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Waste biomass gasification char derived activated carbon for
pharmaceutical carbamazepine removal from water

Ming-Ho To1 Pejman Hadi1 Chi-Wai Hui1 Carol Sze Ki Lin1,2 Tareq AI-Ansari3

Junaid Saleem3 Prakash Parthasarathy3 Gordon McKay3∗

Abstract: Carbamazepine (CBM), a widely occurring pharmaceutical, has been removed from water by
upgrading a waste biomass char from a 300 MW biomass gasification power station plant operating in Indonesia.
The fuel source is the waste residue palm kernel shell (PKS) after the palm oil extraction process constituting
over one million tonnes per year. The resulting waste power station biomass char (CPKS) from the power station
gasification process has been converted into a high quality activated carbon by carbon dioxide activation as a
sequestration opportunity, at different temperatures ranging from 700 to 900◦C for 1 or 1.5 hours. The highest
BET surface area was 711.5 m2/g and this activated carbon was able to adsorb 1.14 mmol/g or 268.7 mg CBM/g.
Equilibrium and kinetic studies have been undertaken.

Keywords: biomass power station residue, activated carbon, PPCP carbamazepine removal, capacity and
kinetic studies

1 Introduction

Adsorption of pollutants via activated carbon is a good
candidate for wastewater treatment without producing
undesirable side products. It is widely used in pollu-
tion treatment for heavy metals[1, 2], dyes[3], and pharma-
ceuticals[4]. Activated carbons are produced using bone
char[5], peat[6], fly ash[7], bamboo[8], pine cone[9], and
palm oil shell[10], which possess high adsorption capaci-
ties. The demand for activated carbons is increasing; so
new, cheap and abundant precursor materials are needed.
Besides, agricultural by-products such as silk cotton hull,
coconut tree sawdust, bagasse pith, macadamia nut, pine
wood were also used to produce activated carbon for the
adsorption of heavy metals, dyes, and pharmaceutical
wastes[3, 11–15]. Other waste materials have been used for
heavy metals and dyes[16] and more expensive adsorbents
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such as chitosan have been applied for the pharmaceutical
acetaminophen removal[17].

Activation can be chemical, when both carbonization
and activation are combined, using alkalis, acids or zinc
chloride developing higher porosity and functionality, or
physical methods[12]. However, using such activating
agents produces some environmental pollution. There-
fore, often the physical activation method is preferable
which involves the carbonization and activation steps. In
the carbonization stage, the temperature is in the range
between 400 and 850◦C in an inert gas (e.g. nitrogen) to
enrich the carbon content and generate the initial porosity.
During activation, the temperature is further increased
to between 600 and 900◦C where gasification occurs by
reaction between the carbonaceous material and the oxi-
dizing gas (e.g. carbon dioxide and/or steam), developing
well-developed internal pore structure.

Palm kernel shell (PKS) is an agricultural waste prod-
uct from the palm oil industry. After oil extraction, the
residual palm kernel shell (PKS) biomass is processed
by gasification in the palm oil mill or more recently for
power generation[18]. In the past decade, the PKS waste
by-product has been proposed as a precursor source for
activated carbon. Lua and Guo[19] studied the activation
of PKS by CO2 and they performed further experiments
to identify the optimum pyrolysis conditions of 600◦C for
2 hours in nitrogen.

In the present work, the waste PKS char has been taken
and separated into two fractions by sieving. The proper-
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ties and applications of the combusted part of the gasifi-
cation residue has been reported[18]. The carbonaceous
char fraction (CPKS) was sieved into different size ranges
(i.e. ≤ 0.15 mm, 0.5-0.71 mm and 1-1.4 mm) and the
activation of those samples will be undertaken by carbon
dioxide at different temperatures. The resultant activated
materials were then characterized by BET surface area
analysis and the adsorption characteristics were deter-
mined by the adsorption of the pharmaceutical compound
carbamazepine in aqueous solution. Pharmaceutically
active compounds and personal care pharmaceutical prod-
ucts, PPCPs, typified by carbamazepine, have been de-
tected in treated sewage effluent and our drinking wa-
ter treatment plants which is a major cause of concern.
Treatment by carbon adsorption[20] using a waste material
offers an attractive solution.

2 Material and Methods

2.1 Chemicals

The starting material used in this work is the biomass
char retained sieved fraction from the Indonesian Biomass
Power Station at Tanjung Batu, - the charred biomass
of palm kernel shell (CPKS) kindly supplied by the
power station design and installation consortium com-
pany Peako Engineering Co., Limited, Hong Kong and
Biomass Energy Co., Ltd. Jiangxi Peako, Pingxiang City,
Jianxi Province, China.

Sodium hydroxide (NaOH), hydrochloric acid (HCl,
37%) and ammonium acetate (NH4Ac) were purchased
from Sigma-Aldrich as well as pharmaceutical grade car-
bamazepine (CBM, C15H12N2O), which is an antiepilep-
tic drug, with a molecular weight of 236.3 g/mol and
a pKa = 13.9. The solvents (ethanol (C2H6O) and ace-
tonitrile (CH3CN)) are HPLC grade and obtained from
VWR.

2.2 Instrumentation

The HPLC instrument (HPLC, 2695 separation module,
waters R©) equipped with a model 2996 Photodiode Array
Detector was employed.. Separation and quantization
were obtain from Accucore XL C18 Thermo R© using a
150 x 4.6 mm column with particle size of 4 µm. Data
acquisition was performed on a EmpowerTM Software.

2.3 Sample Preparation

The starting material used in this work is the charred
palm kernel shell (CPKS) and its surface area was 255.8
m2/g as determined by a BET analyzer (SA3100, Beck-
man Coulter). The activation process is similar to Lua’s
procedure with minor modification[19]. In brief, the start-

ing material was first crushed and sieved to different size
(≤ 0.15 mm, 0.5-0.71 mm and 1-1.4 mm) according to
the particle size for PAC, GAC and EAC mentioned in
the ASTM guideline. The activation process was carried
out in a quartz tube in a vertical tube furnace (Eurotherm
2408). Approximately 5 g of the CPKS raw material was
weighed in a quartz boat and transferred into the quartz
tube which was then inserted in to the tube furnace for
activation. The CPKS was heated with a ramp rate of
5◦C/min to the activation temperature (700 to 900◦C) and
held for 1 or 1.5 hours in a N2 and CO2 gas sweep at a
flow rate of 50 cm3/min.

2.4 Sample structure analysis

The porosity and the surface area of the activated CPKS
were determined by nitrogen adsorption at -196◦C using
a BET surface area analyzer (SA3100, Beckman Coulter).
A sample of 0.1 g was first outgassed at 200◦C for 3 hours.
The Brunauer-Emmett-Teller (BET) and Barrett-Joyner-
Halenda (BJH) models were used to study the specific
surface area, micropore volume, and the external surface
area and porosity. The point of zero charge, pHpzc of
the adsorbent was determined using 50 ml of 0.01 M
NaCl solution dispensed to Erlenmeyer flasks. Then, the
initial pH was adjusted to between 2 to 13 by HCl and
NaOH solution. 0.2 g of the adsorbent was added to each
flask and shaken at 250 rpm for 48 hours at 25◦C and the
final pH was recorded. The pHpzc was then determined
at the intersection of the curve pHfinal versus pHinitial

overlapped the straight line corresponding to pHinitial =
pHfinal.

2.5 Kinetic adsorption studies

The time to reach equilibrium was determined by ki-
netic adsorption studies. Several 200 ml samples of CBM
solutions at 100, 150, 200 and 250 ppm were prepared
by diluting a 700 ppm CBM stock solution. The initial
pH values of the solutions were adjusted to 7 by HCl and
NaOH, then 0.2 g activated CPKS was added to each so-
lution and agitated at 250 rpm in a rotary shaker at 25◦C.
The adsorption kinetics were studied by measuring the
decrease in CBM concentration at time intervals from
initial until the equilibrium adsorption was reached.

2.6 Isotherm adsorption study

Equilibrium isotherms of the CPKS adsorbents were
determined using batch adsorption experiments. A stock
CBM solution was prepared by ultrapure water with 10%
ethanol (to increase the solubility of the CBM). 50 ml
of the CBM at different concentrations were prepared
by diluting the 700 ppm stock solutions. The pH of the
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solutions were adjusted to 7, 50 mg adsorbent was then
added to 50 ml CBM working solution and agitated at 250
rpm in a rotary shaker at 25◦C for 24 hours. The change
in CBM concentration before and after the adsorption
experiment was determined by HPLC.

The adsorption capacity at the equilibrium qe (mg/g)
was calculated by Equation (1)

qe =
(Co − Ce)V

W
(1)

where Co and Ce (mg/L) represent the initial and equi-
librium CBM concentrations, respectively, V and W are
the volume of the solution (L), and the mass of dry adsor-
bent used (g).

2.7 CBM concentration analysis

The change in CBM concentration in the batch and
kinetic adsorption experiments was determined by high
performance liquid chromatography (HPLC). In which,
2 ml of the aspirated sample from the experiment was
first filtered through a 0.22 µm polytetrafluorethylene
(PTFE) syringe filter (Millipore, Milford, MA, USA).
The mobile phase for the HPLC was prepared by mixing
ammonium acetate and acetonitrile in a ratio of 72:28 v/v.
The analysis was performed at 25◦C, using 5µl sample
and a flow rate of 1.5 ml/min.

2.8 Data analysis

The adsorption kinetics were analyzed by testing
five models including pseudo-first-order, pseudo-second-
order, Elovich, Modified second, and Ritchie second order
model. The adsorption isotherms were analyzed by Lang-
muir, Freundlich, Sips, Redlich-Peterson and Temkin
isotherm models. The variables of each model were de-
termined by the solver function of Microsoft Office Excel
program. The model parameters for each isotherm were
calculated by the respective equations. The difference
between the experimental data and the data calculated
from the models was used to calculate the sum of the
error squares (SSE) (Equation (2)) to obtain the best fit
isotherm constants.

SSE =
∑

(qexp − qcal)
2 (2)

3 Results and discussion

3.1 Mass yields of the activated products

The yields of the activated materials are shown in Table
1. The percentage yields representing the decrease in
weight after the carbon dioxide activation process are also
shown. The yield decreased from 85% to 55% as the

activation temperature increased from 700 to 900◦C and
held for 1 hour. When the holding time increased from 1
hour to 1.5 hour, the yield was further decreased by 18%
to 37%. The yield of the activated product also decreased
according to the precursor particle size. The finer the
precursor’s particle size, the lower the percentage yield.
The reduction in weight during the activation process was
ascribed to the carbon burn off through the oxidation of
carbonaceous material by CO2 therefore resulting in the
release of volatile matter and forming a porous structure in
the carbonaceous material. More significant carbon-CO2

reactions occur when the activation temperature increased
from 700 to 900◦C and extending the time of activation
from 1 hour to 1.5 hour caused significant reduction in
the percentage yield.

The yield of the activated carbon decreased with in-
creasing the temperature and activation duration. An
increase in particle size also increased the final yield.

3.2 Textural properties of PKS

The characteristic of the activated PKS was determined
by BET surface area analysis as shown in Table 1. By
keeping the activation time constant at 1 hour, the SBET
surface area increased from 700◦C at 379oC to 496.8
m2/g at 800◦C. A further increase in the SBET surface
area to (617.4 m2/g) almost double was observed, when
the activation temperature was increased to 900◦C. In ad-
dition, while keeping the activation temperature at 900◦C
and extended the holding time from 1 hour to 1.5 hours
further improved the BET surface area from 617.4 to
711.5 m2/g suggesting that the activation temperature is
more important in the porous structure formation. Be-
sides, the particle size of the precursor for carbon dioxide
activation also had an inverse effect on the resultant BET
surface area of the activated material. When the activation
condition was kept at 900◦C for 1.5 hours, the final BET
surface area reduced depending on the particle size. It re-
duced from 711.5 m2/g (size ≤ 0.15 mm) to 352.8 m2/g
(size 0.5-0.71 mm) and further reduced to 274.4 m2/g
(size 1-1.4 mm), the smaller the particles size results in
a larger surface area therefore produced more adsorption
sites[21].

Other than the surface area, the total porosity also in-
creased with the activation temperature. In Figure 1, when
the activation temperature increased from 700 to 800◦C,
a small increase in the porosity from 22% to 24% was
observed. In contrast, a more significant change was ob-
served when the activation temperature rose to 900◦C
which caused an increase of 11% in porosity, reaching
35%. Further improvement in the porosity was seen by in-
creasing the duration of activation from 1 to 1.5 hours and
so obtaining the highest porosity of 42% . The increase in
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Table 1. The textural properties of the activated CPKS. The surface area, SBET, and total porosity, Pv, increased with the activation
temperature and duration of activation. There is an obvious drop in surface area and total porosity, when the particle size increased to 1-1.4
mm. MESA: mesopore surface area; dp pore diameter; Mv: mesopore volume; BJH: Brunnauer-Joyner-Halenda method

SBET
Total Pv
volume t-plot Mv

Mesopore
volume t-plot MESA

Adsorption av. Dp/
Desorption av. Dp

m2g-1 cm3g-1 cm3g-1 cm3g-1 m2g-1 BJH Å

700°C 1h 0.0538/

size ≤0.15 mm 0.0405

800°C 1h 0.0448/

size ≤0.15 mm 0.0412

900°C 1h 0.0843/

size ≤0.15 mm 0.0887

900°C 1.5h 0.1830/

size ≤0.15 mm 0.1086

900°C 1.5h 0.0570/

size 0.5-0.71 mm 0.0607

900°C 1.5h 0.0290/

size 1-1.4 mm 0.0240

Sample
Mass %
product

yield

274 0.172 0.051 0.121 49.2 37

353 0.209 0.102 0.108 128.4 44

712 0.419 0.236 0.183 199.6 52

617 0.351 0.204 0.147 168.4 55

497 0.214 0.154 0.061 99.8 78

379 0.219 0.130 0.089 96.0 85

porosity was proportional to the degree of the Boudouard
reaction which is a temperature dependent reaction (∆H
= 172 kJ/mol). The reaction involves carbon dioxide and
carbon producing carbon monooxide. (CO2(g) + C(s) 

2CO).

Figure 1. The effect of activation temperature on total porosity
formation

When the temperature was> 700◦C, the CO formation
is more favourable since the free energy change becomes
negative. The effect of particle size on porosity was ob-
vious, with decreasing the particle size to the EAC level
(size 1-1.4 mm), a significant drop in porosity to 17% was
recorded, which was far lower than that of the PAC level
(size ≤ 0.15 mm) activated at 700◦C for 1 hour. This drop
occurred because fewer CO2 molecules can penetrate into
the deeper pores of the larger size particles (size 1-1.4
mm), and therefore lowering the rate of the Boudouard
reaction. In addition, a stepwise increase in porosity was

observed when the particle size was 0.5-0.71 mm (GAC
level) yielding a 21% porosity value and for the size at
≤ 0.15 mm (PAC level) reaching the 42% porosity value
shown in Figure 2.

Figure 2. The effect of particle size on the total porosity forma-
tion

The pore size distribution of the activated carbons is
shown in Figure 3. When the activation temperature was
increased, the micropore portion decreased and simulta-
neously the macropore also increased. The effect of a
high pyrolysis temperature in the range, 700-900◦C, a
softening and sintering of high molecular weight volatiles
occurred, resulting in a depolymerisation of the melt and
a decrease in the micropore volume of the sample. Hadi
et al.[2] demonstrated that a higher activation temperature
provided more energy for the reaction between the oxi-
dizing agent (CO2) and the carbon atom; this led to the
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formation of new pores and enlargement of the existing
pores. When the reaction was sufficiently fast, micropores
could be enlarged to form mesopores. Interestingly, an
inverse trend appeared when the activation duration was
increased from 1 to 1.5 hours at 900◦C indicating that the
micropore development was much faster than micropore
to mesopore enlargement[2].

Figure 3. The effect of activation temperature on pore size
distribution

Figure 4. The effect of the precursor particle size on the final
pore size distribution

Although the above phenomenon was also applicable in
EAC, GAC, and PAC sized materials activated under the
same conditions. However, the increased Boudouard reac-
tion promoted by the large surface area, due to small par-
ticle size, making it more difficult for the CO2molecules
to diffuse into the deeper pores of the larger particles for
the reaction to have such an overwhelming effect and
therefore generating a decrease in the micropore portion
of the larger size particle (i.e. 0.5-0.71 mm and 1-1.4 mm)
as shown in Figure 4.

The nitrogen adsorption-desorption curves of PKS ac-
tivated at different conditions are shown in Figure 5.
All the adsorption-desorption results exhibited a type IV
isotherm. Nitrogen adsorption was rapid and the adsorp-
tion capacity increased with an increase in pressure as
observed in the low pressure region where p/po ≤ 0.1
indicating the contribution of micropores in adsorption.

A hysteresis loop was generated at the high pressure
region, which is caused by the capillary condensation
of the adsorbate in the mesopores. The hysteresis loop
belongs to H4 type isotherm according to the Interna-
tional Union of Pure and Applied Chemistry (IUPAC)
classification, indicating a slit-shaped mesoporous mate-
rial. The adsorption platform is described by the surface
area which can be modulated by increasing the activa-
tion temperature and duration for the activation process.
Therefore, the PKS activated at 900◦C for 1.5 hours ob-
tained the highest adsorption platform (of ∼ 260 cm3/g).
When lowering the activation temperature to 700◦C (for
1 hour) the N2 adsorption surface area was reduced to
140 m2/g. Besides, compared with the EAC and GAC
materials, the PAC precursor particle size offered a larger
surface area and contributed a significant influence on the
adsorption-desorption isotherm.

Figure 5. Nitrogen adsorption-desorption isotherm of the acti-
vated materials

3.3 Kinetic adsorption study of CBM

Figure 6 shows the kinetic adsorption results for CBM
adsorption by the PKS activated carbon. The adsorption
capacity increased rapidly for the first 3 minutes and kept
increasing with time until a plateau at around 240 minutes
reaching the highest equilibrium adsorption capacity of
0.61 mmol/g. To determine the best model to describe the
adsorption rate behaviour of CBM on activated PKS, five
kinetic models (pseudo first order, pseudo second order,
modified second order, Elovich, and Ritchie second order)
were used to model with our data.

The pseudo first order kinetic model[22] can be defined
by the Equation (3):

qt = qe(1 − e−k1t) (3)

Where qe is the adsorbate adsorbed (mmol/g) at the
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Figure 6. Kinetic adsorption of CBM in 24 hours by adsorbent
(size ≤ 0.15mm) activated at 900◦C for 1.5 hours

equilibrium, qt is the adsorbate adsorbed (mmol/g) at
time t (min), and k1 is the pseudo-first order rate constant
(1/min).

The pseudo-second order kinetic model[23] can be de-
fined by the Equation (4):

qt =
q2ek2t

1 + qek2t
(4)

Where k2 is the pseudo-second order rate constant
(g/mmol.min).

The Ritchie-second-order[24] equation can be expressed
as in the Equation (5):

qt = qe[1 −
(

1

β2 + kRt

)
] (5)

Where kR is the Ritchie-second-order rate constant
(1/min), β2 represents the surface coverage of the adsor-
bent.

The Elovich[25] Equation (6) is given as:

qt = α ln (aα) + αlnt (6)

Where a and α are the Elovich constants in mmol
min−1g−1 and mmol g−1 respectively.

The modified second order equation is given as Equa-
tion (7):

qt = qe
kt+ β − 1

kt+ β
(7)

Where k2M is the second order rate constant (min−1)
and β is the constant that represents the initial particle
loading.

Table 2 shows the calculated parameters for the CBM
adsorption on the CPKS (size ≤ 0.15 mm) activated at
900◦C for 1.5 h. From the SSE estimated by MS Excel’s
solver function, the adsorption of CBM by activated PKS

is most likely represented by the Ritchie-second-order
model indicating the rate of CBM adsorption is mainly
determined by the fraction of sites which are unoccupied
initially and chemisorption of CBM molecule occurred
onto the two surface sites of the activated PKS[5].

Table 2. Kinetic parameters for the adsorption of 1.1 mmol/L
CBM (C0 = 1.10 mmol/L) onto CPKS activated at 900◦C for 1.5
hours

qe(calc)

(mg/g)

k1 = 1749

(L/min)

k2 = 2804

(L/min)

k2M = 13.6

(L/min)

kR = 1870

(L/Min)

Ritchie second
order

BR =78.3 0.6 0.00067

Elovich
α = 0.022

(mg/min/g)
a = 0.015

(mg/g)
- 880

Pseudo-second
order

- 0.6 3130

Modified second
order

- 0.6 2130

Kinetic Model Rate Parameter
Equation
Constant

SSE

Pseudo-first
order

- 0.6 3130

3.4 Batch adsorption equilibrium study of
CBM

The 24 hours batch adsorption study of CBM by CPKS
activated carbon at different conditions are shown in Fig-
ure 7. The adsorption capacity at equilibrium increased
with the activation temperature and duration reaching
the highest value of 0.94 mmol/g by adsorbent activated
at 900◦C for 1.5 h. The best result was analyzed by
five isotherm models (i.e. Langmuir, Freundlich, Sips,
Redlich-Peterson, and Temkin isotherm model)[6] and the
parameters were determined by the non-linear regression
method in terms of SSE.

The Langmuir model can be defined by Equation (8):

qe =
KLCe

1 + αLCe
(8)

Where qe (mmol/g) is the concentration of adsorbate in
the adsorbent and Ce (mmol/L) representing the adsorbate
concentration remain the solution at equilibrium, αL and
KL is the Langmuir isotherm constant which is related to
the affinity of binding sites.

The Freundlich model can be defined by Equation (9):

qe = αFC
1

nF
e (9)

αF (mmol/g) (L/mmol) n is the adsorption capacity
and 1/nF is the dimensionless intensity of the adsorbent
parameter.
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Figure 7. Adsorption isotherms of CBM on the PKS PAC for
the three temperatures: 700, 800, 900◦C; and for two activation
times: 1.0 and 1.5 hours at 900◦C

The Sips (Langmuir-Freundlich) model can be defined
by Equation (10):

qe =
KlfC

1
nlf
e

1 + αlfC
1

nlf
e

(10)

Where Klf (L/g) and αlf are the Sips isotherm model
constant (L/mmol) and 1/nlf is the Sips isotherm expo-
nent.

The Redlich-Peterson model can be defined by Equa-
tion (11):

qe =
KRCe

1 + αRC
βR
e

(11)

Where KR(L/g), and αR (l/ mmol) are the Redlich-
Peterson isotherm constants and βR is the Redlich-
Peterson isotherm model exponent.

The Temkin model can be defined by Equation (12):

qe =
RT

bT
ln(ATCe) (12)

Where R is the universal gas constant (8.314 J/mol◦K),
T is the absolute temperature (◦K), bT is the Temkin
isotherm constant, AT is the Temkin isotherm equilibrium
binding constant, (L/mmol).

The calculated parameters and SSE for CBM adsorp-
tion onto activated CPKS are shown in Table 3. The
SSE of Redlich-Peterson is slightly better than that of
the Sips isotherm and followed by Langmuir, Temkin
and Freundlich models. The Redlich-Peterson and Sips
isotherm equations are extensions of the Langmuir model
indicating that the adsorption sites are homogenous with
monolayer coverage.

However, the best fit is the Redlich-Peterson and the
Sips isotherm rather than the Langmuir isotherm indicat-
ing the adsorption was not achieved by a single identi-

Table 3. The calculated isotherm parameters and SSE for CBM
adsorption

Model

qm (mmol/g) 0.91
kL 0.39

SSE 251

αF (mmol/g) (L/mmol) 0.44
1/nF 0.18
SSE 1100

qm (mmol/g) 0.88
KLF (L/g) 0.35

nLF 1.14
SSE 232

qm (mmol/g) 1.14
KR (L/g) 0.25

β 1.06
SSE 206

RT/bT 21.2
AT (L/ mmol) 1.25

SSE 414

Langmuir

Freundlich

Sips (Langmuir-Freundlich)

Redlich-Peterson

Temkin

Parameters and SSE

cal reaction, thus the adsorption of CBM may involve
chemisorption on the surface of the adsorbent. Further-
more, since the point of zero charge (pHpzc) of the adsor-
bent (activated at 900◦C for 1.5 hours) was 11.5 and the
pKa of the CBM was 13.9, therefore, the CBM was in its
neutral form and chemisorption may not be ascribed to ion
exchange. The maximum adsorption capacity calculated
from the Redlich-Peterson equation was 1.14 mmol/g
which was considered very high in comparison with other
adsorbents such as granular carbon nanotubes/alumina
(157.4 µmol/g)[26] and powdered activated carbon (0.179
µmol/g)[27].

4 Conclusion

In this study, charred biomass, palm kernel shell
(CPKS), was successfully modified by a physical method
to produce an activated carbon material. The highest
surface area and total porosity of 711.5 m2/g and 42%
can be achieved by treating the powdered size precur-
sor (particle size ≤ 0.15 mm) at 900◦C for 1.5 hour.
Kinetic adsorption studies of carbamazepine (CBM) by
activated CPKS were found to be efficient, within the
first hour and reached equilibrium at 240 min. The ad-
sorption process followed the Ritchie-second-order model
indicating the chemisorption. The smallest SSE can be
achieved by fitting the adsorption isotherm data with the
Redlich-Peterson model followed by the Sips and Lang-
muir isotherms indicating the adsorbate and adsorbent
interaction on the monolayer surface are not homogenous.
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The high maximum adsorption capacity calculated from
the Redlich-Peterson model equation was 1.14 mmol/g
(268.7 mg/g), which is comparable with the commercial
activated carbon.
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