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a b s t r a c t
The removal of oil from domestic wastewater was achieved by implementing eggplant peels (EPP) 
powder as an efficient bio-adsorbent material. The batch adsorption process was adopted to reach 
the acceptable range that allowed in Iraqi standardizations, which should not exceed (10 mg L–1). 
The characterization of EPP was conducted with X-ray diffraction (XRD) spectroscopy, scanning 
electron microscopy (SEM), Fourier transform infrared (FT-IF) spectroscopy, and Brunauer–
Emmett–Teller (BET). Two variables were taken into consideration, including time and temperature. 
It was noticed that these two variables had an essential impact in decreasing oil concentration in 
domestic wastewater. The temperature has an excellent effect comparing with time in decreasing 
the oil concentration from domestic wastewater; as both time and temperature increased, the oil 
concentration decreased. Results manifested that the adsorption method was effective in decreas-
ing the oil concentration. Also, the results elucidated that the adsorption isotherms can be reason-
ably befitting via the Langmuir model due to the chemisorption that occurs on the surface between 
bio-adsorbent and pollutant with a determination coefficient of (0.8376). The adsorption kinetics 
of the oily west water upon the adsorbate was vigorously denoted via a pseudo-first-order kinetic 
model. The thermodynamic variables were assessed for determining free energy change (ΔG°), 
enthalpy change (ΔH°), and entropy change (ΔS°).

Keywords:  Wastewater treatment; Bio-adsorbent; Oily domestic wastewater; Eggplant peels; Adsorp-
tion process; Environmental pollution; Low cost adsorbent; Batch adsorption; Environment 
technology; Natural adsorbent

1. Introduction

The pollution of water is a highly significant problem 
which rises continuously as well as impends the living 
organism’s sustainability because of the industrialization 
development and the rise in the population [1]. The oily 
wastewater pollution is chiefly revealed in the follow-
ing features: imperiling human health; imperiling aquatic 
resources; atmospheric pollution; destructing the ordinary 

landscape; influencing crop manufacture, and influencing 
drinking water and groundwater resources [2]. Different 
modes of oily wastewater removal being evolved for lim-
iting their impact in the environment such as; comprising 
coagulation [3,4], flotation [5], coagulation-flocculation 
[6], electrocoagulation [7,8], biological treatment [9,10], 
membrane separation technology [11], and adsorption 
[12–14]. These methods being obtainable for purifying the 
water, but the bio-adsorption method has attracted interest 
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owing to its efficiency and ecologically kind nature. In the 
bio-adsorption methods, the agro-wastes may be the pro-
spective origins to produce the bio-adsorbents, which can 
be utilized to improve the wastewater quality. In addition, 
it is inexpensive, freely obtainable, and easy to utilize [15]. 
Nevertheless, the adsorption is preferred via the manufac-
turing procedures owing to its realism and the simplicity 
of design, low price, the insensitivity to poisonous sub-
stances, the efficiency of processing, and the viability at too 
low concentrations [16–18]. The utilized adsorbents for the 
remediation of water being either of an ordinary origin or 
the results of industrial manufacture and/or the method of 
activation [19]. Eggplant is a normal vegetable that grows 
wholly everywhere in the world with a worldwide produc-
tion ranked in the top six worldwide amount of (52.3) mil-
lion tons in (2016) depended on FAO (Food and Agriculture 
Organization) reports [20,21]. Some studies used eggplant 
peel as an adsorbent, such as Ibrahim et al. [22] who prac-
ticed three ways of the eggplant peel activated charcoal 
(EPPAC) manufactured from the eggplant peel charcoal 
(EPPC). The factors that were used to produce the 3 acti-
vated charcoals, such as temperature and time were uti-
lized in a new process. Gulistan et al. [23] observed that the 
efficiency of taking out the oil from the samples of created 
water (SPW) that is supplying a less-price adsorbent egg-
plant peel powder (EPP). Factors that were used to study 
the exclusion effectiveness are pH, time, and temperature. 
Yin et al. [24] measured the consequence of water presence 
over the hydrothermal performance process for the carbon 
aerogels (CAs) manufacture via utilizing the eggplant as a 
raw material.

In the present study, the most crucial aim of this work is 
that the eggplant peel powder as bio-adsorbent was manu-
factured from locally available material, that is reusable to 
reduce environmental pollution by implementing the low 
price and environmentally friendly bio-adsorbent material. 
Moreover, the adsorption mechanism and the isotherms of 
adsorption were investigated. Furthermore, real samples 
of oily wastewater have been treated using the eggplant 
peel powder beyond its characterization, and after that the 
influence of the various variables upon the treatment via 
adsorption process has been investigated, counting the con-
tact time and temperature. The studies of isotherm, kinetics, 
and thermodynamic have been conducted for estimating 
the controlling mechanisms of the adsorption process.

2. Experimental

2.1. Materials and methods

Domestic real wastewater was taken from different areas 
in Baghdad city; the capital of Iraq, such as samples 1, 2, 3, 
and 4 of the eggplant peels powder. The oil content of the four 
real samples was measured before the adsorption process.

2.2. Characterization

The eggplant peels powder crystalline structure being 
characterized via XRD apparatus type (XRD-6000, Shimadzu, 
made in Japan), and the X-ray source releases radiation 
at a 0.15405 nm wavelength. This device operates at an 

emission current of 80 mA and 60 kV. The samples com-
position was specified via SEM device type (Tescan VEGA 
3 SB, SEM). EPP chemical analysis was done using Fourier 
Transform Infrared (FT-IF) spectroscopy. The exact samples 
surface area was tested via BET instrument type (Q-surf 9600, 
made in the USA).

2.3. Adsorption experiments

The samples of wastewater were taken from differ-
ent areas in Baghdad city; the capital of Iraq, such as; sam-
ples (1), (2), (3), and (4). To determine the optimal condi-
tions for the oil adsorption process upon the powders of 
(EPP), samples of domestic wastewater being utilized are 
used. Solutions were made employing an entire volume 
of 50 mL for every solution that was being placed inside a 
200 mL beaker, where 10 g of (EPP), as shown in Fig. 1, was 
then added to each beaker. These suspensions being then 
blended mixed for 10 min. 5 ml were taken from every sus-
pension at definite intervals of time, after the end of each 
run, the sample was separated using a separator faunal (as 
depicted in Fig. 2) and was filtered for the residual oil con-
centration measurement. The oil concentration is obtained 
at a (225 nm) maximum wavelength via the UV-Vis spectro-
photometer, type (U.V-1100, made in China). The adsorbed 
quantity for 1 g of EPP in mg g–1 or the capacity of adsorp-
tion (q), being performed utilizing this expression [25,26]:

q
C C V

Me
i f=
−( )

 (1)

where qe is capacity of adsorption at the adsorbent equilib-
rium (mg g–1), Ci and Cf is initial and final concentrations 
(mg L–1), V is the volume of solution in (L), M is adsorbents 
quantity (g). In addition, the removal percentage of oil 
(%R) being regarded as applying this expression [27,28]:

%Removal =
−

×
C C
C
i e

i

100  (2)

where Ce in (mg L–1) concentration of adsorbate at the 
equilibrium.

2.4. Isotherm model of adsorption

2.4.1. Isotherm of Langmuir

Such model presumes to create monolayer adsorption 
having an equivalent adsorption heat upon a surface. The 
formula of linearization is depicted as [29,30]:

C
q

C
q b q

e

e

e= +
max max 

1  (3)

where qmax is the constant of Langmuir that associates to the 
capacity of adsorption (mg g–1) and b represents a constant 
referring to the energy of adsorption (L mg–1). Constants 
(qmax) as well as (b) can be computed by Eq. (3) via the lin-
ear plot’s slope of Ce/qe vs. Ce. Furthermore, the dimension-
less equilibrium factor (RL) reveals that the isotherm being 
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“favourable”, “irreversible”, “linear”, or “unfavourable” if 
the magnitude of RL is <one, RL = 0, RL = 1, and RL > one, cor-
respondingly. It is stated via Eq. (4) as [31,32]:

R
b CL

i

=
+

1
1  

 (4)

2.4.2. Isotherm of Freundlich

The surface energy depiction is completed utilizing the 
expression provided via [33]:

ln ln lnq k
n

Ce f e= +
1  (5)

where kf represents a constant that is associated with the 
capacity of sorbent adsorption; n represents the intensity of 
adsorption depended upon the n value, the “poor” adsorp-
tion, the “moderate” adsorption, and the “good” characteris-
tics that obtained if the n value is <one, n is 1–2, and n = 2–10, 
correspondingly [20].

2.4.3. Isotherm of Temkin

The linearized formula of the model of the isotherm of 
Temkin being stated as [34]:

ln lnq q Ke s= + DR
2  (6)

where kt is the binding constant in L g–1 at equilibrium 
corresponding to the ultimate energy of binding. B = (RT/b) 
is the constant of Temkin in J kJ–1. β is the adsorption heat 
in kJ mol–1. R is the universal gas constant which is equal 
to 8.314 J mol–1 K–1. T is the absolute temperature in K.

2.4.4. Dubinin–Radushkevich adsorption isotherm

The model is a semi-empirical equation in which adsorp-
tion follows a pore-filling mechanism. It presumes a multi-
layer character involving Van der Waal’s forces, applicable 
for physical adsorption processes, and is a fundamental 
equation that qualitatively describes the adsorption of 
gases and vapors on microporous sorbents [35]. Dubinin–
Radushkevich isotherm is expressed as follows:

ln lnq q Ke s DR= + ε2  (7)

ε = +
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where qs is the theoretical isotherm saturation capacity 
(mg g–1), e is Polanyi potential, KDR is Dubinin–Radushkevich 
constant (mol kJ)–2, and E is mean adsorption energy 
(kJ mol–1).

2.5. Kinetics of adsorption

The adsorption rate constant being obtained via this 
first-order rate equation [36]:

log log
.

q q q
K

te t e−( ) = −






1

2 303
 (10)

where qt is the dye adsorbed amount at a time t (min). K1 is 
the pseudo-first-order of the adsorption rate constant.

Expression of the pseudo-second-order equation being 
depended upon this formula:

t
q K q q

t
t e e

= +
1 1

2
2  (11)

Fig. 1. Eggplant peels powder.

Fig. 2. Separator faunal with treated sample.
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where K2 is the pseudo-second-order of the adsorption rate 
constant in (g mg–1 min–1), it can be evaluated via drawing 
t/qt vs. t.

2.5.1. Intraparticle diffusion model

The possibility of film or intraparticle diffusion was 
explored by using the Weber–Morris model [37]:

q K t It P= +0 5.  (12)

where Kp (mg g–1 min–0.5) is the constant of intraparticle 
diffusion rate and I is the constant of the intraparticle  
diffusion.

2.5.2. Boyd model

It was reported [21–24] that the Boyd equation can be 
applied to determine the rate-controlling step for an adsor-
bent and expressed as [38,39]:

F e Bt= −






−1 6
2π

 (13)

where Bt is the function of F and F is the fraction of solute 
adsorbed at different times, t. The F value can be calculated 
using:

F
q
q
t

e

=  (14)

It is hard to estimate appropriate values of Bt with 
Eq. (13); Bt can be calculated using the integrated Fourier 
transform of Eqs. (15) and (16):
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2.6. Thermodynamics of adsorption

The thermodynamic variables being assessed for 
determining the free energy change (ΔG°), the enthalpy 
change (ΔH°), and the entropy change (ΔS°) employing the 
subsequent: the change of Gibbs free energy [40]:

∆G RT KC° ln= −  (17)

The obvious adsorption equilibrium constant (KC) being 
described as [41]:

K
q
CC
e

e

=  (18)

In such a state, the activity has to be utilized in place of 
the concentration for obtaining the standard thermodynamic 
equilibrium constant (KC) of the adsorption scheme.

∆ ∆ ∆G H T S° = ° − °  (19)

lnK S
R

H
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°
−

°∆ ∆  (20)

where ΔH° and ΔS° in (J mol–1) being caused from the slope 
as well as the intercept of Van’t Hoff system of lnKC against 
(1/T) Eq. (12) [42].

3. Results and discussion

3.1. Adsorbents (EPP) characterization

EPP crystalline structure, phase structure, and structural 
character are being scrutinized via X-ray diffraction kind 
(Shimadzu-6000, made in Japan). The X-ray diffractometer 
having a range of (2θ) (10°–90°), a rate of a scan of (2°/min), 
and Cu-kα (λ is 1.541) as a radiation source being used, as 
depicted in Fig. 3. The XRD was employed for describing fur-
ther structural details on the (EPP). The resulted pattern of 
(XRD) revealed in Fig. 3 manifested that the (EPP) crystalline 
structure is more than the amorphous rations since the sharp 
and the intense (366) signals seemed at 22°, 23°, 64°, and 78°. 
Therefore, the resulted outcomes proposed the (EPP) crystal-
line nature.

The EPP morphology analysis was carried out utiliz-
ing the scanning electron microscopy device, as shown in 
Fig. 4. Closer scoping upon the EPP surface guarantees the 
homogenous shape existence and smooth surfaces having a 
diameter around (50 µm), alike outcomes were documented 
via [43].

Fig. 5 illustrates the (FTIR) spectrum of eggplant peels 
powder. To investigate the chemical functional sets which 
are responsible for the adsorption, the EPP adsorbent 
(FTIR) analysis was done. In this figure, the existence of the 
wide adsorption peak at (3,334.91 cm–1) as well as the peak 
at (1,060.84 cm–1) that being the characteristic of hydroxyl 
bonds that vibrate in the stretching and bending motions 
can validate the hydroxyl sets presence upon the adsor-
bent surface where it is overlapped to a certain level with 
the (C–H) zone. Furthermore, the concentrated absorption 
peaks existence at (1,733.03 cm–1) as well as (1,622.56 cm–1) 
that correspond to the carboxylic acids in addition to the 
carboxylate functional sets exhibits the (C=O) groups exis-
tence upon the eggplant peel surface [44]. Thus, the spec-
tra of the Fourier transform infrared evince the chemical 
functional sets’ existence; that means hydroxyl [45] as well 
as carboxyl groups [46]. The BET surface area, the volume 
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Fig. 3. XRD pattern of the eggplant peels powder bio-adsorbent.
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of the pore, and the EPP sample’s pore diameter being mea-
sured, and the summary of outcomes are given in Table 1. 
The values of oil concentration in water measured by UV 
device before adsorption at 20°C for four samples are 
shown in Fig. 6.

3.2. Experiments of batch adsorption

3.2.1. Contact time influence

Because the process of adsorption is a pollutant trans-
fer from the liquid phase to a solid phase, the time of con-
tact between these (2) phases possesses an influence upon 
the rate of mass transfer [47]. As a result, it’s significant 
to investigate its influence upon the removal efficiency via 
eggplant peels powder as a bio-adsorbent. The resulted in 

outcomes via testing the contact time influence upon the 
performance of adsorption of oil concentration in water 
depending on eggplant peels powder as a bio- adsorbent 
are presented in Fig. 7 and supplementary material 
Tables S1–S4, which show the oil concentration before 
and after adsorption for four samples. The results showed 
that the oil concentration decreased by adsorption with 
increasing time until it is reached the concentration that 
does not exceed (10 mg L–1) in real domestic wastewater.

The time of contact was obtained lengthier, the removal 
of oil also increased. That was owing to, at the start, the exis-
tence of effective sites in the EPP structure. Consequently, 
if the time of contact time is increased, then the effective 
sites upon the adsorbent are filled by the molecules of oil. 
However, by the rise of the time of contact, the sites of adsorp-
tions initiate to decrease owing to that the molecules of oil 
begin filling the site of adsorption. That’s if a second phase 
begins, the sluggish phase adsorption, where the adsorption 
still takes place but at sluggish adsorption [20,48].

Furthermore, it can be seen that the decrease in oil content 
was gradual, and over time the removal efficiency decreased 
as follows: Sample 3 > Sample 1 > Sample 2 > Sample 4, where 
the removal efficiency was equal to 75.6%,75.4%, 73.3%, 
72.7%, the oil content in four samples after adsorption were 
approximately the same and referred to a good removal.

3.2.2. Influence of temperature

To discover the temperature influence level upon the 
oil concentration adsorption in water using eggplant peels 
powder as a bio-adsorbent material, the new work tested the 
temperature influence from (20°C–100°C) by increasing it 
(20°C) each time. It can be concluded from supplementary 
material Tables S5–S8 and Fig. 8 that the oil concentration 
decreased gradually with increasing the temperature.

Fig. 5. FT-IR spectra of the eggplant peels powder bio-adsorbent.

Fig. 4. Scanning electron microscopic (SEM) images of eggplant 
peels powder bio-adsorbent.

Table 1
Structure properties of eggplant peels

Sample SBET (m2 g–1) Vp (cm3 g–1) DBJH (nm)

Eggplant peels 5.0766 0.015837 12.478
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The temperature is anticipated to be another vital 
parameter in the removal procedures of oil. To discover 
the temperature influence level upon the oil concentration 
adsorption in water using eggplant peels powder as an 
adsorbent material, the new work tested the influence of 
20°C–100°C influence by increasing it 20°C each time. It can 
be concluded from supplementary material Tables S5–S7, 
and S8 that the oil concentration decreased gradually with 
increasing the temperature. The removal efficiency decreased 
as follows: Sample 3 > Sample 1 > Sample 2 > Sample 4, where 
the removal efficiency was equal to 86.7%, 79.7%, 79.1%, and 
77.0%. The removal performance of oil begins to somewhat 
increase with more rise in the temperature. The viscosity of 
the oil is recognized to change in a reverse way with the tem-
perature. As oil becomes thinner owing to the temperature 
rise, then, the molecules of oil begin diffusing into the pores 
inside the surface of EPP. The coefficient of mass transfer 
and the rate of diffusion begins to rise with a reduction in 
the viscosity [49,50]. This reduction in the viscosity would 
rise the oil molecules’ free energy into samples; thus, these 
molecules have an increment in their arbitrary motion. The 
interaction between molecules of oil and surface sites of EPP 
gets further likely, resulting in the higher removal perfor-
mance of the oil. The removal phenomenon of oil is enabled 
in an optimal range of temperature, whereas over a tempera-
ture of 100°C, the exothermic procedure is the governing 
variable for the adsorption.

3.3. Adsorption isotherms

They are significant for describing the way the adsor-
bates will interact with an adsorbent as well as being 
crucial in the optimization of the adsorbent usage [51]. 
The data of equilibrium adsorption were fitted into the 
isotherms of Langmuir, Freundlich, Temkin, and Dubinin–
Radushkevich. For every isotherm, the equilibrium capac-
ities, the rate constants, and the associated coefficients of 

correlation being elucidated in Fig. 9a–d. Being introduced 
in Table 2, the Langmuir isotherm gave the biggest coef-
ficient of regression (R2 = 0.837). This type of adsorption 
is considered to be a monolayer with equal distribution 
of heat to the surface [52]. The isotherms of Langmuir 
mean that there’s no sturdy rivalry between the adsorbate 
and the solvent for occupying the adsorbent sites. Within 
such a state, the adsorbed molecules’ longitudinal axes 
being parallel to the surface of the adsorbent [51]. The 
maximum adsorption capacity value, determined from 
the Langmuir model, is equal to 0.197 mg g–1. The expo-
nent (n) value offers a sign of the favorability of adsorp-
tion [53]. The studied material eggplant peels powder has 
moderate adsorption for oil, where n is equal to 1.567.
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Table 2
The isotherm models’ parameters

Langmuir Freundlich Temkin Dubinin–Radushkevich

qmax  
(mg g–1)

RL R2 kf (mg g–1) n R2 β  
(kJ mol–1)

kt (L g–1) R2 KDR  
(mol kJ)–2

E  
(kJ mol–1)

qs  
(mg g–1)

R2

0.197 0.284 0.837 0.025 1.567 0.828 0.0451 0.991 0.824 1.659 1.821 0.1 0.828
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3.4. Adsorption kinetics models

Table 3, as well as Fig. 10a–d, denote the kinetic vari-
ables of the 3 suggested kinetic models. The correlation 
coefficient 0.925 of the 1st-order kinetic model being 
relatively greater than that obtained 0.717 from the sec-
ond-order kinetic model, so the oil adsorption on EPP was 
suitable for a first-order reaction. The driving force for 
pseudo-first-order is stated as the discrepancy between 
the loading at a time and the last equilibrium loading 
(which is fixed for a specified first concentration and an 
adsorbent dose) [54]. The adsorption was suggested to 
be a diffusion process involving microspores [55].

3.5. Adsorption mechanism

Four main mechanisms describe the transfer of a solute 
from a solution to the adsorbent. The first is called mass 
transfer (bulk movement) of solute particles as soon as the 
adsorbent is dropped into the solution. This process is too 
fast, thus it is not considered during the design of kinetic 
systems. The second mechanism is called film diffusion; it 

involves the slow movement of solutes from the boundary 
layer to the adsorbent’s surface. When the solute reaches the 
surface of the adsorbent, they move to the pores of the adsor-
bent—third mechanism. The final mechanism involves rapid 
adsorptive attachment of the solute on the active sites of the 
pores; being a rapid process, it is not considered during the 
engineering design of kinetics. If the system is characterized 
by poor mixing, small solute size, and low concentration, 
film diffusion becomes the rate-controlling step; otherwise, 
intraparticle diffusion (IP) controls the process. When the 
solute concentration is low, PSO explains the adsorption 
mechanism more than any other kinetic model; however, 
at high initial concentration, the PFO model is favored. 
This is because at low C0 the value of ln(qe − qt) increases 
exponentially increasing the error function—which is 
the reverse for high C0 [56,57].

3.6. Adsorption thermodynamics parameters

The experimental outcomes of thermodynamic variables 
are listed in Table 4. The (ΔH°) positive magnitude guar-
antees that adsorption is an endothermic reaction. Thus, 
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the physical sorption being characterized via a small varia-
tion in enthalpy, distinctively from –10 to –40 kJ mol–1 (the 
sorption heats are within a 10–40 kJ mol–1 range), while the 
chemisorption heat being hardly <80 kJ mol–1 and frequently 
surpasses 400 kJ mol–1. The ΔG° should continuously be pos-
itive for a technique has to be thermodynamically satisfac-
tory [58]. The ΔG° negative magnitudes being the indications 
of the non-spontaneous nature of the sorption regime. The 

ΔS° positive magnitude confirms the arbitrariness rising 
at the adsorbate-solution interface through the process of 
adsorption.

4. Conclusions

The present research tested the adsorption of the oily 
domestic actual wastewater on the eggplant peels powder 

Table 3
Kinetic models

Pseudo-first-order Pseudo-second-order Intraparticle diffusion Boyd model

qe (mg g–1) K1 (min–1) R2 qe (mg g–1) K2 (g mg–1 min–1) R2 I Kp (mg g–1 min–0.5) R2 R2

0.060 0.0003 0.925 0.104 0.259 0.717 0.0036 0.009 0.839 0.899
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as an effective bio-adsorbent. Adsorption of the oily domes-
tic real wastewater was obtained to be reliant upon the time 
of contact and the temperature. The isotherms of Langmuir, 
Freundlich, Temkin, and Dubinin–Radushkevich could 
wholly be employed for modeling the isothermal adsorp-
tion process in this investigation. The isotherm of Langmuir 
being the best fit adsorption isotherm compared to the iso-
therms of Freundlich as well as the Temkin and Dubinin–
Radushkevich. Two kinetic models are being employed to 
model the adsorption mechanism of the oily domestic real 
wastewater on EPP. It was obtained that the adsorption 
kinetics fitted the pseudo-first-order kinetic better than other 
kinetic models as observed from the greater coefficient of cor-
relation. The removal percentage rose by increasing the time 
of contact and the temperature, where the oil concentration 
was reduced gradually by rising the time for the real four 
samples. Furthermore, the concentration of oil after adsorp-
tion for four real samples was decreased gradually with 
increasing the temperature. It was concluded that the egg-
plant peels powder, a by-product from agricultural waste, 
can be efficiently employed as an efficient bio-adsorbent for 
eliminating the oily domestic actual wastewater.
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Supplementary information

Table S1
Oil concentration before and after adsorption for sample 1

Run Time (min) Oil con. (mg L–1)

Before adsorption

1 0 20.333

After adsorption

1 0 17.032
2 10 14.176
3 20 13.05
4 30 12.522
5 40 10.616
6 50 9.03
7 60 5.0

Table S2
Oil concentration before and after adsorption for sample 2

Run Time (min) Oil con. (mg L–1)
Before adsorption

1 0 18.362

After adsorption

1 0 16.143
2 10 13.287
3 20 11.070
4 30 10.562
5 40 9.945
6 50 7.02
7 60 4.90

Table S3
Oil concentration before and after adsorption for sample 3

Run Time (min) Oil con. (mg L–1)

Before adsorption

1 0 16.425

After adsorption

1 0 14.362
2 10 12.525
3 20 10.105
4 30 9.243
5 40 7.287
6 50 6.012
7 60 4.0

Table S4
Oil concentration before and after adsorption for sample 4

Run Time (min) Oil con. (mg L–1)

Before adsorption

1 0 22.021

After adsorption

1 0 19.124
2 10 17.096
3 20 15.587
4 30 12.132
5 40 10.922
6 50 8.653
7 60 6.01

Table S5
Oil concentration before and after adsorption for sample 1

Run Temp. (°C) Oil con. (mg L–1)

Before adsorption

1 20 20.333

After adsorption

1 20 17.001
2 40 13.045
3 60 10.525
4 80 7.342
5 100 4.124

Table S6
Oil concentration before and after adsorption for sample 2

Run Temp. (°C) Oil con. (mg L–1)

Before adsorption

1 20 18.362

After adsorption

1 20 15.225
2 40 12.007
3 60 9.876
4 80 6.924
5 100 3.825
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Table S7
Oil concentration before and after adsorption for sample 3

Run Temp. (°C) Oil con. (mg L–1)

Before adsorption

1 20 16.425

After adsorption

1 20 14.009
2 40 11.647
3 60 8.586
4 80 5.103
5 100 2.181

Table S8
Oil concentration before and after adsorption for sample 4

Run Temp. (°C) Oil con. (mg L–1)

Before adsorption

1 20 22.021

After adsorption

1 20 18.522
2 40 14.135
3 60 11.001
4 80 8.521
5 100 5.05


