/L. Availability
of sufficient binding sites at low feed concentration resulted in
high Pb(II) removal efficiency. At high feed concentration, the
binding sites were quickly saturated leaving most of the adsorbate
in liquid phase itself, causing decreased Pb(II) removal efficiency
(28). For contact time, Pb(II) adsorption ability of DPAC showed a
sharp increase in initial 30 min and no significant change was
observed subsequently after that for all feed concentrations.

Effect of temperature and adsorption
thermodynamics Table 3 presents the adsorption capacity of
DPAC for changes in the operating temperature from 30�C to
60�C. Results showed that the Pb(II) uptake capacity of DPAC
diminished with rise in temperature until 60�C. Studies
confirmed the exothermic nature of the lead adsorption on DPAC.
Increase in temperature caused the Pb(II) molecules to easily
migrate from solid phase to bulk phase resulting in low uptake
capacities for DPAC (49). Also, the associated electrostatic
interactions involved with Pb(II) binding with DPAC might be
weakened which also lead to reduced Pb(II) uptake capacity.
Adsorption thermodynamic parameters namely change in Gibbs
free energy (DGo), enthalpy (DHo) and entropy (DSo) were
obtained by the following equations (50).
f fresh and spent DPAC surface.



FIG. 4. Influence of adsorption parameters on DPAC performance.
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DGo ¼ �RTln
�
qe
Ce

�
(10)

ln
�
qe
Ce

�
¼ DSo

R
� DHo

RT
(11)

DHo and DSo were evaluated graphically through a plot between ln
(qe/Ce) and (1/T). Table 3 contains the calculated values of the
thermodynamics parameters. Negative values of DGo confirmed the
thermodynamic favor and spontaneity of the adsorption. Lowered
negativity of DGo with rise in temperature showed the adsorption
was more of physical phenomenon (50). Calculated DHo being
negative revealed the exothermic nature of the adsorption.
Decreased randomness at the solideliquid interface was inferred
through the negativity of DSo (29).

Adsorption isotherm studies Experiments were performed
using adsorbent loading of 1 g/L by varying the initial feed con-
centrations as 5, 10, 25 and 50 mg/L. Outcomes of the adsorption
TABLE 3. Temperature studies of Pb(II) adsorption on DPAC.

Temperature (K) qe (mg/g) DGo (KJ/mol) DHo (KJ/mol) DSo (KJ/mol)

303 101.35 �7.96 �55.44 �0.16
313 88.49 �6.76
323 63.72 �5.08
333 44.23 �3.29
isotherm analysis are presented in Fig. 5AeC and Table 4. According
to Langmuir model, theoretical maximum adsorption capacity
(qmax) for lead ions uptake by DPAC was computed as 128.21 mg/
g at 30�C. Separation factor (RL) was computed to vary from 0.014
to 0.126 (<1) for Pb(II) adsorption on DPAC surface, which
indicated favorable and spontaneous adsorption (51). Parameters
for Freundlich constant and exponent were calculated as
4.17 mg1�1/n L1/n g�1 and 0.35. Temkin isotherm factors were
obtained as 17.16 L/mg and 100.55 J g mol�1 mg�1. Comparing the
determination coefficient (R2) values for all the studied models, it
was concluded that DPAC equilibrium adsorption behavior was
according to Langmuir isotherm.

Adsorption kinetic studies Adsorption dynamics of Pb(II)
ions on the prepared DPAC is a key factor for the design projection
of DPAC application in column studies. Adsorption tests for kinetics
analysis were performed in the time range of 1e120min. Results for
adsorption dynamics are presented in Fig. 5DeF and Table 5. To
compare the experimental data with various kinetic models, plots
of ln (qe e qt) versus t, (t/qt) versus t and qe versus ln(t) were
made for pseudo-first order, pseudo-second order and Elovich
model respectively. Experimental and kinetic model based
theoretical values of the equilibrium adsorption capacity qe are
given in Table 5. From the determination coefficient (R2) and the
closeness of qe,cal with qe, it was concluded that lead ions
adsorption dynamics on DPAC followed pseudo-second order
kinetics. Adherence to pseudo-second order kinetics signified the



FIG. 5. Isotherm and kinetic studies for Pb(II) adsorption on DPAC surface. (A) Langmuir Isotherm, (B) Freundlich isotherm, (C) Temkin isotherm, (D) pseudo-first order kinetics, (E)
pseudo-second order kinetics and (F) Elovich.

94 KRISHNAMOORTHY ET AL. J. BIOSCI. BIOENG.,



TABLE 4. Adsorption isotherm parameters at 30�C.

Langmuir Isotherm Freundlich Isotherm Temkin Isotherm

qmax (mg/g) KL (L/mg) R2 Kf (mg1�1/n L1/n/g) 1/n R2 KT(L/mg) b (J g/mol mg) R2

128.21 1.39 0.9987 64.87 0.35 0.9192 17.16 100.55 0.9878

TABLE 5. Summary of kinetic models parameters for lead ions uptake by DPAC.

Exp. data Pseudo-first order Pseudo-second order Elovich

qe,exp (mg/g) qe,cal (mg/g) k1 (1/min) R2 qe,cal (mg/g) k2 (g/mg min) R2 qe,cal (mg/g) aE (mg/g min) bE (g/mg) R2

109.24 58.96 0.0509 0.9408 114.94 0.0018 0.9984 118.53 70.3174 0.0512 0.9083

FIG. 6. Reusability studies of spent DSAC using various mediums.

TABLE 6. Pb(II) adsorption capacity of activated carbon derived from different
precursors.

Carbon
Precursor

Adsorption conditions Qmax

(mg/g)
Reference

pH T (oC) Dosage (g/L) Ci (mg/L)

Date pit 6 30 2 50 101.35 This study
POME sludge 5.5 30 4 350 62.19 53
Papaya peel 5 e 5 200 38.31 24
Almond shells 5 30 0.5 25 4.5 54
Dindé stones 5 30 0.5 25 7.2 54
Guava seeds 5 30 0.5 25 11.9 54
Bagasse 4 35 1e5 50 52.5 25
Cow bone 4 25 2 100 32.10 30
Van apple pulp 5 25 2.5 40 15.96 4
Coconut shell 3.2e3.6 25 2.0 20e260 40.12 55
Tamarind wood 5.68 30 2 10e50 43.85 56
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chemical interactions of Pb(II) ions with DPAC surface involved
electron transfers. The initial phase composed of rapid
chemisorption of the Pb(II) ions on DPAC followed with the
second slow phase of physisorption to reach the equilibrium
concentration (52). The same was evident from Fig. 4C where it
can be observed that 95% of adsorption capacity was achieved in
the first 30 min followed with the sluggish rate of equilibrium
capacity attainment in the next 90 min. Plausible mechanism for
the Pb2þ ion adsorption on the DPAC surface could be explained
by electrostatic attraction and ion exchange principle according
to equations given below (29):

2 AC� COO� þ Pb2þ4ðAC� COÞ2Pb (12)

2 AC� COHþ Pb2þ4 ðAC� COÞ2Pbþ 2Hþ (13)

AC� COH2þ
2 þ Pb2þ4AC� COPb2þ þ 2Hþ (14)

where AC refers to the surface carbon chain of DPAC. The release of
the Hþ ions according to the principle described was inferable from
the increased acidity of the supernatant with increase in the con-
centration of the Pb(II) feed solution.

Reusability studies Adsorbent reusability is an economically
desirable step for extended use of the adsorbent, decreasing the
operational cost of the separation process considerably. Also, the
reusability studies examines the desorption ability of the adsorbent
and the desorbed metal ions may find their reuse in the main/
related processes. The spent DPAC samples were regenerated using
water, NaOH and HCl as desorbingmediums and subsequently used
back in fresh batch run to test their Pb(II) removal efficiencies. The
obtained Pb(II) removal efficiency for five recycle runs is plotted in
Fig. 6. As inferred from Fig. 6, HCl was quite effective in
regenerating the spent DPAC adsorbent as compared with NaOH
and water. Regeneration success of HCl is ascribed to the
substitution of Pb2þ ions by Hþ ions on the DPAC surface. The
adsorption sites of DPAC were fully protonated and the recycled
DPAC adsorbent was having good Pb(II) adsorption efficiency in
the subsequent cycles. It was seen that up to four regeneration
cycles, Pb(II) removal efficiency was almost constant with a
marginal reduction of about 10% in the removal efficiency (from
89.9% for first run to 80.2% for the fourth run) for HCl
regeneration. For water and NaOH regeneration, Pb(II) removal
efficiencies of the regenerated DPAC was lowered by more than
10% in the second and third recycle runs respectively. Thus, the
results showed that an efficient reusability of prepared DPAC
adsorbent was achieved through HCl for a maximum of four
cycles under prescribed conditions.

Comparison of carbon from various precursors Table 6
presents a comparison of divalent lead ions adsorption abilities of
the synthesized DPAC with activated carbon derived through
various carbon precursors. Comparison shows the high Pb(II)
uptake strength of DPAC, indicating the potential use of DPAC to
remove divalent lead ions from aqueous streams. Application of
DPAC for the complete removal of toxic Pb2þ ions (w92%) from
its aqueous solution with a good degree of regeneration ability
makes the DPAC product highly reliable. The on-par/better
adsorption capacity of the DPAC for Pb(II) as compared to several
other recently reported adsorbents highlights the robustness of
the low cost date pits derived activated carbon.

Conclusions Phosphoric acid based activated carbon pre-
pared from date pits (DPAC) were applied for divalent lead ions
separation from its aqueous solution. Studies showed that DPAC is
as cheap, abundant, efficient and easy processed adsorbent for
efficient removal of Pb(II) from wastewater streams. DPAC was
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highly porous, amorphous and composed of equal number of acidic
and basic functional groups. The synthesized DPAC recorded a Pb(II)
uptake capacity superior than activated carbon of commercial type
and activated carbon prepared from other lingo-cellulosic
materials. Adsorption dependency on various batch process
parameters was studied. Adsorption capacity of DPAC improved
with incremental pH in acid region as well as with rise in initial
feed concentration. Contact time, temperature and adsorbent
dosage were analyzed for their optimum values of 30 min, 30�C
and 2 g/L. Prepared DPAC possessed an experimental maximum
of 101.35 mg/g as Pb(II) uptake capacity for optimal values of
adsorption variables. Pb(II) binding on DPAC was concluded as a
spontaneous exothermic process from the negativity of calculated
Gibbs free energy change and adsorption enthalpy. Equilibrium
studies specified the suitability of Langmuir isotherm with a
theoretical adsorption capacity of 128.21 mg/g for DPAC under
studied conditions. Adsorption kinetic analysis confirmed that the
Pb(II) binding to DPAC surface followed pseudo-second order
model. Reusability studies proved the economic advantage of
expending the regenerated DPAC through HCl for a maximum of
four times with a 10% decrease in Pb(II) removal efficiency.
Application of the DPAC for other metal pollutants removal from
their aqueous streams could be done as a future study. Also a
techno-economic study for the industrial application of the
prepared DPAC, including the application of DPAC for real time
industrial lead effluent treatment, could also be performed as an
extension of the current work. Thus the prepared activated
carbon from the date pits is very assuring for divalent lead ions
removal from wastewater streams.
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