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Activated carbon was synthesized from Acacia leucophloea wood sawdust by a two stage chemical activation process.
The first stage involved direct hydrolysis of the raw material to produce hydrochar. The second stage was the chemical
activation of the hydrochar using ZnCl,. In the present study, chemical activation, focusing on the effects of the
impregnation ratio, carbonization temperature and carbonization time, has been investigated and the optimum
production conditions were found to be as follows: 6:1 impregnation ratio, 600 °C carbonization temperature and 1 h
carbonization time. The precursor and the activated carbon produced under the optimum conditions were characterized
by several analytical techniques, such as elemental and proximate analyses, FE-SEM, FT-IR, TGA and BET surface
area analysis. The adsorption performance of the activated carbon prepared towards anionic dye Direct Blue 2B was
evaluated. The Langmuir model showed a better fit to the isotherm data, while kinetic data were fitted by the pseudo-

second order model.
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INTRODUCTION

Activated carbons are extensively used in
many fields due to their high surface area, high
porosity, variable functional groups, low ash
content and high mechanical strength." Due to
these advantages, the demand for activated carbon
is constantly increasing. Activated carbons are
commonly produced from carbonaceous materials
that have high carbon but low inorganic content,
however, their comparatively high costs limit
their widespread use.” In recent years, activated
carbon has been produced from abundant,
renewable and low-cost materials, which possess
high carbon and low inorganic content.”” Sawdust
is a biowaste of the wood industry, mainly
composed of cellulose (40-50%), hemicelluloses
(20-40%) and lignin (20-40%). The accumulation
of this residue causes environmental and health
related issues.” The use of sawdust from different
wood species for removing heavy metals from
aqueous solutions has been reported previously.””

Generally, activated carbons can be prepared
through physical and chemical activation.
Physical activation involves carbonization,
followed by activation at high temperature by
steam or carbon dioxide. In contrast, in chemical

activation, raw materials are directly impregnated
with activating agents and pyrolyzed. Recently,
two-stage chemical activation processes have
been reported in the literature.'”'* A two-stage
process comprises a pre-carbonization process,
pyrolysis or hydrolysis, followed by chemical
activation. Pyrolysis is carried out at high
temperatures  (400-1200 °C) in an inert
atmosphere under vacuum conditions or under
oxygen limited conditions to produce biochar."” In
hydrolysis, the raw materials are dispersed in an
autoclave containing a given solution of H,O,
NaOH or H;PO,,"* and are heated up to 150-350
°C for 2-24 h to produce hydrochar."

Activated carbons prepared through the two-
stage chemical activation process have a larger
surface area than those prepared using one-stage
chemical activation.'® Activated carbon with a
high BET surface area can be prepared from
hydrochar based activated carbon.'* In the case of
chemical activation, the activating agents have a
strong influence on the characteristics of activated
carbon.

Among the chemical activating agents, ZnCl,
is used to get a high specific surface area.™'"'®
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Hence, ZnCl, has been selected to be used as
activating agent in the present study.

This study aims to utilize Acacia leucophloea
wood sawdust (ALWSD) as a lignocellulosic
precursor for the preparation of activated carbon
by the two-stage chemical activation process. The
effect of the impregnation ratio (ZnCl,/HC, w/w),
carbonization temperature and time on the pore
characteristics of the prepared activated carbons
has been studied. The activated carbon prepared
under the optimum conditions was denoted as
ALHAC. In addition, the surface morphology of
the prepared activated carbon (ALHAC) and its
adsorption ability towards Direct Blue 2B, in
terms of kinetics, isotherms and thermodynamics,
were studied.

EXPERIMENTAL
Materials

The precursor Acacia leucophloea wood sawdust
(ALWSD) was collected from local saw mills. It was
washed with water to remove impurities and dried in
sunlight. ZnCl, with 99.9% purity was used as
chemical activating agent to produce activated carbon.
Direct Blue 2B was purchased from local dye suppliers
and used as received.

Approximately 13 g of the precursor was mixed
with 50 mL of distilled water in a 100 mL Teflon-lined
autoclave at 210 °C for 6 h to produce hydrochar.
Activated carbon was synthesized by chemical
activation of the hydrochar with ZnCl,. The optimum
conditions for the activated carbon preparation from
the hydrochar were determined by studying the effect
of the impregnation ratio (1:1, 2:1, 4:1, 6:1, 8:1
ZnCl,/HC, w/w), carbonization temperature (500, 600,
700 and 800 °C) and carbonization time (0.5, 1.0, 2 h).
The results are presented in Table 1. All these
experiments were performed in a muffle furnace in a
lid-enclosed crucible. The activated carbon produced
under the optimum conditions was denoted ALHAC.
Finally, ALHAC was washed with distilled water until
the pH of the filtrates reached a constant value. The
sample was then dried and stored for further use.

Characterization
ALWSD was characterized by
thermogravimetry/differential thermogravimetry

(TG/DTA) analysis, proximate and elemental analyses,
field emission scanning electron microscopy
(FESEM), FT-IR analysis and BET method, while
ALHAC was characterized by proximate and
elemental analyses, FT-IR and FESEM, as well as in
terms of pore structure. The thermal behavior of the
raw material was measured with a thermogravimetric
analyzer (Perkin Elmer, Diamond TG/DTA). About 10
mg of sample was heated from 25 °C to 800 °C at a
rate of 10 °C/min under gas atmosphere. The percent
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weight loss versus temperature and derivative weight
loss versus temperature were plotted for TG and DTA,
respectively. The elemental analysis (C, H, N and S)
was determined with an elemental analyzer (Elementar
Vario EL III), while proximate analysis was done
according to ASTM test standards. Surface
morphology was identified by a TESCAN FESEM.
Surface area and pore characteristics were measured by
N, adsorption—desorption isotherms at 77 K
(Autosorb1, Quanta chrome). The surface area (Sggr)
of the raw material and prepared carbons was
measured by the BET method. Micropore surface area
(S,) was estimated by the t-plot method. The total pore
volume (V1) was measured to be the volume of N, at
high relative pressure (p/pp = 0.99). Likewise, the
micropore volume (V,) was obtained using the DR
method, and mesopore volume (V,,) was calculated by
subtracting V,, from Vr, while V(%) and V,,(%) are
based on Vr.

Table 1 Experimental conditions for the
production of activated carbons and their pore
characteristics

RESULTS AND DISCUSSION
Selection of optimum conditions for the
production of activated carbon

To determine the optimum conditions for the
preparation of activated carbon (AC), the effects
of carbonization temperature, carbonization time
and impregnation ratio on the pore characteristics
were found from the nitrogen adsorption—
desorption isotherms and pore size distribution
(inset graph) shown in Figure 1. The results
obtained are discussed below.

Effect of impregnation ratio

The effects of impregnation ratio (ZnCl,/HC,
w/w) on the Sggr and pore characteristics of the
ACs produced at a carbonization temperature of
500 °C and carbonization time of 1 h are shown in
Table 1. As seen from the table, when the
impregnation ratio is increased from 1 to 6, the
Sger of the activated carbons increased from 102
to 649 mz/g, while V1, Ve (%) and D, values
increased from 0.056 to 0.382 cm3/g, from 4 to
25% and from 2.21 to 2.35 nm, respectively. The
values have been found to decrease beyond the
6:1 ratio. Similar results have been obtained from
chemical activation of tomato processing solid
waste with ZnClz.18 The results reveal that the
ZnCl, impregnation ratio strongly influences
porosity. At a low impregnation ratio, ZnCl,
inhibits the tar formation and it leads to
micropores. Further, at a high impregnation ratio,



the release of volatiles leads to the formation of
mesopores.zo Hence, the ratio of 6:1 was
established as the optimum impregnation ratio.

Effect of carbonization temperature

Activated carbon was produced at various
temperatures for the carbonization time of 1 h,
with the impregnation ratio of 6:1. As seen from
Table 1, when the temperature is increased from
500 to 700 °C, the Sggr and the pore characteristic
values are increased from 762 to 1380 m*/g, from
0.396 to 0.727 cm’/g, from 17 to 19% and from
2.11 to 2.27 nm, respectively, while after 700 °C,
these values start decreasing. This is due to the
sintering effect occurring at high temperature,
which results in narrowing and closing up some
of the pores.”"** A similar trend has been reported
by the chemical activation of lignin using ZnCl,."
Hence, 600 °C has been chosen as the optimum
temperature for the carbonization process and
further experiments were conducted at this
temperature.

Effect of carbonization time
Activated carbon was produced at various
carbonization times of 0.5 to 2 h, at the
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impregnation ratio of 6:1 and carbonization
temperature of 600 °C. As seen from Table 1,
when the time is increased from 0.5 to 1 h, the
Sger and the pore characteristic values increase
from 1308 to 1380 m%/g, from 0.678 to 0.727
cm3/g, from 13 to 19% and from 1.93 to 2.27 nm,
respectively, while a prolonged carbonization
time from 1 to 2 h leads to a decrease of these
values. This may be caused by pore sealing,
resulting from the prolonged time for sintering.*
Therefore, the carbonization time of 1 h was
selected for further experiments.

Process optimization

As can be seen from Table 1, the optimal
activated carbon has the highest Sger (1380 mz/g),
V1 (0.727 cm’/g), Vines (%) (19%) and Dp (2.27
nm). This is the activated carbon achieved using a
6:1 impregnation ratio (ZnCl,/HC), 600 °C
carbonization temperature and 1 h carbonization
time. The activated carbon produced under the
optimum conditions was labeled ALHAC.
Further, its adsorptive performance was tested by
using DB2B from the aqueous solution.
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Figure 1: Nitrogen adsorption—desorption isotherms and pore size distribution (inset graph) for ACs prepared
from ALWSD at different a) impregnation ratios, b) carbonization temperatures and (c) carbonization times
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Table 2
Experimental conditions for the production of activated carbons and their pore characteristics
IR (W/W) CT (OC) Ct (h) SBET (m2/g) VT (cm3/g) Vmic (cm3/g) Vmic (%) Vwﬁ/g) Vmes (%) Dp (nm)
Effect of impregnation ratio
1:1 500 1 102 0.056 0.054 96 0.002 4 2.21
2:1 500 1 171 0.094 0.085 90 0.009 10 2.19
4:1 500 1 450 0.198 0.185 93 0.013 7 1.76
6:1 500 1 649 0.382 0.286 75 0.096 25 2.35
8:1 500 1 265 0.152 0.133 88 0.019 13 2.29
Effect of carbonization temperature
6:1 600 1 762 0.396 0.329 84 0.067 17 2.11
6:1 700 1 1380 0.727 0.589 81 0.138 19 2.27
6:1 800 1 711 0.320 0.291 90 0.029 9 1.79
Effect of carbonization time
6:1 700 0.5 1308 0.678 0.588 86 0.09 13 1.93
6:1 700 2 825 0.409 0.347 85 0.062 15 1.98

IR: impregnation ratio; CT: carbonization temperature; Ct: carbonization time
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Table 2
Proximate and ultimate analysis results for ALWSD and ALHAC

Analysis ALWSD (%) ALHAC (%)
Proximate
Moisture 14.95 7.14
Volatile matter 60.06 79.49
Ash 5.88 0.98
Fixed carbon® 19.11 12.39
Ultimate
Carbon 41.78 54.08
Hydrogen 6.17 3.67
Nitrogen 0.81 1.69
Sulphur 0.11 0.07
Oxygen” 51.13 40.49

“by difference

TGA

TGA, Weight loss,%

DTA

——-TGA
—p1A |50

T T ¥ T
o - N w
o o o
DTA,pg/min

T
o

T T
100 200

T T
400 500

Temperature, °C

Figure 2: TGA and DTA curves of ALWSD

Proximate and ultimate analysis results for
ALWSD and ALHAC

The proximate and ultimate analyses of
ALWSD and ALHAC are shown in Table 2. As
can be seen from the table, ALWSD can serve as
a good starting material for the preparation of
porous activated carbon due to its relatively low
ash content (5.88%), high carbon content
(41.78%) and high volatile content (60.06%)." Tt
can also be seen from Table 2 that the contents of
carbon and volatile matter get increased in
ALHAC, whereas the contents of hydrogen,
sulphur and oxygen get decreased. This may be
due to the removal of volatile matter containing
H, O and S during carbonization, which may yield
carbon-rich species. This is explained by the fact
that ZnCl, would selectively stripe H and O away
from ALWSD as H,O and H, rather than CO or
CO,."** Moreover, ALHAC has also low ash
content (0.98%), which may lead to better
removal of organic substances from an aqueous

solution due to the hydrophobicity of the
material.>’

Thermal analysis of the raw material

The thermal characteristics of ALWSD were
also determined using TGA-DTA, and the
thermogravimetric curves are shown in Figure 2.
As can be seen from the figure, the decomposition
of ALWSD occurs in four stages. The first stage,
which occurs at temperatures ranging from room
temperature to 150 °C, involves the loss of the
moisture content present in the precursor, with
approximately 12.3% weight loss. In the second
stage, the weight loss of 29.8% occurs at 150-310
°C. This is caused by the release of volatile
matters, resulting from the decomposition of
hemicelluloses. The third stage, with the
maximum rate of weight loss of 38.1%, occurs at
310-480 °C because of the decomposition of
cellulose and lignin.'® No significant weight loss
was observed above 480 °C and therefore, 500 °C
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can be fixed as the lowest carbonization
temperature for activated carbon production from
ALWSD. In the DTA spectrum, the peak at 62 °C
corresponds to the removal of water.

SEM analysis

FESEM images of ALWSD and ALHAC have
been shown in Figure 3. Significant differences
between the surface morphology of ALWSD and
that of ALHAC can be observed in the
micrographs. The surface of ALWSD is relatively
smooth, while the prepared activated carbon has
irregular surface morphology. The pores are
formed due to the reaction between ZnCl, and
carbon. It is evident from the micrograph that
ALHAC can be used as a better adsorbent in the
removal of organic pollutants from aqueous
solutions. This is supported by the pore
characteristics of ALHAC, as presented in Table
L.

FT-IR analysis
To identify the functional groups present on
the surface of ALWSD and ALHAC, FT-IR

spectra were recorded and shown in Figure 4. The
spectra of ALWSD indicate the complex nature of
the material. In the spectra of ALWSD, the bands
at 3332 and 3524 cm™ are attributed to the ~OH
stretching vibrations of cellulose, pectin, absorbed
water, hemicelluloses and lignin.”® The peak at
2899 cm’ is ascribed to the aliphatic C-H
stretching vibration. The band at 1736 and 1638
cm” indicates the C=0O group from the carboxyl
group. The signals at 1250-1000 cm’ were
attributed to the C-O stretching vibration. After
activation, in the FT-IR spectra of ALHAC, some
of the peaks have disappeared or weakened. The
band corresponding to O-H stretching vibrations
shifted to a higher wavenumber — 3449 cm™. The
band at 2880 cm’ is due to the stretching
vibration of the methyl group. The band at 1631
cm™ corresponds to carbonyl from the carboxyl
group and the peak at 1266 cm’ indicates the
presence of C=0 stretching vibration. The lower
number of absorption bands in the spectrum of
ALHAC, compared to that of ALWSD, may be
explained by the vaporization of organic matter at
elevated temperatures.'®

Figure 3: FESEM micrographs of a) ALWSD and b) ALHAC
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Figure 4: FT-IR spectra of ALWSD and ALHAC
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Adsorption experiments

The adsorption of DB2B onto ALHAC was
determined by batch mode adsorption
experiments. The effect of different parameters,
such as contact time, solution pH (2-11) and
initial concentration, was investigated.
Experiments were performed in a series of 250
mL FErlenmeyer flasks, containing 50 mL of
DB2B solution. The flasks were placed in an
orbital shaker (REMI, RIS-24BL) for agitation at
a fixed shaking speed of 170 rpm for the specified
time. The effect of contact time and initial
concentration was studied at 30 °C, natural pH
and initial dye concentrations of 20-100 mg/L.
The influence of solution pH on the adsorption
was determined at pH 2-11 for the dye
concentration of 50 mg/L, by adding 0.1M HCl or
NaOH. The final concentration of DB2B was
measured by a UV-Visible absorption
spectrophotometer  (Elico: DR3900) at a
wavelength of A,x = 586 nm.

The quantity of the dye adsorbed q. (mg/g) and
dye removal (%) were determined as follows:

(C;—C OV
Qo= ——= (1)

where V is the solution volume (L), m is the mass
of adsorbent (g) and C; and C, are the initial and
equilibrium concentrations of DB2B (mgL™),
respectively;

m

Ci—Ce

% of dye removal = ( ) x 100 2)

Adsorption isotherms and Kinetics

A set of batch mode experiments were carried
out to determine the adsorption isotherms and
kinetics of the ALHAC-DB2B system. Isotherm
studies were also conducted by adding 50 mL of
the dye solution with different dye concentrations
of 10-100 mg/L into 250 mL Erlenmeyer flasks.
These flasks were shaken by adding equal
amounts (50 mg) of ALHAC to each flask, at a
shaking speed of 170 rpm at 27, 37 and 47 °C, at
natural pH of the dye solution for 3 h. For the
kinetic studies, 50 mL of the dye solution, with
different dye concentrations of 20-100 mg/L and
an ALHAC dose of 50 mg, was placed into flasks,
at natural pH and at a temperature of 30 °C. The
flasks were subjected to shaking. Similarly, equal
amounts of aliquots were withdrawn at specified
time intervals and the adsorbed amount of dye
was determined each time.

Wood

Adsorption performance
Effect of initial concentration

Figure 5 shows the adsorption performance of
ALHAC as the percentage of DB2B removal
versus contact time at initial dye concentrations
from 20 to 100 mg/L. It can be seen that the
performance increases over time until equilibrium
is attained. For low dye concentrations, a rapid
increase in adsorption performance is observed
within a contact time of 40 minutes, after which,
it becomes moderate. Thereafter, no appreciable
change in performance is observed. Initially, a lot
of active sites are available for adsorption. During
the process, a limited number of empty sites are
still available for adsorption and these sites are
occupied slowly because of the increase in the
competition among the dye molecules for
adsorption. In the present study, for the ALHAC-
DB2B system, the equilibrium time has been
attained at 140 minutes for all the studied
concentrations. Further, it can be observed from
Figure 5 that, for higher concentrations, the
performance of ALHAC decreases. This may be a
sign of dye aggregation, as dye ions have the
tendency to aggregate in aqueous solutions at
higher initial concentrations."’

Effect of solution pH

The adsorption performance of ALHAC in
terms of DB2B removal versus pH (2-12) is
shown in Figure 6. The pHpzc is the pH where the
net surface charge of the adsorbent corresponds to
zero, and it could be used to describe the
electrostatic relation between the adsorbent and
the adsorbate. The pH,,. of ALHAC has been
determined by the drift method and the value is
7.6. The surface of ALHAC is positive at pH 7.6
and below. Figure 6 shows that when the pH is
increased from 2 to 11, the adsorption
performance decreases from 91% to 60%. This
implies that acidic pH could provide a favorable
site to enhance the electrostatic relation between
the positively charged adsorbent and the anionic
dye, while basic pH decreases the electrostatic
interaction. However, there is a slight increase in
the dye adsorption at pH 12, which indicates that
DB2B adsorption on ALHAC follows not only
the electrostatic mode of adsorption, but is also
controlled by some other mode of adsorption.
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Figure 5: Performance of ALHAC towards DB2B
removal at various concentrations (w = 50 mg, V = 50

mL, Temperature = 30 °C)

Adsorption isotherm

Adsorption isotherms are useful to describe the
relationship between the adsorbent and the
adsorbate at constant temperature and design
adsorption systems.”’ In the current study, linear
forms of Langmuir isotherm,”®  Freundlich
isotherm® and Temkin isotherm™ have been
applied to study the adsorption isotherms, as
follows:

.. C 1 1
Langmuir isotherm —= = (—J C,+ — 3
& ) Q::'Lu ¢ Qﬁ"__“KL ( )

where Q' (mg/g) is the maximum saturated
monolayer adsorption capacity of an adsorbent
and K (L/mg) is the Langmuir constant;

Freundlich isotherm log q. = n logC. + log K¢ (4)

where Kg (mg/g) is the Freundlich’s constant and
n is the measure of the effectiveness of the
adsorption process;

Temkin isotherm g.=BIn C, + B InA 5

where B = RT/b, R is the universal gas constant
(8.314 J/mol/K) and T is the absolute temperature
in K, B is related to the enthalpy of adsorption, b
is the Temkin constant related to the heat of
sorption (J/mol) and A is the equilibrium binding
constant (L/g).

Experimental equilibrium data for the
adsorption of ALHAC onto DB2B were fitted to
the Langmuir, Freundlich and Temkin isotherms
in Equations (3)-(5). The isotherm parameters
were obtained by taking the slope and the
intercept of the plots C./q. vs. Ce, log q. vs. log C.
and q. vs. In C, (figure not shown). The isotherm
parameters and the R® values calculated are
summarized in Table 3. As seen from the table,
the R* value determined for all the three models
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indicates that the Langmuir model has better
fitting to the data for all the studied
concentrations.  This  observation  implies
monolayer adsorption of the dye molecules onto
the surface of ALHAC. The maximum adsorption
capacity of DB2B on ALHAC is of 37 mg/g at 30
°C. In addition, the value of n in the Freundlich
isotherm is found to be between O and 1,
indicating a favorable adsorption process.**
Hence, ALWSD can be used as a precursor for
producing adsorbents with good affinity for
DB2B dyes.

Adsorption kinetics

The experimental data regarding the dye
uptake versus contact time and their analysis are
useful to obtain the required equilibration time
and to investigate the mechanism of the
adsorption process.”’ In the present study, two
kinetic models, namely, a pseudo-first order®? and
a pseudo-second order model,” have been applied
to describe the adsorption kinetics. The linear
forms of these equations are as follows:

LT

Pseudo-first order log (qe-q) = - = st T

log (qe) (6)
r 1 1

Pseudo-second order — = (—) t+ — @)
qe Ga Gg ®a

where . (mg/g) and q, (mg/g) are the adsorbed
amount of dye at equilibrium and at time t (min),
respectively, while k; (1/min) and k, (g/mg/min)
are the rate constants for both the models.

To evaluate the adsorption dynamics, the
pseudo-first order and the pseudo-second order
models have been applied to the analysis of the
experimental kinetic data at various DB2B



concentrations at 30 °C. The results are presented
in Table 3. The low R* value for the linear plot of
log (ge-qy) vs. t shows poor data fitting by the
pseudo-first order model. Nevertheless, the linear
plot of t/q; vs. t for the pseudo-second order model
displays a high R” value. Hence, the kinetic data
of the DB2B-ALHAC system are best fitted by
the pseudo-second order model and chemisorption
may be the rate-determining step.

Thermodynamic studies

The thermodynamic adsorption parameters,
such as standard free energy change AG’, entropy
change AS’ and enthalpy change AH’, can be used
to predict the adsorption mechanism. The
parameters of AG”, AS” and AH’ can be calculated
as follows:**

Ke  =932.74%55.5%1000%K,
AG’ =-RT In (932.74*55.5%1000*K )

(8)
©))

Table 3

Wood

1

e as?
In(932.74*55.5*%1000*K.) = 'T x_-+ F? (10)

where 55.5 is the number of moles of pure water
per liter, 932.74 is the molecular weight of the
adsorbate and K¢ is the dimensionless equilibrium
constant. The value of AG’ can be calculated
directly from Equation (9), while AH’ and AS® are
determined from the slope and the intercept of the
plot InKc against 1/T. The calculated
thermodynamic parameters are shown in Table 5.
Furthermore, the negative value of AG’ for all the
studied temperatures confirms that the adsorption
of DB2B onto ALHAC is a favorable and
spontaneous process. The negative AH’ value
reveals the exothermic nature of the adsorption
process. In addition, the negative value of AS’
indicates that the adsorption process occurs by
decreased randomness.”

Isotherm parameters of DB2B adsorption on ALHAC

Isotherms Parameters Values at 27 °C
Q°max (mg/g) 37
Langmuir K. (L/ mg) 0.53
R? 0.97
Kr (mg/g) 11.55
Freundlich n 0.33
R? 0.72
A(L/g) 0.49
Temkin B 7.07
R’ 0.63
Table 4

Pseudo-first order and pseudo-second order kinetic parameters for DB2B adsorption on ALHAC at 30 °C

Cy (mg/L) Qexp Pseudo-first order Pseudo-second order
’ (mgL) g (mgll) K, R’ e (ML) K, R’
20 16.67 7.52 0.0107 0.94 17.77 0.0033 0.98
40 27.78 20.66 0.0299 0.88 30.27 0.0023 0.99
60 37.78 20.93 0.0114 0.91 41.58 0.0010 0.96
80 32.22 16.76 0.0255 0.88 34.09 0.0023 0.99
100 35.56 18.45 0.0162 0.93 37.68 0.0018 0.99
Table 5
Adsorption thermodynamic parameters for DB2B onto ALHAC
Temperature (K) K. AG® (kJ/mol) AH' (kJ/mol) AS’ (J/molK)
300 27436547 -42.73 -84.39 -137.6
310 5694377 -40.07
320 3623694 -40.17
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CONCLUSION

ALWSD has been used as precursor for the
preparation of ALHAC by hydrothermal
carbonization, followed by ZnCl, chemical
activation. The effect of operating parameters on
the pore characteristics of the carbons produced
has been found to be carbonization temperature >
carbonization time > impregnation ratio. The
activated carbon produced under the optimum
conditions (carbonization temperature of 700 °C,
carbonization time of 1 h, impregnation ratio of
6:1) attained the Sggr of 1380 mz/g, a total pore
volume of 0.727 cm’/g and a pore diameter of
2.27 nm. These results suggest that ALWSD can
be used as a low-cost precursor for the production
of commercial activated carbon. Equilibrium and
kinetic data of DB2B dye adsorption onto
ALHAC follow the Langmuir isotherm and the
pseudo-second order model. Therefore, ALHAC
can be used as a cost-effective adsorbent for
environmental and other applications.
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