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Background. +is paper investigated the effectiveness of lime treatment and subsequent acid precipitation (using H2SO4) as a
pretreatment of partially stabilised leachate. +is study obtained high removal efficiencies (>70%) from the lime and acid
pretreated partially stabilised leachate. +e treatment of this wastewater with 10 g/L dosage of optimum lime (pH 12) at 25°C had
led to the 41% COD elimination in the initial stages of pretreatment. Subsequent pH adjustment using 1N sulfuric acid and
granular-activated carbon adsorption in general revealed more than 92% removal of the 4 g/L of carbon dosage. +erefore, the
results revealed that the adsorption of COD on the GAC stemmed from the kinetics rate of the pseudo-second-order.

1. Introduction

Landfill leachate is multifaceted wastewater, which consists
of a large amount of biodegradable and nonbiodegradable
matter [1]. +e landfill that is built without appropriate line
and collection systems leads to groundwater pollution which
has an adverse impact on the environment. Today, the
landfill process for leachate management is often a collective
technique.+erefore, the efficiency of a leachate treatment is
dependent on its characteristics. +e coagulation and ad-
sorption processes are possibly viable for a partially stabi-
lised leachate. +e removal of COD revealed the highest
(50–56%) record of achievement with the partially stabilised
leachate whereas 10–25% of achievement was with the young
leachates [2].

+e inclusion of lime had eliminated organic matter with
high molecular mass greater than 50,000. +is fraction is
relatively present in low concentrations of leachate from
young fills and almost absent from old fills. Since the organic
proportion of the 50,000 molecular weight had increased in
the young fills and decreased in the older fills [3], lime
treatment was a highly efficient procedure to treat the
leachate from the partially stabilised leachate fills. Moreover,

acid precipitation had efficaciously eliminated the COD
from the laundry wastewater and paper mill wastewater
[4, 5]. Additionally, either CO2 or mineral acids were in-
troduced to reduce the pH. COD removal by adsorption via
GAC offers a mature, simple, and cost-effective process with
regard to the process of advanced oxidation. Although
previous works of literature did not investigate the com-
bined effect of lime and subsequent acid pretreated partially
stabilised landfill leachate by using granular-activated car-
bon adsorption for COD removal, several researchers had
studied the adsorptive elimination of medium-age landfill
leachate via granular-activated carbon [6–8].

+e research found that the effort to treat partially
stabilised (BOD/COD: 0.1–0.5) landfill leachate solely via
granular-activated carbon is expensive from an economic
perspective [2]. Nonetheless, the present study examined the
optimum use of activated carbon based on the expected
preadsorption separation of humic and fulvic acid via lime
treatment and how the adsorption onto the granular-acti-
vated carbon was enhanced by the addition of acid. +is
study examined the removal of COD via lime, the subse-
quent addition of sulfuric acid, and finally the use of GAC as
an adsorbent.+e addition of lime and sulfuric acid was used

Hindawi
International Journal of Chemical Engineering
Volume 2020, Article ID 3687165, 9 pages
https://doi.org/10.1155/2020/3687165

mailto:lennybb93@outlook.com
https://orcid.org/0000-0003-0119-9982
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/3687165


in the pretreatment stage to adsorb. +is study had also
studied the impact of the numerous measurements such as
lime dosage, primary pH, contact time, and carbon dosage
on the efficiency of adsorption. Additionally, experimental
records were collected for the kinetic adsorption with an
optimal pH lime dosage based on a wide range of adsorbent
dosage. Besides, the kinetic adsorption of organic (expressed
as COD) removal was explained. +e kinetics explained the
pace of the adsorption of the organic molecules on the
granular-activated carbon surfaces, which determined the
necessary contact time for the symmetry. Table 1 shows the
attributes of the partially stabilised leachate in the present
study.

2. Materials and Methods

2.1.CollectionofLandfill Leachate. +e present study utilised
samples of landfill from the open dumpsite at Tapak
Pelupusan Sampah Bau, Sarawak, Malaysia. +e landfill
leachate was collected on-site, transported, and stored in the
4°C refrigerator room until the experiment was carried out to
reduce biological activity and chemical reactions.

2.2.MaterialsandChemicals. +eBravo Green Sdn. Bhd had
procured the GAC locally. +e average particle size was
1.5mm. Meanwhile, the calcium oxide was purchased from
Sigma-Aldrich Sdn. Bhd. Next, the sulfuric acid was pur-
chased from Sigma-Aldrich, Germany. Finally, to achieve
the required durability for the pretreatment, the sulfuric acid
was diluted with distilled water.

2.3. Adsorbent Characterizations

2.3.1. Study of Textural Characteristics of the Adsorbent.
+e specific surface area and the porosity of the coconut
granular-activated carbon were determined by N2 adsorp-
tion at 77K via the BET.

2.3.2. FTIR Analysis. +e surface of the coconut activated
carbon functional groups was determined by the infrared
spectra transmission from the Fourier transform spectro-
photometer with the use of the Kbr pellets, which was made
up of 0.5% delicately ground activated carbon samples.

2.3.3. Point of Zero Charges (pHpzc). +e solid addition
method was used to determine the pHpzc of the activated

carbon. +erefore, 20mL of the 0.1M KNO3 was added to a
sequence of 50mL flasks. +e primary pH of the solutions
was attuned between 2 and 12 via 0.01N HNO3 or NaOH.
Next, KNO3 was included until the sum of the solution
volume was 25mL and the initial pH was evaluated and
approximately 0.5 g of the activated carbon was added into
each flask and capped. It was then stored for 2 days at
ambient temperature with constant agitation (100 rpm).
Next, this study measured the difference between the pri-
mary and concluding pH value, which was charted against
the initial pH. +e point of intersection of the ΔpH� 0
indicated the pHpzc.

2.4. Analytical Methods. +e characteristics of the waste-
water such as pH, COD, BOD, and TCLP were determined
per APHA (2003). +e absorption of ultraviolet at 2.54 nm
(UV254 absorbance) was quantified with a spectrophotom-
eter (UV-1800 Shimadzu Spectrophotometer). +erefore,
the samples of the raw leachate were tempered to produce a
result within the parameter of recognition. +e measure-
ments of the UV were magnified by the parallel features of
dilution to produce the values of the concluding numbers of
the absorbance.

2.5. Experimental Studies. Firstly, lime and subsequent acid
pretreatment were performed by adding 10 g/L of lime
dosage. Next, the precipitated wastewater was then purified
with the Whatman filter paper via gravity purification. +is
was then followed by the addition of 1N sulfuric acid to
decrease the initial pH of the wastewater to a pH value of 2, 4,
and 6. Next, a refrigerated orbital shaker was used to adsorb
the batch.+erefore, the group experiments were executed at
a stagnant shaker pace of 200 rpm. A total of 100mL su-
pernatant wastewater was obtained from a 250mL conical
flask for each batch run. +is wastewater consisted of the
mass of a mixed adsorbent at a stationary shaker speed in the
temperature-regulated orbital shaker, which is sustained at a
fixed temperature. Next, samples were taken during the
numerous intermissions to analyse the remains of the COD
until the value of the symmetry was achieved.

+ere were different dosages of adsorbent, which ranged
between 10 and 100 g/L at the optimal pH and 298K.+e pH
value was between 2 and 11. Nevertheless, the pH value of
the wastewater was attuned to the 1N aqueous solution of
either 1N H2SO4 or 1N NaOH, with regard to the primary
value of pH. +e landfill leachate was made up of various
components. +erefore, the parameter of the COD was
regarded as the total adsorbate and the outcomes were
recorded in terms of COD. +e ratio of COD deduction was
computed using the following equation:

%COD removal �
Co − Ce

Ce

x100. (1)

Kinetics study experiments were performed at 298K
with Co values of 1658mg/L at an optimum lime dosage of
10 g/L and pH of 2. On the other hand, the carbon dosage
was between 10 g/L and 60 g/L. After 8 hours, the adsorbent
was removed from the wastewater and was analysed to

Table 1: Attributes of partially stabilised landfill leachate.

Parameters
Value

Range Average
pH 8.25–8.44 8.35
BOD5 (mg/L) 200–600 300
COD (mg/L) 2000–3670 2800
Total suspended solids (mg/L) 623–895 738
BOD/COD 0.1-0.2 0.11
UV254 12.45–19.45 cm−1 15.92 cm−1
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examine the COD Ct. At a given time (t), among the COD,
which was adsorbed onto the granular-activated carbon, qt
(milligram per gram) was obtained as follows:

Qt

mg
g

  �
Co − Ct( V

m
, (2)

where Co and Ct (mg/L) depict the primary COD and COD
concentration at time t, respectively, V symbolises the
volume of the leachate (L), and m represents the weight of
the adsorbent used (g).

3. Results and Discussion

3.1. Characterisation of the Granular-Activated Carbon.
Figure 1 shows the isotherm of nitrogen gas adsorption into
the GAC.+eGAC shows a high adsorption rate at relatively
low pressure. +is can be explained by the presence of
micropores in the granular-activated carbon. +is is because
the isotherm is uniform and the hysteresis develops into low
pressure. +e surface area of the BET and the total pore

volume of the granular-activated carbon are 672.94m2/g and
1.277 cm3/g, respectively.

Figure 2 shows the FTIR spectra of the coconut granular-
activated carbon. +erefore, Figure 1 illustrates the char-
acterisation outcomes of the Fourier transform infrared
(FTIR) spectroscopy. +e pinnacle of the broad-stretching
adsorption is at 3228–3477 cm−1.+is indicated the presence
of –NH and bound –OH groups. On the other hand, the
peaks of the CH- stretching vibration are at 2924 and 2858.
+e adsorption peak of group C�O is at 1263 cm−1. +e
elemental analysis of the coconut activated carbon is shown
in Table 2 from the SEM-EDX analysis.

Figure 3 shows the ΔpH with a zero value. +erefore, the
pHpzc for GAC is 10.+is signified that the solution has a pH
value of 10 whereas the charge density of GAC is 0. On the
other hand, any solution that has a pH value higher than 10
is negative and positive when it is lower than 10.

3.2. Lime and Acid Pretreatment. Raw partially stabilised
leachate contained a high concentration of organic

Ads

Des

0.00 0.20 0.40 0.60 0.80 1.00
Relative pressure, P/Po

240.00

200.00

160.00

120.00

80.00

40.00

0.00

Vo
lu

m
e @

 S
TP

 (c
c/

g)
 

Figure 1: N2 adsorption and desorption isotherm at 77K for the coconut granular-activated carbon.
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substances particularly humic substances. In this study, the
concentrations of organic substances were recorded as COD,
and UV254 was used as the index of humic substances. +e
lime treatment removed some high molecular weight or-
ganic molecules such as humic substances prior to the
adsorption for an optimised use of granular-activated car-
bon. Based on the literature, the dominant removal
mechanism of humic substances via lime chemical treatment

is coprecipitation [9]. Two types of coprecipitation mech-
anisms were involved in the coprecipitation of calcium
carbonate and the organic molecules: (i) surface adsorption:
the impurities were not integrated inside the crystal but were
adsorbed on the exterior of the precipitate and (ii) occlusion:
the impurities were adsorbed and physically contained in the
crystal [9].

Initially, the lime treatment was introduced before the
activated carbon adsorption to lower the organic contam-
inants before the process of activated adsorption of carbon to
extend the life of the granular-activated carbon bed. Sulfuric
acid was added to raise the pH of the lime-treated super-
natant before the granular-activated carbon adsorption.+is
was done to achieve effective adsorption of the remaining
organic molecules present in the lime-treated partially
stabilised leachate. Solution pH influenced the adsorption of
organic polyelectrolytes on carbon materials. It influenced
the carbon surface charge and the ionisation or protonation
of the electrolyte, which resulted in an increase of adsorption
efficiency. After the lime and acid pretreatment in this study,
there was a 90% removal of COD at a carbon dosage of 40 g/
L, pH of 2, and lime dosage of 30 g/L.

3.3. Implications of LimeDosage. Table 3 shows the study on
the implications of lime dosage on the COD removal and the
reduction of UV254 based on the lime dosage between 5 g/L
and 20 g/L. +erefore, an additional lime altered the colour
of the leachate. When lime was added to the leachate, a
brown precipitate was formed. Hence, the colour of the
leachate changed from dark brown into light brown and
light yellow with a lime dosage between 10 and 20 g/L. +e
result showed that the lime precipitation had a significant
impact on the removal of organics from the leachates. For
the optimum dose of lime, lime dose, the removal of COD
reached 40.8% and the UV254 reduction was 55.97%. +is
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Figure 2: FTIR spectra of the coconut granular-activated carbon.

Table 2: +e EDX analysis of the coconut granular-activated
carbon.

Element GAC (weight %)
C 92.55
O 3.89
N 3.17
Al 0.40
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Figure 3: +e zero charge point of the coconut granular-activated
carbon.
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phenomenon was rapid and the removal of organic sub-
stances (acknowledged as COD) and humic substances
(expressed as UV254) started immediately after the CACO3
crystals started precipitating.

3.4. Effect of Initial pH. +e residual, which was obtained
after lime and acid pretreatment, possessed a COD of
1658mg/L. It was subsequently exposed to research works
based on group adsorption via GAC.+e implications of pH
for the acid pretreatment on the efficiency of COD removal
were carried out based on the varying pH while the other
measurements remained constant. +erefore, the pH varied
between 2 and 12 with an additional H2SO4 and 1N NAOH
as per requirements. Nevertheless, the dosage of the ad-
sorbent (30 g/L), contact time (t� 8 h), and temperature
(T� 298K) were kept constant. +e introductory tests of the
lime and acid pretreated partially stabilised leachate via GAC
adsorption showed that the value of the COD was constant
for more than an 8 h contact time. +is proved that the 8 h
contact time guaranteed the equilibrium of the wastewater
with GAC. Figure 4 shows the effect of initial pH on the
removal of COD by GAC.

+e pH value of 2 depicted an increased removal effi-
ciency of 76.2%. However, the pH value of 12 represented a
low removal efficiency of 38.7%. +e COD removal effi-
ciencies decreased with the increasing pH of the pretreated
leachate. Additionally, similar trends of pH-dependent
adsorption had been observed in other research studies in
comparison with the carbonaceous adsorbents. Wang and

Zhu (2007) investigated the adsorption of humic acid to the
fly ash-derived activated carbon and observed a decreased
adsorption with elevated pH values as a result of the elec-
trostatic repugnance to the adsorbent surface [10].
According to Chen and Wu (2004), pH-mediated hydro-
phobicity is a major factor that causes the adsorption of pH-
dependent organic molecules on the activated carbon [11].
+e pH solution is an imperative aspect, which influences
the adsorption of frail organic polyelectrolytes on carbon
materials as a result of the electrostatic relationship between
the adsorbent and adsorbate.

+is is because the pH solution controlled the surface
charge of the carbon and the ionisation of the polyelectrolyte.
When the pH solution is lower than the pHpzc, the surface
charge of the activated carbon is positive. On the other hand,
when the pH solution is higher than the pHpzc, the surface
charge of the activated carbon is negative. +e pHpzc value of
the GAC in the present study is 9.7. +erefore, the low COD
removal efficiency at high pH stemmed from the repugnance
between the negatively charged carbon surface and the anions
from the organic molecules, which is dissociated at a high pH.

3.5. Impact of Contact Time. Figure 5 shows the impact of
contact time on the COD removal via the adsorption of GAC
from the pretreated lime and subsequent acid at a GAC
dosage of 30 g/L, lime dosage of 10 g/L, and pH of 2, re-
spectively. +e adsorption of COD was fast for the first
3 hours with a 70% adsorption rate of COD removal. After 4
hours, the COD adsorption reached a plateau. After 8 h,
COD removal was at 87.9%. +is resulted from the limited
dynamic platforms of the GAC surface, and therefore, it
becomes saturated by the adsorbed organic compounds [12].
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Figure 4: Effect of pH on COD removal using GAC (carbon
dosage� 30 g/L, contact time� 8 h, initial COD� 1658mg/L, and
temperature 298K).
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Figure 5: COD removal based on GAC with contact time (GAC
dosage� 20 g/L, lime dosage� 10 g/L, contact time� 8 h, initial
COD� 1658mg/L, and temperature 25°C).

Table 3: Organics concentration in the effluent after lime treatment at different dosages.

Lime dosage COD (mg/L) UV254 (cm−1) COD removal (%) UV254 reduction (%)
0 2800 15.92 0
5 2000 9.86 28.6 38.1
10 1800 8.43 35.7 47.0
15 1658 7.01 40.8 55.97
20 1600 6.92 42.9 56.53
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3.6. Efficiency Comparison of Organic Removal with Lime and
Acidification Pretreatment. +e efficiency of GAC dosage
with lime and subsequent acid pretreatment was studied
based on the varying dosages of GAC between 10 and 100 g/
L, with an initial leachate COD value of 1658mg/L and pH of
2. Besides, it also had a lime dosage value of 10mg/L at
298K. Nevertheless, the effect of acid pretreatment dosage
was studied based on the multiple dosages of GAC between
10 and 100 g/L in which the leachate possessed an initial
COD concentration of 2160 at pH 2 at 298K.

+e organic substances’ concentration post-GAC ad-
sorption was recorded in terms of COD and UV254.
+erefore, Table 4 shows the concentrations of organic
substances (expressed as COD and UV254) after adsorption
with granular-activated carbon. Figure 6 shows that the
removal of COD had increased sharply with the increase in

the dosage of the adsorbent from 20 g/L to 40 g/L. As shown
in Figure 6, the percentage of the COD removed had in-
creased with the cumulating dosage of carbon. +is may
result from the increased sum of the activated carbon’s
surface area because additional activated carbon was added
into the solution. Hence, more active sites are available for
the adsorption of COD from the aqueous solution [12].
Finally, this study achieved the point of equilibrium at
approximately 40 g/L of the carbon dosage for the optimum
90% COD removal for lime and acid pretreated partially
stabilised leachate and approximately 80 g/L of carbon
dosage for the optimum 80% COD removal.

+is study revealed that the partially stabilised leachate
which was pretreated with lime and subsequent acid
treatment has higher removal efficiency with specific regard
to pretreated partially stabilised leachate. +e additional

Table 4: +e concentration of the organics in the effluent post-GAC adsorption.

Concentration in the effluent

Dosage
Lime and acid pretreated Acid pretreated

COD (mg/L) UV254 COD UV254

0 1658 5.45 2160 8
2 500 1.6 1746 5.49
4 136 0.31 950 2.89
6 108 0.2 510 1.76
8 80 0.15 300 1.04
10 75 0.13 250 0.98
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Figure 6: Effect of carbon dosage on the COD removal of acid pretreated only and lime and subsequent acid pretreated partially stabilised
leachate.

Table 5: Kinetic constants for the adsorption of COD from pseudo-second-order kinetics.

Carbon dosage (g/L)
Kinetic constant

qe (exp) (mg/g) qe (calculated) (mg/g) Ks H R2

10 110.8 123.46 8.3×10−3 126.51 0.9716
30 49.27 53.19 0.0245 69.31 0.9812
60 27.78 25.46 0.093 71.00 0.998
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effect of lime prior to the granular-activated carbon resulted
in an imperative decrease of the organic compounds that
existed in the partially stabilised leachate. +erefore, this
reduced the amount of carbon dosage needed to achieve the
desired treatment efficiency. Next, pretreating stabilised
leachate with alum coagulation before the activated carbon
adsorption had removed 80% of the COD [13]. Besides that,
Li et al. [14] stated that it had improved the adsorption
residual of organic compounds after the coagulation of
activated carbon. Table 4 shows that if the dosage of the
carbon increases, both the COD and UV254 also decrease.
However, lime and acid pretreated partially stabilised
leachate was more effective than the acid pretreated partially

stabilised leachate. Additionally, UV254 of the lime and acid
pretreated was lower than the acid pretreated UV254 because
the humic substances were removed during the lime
treatment stage.

3.7. Adsorption Kinetics. +is study had experimented with
the pseudo-second-order kinematic models for its capacity
to signify the kinematics of adsorption from the pretreated
lime and acid and the partially stabilised leachate via the
GAC adsorption of different dosages of carbon. +e ex-
plorative data based on the measurement of COD were
tailored to distinctive paradigms (pseudo-first-order and
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Figure 7: Changes in organic COD versus adsorption at a GAC dose of 6 g/L.
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pseudo-second-order kinetics). As a result, this study pre-
dicted that the pseudo-second-order kinematics produced a
comprehensive account of the development of the adsorp-
tion based on the R2 values for the pseudo-second-order’s
(R2) linear forms. Hence, the first-order model was not used
as a result of its inadequate fixture.

+e adsorption of organics into the granular-activated
carbon of the lime and the subsequent pretreated partially
stabilised acid leachate was followed by pseudo-second-
order kinetics:

t

qt

�
1

k2 q2e
+

1
qe

 t, (3)

where qt is the quantity of organic COD adsorbed per unit
mass of adsorbent at a time, t (mg/g); qe is the amount of
COD organics adsorbed per unit mass of adsorbent at the
symmetrical situations (mg/g); the constant k is the rate of
adsorption (g/mg h); and t is time (h). +e symmetrical
ability of adsorption (qe) and the primary adsorption pace
were ascertained based on the linear fixture of the stagnant
(Ks) pseudo-second-order investigational data. Table 5
summarises the adsorption kinematic strictures derived
from the graphs of the kinetic model. On the other hand,
Figures 7–9 show the relationship between organic ad-
sorption and time for the varying doses of carbon. +e
denomination of the adsorbed experimental COD, qe, exp,
was relatively similar to the adsorbed computed COD, qe, cal.
+erefore, pseudo-second-order kinetics could be used to
represent the adsorption process. Table 5 shows that the qe
values depend on the dosage of the granular-activated

carbon, which was in the range of 110.8–27.8mg/g. Al-
though the removal efficiency increased with the increasing
dosage of carbon, the capacity of adsorption, qe, decreased
with the increasing dosage of the granular-activated carbon.
+is resulted from the inclined levels of concentration be-
tween the diluted adsorbate in the partially stabilised
leachate and on the surface of the adsorbent. +is had ul-
timately decreased the number of organics adsorbed based
on unit weight by the activated carbon [12].

3.8. Study on the Disposable Generated Sludge. Table 6 shows
the elemental analysis of the generated sludge, which is
comprised of the inorganically triggered level of calcium
carbonate and of organic molecules such as the humic
substances that coprecipitated with it. +e lime treatment
process generated approximately 180ml sludge per litre of
the leachate. Nonetheless, it was not feasible to dispose of
this sludge via the process of combustion as a result of its low
concentration. +erefore, it was a viable option to dispose of
the sludge at the landfill. Table 7 shows the results of the
precipitated phase generated sludge, which was collected
and subjected to the toxicity leaching procedure (TCLP).
+is procedure was done to determine the feasibility of
disposal at the municipal solid waste facilities. Renou (2009)
suggested a similar disposal technique and concluded that
the stability of the humic acid fixation based on the gen-
erated sludge is more than 90% of permanent insolubili-
sation.+is means that the storage of the generated sludge at
MSWF has no influence on the characteristics of the newly
generated leachates.

Table 8: Cost approximation of the treatment.

Lime Sulfuric acid Granular-activated carbon
Unit cost $200/907 kg $100/543.7 L $1200/907 kg
Chemical/material consumption 0.01 kg 0.120 L 0.03 kg
Chemical cost per litre of COD treated leachate $0.0022/L $0.022/L $0.0397/L
Total chemical cost to treat below COD discharge limit (<400) $0.0639/L

Table 6: Elemental analysis of the generated sludge via EDX.

Element Mass (%)
Carbon 9.03
Nitrogen 2.11
Oxygen 43.16
Fluorine 0.44
Magnesium 0.21
Calcium 46.39
Mercury 0.08

Table 7: Results of the toxicity leaching procedure.

Parameters Values (mg/L)
Pb Not detected (<0.1)
Cu 1.2
Cd Not detected (<0.1)
Cr Not detected (<0.1)
Zn Not detected (<0.1)
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3.9. Cost Estimation of the Combined Process. Table 8 depicts
the cost approximation of the combined process. Addi-
tionally, this study considered the industrial-grade price of
the chemicals. +erefore, the results showed that the
combined process incurred a total cost of $0.0639/L of the
treated wastewater.

4. Conclusion

+e lime and acid pretreatment before the granular-acti-
vated carbon adsorption had removed the significant
amount of COD from the partially stabilised leachate.
+erefore, the lime pretreatment removed 42.8% of the raw
COD partially stabilised leachate. High removal efficiencies
(>90%) at lower carbon dosage were achieved via the lime
and acid pretreatment. As a result, the equilibrium was
achieved within 8 hours. Acid pretreatment after lime
treatment enhanced the adsorption of organics significantly
onto the granular-activated carbon, which potentially ex-
tended the lifespan of the activated carbon. +e kinetic
models of the process of adsorption were followed by the
pseudo-second-order degree kinetics.
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