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ABSTRACT

Oily sludge was first dewatered using Fenton’s reagent and sawdust, and was then made
into adsorbents. These lab-made adsorbents were applied to adsorb the reactive brilliant red
X-3B dye in liquid phase. The adsorbent was activated at 800˚C for 45 min in an inert atmo-
sphere after activation for 24 h by ZnCl2 at 40 wt%. Results show that the adsorbent has a
maximum apparent surface area of 183 m2 g−1 and total volume of 0.19 cm3 g−1. The results
of the kinetic and isothermal studies show that the adsorbent fits the pseudo-second order
and Langmuir models, respectively. Moreover, the adsorption is confirmed to be an
endothermal process. The adsorbent achieved a maximum equilibrium adsorption capacity
of 67.72 mg g−1 at 30˚C with an equilibrium time of 8 h. A total of 8 metals, including heavy
metals, were found in the raw material, and most of them, except for Fe, can hardly be dis-
solved into the liquid after adsorption. Although the adsorption capacity is lower than that
of common commercial-activated carbon, the lab-made adsorbent has the advantages of low
cost and low adsorption equilibrium time.
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1. Introduction

Activated carbon (AC) is a type of adsorbent pro-
duced from a variety of carbonaceous source materi-
als. Given its porous structure and high surface area,
it is widely used to remove organic compounds and
other pollutants such as heavy metal ions in water

and air. Some ACs can also be used as catalysts or cat-
alyst support in some catalytic processes [1].

The first ACs were mostly made from biomass
materials, such as maize cobs, rice husks, and sun-
flower seed hulls [2]. Some experts have devoted
themselves to researching materials that can be made
into ACs, such as dewatered sewage sludge [3,4] and
the sludge of drinking water treatment plants [5]. The
adsorption effect of ACs made from above-mentioned
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materials is usually combined with other carbonaceous
sources, which are favorable for their low cost.

Very few studies thus far have focused on
transforming oily sludge into adsorbent materials to
utilize this byproduct generated from petroleum and
other related industries.

The world oil refinery industries can produce more
than 60 million tons of oily sludge, and approximately
1 billion tons of this hazardous waste was accumu-
lated worldwide in 2012 [6].

Oily sludge usually contains 5–86.2 wt% of total
petroleum hydrocarbon (TPH) by mass, more fre-
quently in the range of 15–50 wt%, and can have a
moisture content of more than 80 wt%, even reaches
to 95 wt%, whereas the solid content only has a mois-
ture content of 5–46 wt% [7].

Oily sludge can cause enormous harm to the envi-
ronment and human health [7,8]. Numerous organic
compounds, such as polycyclic aromatic hydrocarbons
and polychlorinated dibenzodioxins, are present in oily
sludge, especially in dewatered oily sludge [7,9–11].

Given its remarkable TPH content, oily sludge can
be used for recycling energy and other applications.
Many experts have noted the potential use of oily
sludge and have exerted great research efforts in
recent years. Pinheiro and Holanda [12] in Brazil
made floor tiles by mixing 5 wt% with kaolin and
found that the new product achieved the technical
characteristics of porcelain floor tiles. Xu et al. [13]
added oily sludge to coal–water slurry to improve its
rheological property and obtained desirable coal-oily-
sludge slurry, which can be used for syngas produc-
tion. However, the multipurpose utility of oily sludge
is still in the early stages, given the attention of most
researchers to the dewatering of such waste [7,8,14].
Oily sludge has huge potential in resource recovery
and comprehensive utilization.

At present, the wastewater discharged from the
dyeing and printing industry, which contains plenty
of dyes, has caused tremendous environmental and
ecological problems, especially the azo dyes, such as
reactive brilliant red X-3B dye (X-3B) [15]. Although
several experts have made great efforts to promote the
biodegradation of such dye [16–19], X-3B is a stable
dye that is not easily to be degraded. Thus, adsorption
of this dye may be an effective way of treating the
effluent produced by the dyeing and printing indus-
try. Some researchers have investigated the capacity of
many kinds of adsorbents on adsorbing X-3B. Zhang
et al. [15] used three types of layered double hydrox-
ides to study the adsorption process of X-3B. Wu et al.
[20] introduced organic and carbon aerogels for the
adsorption of X-3B. However, oily sludge has not been
considered in removing X-3B. In our experiment, the

adsorbent made from oily sludge and sawdust
performs very well in adsorbing the azo dye.

The aim of this study is to reuse the oily sludge
dewatered by a combination of Fenton’s reagent and
sawdust in our previous study [21]. The adsorbent
made from dewatered oily sludge is also used to
remove organic pollutants in wastewater to harness
environmental and economic benefits.

2. Experimental

2.1. Materials and reagents

Oily sludge was obtained from the Sixth Oil
Exploiting Plant of Zhongyuan Oil Field located in
Dongming County, Shandong Province, China, and it
was stored in a refrigerator at 4˚C for less than
2 weeks to maintain the stability of its properties. The
characteristics of the raw oily sludge are listed in
Table 1. The pine sawdust was collected from Huang-
tai Furniture Market northeast of Jinan, Shandong Pro-
vince, China. The sawdust was first milled into fine
particles with grain sizes of no more than 0.267 mm,
and then dried in an oven at 80˚C for 4 h before use.

The raw oily sludge was first treated with Fenton’s
reagent and then mixed with the sawdust. The mix-
ture was then filtered by a vacuum pump for dewater-
ing, following a previously described procedure [21].
The filter cake was then dried in an oven at 105˚C and
then ground into powder before use, with the propor-
tion of oily sludge and sawdust equal to 2:1 in dry
mass. The X-3B was purchased from Eighth Dyestuffs
Co., Ltd, Shanghai, China, and was used with no fur-
ther purification. The chemical structure of X-3B is
shown in Fig. 1 [22]. The zinc chloride (analytical
grade) used as activator was obtained from Tianjin
Guangcheng Chemical Reagent Co., Ltd, China and
was used with no further purification.

2.2. Preparation of adsorbents

First, the dewatered oily sludge mixed with saw-
dust [21] was dried in a drying oven and milled into
fine powder. A certain amount of powder was then

Table 1
The characteristics of the raw oily sludge

Parameters Unit Value

pH – 7.40
Solids content % 6.56
Moisture content % 88.11
Oily content % 5.33
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thoroughly immersed in some zinc chloride solution
for 24 h. The mass of zinc chloride was set to be 40%
of the powder mixture.

Second, the immersed mixture was placed in a
muffle furnace (Nabertherm, Germany) and heated to
700 or 800˚C for 45 min at a rate of 10˚C min−1. The
furnace was then cooled to ambient temperature. The
N2 flow was set to 5 cm3 s−1 to create an inert
atmosphere during the whole process. The products
were milled into fine powder with grain sizes of no
more than 0.178 mm and were washed in deionized
water. When the rinse water was neutral, the adsor-
bents was dried at 105˚C for 24 h and stored under
dry conditions for future use.

In the following experiment, we named the adsor-
bents carbonized in 700 and 800˚C were labeled for
No. 1 and No. 2, respectively, for convenience.

2.3. Characterization of adsorbents

The surface properties of the lab-made adsorbents
were characterized using automated surface area and
pore size (JW-BK122W, China) under N2 adsorption/
desorption isotherms at 133 Pa and 77 K. The
Brunauer–Emmett–Teller (BET) surface area (SBET)
was determined by the BET equation, and the pore
size distribution was determined by the density func-
tional theory method. The total volumes (Vtot) and the
mean pore sizes (Dp) were calculated using the Bar-
rett-Joyner-Halenda method. The microspore area
(Smic) and microspore volume (Vmic) were determined
using the t-plot method. The external volume (Vext)
was estimated by deducting Vmic from Vtot and the
external area (Sext) was evaluated by deducting Smic

from Stot [23]. Scanning electron microscopy (SEM,
Hitachi S-520, Japan) was used to detect the surface
morphologies of the selected adsorbents. The surface
functional groups of the selected adsorbents were
detected using a Fourier transform infrared spectrom-
eter (FTIR) (Fourier-380FTIR, USA), with wavenum-

bers ranging from 4,000 to 400 cm−1 and at a
resolution of 2 cm−1. To obtain thermogravimetric
analysis (TGA) and differential scanning calorimetry
(DSC) curves, SDT-Q600 (USA) equipment was used.
The sample consisted of compounds of dewatered oily
sludge, sawdust, and ZnCl2. It was heated at a rate of
10˚C min−1 between 40 and 800˚C under N2 atmo-
sphere. Inductively coupled plasma was introduced to
detect the related heavy metals and other elements
contained in the raw material and liquid obtained
after adsorption.

2.4. Adsorption experiments

A certain amount of lab-made adsorbents and a
certain volume of X-3B solution were placed into coni-
cal flasks with cover. These flasks were then shaken in
a shaking operating at 150 rpm for a pre-defined time.
The concentrations of X-3B after adsorption and filtra-
tion were evaluated using a V-5100 spectrophotomer
(METASH, China) at a wavelength of 538 nm which
corresponds to the maximum of absorbance [20]. The
final concentration of the solution was then deter-
mined from the calibration curve.

The dye adsorption capacity at equilibrium, qe
(mg g−1), can be calculated using the following
equation [3]:

qe ¼ C0 � Ceð ÞV
m

(1)

where C0 (mg L−1) is the initial X-3B concentration in
liquid phase, Ce (mg L−1) is the X-3B concentration in
liquid phase at equilibrium, V (L) is the total volume
of X-3B solution and m (g) is the mass of the adsor-
bent.

Two sequential types of assays were performed
according to the following conditions.

2.4.1. Kinetic assays

The kinetic studies were conducted using 0.05 g of
adsorbent for 50 cm3 of X-3B solution, with several
samples collected between 0 min and 24 h.

2.4.2. Isothermal assays

The isothermal studies were conducted by keeping
the adsorbent dose (0.05 g) constant and by varying
the X-3B concentrations (from 50 to 110 mg L−1 with a
10 mg L−1 disparity every sample solution). After stir-
ring, until the adsorption equilibrium was reached

Fig. 1. The chemical structure of X-3B dye [22].
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(i.e. the time obtained through kinetic assays), the
concentration of X-3B remaining in solution (Ce) was
determined, and the uptake (qe) was calculated using
Eq. (1).

The kinetic assays were conducted at 20˚C, and the
isothermal assays were conducted at 10, 20, and 30˚C.

3. Results and discussion

3.1. Characteristics of selected adsorbents

3.1.1. Textural structure

The textural parameters of adsorbents No. 1 and
No. 2 are shown in Table 2. The N2 adsorption/des-
orption isotherms and pore size distributions are
shown in Figs. 2 and 3. As Table 2 and Figs. 2 and 3
show, the activated temperature increases, and all the
textural parameters except for Dp also increase. For
example, as the activated temperature was increased
from 700 to 800˚C, the Smic increases from 132.21 to
143.66 m2 g−1, although the proportion decreases from
96.1 to 78.3%. The Vmic also exhibits the same trend as
the Smic, whereas the Sext and Vext of adsorbents No. 1
and No. 2 exhibit the opposite trend. As the tempera-
ture increases, the Dp tend to be smaller which may
lead to a larger surface area. A higher temperature is
therefore beneficial to the surface area and volume
development, especially the Sext and Vext.

3.1.2. SEM analysis

The SEM micrographs (10,000×) of the two kinds
of adsorbents are shown in Figs. 4a and 4b. Adsorbent
No. 2 which was activated at 800˚C has better devel-
oped pore structures than that activated at 700˚C.
Moreover, the pores on the surface of No. 1 are more
asymmetrical than those of No. 2. Thus, we can con-
clude that a higher temperature favors pore develop-
ment.

3.1.3. FTIR analysis

The FTIR analysis (Fig. 5) shows the characteristic
bands of adsorbents No. 1 and No. 2. These two kinds

of adsorbents present similar peaks. The peak at
approximately 976 cm−1 corresponds to sulfate salts,
whereas the band at approximately 908 cm−1 is attrib-
uted to clathrate which may consist of copper and sul-
fate, whose carbonate stretching is at the peak of
867 cm−1. The last band at 575 cm−1 is attributed to
manganese oxide or chromic oxide, given that these
elements exist in raw oily sludge. A large proportion

Table 2
Porous structure parameters of the two kinds of lab-made adsorbent

No.
SBET
(m2 g−1)

Smic

(m2 g−1) %
Sext
(m2 g−1) %

Vtot

(cm3 g−1)
Vmic

(cm3 g−1) %
Vext

(cm3 g−1) %
Dp

(nm)

1 137.58 132.21 96.1 5.37 3.9 0.157 0.065 41.4 0.092 58.6 4.58
2 183.55 143.66 78.3 39.89 21.7 0.19 0.07 36.8 0.12 63.2 4.19
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Fig. 2. The adsorption–desorption isotherms of N2 at 77 K
for adsorbent No. 1 and No. 2.
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of organic compounds evidently decompose after
being carbonized at high temperatures and inert atmo-
sphere, leaving only mineral salt, elemental carbon,
and ash.

3.1.4. TGA analysis

The thermal analysis of the raw material is shown
in Fig. 6. The TGA plot indicates three mass loss
stages in the whole process. The first stage occurred
from 21.10 to 162.37˚C with a mass loss of 6.979%,
which may be due to the evaporation of moisture. The
following stage ranges from 162.37 to 354.09˚C with a
mass loss of 23.96%, which indicates the decomposi-
tion of certain organics. The last stage, as can be seen
in Fig. 6, involves the pyrolysis of the remaining
organics and carbonate salts, these compounds occupy
21.02% of the total mass. The TGA result indicates that
the suitable activated temperature of the dewatered
oily sludge is approximately 800˚C, which is in accor-
dance with the conclusion.

3.2. Kinetics study

The kinetics is important, because it can facilitate
understanding of the adsorption dynamics in terms of
the order of the rate constant [24,25]. The three com-
monly used models—the pseudo-first order, pseudo-
second order, and intra-particle diffusion models—are
applied to fit the experimental data. The pseudo-first
order, pseudo-second order, and intra-particle diffu-
sion equations are as follows [3,23]:

lnðqe � qtÞ ¼ ln qe � k1t (2)

Fig. 4a. SEM micrographs of lab-made adsorbents No. 1.

Fig. 4b. SEM micrographs of lab-made adsorbents No. 2.
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t

qt
¼ 1

k2q2e
þ t

qe
(3)

qt ¼ kpt
0:5 þ C (4)

where qe (mg g−1) and qt (mg g−1) are the amounts of
X-3B adsorbed at equilibrium and at any time t,

respectively; k1 (min−1) is the pseudo-first-order rate
constant; k2 (g mg−1 min−1) is the rate constant of the
pseudo-second-order, and kp (mg g−1 min−0.5) is the
adsorption rate constant of the intra-particle diffusion.

When we fit the adsorption kinetics data obtained
in the initial concentration of 80 mg L−1 of X-3B are fit-
ted with the three above-motioned kinetics models,
the linear fitting curve and fitting equation can be

Fig. 6. DSC–TGA analysis graph of raw material.
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obtained. The equation parameters can also be calcu-
lated through Eqs. (2)–(4). The results are shown in
Figs. 7a–7c and Table 3.

Figs. 7a–7c and Table 3 show that the pseudo-
second order model can fit the experimental data bet-
ter because the correlation coefficients values (R2) of
adsorbents No. 1 (0.9997) and No. 2 (0.9991) are
greater than those of other models.

The pseudo-second order model assumes that the
adsorption is a pseudo chemical process and considers
the adsorption mechanism as the limiting factor,
rather than the resistance of mass transfer inside

granules [3]. Our experimental result is in agreement
with some previous studies that focus on activated
sludge [26,27], which indicates that the adsorption of
X-3B into adsorbents made from oily sludge and saw-
dust refers to the adsorption process of external liquid
film diffusion, surface adsorption, and so on. In addi-
tion, the maximum adsorption capacity obtained in
the experiment is close to that calculated by the
model, further verifying the above conclusion.

3.3. Adsorption isotherms

In this study, two main isotherm models—Lang-
muir and Freundlich models—were used to describe
the characteristics of adsorption at equilibrium.

The Langmuir isothermal model assumes that
adsorption is a chemical process and that one adsorp-
tion site can adsorb only one molecule adsorbate. This
model is mainly used to describe single molecular
layer adsorption [28]. The Langmuir model is
expressed as follows:

Ce

qe
¼ 1

bQm
þ Ce

Qm
(5)

where Ce is the equilibrium concentration (mg L−1), b
is the Langmuir constant (L mg−1), and Qm is the satu-
rated absorption capacity (mg g−1).

Unlike the Langmuir isothermal equation, the
Freundlich isothermal adsorption equation is only an
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Fig. 7c. Intra-particle diffusion fitting curve of X-3B on
adsorbents No. 1 and No. 2 (initial concentration of X-3B is
80 mg L−1, the operation temperature is 20˚C, and the
assay duration is 24 h).

Table 3
Parameters of kinetic models for the adsorption of X-3B onto adsorbents No. 1 and No. 2 at an initial concentration of
80 mg L−1

Kinetic models Parameters

Initial X-3B concentration: 80 mg L−1

Adsorbent No. 1 Adsorbent No. 2

Pseudo-first-order qe,exp (mg g−1) 57.21 60.58
qe,cal (mg g−1) 19.47 22.79
k1 (min−1) 0.0117 0.0093
R2 0.8775 0.8799

Pseudo-second-order qe,exp (mg g−1) 57.21 60.58
qe,cal (mg g−1) 57.47 60.61
k2 (g mg−1 min−1) 0.0033 0.0024
R2 0.9997 0.9991

Intra-particle diffusion qe,exp (mg g−1) 57.21 60.58
qe,cal (mg g−1) 60.67 62.56
kp (g mg−1 min−1) 1.3374 1.4389
R2 0.7248 0.7816

Notes: qe,exp and qe,cal represent the adsorption capacity obtained in experiment and calculated by model, respectively.
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empirical formula that describes equilibrium on
heterogeneous surfaces; as a result, it does not assume
monolayer capacity [29]. The model can be expressed
as follows:

ln qe ¼ 1

n
ln Ce þ ln KF (6)

where KF is the Freundlich constant, and 1/n is the
index of concentration. KF and 1/n are indicators of
the adsorption capacity and adsorption intensity,
respectively. 1/n values between 0.1 and 0.5 represent
good adsorption potential of the adsorbent.

The adsorption of X-3B was measured at 10, 20,
and 30˚C. The experimental data were fitted using
Eqs. (5) and (6). The fitting equations are shown in
Figs. 8a–8d. The parameters of fitting isothermal equa-
tions are shown in Table 4.

Seen from Figs. 8a–8d, and Table 4 shows that the
Langmuir model apparently fits the adsorption better
than the Freundlich model, given the correlation coef-
ficient values (R2) of the former model are greater than
those of the latter at the same temperature. In other
words, the adsorption of X-3B can be categorized as
monolayer adsorption.

Meanwhile, the Langmuir equation parameter Qm

changes with a change in temperature in both adsor-
bents No. 1 and No. 2, indicating that the adsorption
of X-3B is an endothermal process, which is in accor-
dance with previous studies [30].

X-3B is a reactive dye, and its activity can be influ-
enced by temperature. Therefore, a moderately higher
temperature favors the adsorption of X-3B.
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Finally, the values of 1/n in the Freundlich model
are all between 0.1 and 0.5, indicating that it is easier
to absorb X-3B from wastewater [3].

3.4. Heavy metal content of oily sludge and adsorbents

Various metals, especially heavy metals, such as
Zn, Pb, Cr, Cu, Ni, and Fe, are present in oily sludge
[31–33]. Moreover, the presence of Cd and Mn in the
raw material is noted. The contents of the above-men-
tioned eight metals in the raw material are shown in
Table 5.

Special attention has been given to the metals pre-
sent in the adsorbents during the entire experiment.
Two liquid samples and six other liquid samples
(5 mL for each sample) were obtained after kinetic

and isothermal studies, respectively. The samples from
the isothermal study were randomly obtained from
each temperature and each adsorbent. The organics of
these samples were degraded using nitric acid, and
the metals in the processed samples were then
detected. The results are shown in Table 6.

Table 6 shows that the leaks of the seven other
metals from the adsorbent to the liquid are all less evi-
dent, whereas Fe is present in high concentrations in
all the samples. The FTIR analysis shows that the lab-
made adsorbents contain certain amounts of metallic
oxide generated at high temperatures and therefore
hardly dissolves in the X-3B solution. Iron is more
active than other metals, given that its oxides and salts
can dissolve in the acidic X-3B solution; hence, iron
ions are present in the solution after adsorption at
high concentrations.

3.5. Comparing with commercial AC

According to Dolas et al. [1] and Sayğılı et al. [34],
wooden AC can have a BET surface area ranging from
314 to 3,822 m2 g−1, with a pore volume ranging from
0.03 to 4.59 cm3 g−1. In our comparison experiment, the

Table 4
Isotherm parameters for X-3B adsorption onto adsorbents No. 1 and No. 2

Isothermal models Parameters

No. 1 No. 2

10˚C 20˚C 30˚C 10˚C 20˚C 30˚C

Langmuir Qm (mg g−1) 58.82 62.11 62.89 60.98 67.57 68.97
b (L mg−1) 0.75 0.94 1.31 1.06 1.26 1.19
R2 0.9934 0.9967 0.9966 0.9939 0.9971 0.9957

Freundlich 1/n 0.0878 0.1075 0.0929 0.0649 0.081 0.1097
KF (mg g−1 (L mg−1)1/n) 41.56 41.21 43.87 46.67 48.22 44.92
R2 0.8893 0.9438 0.9468 0.9397 0.9739 0.9502

Table 5
Contents (mg kg−1) of Zn, Pb, Cr, Cd, Cu, Ni, Mn, and Fe
in raw materials

Element Zn Pb Cr Cd Cu Ni Mn Fe

Content 3,460 330 140 12 45 97 118 66,200

Table 6
Contents (mg kg−1) of Zn, Pb, Cr, Cd, Cu, Ni, Mn, and Fe in liquid samples taken after kinetic and isothermal studies,
respectively

Element Zn Pb Cr Cd Cu Ni Mn Fe

Kinetic No. 1 20˚C 1.97 0.10 0.28 – 0.12 0.09 0.03 69.12
Kinetic No. 2 20˚C 1.92 0.08 0.25 – 0.13 0.07 0.04 67.35
Isothermal No. 1 10˚C 4.10 0.18 0.15 – 0.34 0.08 0.05 13.18

20˚C 4.71 0.12 0.24 – 0.85 0.09 0.07 43.42
Isothermal No. 2 30˚C 2.28 0.18 0.17 0.11 0.17 0.08 0.04 14.41

10˚C 2.38 0.17 0.18 0.12 0.74 0.10 0.05 21.48
20˚C 3.86 0.19 0.28 0.04 0.21 0.11 0.03 67.28
30˚C 2.54 0.16 0.21 0.05 0.19 0.07 0.08 48.35

Note: “–” represents the content of the element cannot be detected.
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BET surface area and pore volume of the common com-
mercial ACs are 660 m2 g−1 and 0.09 cm3 g−1, respec-
tively, with an adsorption equilibrium time of more
than 17 h and an adsorption capacity of 144 mg g−1. By
contrast, the BET surface area and pore volume of the
lab-made adsorbent are 183 m2 g−1 and 0.19 cm3 g−1,
respectively, with an adsorption equilibrium time of 8 h
and an adsorption capacity of 61 mg g−1. Moreover, the
lab-made adsorbent and commercial AC have nearly
the same adsorption capacity in the first 8 h. Consider-
ing the gap of the BET surface area, pore volume, and
cost between the lab-made adsorbent and commercial
AC, the adsorption results of oily sludge-made adsor-
bent are acceptable, although improvement is needed in
future studies.

4. Conclusion

Adsorbents were produced from oily sludge
dewatered using Fenton’s reagent and sawdust. The
adsorbents that were carbonized at 800˚C for 45 min
with the ZnCl2 dosage of 40 wt% performed better
than those carbonized at the temperature of 700˚C in
adsorbing X-3B, and the former adsorbent has a sur-
face area of 183 m2 g−1 and a total volume of
0.19 cm3 g−1.

The kinetic study indicates that the adsorption of
X-3B on the adsorbent closely fits the pseudo-second
order model. The isothermal study shows that the
adsorption of X-3B is in accordance with the Langmuir
model and can therefore be categorized as monolayer
adsorption. The isothermal study also shows that the
adsorption of X-3B is an endothermal process, given
that the Qm increases with an increase in temperature.
The adsorbent which is carbonized at 800˚C can have
a maximum adsorption capacity of 61 mg g−1 at 30˚C
with an equilibrium time of 8 h.

A total of eight metals, including some heavy met-
als are detected in both the raw material and liquid
gained after adsorption. The final result indicates that
the leaking of heavy metals into the liquid is not evi-
dent, whereas Fe is more easily dissolves in the liquid.

Although the lab-made adsorbent has a weaker
adsorption capacity than common commercial AC, its
lower cost and adsorption equilibrium time can be an
advantage. Furthermore, the production of adsorbent
from dewatered oily sludge needs improvement to
generate material with better properties.
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