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ACTIVATED CARBON FROM OIL PALM
BIOMASS AS POTENTIAL ADSORBENT FOR
PALM OIL MILL EFFLUENT TREATMENT
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ABSTRACT
The study aims to produce renewable and green activated carbon (AC) from palm biomass through
pyrolysis and the activation process. The study also aims to evaluate the application of AC as
adsorbent in palm oil mill effluent treatment (POME). This is in order to reduce the pollutant
levels in its final discharge. The AC was prepared from empty fruit bunch (EFB), by pyrolysis (to
produce bio-char), followed by physical activation. The bio-chars with higher carbon content were
selected for the preparation of the AC. The physical activation process was carried out by purging
with carbon dioxide (100 cm® min™) at 10°C min™ heating rate for 30 min until the AC reaches the
desired activation temperature. The activation temperatures studied ranged from 500°C to 900°C
in quartz tube furnace. The optimum activation temperature i.e. 800°C gave the maximum spe-
cific surface area, (Sgpr) of 937 m? g, Batch adsorption experiments applying the prepared adsor-
bent to synthetic dye yielded adsorption data well fitted to the Langmuir isotherm model. The AC
produced from EFB performed better in dye removal achieving a maximum adsorption capacity
of 333.3 mg g'. The EFB-based AC was able to reduce the biochemical oxygen demand of POME.
These studies suggested that the EFB AC could be useful as a low cost alternative adsorbent in

wastewater treatment.
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INTRODUCTION

In palm oil milling, about 5%-7% palm kernel
shell (PKS), 21%-22% empty fruit bunch (EFB) and
12%-16% mesocarp fibre (MF) are generated from
each tonne of fresh fruit bunch (FFB) processed
(Loh, 2016). In 2015, the Malaysian palm oil mills
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processed about 98.34 million tonnes of FFB (MPOB,
2015). Hence, an estimated 4.56 million tonnes of
PKS, 21.63 million tonnes of EFB and 15.73 million
tonnes of MF were available as by-products.
Activated carbon (AC) is well-known for
its capability to remove impurities, e.g. harmful
chemicals in either liquid or gas phase. It is an
amorphous form of carbon having a very large
surface area ranging from about 500 to 1500 m? g™
with a highly developed internal pore structure.
Basically, the AC can be produced from natural
feedstocks such as woods (Michael, 1996), shells
(Aygun et al., 2003), bamboos (Hameed et al., 2007),
corns (Freel et al., 2004), date pits (Banat et al., 2003)
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and soyabean oil cake (Tay et al., 2009). Although
oil palm biomass is renewable and potentially less
expensive than other materials to produce AC, much
of the past research has thus far focused on PKS
(Jumasiah et al., 2005; Guo and Lua, 2001; 2002; Guo
et al., 2005; 2008; Daud et al., 2000; Yacob et al., 2008).
Being naturally soft, the EFB fibre has received less
attention. Nevertheless, with proper pre-treatment
and activation, EFB could be one of the alternatives
to produce AC successfully and sustainably.

AC are produced by carbonising suitable raw
materials to enhance the carbon content and create
an initial porosity in the resulting char materials. The
selection of carbonisation parameters particularly
the temperature is critical as it affects the structure
and the desired quality of the AC produced. High
carbonisation temperature would result in a greater
amount of volatiles being released from the raw
material and influences the product yield and
porosity. Activation process further develops the
porosity of the carbonised materials by creating
some orders of the pore structures to the final
product. These pores can be classified according
to the International Union of Pure and applied
Chemistry (IUPAC) as micropores (width, d<2 nm),
mesopores (2 nm<d<50 nm) and macropores (d>50
nm) (Gregg and Sing, 1982). The size of pores will
have an effect on the porosity and total surface area
of the AC that is made available for adsorption.

The activation process can be accomplished
by either chemical or physical activation. The
former is created by dehydration reactions at
low temperatures with chemical agents such as
phosphoric acid (Guo and Lua, 2002; Tiryaki ef al.,
2014), potassium hydroxide (Foo and Hameed,
2011a) and zinc chloride (Hu and Srinivasan, 2000)
whereas the latter employs carbon dioxide or steam
as oxidising agents at higher temperatures. The
physical process is more commonly used in the
production of AC with temperature ranging from
600°C-1200°C (Bouchelta et al., 2008; Ismadji et al.,
2005; Arenas and Chejne, 2004).

Many studies have revealed the application of
AC in adsorption. Gueye et al. (2014) found that
AC from jatropha wood was more efficient than
AC produced from peanut shells for the removal
of Cr(VI) from wastewater contaminated by toxic
pollutants. Sekirifa et al. (2013) presented interesting
adsorptive properties on the AC produced from
date stones under physical activation. Trevifio-
Cordero et al. (2008) showed that AC produced
from plum kernel performed better as a potential
adsorbent for the removal of heavy metals such
as lead (Pb*) and dyes such as acid blue and
methylene blue (MB) from wastewater compared to
jacaranda fruit AC. Nunes et al. (2009) revealed that
AC from coffee press cake had great potential as an
inexpensive alternative adsorbent for dyes removal
in wastewater treatment.

279

In the case for oil palm biomass, PKS was found
convertible into AC by thermal physical activation
(Guo and Lua, 2001; Daud et al., 2000; Tan et al.,
2008) and chemical activation (Adinata et al., 2007;
Hayashi et al., 2002). The PKS AC produced was
evaluated on its capability to adsorb basic dye from
aqueous solution (Jumasiah et al., 2005). On the other
hand, Osman et al. (2016) studied the production of
AC from the core and shaggy part of oil palm EFB.
The AC from EFB was produced via the pyrolysis
process at 450°C followed by the physical activation
process at the desired temperature from 600°C
to 800°C under CO, flow with different time of
activation of 30, 60 and 120 min. The study showed
that the highest yield of AC was obtained at 700°C
and 30 min holding time. Astimar and Deraman
(2013) prepared carbon granules from EFB via a
slow pyrolysis process at 280°C under vacuum
followed by sulphuric acid (H,SO,) treatment
prior to carbonisation at 600°C-800°C under
nitrogen flow. The study showed that H,SO, and
carbonisation temperature could significantly affect
the quality of the AC in terms of porosity and micro-
structure. Hameed et al. (2009) revealed that the
physical properties, i.e. specific surface area, total
pore volume and average pore diameter of the EFB-
based AC under chemical-physical activation were
>1000 m? g, 0.6 cm® g' and 2.5 nm, respectively,
indicating that the AC was a mesopore adsorbent.
Subsequently it was shown to be a promising low
cost adsorbent in contaminants (phenol/MB)
removal from aqueous solution. Siti Hadjar et al.
(2012) showed that EFB-based AC prepared from
CO, activation had better phenol adsorption capacity
as compared to the commercial AC. The kinetics of
direct phenol adsorption of AC followed the pseudo-
second order model; and the equilibrium data fitted
well with the Langmuir isotherm (Adinata et al.,
2007). The adsorption isotherms and desorption
of 24,6-trichlorophenol (TCP) as adsorbate on
EFB AC showed that it was a promising low cost
adsorbent (Tan et al., 2009). Md Arshad et al. (2016)
produced the AC from EFB which were activated
using physical and chemical processes. The AC has
been tested on its hydrogen storage capacity. The
surface area (Spz;) and microporous structures of
the AC produced were in the range of 305-687 m?
g! and up to 94%, respectively. The high S,.; and
well-developed microporous carbon materials are
necessary in enhancing the hydrogen adsorption
capacity.

Mubarak et al. (2016) investigated the
conversion of EFB to biochar using microwave-
assisted heating. The surface properties including
Sger and pore volume of biochar were enhanced.
The study also compared the conventional heating
method with the microwave-assisted method. It
was found that the conventional method gave a
long activation process compared to the shorter
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activation process in the microwave irradiation
method. Oil palm EFB can also be pyrolysed using
microwave-assisted irradiation and the results
showed that the characteristic in terms of fuel and
chemical characteristic of EFB are comparable to
other biomasses (Omar et al., 2011).

Nor Faizah et al. (2017) investigated the
application of PKS AC in reducing the pollutants in
POME as an alternative treatment system. The AC
was obtained from a carbonisation system which
has a low Sg;; of 566.27 m? g!. The study found that
the AC with high dosages and long treatment time
was able to remove the organic pollutant and the
coloured compound in POME. Hence, the activation
process has helped enhance the adsorption
capability of organic pollutant compound. Amosa
(2015) produced EFB-based powdered AC from
carbonisation and steam activation to be applied in
the treatment of POME. The AC with high Sy, of
886 m? g gave better adsorption efficiency removals
for manganese (Mn) and hydrogen sulphide (H,S).
The EFB-based AC could be utilised as a standard
adsorbent to replace the expensive adsorbent in
wastewater treatment system.

Previous studies have evaluated the adsorption
capability of the prepared AC using artificial
pollutants such as MB (Foo et al., 2011b; Hameed
et al., 2007), sulphur dioxide (Guo and Lua, 2002),
iodine (Ceyhan et al., 2013) and phenol (Alam et al.,
2009). A few papers evaluated the AC adsorption
capability wusing actual industrial wastewater
treatment (Masoud et al., 2016; Malik, 2004; Devi
et al., 2008; Zahrim et al., 2009). Having reviewed
all the potentials to convert oil palm biomass into
AC, this study attempted producing AC from EFB
via pyrolysis and the physical activation processes

and investigated its suitability in POME treatment.
The study exploited the possibility of utilising the
abundantly available oil palm biomass to treat
POME in a sustainable way.

MATERIALS AND METHODS
Materials

Various oil palm biomass samples (EFB, PKS,
MF) were obtained from the Malaysian Palm Oil
Board Palm Oil Mill Technology Centre (POMTEC),
Labu, Negeri Sembilan, Malaysia. Table 1 shows
the proximate and ultimate analyses of the oil
palm biomass used. Table 2 shows the surface
characteristics of the oil palm biomass samples
evaluated by nitrogen adsorption-desorption study
at -196°C [Accelerated and Porosimetry System
2010 (ASAP 2010) from Micromeritics Inc.]. The
commercial AC as control sample was purchased
from K D Technology Sdn Bhd in powder form.
Table 3 lists its specifications. The MB purchased
from Aldrich Chemical GmbH, Munich, Germany
was used as an adsorbate in adsorption studies. The
MB, chemical formula = C,, H,;N,CIS, MW = 319.85
g mol’, A =668 nm.

Production of AC from Oil Palm Biomass

Production of biochar via pyrolysis. The oil palm
biomass samples were dried at 105°C for 24 hr.
The dried samples were then grinded and sieved.
The fraction with particle diameter in the range
of 2.0 mm was selected for the experiments. Both
pyrolysis and activation process were conducted in

TABLE 1. PROXIMATE AND ULTIMATE ANALYSES OF OIL PALM BIOMASS

Proximate analysis (Wt%)

Ultimate analysis (wt%)

Oil palm biomass Fixed  Moisture Ash Volatile C H N S o
carbon matter

Empty fruit bunch (EFB) 19.1+0.7 9.2+0.8 2.1+0.9 69.6+0.9 52.37 7.47 1.78 ND  38.38

Palm kernel shell (PKS)  16.9+1.1 7.6+0.7 3.7+1.2 71.8+09 44.83 5.67 0.92 ND  48.58

Mesocarp fibre (MF) 12.0+0.0  9.3+04 72+0.9 71.5+0.6 47.05 3.19 1.43 ND  48.33

Note: C-carbon. N - nitrogen. O - oxygen. ND - not determined.

H - hydrogen. S - sulphur.

TABLE 2. SURFACE CHARACTERISTIC OF

OIL PALM BIOMASS
Oil palm biomass BET Surface Total pore Pore
area volume size
(m?g™) (cm®g?)  (nm)
Empty fruit bunch (EFB) 231.52 0.1890 3.67
Palm kernel shell (PKS) 205.86 0.3707 3.43
Mesocarp fibre (MF) 239.50 0.3509 4.10

Note: BET - Brunauer-Emmet-Teller.
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TABLE 3. SPECIFICATIONS OF COMMERCIAL
ACTIVATED CARBON

Parameter Typical value
Iodine number, mg g™ 950-1150
Ash content, % 5 maximum
Apparent density, g cm™ 0.42-0.52
Moisture, % 5 maximum
pH 9-11
Particle size distribution, % 90

BET surface area, m? g 1088

Note: BET - Brunauer-Emmet-Teller.
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a horizontal quartz tube placed in a tube furnace as
shown in Figure 1.

The biochar of oil palm biomass was prepared
using the optimum conditions as described in Foo
and Hameed (2011a). The dried EFB (20 g), was
loaded onto a crucible, then heated up at 10°C min!
to the desired temperature (700°C) for 2 hr under
N, flow (150 cm® min™). The sample was allowed to
cool to room temperature in an inert atmosphere.
This pyrolysed sample devoted as biochar (BEFB,)
was utilised as precursors for preparing the AC.
PKS and MF were subjected to the same procedure
to produce the respective biochar, coded as BPKS,
and BMF.,.

Physical Activation in Production of AC

The 10 g of the respective optimised biochar
(BEFB,, BMF,, BPKS,) was placed into a horizontal
quartz tube furnace under N, flow (200 cm® min™)
(Figure 1). The furnace was purged with N? for 15
min prior to the activation process. The temperature
was increased at 10°C min™ under flowing N, until
the desired activation temperature 900°C was
reached, after which the N, flow was switched to
CO, (100 cm® min). The activation temperature
and CO, flow rate were kept constant for 30 min
and upon finishing, the respective AC sample was
cooled down under N, flow (100 cm® min?).

Characterisation of Produced AC

The scanning electron microscope (SEM)
analysis of AC was recorded using Hitachi S-3400N.

The physical properties of the produced AC were
obtained by measuring their nitrogen adsorption-
desorption isotherms at -196°C in an Accelerated
and Porosimetry System (ASAP 2010, Micromeritics
USA). Three steps were adopted in measuring the
nitrogen adsorption-desorption isotherms. These
include the dehydration of sample followed by
degassing of sample under low vacuum pressure
and nitrogen gas adsorption. The Brunauer-Emmet-
Teller (BET) Sy was calculated using the multilayer
coverage adsorption data in a relative pressure range
from 0.05 to 0.20 (Gregg and Sing, 1982). The total
pore volume (V;) was assessed by converting the
amount of nitrogen gas adsorbed (expressed in cm?
g at STP) at relative pressure = 0.97 to the volume
of liquid adsorbate. The pore size distribution
was calculated based on differential pore volume
of Barrett-Joyner-Halenda (BJH) adsorption/
desorption (Gregg and Sing, 1982).

Adsorption Equilibrium Isotherm Studies

About 0.1 g of the respective AC was added
into a 100 ml MB solution at six different initial
concentrations (150, 250, 300, 400, 500 and 600 mg
litre") in 250 ml conical flasks. The conical flasks
were covered with aluminium foil to avoid the
evaporation of MB from the solution. Deionised
water was used to prepare the stock of MB
solutions. An adsorption process was carried out at
ambient temperature for 24 hr in a shaker operating
at 150 rpm. The solutions were then filtered by a
vacuum and the clarified solutions were analysed
using a UV/Vis double beam spectrophotometer
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Figure 1. A schematic diagram of the experimental set-up.
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at a maximum wavelength of 663 nm. The amount
of MB adsorbed onto the AC was measured by
subtracting the remaining concentrations of the MB
solution from the initial concentration. The final
concentration of the solution was then determined
from the calibration curve.

The dye concentration at equilibrium, q, (mg
g1), was calculated as in Equation (1)

_V(C,C) ,
9= T000m Equation (1)
where C, (mg dm?) is the initial dye

concentration in liquid phase, C, (mg dm?) is the
dye concentration in liquid phase at equilibrium,
V (dm?) is the total volume of dye solution and m
(g) is the mass of adsorbent (AC).

Adsorption Kinetics Studies

AC prepared from BEFB was evaluated as an
adsorbent in MB dye adsorption study. Equilibrium
isotherms of MB to EFB AC were analysed using
two models, namely Langmuir and Freundlich.
An accurate equilibrium isotherm and its isotherm
constant canbe determined through linear regression
and the method of least squares, respectively from
Equation (2) to Equation (5).

The Langmuir isotherm [Equation (2)] implies
the formation of monolayer coverage of adsorbate
on the surface of the adsorbent.

K, C, .
q.= Tra C, Equation (2)
C. oC 1 .
- = e+ Equation (3)
qe I<L L q

where q, is the dye concentration at equilibrium,
K, (dm®g?)and a; (dm®mg™) are Langmuir isotherm
constants. By plotting [(C,)/(q.)] vs. C, [Equation
(3)], the Langmuir constants K; and «; can be
obtained from the slope and intercept of the plot,
respectively. The ratio of K; / &, gives the monolayer
saturation capacity.

The Freundlich isotherm [Equation (4)] is
an empirical equation employed to describe
heterogeneous systems. It describes reversible
adsorption and is not restricted to the formation of
monolayer.

q. =K Cl» Equation (4)

log q.=logK.+1/nlogC,  Equation (5)

where K, (dm® g?) is the Freundlich constant
and 1/n is the heterogeneity factor. A plot of log q.
vs. log C, permits the determination of 1/n and K;
from the slope and intercept.
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Application of AC in POME

The final discharge of POME samples were
collected from a palm oil mill with an average quality
as follows: 154 ppm biochemical oxygen demand
(BOD,), 3238 ppm chemical oxygen demand (COD),
912 ppm suspended solid (SS) and 11700 Pt Co
colour. In the batch treatment process for adsorption
study, the effects of different dosages of AC (0.5, 1, 2,
3,5,6,7,8and 9 w/v%) on BOD,, COD, SS and colour
at 150 rpm shaking speed in contact with POME for
24 hr at ambient temperature were studied.

RESULTS AND DISCUSSION
Surface Characteristics of AC

Table 4 shows the surface properties of biochar
from different oil palm biomass (EFB, MF, PKS)
at the previously reported optimum pyrolysis
conditions (Foo and Hameed, 2011b). The biochar
BEFBo showed the highest S;;; among the biochar
produced. Figure 2 shows the nitrogen adsorption
isotherm of one of the biochar BEFB, at the
optimised pyrolysis conditions i.e. 700°C for 2 hr
with heating rate of 10°C min™. The shapes of the
isotherms of all the biochar samples (BEFB,, BMF,,
BPKS,) were similar, i.e. type IV isotherm according
to the Brunauer, Deming, Deming and Teller
(BDDT) classification with the hysteresis loops
corresponding to type H3 of the IUPAC classification
(Sing and Williams, 2004). The oil palm biomass-
derived biochar showed much lower S;;.; which was
indicative of a mesoporous material with a lower
adsorption capability. The physical activation, as in
this study, would potentially increase its Sy and
porosity.

The AC produced from BEFB, at various
activation temperatures (Tuble 5) showed that the
optimum surface activity and porosity characteristic
were achieved at 800°C for 30 min giving BEFB,
AC800 the maximum Sy of 937 m? g'. This
indicated that the activation temperature was
crucial in AC production. All AC were successfully
altered from their mesoporous originalities to

TABLE 4. SURFACE PROPERTIES OF BIOCHAR PREPARED
FROM DIFFERENT OIL PALM BIOMASS

Biochar Surface  Total pore Pore
source area (Sggy) volume size

(m*g") (cm® g?) (nm)
Empty fruit bunch (BEFB,)  347.043 0.4482 5.16
Mesocarp fibre (BMF.) 217.347 0.3707 4.57
Palm kernel shell (BPKS,) 205.859 0.1890 4.25

Note: BEFB,, BMF,, BPKS, - the respective biochar produced
at optimum condition: temperature — 700°C; time — 2 hr;
heating rate — 10°C min!
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Figure 2. Example of nitrogen adsorption isotherm of palm-based biochar, BEFB, at -196°C.

TABLE 5. SURFACE PROPERTIES OF ACTIVATED CARBON (AC) PREPARED FROM EMPTY
FRUIT BUNCH (EFB)-BASED BIOCHAR (BEFB,)

AC sample Surface area Microporous Mesoporous Total pore Pore size
(Sger) surface area surface area volume (nm)
(m* g*) (Sicro) (Syeso) (Vicro)
(m? g?) (m?> g™) (cm® g7)
BEFB, AC500 93 27 66 0.0183 3.5
BEFB, AC600 109 76 33 0.1064 29
BEFB, AC700 405 283 122 0.2107 3.1
BEFB, AC800 937 871 66 0.2837 2.0
BEFB, AC900 76 63 13 0.0149 2.5

Note: BEFB, - biochar derived from EFB at optimum pyrolysis condition.

ACxxx - AC produced at activation temperature xxx°C.

microporous characteristics with almost similar
pore diameter, within the narrow range from 2.0
to 3.5 nm. The BEFB, AC800 was dominated with
micropores which accounted for 93% of its total
SBET. The degree of microporosity was found to
increase steadily with the decrease in pore diameter.
The adsorption-desorption isotherm of the BEFB,
ACB800 (Figure 3) showed a typical Type 1 isotherm
of BDDT classification (Barret et al., 1951). Unlike
BEFB,, its adsorption capability increased rapidly at
a low relative pressure in the range of 0.0-0.2, and
stagnant after that at pressure >0.2.

In Figure 4, the pore structures in BEFB, AC800
were mainly micropores (93%) with an average pore
size of 20A (2 nm). The molecular diameter of MB
(= 0.8-0.9 nm) was far smaller than the pore size
of BEFB, AC800 to allow for its penetration, thus
adsorption of MB occured. These findings have
confirmed that an effective adsorbent should exhibit
a large volume of micropores.

In Figure 5, the surface topography of the raw
EFB (A) was significantly different from that of
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BEFB, AC800 (B). The SEM showed that the surface
of raw EFB was rough with lots of big particles and
holes, while that of the BEFB, AC800 was carbonous
with lots of micropores. It can be found that the
BEFB, AC800 with the highest Sy, demostrated
a well pronounced, uniform and highly porous
structures, indicating a good possibility for the dyes
to be trapped and adsorbed.

Adsorption Equilibrium Isotherms and Kinetics
Studies

The sorption behaviour of MB onto BEFB,
ACS800 (Tuble 6) analysed using linear regression,
suggested that Freundlich isotherm was the best
fitted model in this study. It gave the highest
consistent correlation coefficient, R*> of >0.999,
indicating that the model correlated well with the
adsorption equilibrium data, also suggesting that
the adsorption of MB on the AC was favourable. This
suggested that some heterogeneity on the surfaces
or pores of the AC played the role in MB adsorption.
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Figure 3. Nitrogen adsorption isotherm of BEFB, AC800.
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Figure 4. Pore size distribution of activated carbon (AC) prepared from empty fruit bunch (EFB)-based biochar
(BEFB, AC800) at optimum conditions.

The Langmuir isotherm, on the other hand, was less
fitted for MB sorption on BEFB, AC800 due to the
inconsistent lower R2 Nevertheless, the saturation
capacities of the MB’s monolayer sorption model
as depicted in the Langmuir isotherm were found
ranging from 277.8 to 333.3 mg g. The Freundlich
equation was more suitable when a change in the
mechanism of adsorption with concentration was
considered. The Langmuir equation is applied
for homogenous surface while the Freundlich
isotherm model assumed neither homogenous
site energies nor limited levels of adsorption
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and can result from the overlapping patterns of
several Langmuir-type adsorption phenomena
occurring at different sites on complex adsrobents
(Calace et al., 2002). The results agreed with the
study carried out by previous researchers which
reported that the Freundlich model gave a better
fit than the Langmuir model on the adsorption
of 2,4,6 — trichlorophenol using oil palm EFB-
based AC (Tan et al. 2009). The study suggested
that the resulting BEFB, AC could be potentially
developed into an alternative adsorbent for
wastewater treatment.
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Figure 5. Scanning electron micrograph images of raw empty fruit bunch (EFB) fibres (a) and activated carbon (AC) prepared from
empty fruit bunch (EFB)-based biochar (BEFB, AC800) at optimum conditions (b).

The influence of MB dye concentration, C,
(ranged from 0 to 60 mg litre) on BEFB, AC was
shown in Figure 6. The adsorption capacity (q,)
increased with increasing C, from 50 mg g! to
420 mg g, 150 mg g! to 550 mg g' and 150 mg
g' to 580 mg g, for BEFB, AC600, BEFB, AC700
and BEFB, AC800, respectively. The q, of BEFB,
AC800 correlated well with its maximum Sgg;
showing evidence in adsorbing MB onto the AC
and removing it as a pollutant. However, once the
adsorption of MB reached its maximum saturated
point at equilibrium, the q, would slow down even
with further increase in C,.

To compare, the adsorption capacity of BEFB,
AC obtained in this study was larger than most
of the other low-cost adsorbents deriving from
agricultural wastes (Table 7), thus the BEFB, AC
could be efficient in pollutant (dyes/organic
matters) removal from wastewater. Its applicability
in treating the wastewater of the palm oil milling
process, i.e. POME is particularly of interest since
POME is a highly organic-based material.

TABLE 6. ISOTHERM CONSTANTS FOR METHYLENE
BLUE SORPTION ONTO ACTIVATED CARBON (AC)
FROM EMPTY FRUIT BUNCH (EFB)-BASED BIOCHAR
(BEFB,) PREPARED AT DIFFERENT ACTIVATION

TEMPERATURE
BEFB, BEFB, BEFB,
ACe600 AC700 AC800
Langmuir
K. /&y (mg g?) 277.8 3125 333.3
& (dm® mg™) 0.7837 0.1236 0.5264
R? 0.9995 0.9426 0.9658
Freundlich
Ky (mg g) 0.5116 0.5135 0.4819
1/n 0.9914 0.9941 1.0021
R? 0.9994 0.9998 0.9995

Note: BEFB, - biochar derived from EFB at optimum pyrolysis
condition.
ACxxx - AC produced at activation temperature xxx°C.

Application of AC in POME Treatment

The BEFB, AC800 was further used in the
tertiary POME treatment since it had the highest
Sger- In Figure 7, the concentrations of BOD,, COD
and SS of the treated POME dropped sharply with
increasing of AC dosage at the beginning of POME
treatment, afterwhich the reduction slowed down
before reaching a maximum reduction at 9% (w/v)
treatment dosage of AC. The reduction was 88%,
98% and 96%, respectively for a 24 hr treatment
period (Figure 7). This trend was in agreement
with the Langmuir equilibrium isotherm precisely
comfirming that the adsorption of organic pollutants
onto BEFB, AC800 had reached its saturation
capacity midway down the treatment. The BOD,,
COD and colour adsorption capabilities of BEFB,
ACB800 as compared to that of the commercial AC
were as shown in Figures 8, 9 and 10, respectively.
The results showed that the BEFB, AC800 was
comparable with the commercial grade AC in
treating POME.

CONCLUSION
The BEFB, AC produced from the pyrolysis and
physical activation process was comparable to

TABLE 7. COMPARISON OF THE MAXIMUM DYE
ADSORPTION CAPACITIES (q.) OF THE EMPTY FRUIT
BUNCH-BASED ACTIVATED CARBON (AC) AND OTHER
ACS PREPARED FROM AGRICULTURAL WASTES

Source of AC Adsorption

q. capacity, References

(mg g?)

Date stone 28.57 Sekirifa et al. (2013)
Corn cob 187.67 Song et al. (2013)
Sludge paper mil 130.69 Liet al. (2011)
High ash raw bagasse 391.00 Valix et al. (2004)
Palm kernel shell 311.72 Jumasiah et al. (2005)
Empty fruit bunch 333.33 This study
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Figure 6. Equilibrium curves for sorption of methylene blue onto BEFB, AC.
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Figure 7. The characteristics of palm oil mill effluent after treatment with empty fruit bunch-based activated
carbon (BEFB, AC800) at different dosage (batch process).
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Figure 8. Adsorption capability between empty fruit bunch-based activated carbon (BEFB, AC800) and commercial
activated carbon(AC) in BOD; of palm oil mill effluent.
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Figure 9. Adsorption capability between empty fruit bunch-based activated carbon (BEFB, AC800) and commercial
activated carbon (AC) in Chemical Oxygen Demand (COD) of palm oil mill effluent.

12 000

10 000

8 000

6 000

4 000

Colour, (Pt Co)

2000

1 2 3

4

== EFB-based AC

== Commercial AC

Pt

5 10

Dosage of activated carbon, (W/v%)

Figure 10. Adsorption capability between empty fruit bunch-based activated carbon (BEFB, AC800) and commercial
activated carbon (AC) in colour of palm oil mill effluent.

the commercial grade AC, in terms of the Sy;; and
the q,. The BEFB, AC800 having its Sy, of 937 m?
g! was found performing the highest q, for MB.
The physical activation process was successfully
optimised to develop BEFB, AC dominated with
microporous surfaces that could increase the
absorptive capability of MB. Similarly, the BEFB,
AC was found able to reduce the organic pollutants
and colored component with low dosages and
short treatment time which at 9% (w/v) and 24 hr,
respectively, of POME in its final discharge into a
waterway.
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