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Abstract
In this research, adsorption of Candida rugosa lipase enzyme (CRLE) onto activated carbon obtained from apple bark was
carried out, and the thermodynamic parameters of adsorption process were investigated. The surface structural change of lipase
enzyme and activated carbon was studied. The thermodynamic functions such as enthalpy, entropy, Gibbs free energy, and
activation energy were investigated in their experimental work. The thermodynamic parameters ofΔG∗, Ea,ΔH∗, andΔS∗were
calculated as − 75.56, 13.42, − 15.29 kJ mol−1, and 202.2 J mol−1 K−1 for CRLE adsorption, respectively. The experiment results
showed that the adsorption process of CRLE on activated carbon is spontaneous and exothermic. The maximum adsorption
capacity according to CRLE was 5.5 pH. The maximum adsorption capacity of active carbon was found to be 96.2 mg/g at
pH 5.5, 309.5 K, and initial enzyme concentration of 5.0 × 10−3 M. The protein molecules at this point are very stable that is close
to the isoelectric point of lipase enzyme. As a result, we can say that the activated carbon can be used as an effective adsorbent for
the adsorption of CRLE.
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1 Introduction

Carbon-based materials are being used for a variety of appli-
cations such as catalysts, sensors, and adsorption [1–15]. The
use of any support molecule of biomolecules in adsorption
processes has been extensively evaluated in previous studies
[16–24]. The lipase enzyme, a member of the hydrolase class,
is an esterase capable of hydrolyzing to glycerol and fatty
acids [25]. Lipase enzymes can be converted into esters by
hydrolysis under certain conditions in a non-aqueous environ-
ment [26]. The immobilized enzymes molecules have higher

stability and activity than pure enzymes in the reaction medi-
um [27, 28]. In recent years, immobilization techniques have
been extensively carried out [29]. During adsorption process-
es, some covalent bonding and physical interactions occur.
The physical adsorption and enzyme binding in the immobi-
lization process are directly related to surface structure [30].
So, the lipase enzyme immobilization takes place via hydro-
phobic interaction between the support and the enzyme [31].
Enzymes have protein structures, and proteins are affected by
the conditions of the medium such as pH, ionic strength, pro-
tein concentration, and buffer solution state. For this reason,
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protein adsorption studies have recently been extensively
studied on experimental conditions [32–35]. The activated
carbon is widely used in adsorption processes to remove pol-
lutants from wastewater. However, the activated carbon in the
market is expensive. So in recent years, it has been started to
produce low-cost activated carbons, which can be renewed
and abundant especially for the treatment of wastewater.
Recently, various studies have performed to obtain activated
carbon from fruit stones and nutshells [36], cassava peel [37],
palm-tree cobs [38], olive stones [39], plum kernels [40], ba-
gasse [41], rice husks [42], date pits [43], and jute fiber [44].
There are few studies in the literature on the immobilization of
pure lipase enzyme, and the use of pure enzymes is not eco-
nomical. The use of the immobilized pure enzyme can be used
easily and repeatedly. Because of these advantages, we per-
formed lipase enzyme immobilization study. In Turkey, apple
plants are abundant and are used extensively in many areas of
industry. As a result of the use of apple fruit, large amounts of
crust appear as garbage. The evaluation of these shells as an
active carbon source is very economical. Lipases are used to
catalyze the hydrolysis, alcoholisation, acidification, and
amidolysis of petroleum products. For these reasons; lipases
have the potential to be widely used in many areas such as
biochemistry, food technologies, and chemical industries. The
present work aimed to reveal the adsorption process results of
CRLE on activated carbon and determine its activation
parameters.

2 Experimental

2.1 Materials and Methods

The lipase enzyme (Candida rugosa) used in the study was
purchased from Sigma. The solvents and chemicals were pur-
chased fromMerck AG (Darmstadt, Germany). All chemicals
used in the study were of analytical grade. The activated car-
bon used in the study was synthesized from the shells of fruit.
Turkey is the fifth in the world in terms of apple production
area and ranks third in terms of the amount of production.
Considering the production amount, Turkey meets approxi-
mately 4% of the world’s apple production [45]. The SEM
(SCM 5000) was used to clarify the microstructural and mor-
phological structure of the activated carbon sample. The water
was passed from Milli-Q system and distilled two times. The
elements contained in the activated carbon sample and the
percentages of these elements are given in Table 1. The BET
N2(Micromeritics Flow Sorb II 2300) was used to investigate
the specific surface area of the activated carbon, and BET
analysis of the activated carbon was given in Table 2. The
TGA was obtained simultaneously using a PerkinElmer in-
strument. The FTIR device was used to compare the initial

and final organic functional contents of the support material
used in the adsorption process Table 1.

2.2 Adsorption Studies

The adsorption of CRLE on activated carbon obtained from
apple bark was studied in a typical water tank. A certain
amount of active carbonwas added to 100ml enzyme solution
to a 500 ml Erlenmeyer swollen working set. The mixture was
shaken rapidly at a predetermined temperature and for the
desired time in an unmixed shaker. The enzyme samples taken
in the working set were centrifuged for 7 min at 12.000 rpm,
and then the supernatant was removed from the centrifuge
tube and measured on a UV-vis spectrophotometer. Analysis
values were measured at 208 nm wavelength. The adsorption
efficiency of CRLE on activated carbon was calculated using
the following equation [46].

Y %ð Þ¼100
Co−Cið Þ
Co

ð1Þ

where; Co is the first pure concentration (g/L) of the stock
enzyme solution prepared, and Ci is the final liquid phase
concentrations at any time of the biomolecule solution. The
parameters such as initial enzyme concentration (100–
350 mg/l), solution pH (5.5–9), and temperature (288–
318 K) were investigated at a specific time interval for the
adsorption process. In the experimental study, the amount

Table 1 Elements
content of activated
carbon

Elements Amount (%)

C 58.1

O 10.14

S 6.88

Cl 12.76

Al 2.61

Cu 5.59

Si 2.71

Others 1.12

Table 2 Some physicochemical properties of activated carbon

Parameters Value

Color Black

pH 4.85

Specific surface area (m2 g−1)

Particle size (mesh) 325

Single point specific surface area 9.593e + 02 m2 g−1

Multipoint specific surface areas 9.616e + 02 m2 g−1

Langmuir surface area 1.489e + 03 m2 g−1
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adsorbed enzyme at the moment of equilibriumwas calculated
with the following equation [47].

qt ¼
C0−Ceð ÞV

m
ð2Þ

where,
C0 and Ce (mg/l) are lipase enzyme concentration for the

initial and the equilibrium states, respectively. qt (mg/g) is the
amount of adsorption at any time and m (g) is the mass of the
activated carbon Fig. 1.

3 Results and Discussion

3.1 Evaluating the Characterization Studies
for Adsorption Materials

The balance in the blue curve in Fig. 4a was taken into con-
sideration. The amount of Candida rugosa lipase on the acti-
vated carbon surface was approximately found to be
0.17 m mol/g. FTIR, SEM, and TGA measurements were
performed to evaluate chemical and physical properties of
activated carbon, Candida rugosa lipase, and immobilized
activated carbon. The activated carbon, lipase enzyme, and
immobilized enzyme samples were investigated using a scan-
ning electronmicroscope (SEM) device to determine morpho-
logical and surface properties as indicated in Fig. 2a.
Untreated surface clusters (Fig. 2b) before being treated with
activated carbon can be seen with some flat particles in the
porosity. We can see that the pores become more flattened and
the clay surface become smaller after treated with enzyme
molecules. Analysis of activated carbon surfaces because of
adsorbed lipase enzyme was carried out in three-dimensional
level by SEM. Figure 2 shows the activated carbon structures

adsorbed by the lipase enzyme for 2 h and at 308 K. The
surface shape and structure grain of activated carbon, lipase,
and lipase adsorbed on activated carbon are different from
each other, and these differences are seen in Fig. 2. As seen
in Fig. 2a and b, the mean size of grain and pores of surface on
activated carbon and lipase can be seen evidently. However,
the mean size of grain and pores of surface of the activated
carbon adsorbed lipase have been listed in Fig. 2c. These
morphological changes are seen in SEM images as given in
Fig. 2c. Figure 3a,b,c show the thermal gravimetric analysis
(TGA) profile of the activated carbon, lipase enzyme, and
immobilized enzyme samples. The TGA analysis was carried
out to analyze the effect of heat on the surface structure of
activated carbon and enzyme molecules. The activated carbon
(19.2%), the lipase enzyme (6.3%), and the lipase enzyme
adsorbed on the activated carbon (16.9%) have been severely
mass lost between 25 and 100 degrees. This is a consequence
of the dehydration phase, which corresponds to the removal of
adsorbed and hydrated water. In Fig. 1c, activated carbon
mineral gave two peaks in band 1571 cm−1 and band
2163 cm−1. This situation is mainly associated with (C=C
stretching) and phenolic and carboxylic groups (C-OH and
O–H), respectively. In the same way, the peaks of activated
carbon mineral in this range have been observed to work dif-
ferently [48, 49]. It consists of three bands in the FTIR ab-
sorption spectrum of the pure lipase enzyme, which is caused
by peptide group vibrations in the 1800–1300 cm−1 spectra
interval [50]. In Fig. 1c, activated carbon mineral gave two
peaks in band 1571 cm−1, band 2163 cm−1, and 1036 cm−1.
This situation is mainly associated with (C=C stretching) and
phenolic and carboxylic groups (C–OH and O–H), respective-
ly. Fig. 1c shows the FTIR spectra of activated carbon, the
bands at 2162 cm−1, and 1036 cm−1 are related to the C–OH,
O–H, and C–O, C–N bond vibrations, indicating the presence
of various functıonal groups. Furthermore, C=C aromatic
skeletal stress of carbon was observed as 1640 and
1444 cm−1 bands [51]. In another study, a new peak was
detected at 1124 cm−1, which could be assigned to C=S
stretching [51]. Due to the C–O stretching vibrations, the amid
band in 1654 cm−1 peaked at the maximum point and the N–H
bending, which was due to the C–N stretching vibration,
peaked at the maximum amide II band at 1541 cm−1.
Finally, the amide III band (1400 to 1200 cm−1) is the result
of N–H bending, C–C and C–N stretching vibrations. Amide I
and amide II the bands have very sensitive properties because
the proteins are in secondary structure. These proteins lose
their structure after a certain temperature in the FTIR spectrum
[52, 53]. But the amide III band is much more complex. For
this reason, the amide III band is bound to the force field, to
the structure of the side chains, and to the hydrogen bonding
[52]. The pure lipase enzyme peaked at 1654 cm−1 originating
from the C–O stretching vibration Fig. 1b. Also, it can be
assumed that the intensity of the absorption band of the

Fig. 1 FTIR spectra of AC (a), LE (b), and lipase enzyme adsorbed
activated carbon (LE-AC) (c) after 120 min
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activated carbon was increased with the amide I band. Both
the experimental data and the TGA results clearly show the
change in the physical meaning of the lipase enzyme adsorbed
on activated carbon.

3.2 Effect of Changing Concentration and Ionic
Strength

The stock enzyme solutions prepared at different ratios in
certain constant parameters were prepared to determine the
concentration effect. An increase in the value of the absor-
bance per unit time was determined depending on the increas-
ing enzyme concentration in the result. Empty areas on the
surface at low concentration are active but begin to decrease as
the concentration of the enzyme molecule increases. On the
other hand, we can finally say that the support is closely re-
lated to the increase in the adsorption capacity of the support
material due to the increase in propulsive forces for mass
transfer. The presence of ionic solution had significantly

influenced the adsorption rate of CRLE. As shown in Fig.
4b, the increase in the amount of sodium phosphate salts re-
sulted in an increase in the amount of adsorption. The addition
of sodium phosphate in the adsorption process causes two
influences. In the first case the amount of salt added to solu-
tion medium decreases the interaction by entering between
activated carbon and protein molecules. In the latter case,
the surface contact area between activated carbon and protein
molecules increases with the increase of phosphate salt. It can
be said that the increase in the adsorption capacity of the
adsorption process of these two processes in the second case
is a more dominant effect. Similar results are observed in
adsorption of biomolecules and dyestuffs on the clay surface
[50, 52–55].

3.3 Effect of Solution pH Value

The pH value of the solution is considerably influential in
adsorption studies, especially in the adsorption process. The
presence of functional groups on enzyme molecules has a
great effect on the magnitude of electrostatic charges for con-
trol purposes. Thus, the pH increase of the solution increases
the concentration of the hydroxyl groups in the solution which
increases the numerical volume of the negatively loaded re-
gions so that the adsorption interaction between the enzyme
and the support material becomes difficult. The effect of so-
lution pH to CRLE adsorption on activated carbon was eval-
uated at a pH of 5.5 to 9. The results obtained from the exper-
iments done at different PH are given in Fig. 5. As the pH
value increases, the yield decreases in adsorption amount. The
zero load point, in which hydroxyl and proton ions are equiv-
alent, has an important effect on the pH effect, especially in
protein adsorption processes [56]. Because the net charge is
zero at the isoelectric point in which enzymes or proteins has a
very stable structure. Enzymes are more active at this point or
near these points, preserving their three-dimensional structure.
But these structures will start to decompose stable values

Fig. 2 SEMmicrophotographs of
AC (a), LE(b), and lipase enzyme
adsorbed activated carbon (LE-
AC) (c) after 120 min

Fig. 3 Thermal gravimetric analyses of AC (a), LE (b) and lipase enzyme
adsorbed activated carbon (LE-AC) (c) after 120 min
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below or above the isoelectric point. This situation adversely
affects the amount of adsorption [57]. Loads on the surface of
proteins that are biomolecules are not homogeneous. When
the pH of the solution changes, the charge on the protein
surface changes. The isoelectric point of enzyme molecules
in adsorption studies is very important. The net charge at the
isoelectric point is zero, and each enzyme has a certain iso-
electric pH point. At this isoelectric point, the enzymes are
more stable and more active [58]. The pH values below the
isoelectric point of the CRLE are usually positively charged,
and the pH values above isoelectric point of the CRLE are

usually negatively charged [59]. In fact, in this study, the max-
imum adsorption capacity according to CRLE was found at a
pH of 5.5. The similar results for some biomolecules adsorp-
tion on the surface of krill clay have been evaluated by
Demirbas. O [60] (Fig. 6).

3.4 Adsorption Kinetic Studies

CRLE adsorption effect was investigated depending on the
contact time on the activated carbon obtained from the apple
husk and as a result, increased contact time until reaching

Fig. 5 The effect pH (a) and temperature (b) to the adsorption of lipase enzyme on activated carbon

Fig. 4 The effect of initial enzyme concentration (a) and ionic strength (b) to the adsorption rate of lipase enzyme on activated carbon
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equilibrium increased absorbance value observed. Pseudo-
first-order, pseudo-second-order and intra-particle diffusion
kinetics equations were investigated in order to understand
the mechanism and thermodynamics of the adsorption pro-
cess. The pseudo-first-order equation is given as follows;

dqt
dt

¼ k qe−qtð Þ ð3Þ

The equation for this model [60–62] is given below. In the Eq.
(3) t (min.) is the time, ki is the constant of rate, qe and qt the
first and last quantities (mol g−1) of lipase enzyme,
respectively.

log qe−qtð Þ ¼ logqe−
k1:t
2:303

ð4Þ

The values of qe and k1 are found from the slope and the
intersection of linear plot of log (qe−qt) versus time (t) is

specified in Table 3. The pseudo-second-order equation is
given as follows [63].

t
qt

¼ 1

k2qe2
þ t

qe
ð5Þ

where k2 is the velocity constant of the reactance. The k2
represents the rate constant of the reaction. The values qe and
k2 are obtained as shown in Table 4 at slope values and t/qt and
t cutoff point. In-particle diffusing work generally takes place
in three stages: (1) by initially transporting the absorbed ma-
terial from the delimiting film to the outer surface; (2) then
adsorbed to any region on the surface; (3) with the intra-
particle diffusion of the enzyme molecule into the adsorption
region of a pore diffusion process (Fig. 7) In this case, the
slowest of the three steps is considered as the step controlling

Fig. 7 Intra-particle diffusion plots for different temperature

Fig. 6 Effect on the activated
carbon surface at different pH
medium of the lipase enzyme

Fig. 8 Arrhenius plot for the adsorption of lipase enzyme on activated
carbon
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the reaction. The probability of intra-particle diffusion is ob-
tained by utilizing the intra-particle diffusion model [62–64].
The intra-particle diffusion model is regarded as a function
that changes depending on the square root of the time term,
as expressed in the equation below.

qt ¼ k idt1=2 þ Ci ð6Þ

where qt is the amount adsorbed at a given time. The kid is the
particle velocity constant mg/g min1/2). while Ci is the inter-
cept at stage i and defines the thickness of the boundary layer
in the adsorption process. The larger Ci values indicate the
effect of the boundary layer on the diffusion of the material
during the adsorption process. The intra-particle diffusion rate
constant is expressed by the slope of the linear curve of qt
versus t1/2, and the values are shown in Table 3. It controls

Table 3 Kinetic data calculated for adsorption of lipase enzyme on activated carbon

Kinetic models

Parameters Pseudo-second-order

T/
K

Conc
(mol L1 × 101)

pH Stirring speed
(rpm)

[I] (mol
L1) 102

Pseudo first-
order R2

qe(cal.)
(mg g−1)

qe(exp.)
(mg g−1)

k2(g mg1 min−1) R2 h(mol min−1 g−1) t1/2
(min).

288 2 7 700 5 0.95 0.128 0.126 1.8085 0.99 0.2278 4.389

298 2 7 700 5 0.95 0.1461 0.147 1.937 0.99 0.2847 3.512

310 2 7 700 5 0.97 0.1645 0.165 2.4855 0.99 0.4101 2.4384

318 2 7 700 5 0.91 0.1332 0.134 3.0449 0.99 0.408 2.4509

298 1 7 700 5 0.9 0.0692 0.07 8.447 0.99 0.5913 1.6912

298 2 7 700 5 0.95 0.1461 0.147 1.937 0.99 0.2847 3.512

298 3.5 7 700 5 0.95 0.1742 0.175 2.555 0.99 0.4471 2.2365

298 2 5.5 700 5 0.99 0.1506 0.154 1.6438 0.99 0.2531 3.9503

298 2 7 700 5 0.95 0.1461 0.147 1.937 0.99 0.2847 3.512

298 2 9 700 5 0.94 0.1102 0.111 4.8397 0.99 0.5372 1.8615

298 2 7 700 2.5 0.9 0.125 0.126 2.6746 0.99 0.337 2.9674

298 2 7 700 5 0.95 0.1461 0.147 1.937 0.99 0.2847 3.512

298 2 7 700 7.5 0.96 0.1414 0.141 1.5635 0.99 0.2205 4.5361

Table 4 Kinetic data calculated for adsorption of lipase enzyme on activated carbon

Mechanism of adsorption

Mass transfer İntra-particle diffusion

Parameters T/K Conc.
(mol L−1). 102

pH Stirring speed
(rpm)

[I] (mol L1) 102 R2 kint.1 mg g−1 min-1/2 R1
2 kint.2 mg g−1 min−1 R2

2

288 2 7 700 5 0.83 0.449 0.99 0.159 0.91

298 2 7 700 5 0.85 0.611 0.96 0.361 0.96

310 2 7 700 5 0.82 0.79 0.99 0.309 0.81

318 2 7 700 5 0.79 0.506 0.99 0.132 0.89

298 1 7 700 5 0.9 0.12 0.97 0.044 0.94

298 2 7 700 5 0.85 0.611 0.96 0.361 0.96

298 3.5 7 700 5 0.92 0.376 0.99 0.323 0.86

298 2 5.5 700 5 0.84 0.845 0.99 0.256 0.96

298 2 7 700 5 0.85 0.611 0.96 0.361 0.96

298 2 9 700 5 0.83 0.273 0.96 0.081 0.96

298 2 7 700 2.5 0.86 0.421 0.99 0.246 0.85

298 2 7 700 5 0.85 0.611 0.96 0.361 0.96

298 2 7 700 7.5 0.91 0.622 0.99 0.465 0.99
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the in-particle diffusion phenomenon of ions in the adsorbent.
It can be deduced from all the kinetic data obtained that the
value of the regression coefficient calculated from the graph
referring to the kinetic model from the pseudo-second-order is
found to be the highest. It has been found that the adsorption
kinetics of CRLE on activated carbon obtained from the apple
bark is best defined by the pseudo-second-order model.

3.5 Temperature Effect

The temperature effect on the adsorption of CRLE ions onto
the activated carbon apple bark used as the adsorbent was
investigated. In the adsorption of CRLE molecules, tempera-
ture effect can be used as an important function. Adsorption
experiments of CRLE on activated carbon were performed at
different temperature (288, 298, 309.5, and 318 K) are given
in Fig.5b. The adsorption of CRLE on the surface of activated
carbon is increased by the increase of the temperature.
However, maximum adsorption yield was obtained at
309.5 K. The CRLE molecules are very sensitive to tempera-
ture. The structure CRLE enzyme begins to deteriorate at high
temperatures. Adsorbing zones lose their activity at high tem-
peratures. Therefore, interaction of CRLEmolecules with sup-
port materials is insufficient at very high temperatures which
leads to a reduction in the adsorption effect. Additionally,
Mohd Basyaruddin Abdul Rahman and his colleagues [65]
stated that lipase enzyme molecule adsorption on activated
carbon results in maximum activity between 303 and 313 K.
In this study, the maximum adsorption value for lipase en-
zyme adsorption was found to be 309.5 K (Fig. 5b). When
the temperature drops below 303 K, an enhancing of reactant
viscosity occurs. At this stage, the reactant diffusion is

reduced, and this leads to a decrease in activity of adsorption
process [66]. A decreasing of adsorption of the enzyme can
occur due to the structure of enzyme above of 313 K. Or this
may be due to the attenuation of the electrostatic interaction
between activated carbon and lipase enzyme at high-
temperature (Fig. 8).

The experiments performed at different temperatures
showed that the adsorption does not occur chemically but
physically. Similar results have been found in other re-
searchers in sorption processes [67–70]. The protein mole-
cules are usually very active in the temperature range
(308.5–310 K). In parallel with his work, Vecchia RD et al.
found that the maximum adsorption of the immobilized lipase
enzyme with different support materials was found to be
(310 K) [55]. Pronk. et al. do a study immobilization
Candida rugosa lipase on hollow fiber membrane. The opti-
mum conditions for enzyme immobilization are obtained at
these near temperature values [71]. Montero et al., Xu et al.,
and various investigators have reported an optimal tempera-
ture for the lipase enzyme of 310 K [71–73].

The standard Gibb’s energy is described in this case by:

ΔGo ¼ −RT In Kc ð7Þ
where Kc refers to the degree of movement of the support
material in the solution and the adsorbent retention ability of
the support material [74]. The Kc values are obtained from the
equation below.

Kc ¼ q2

Ce
ð8Þ

where qe is the amount adsorbed at equilibrium and Ce is
the concentration of the enzyme in the solution. The thermo-
dynamic parameters such as the change of the standard enthal-
py (ΔH°) and the standard entropy (ΔS°) are determined
using the Van’t Hoff equation [75].

In Kc ¼ ΔS0

R
−
ΔH0

RT
ð9Þ

TheΔH° andΔS° values were found by taking the slope of
the Van’t Hoff relative to ln Kc of 1/T [79]. The results are

Table 5 Thermodynamic function data obtained by adsorption of BSA
on the activated carbon surface

T/K ΔG kJ/mol Parameters Ea kJ/mol ΔH kJ/mol ΔS j/K.mol

288 − 73.53

298 − 75.56

309.5 − 77.88 13.42 − 15.2994 202.22

318 − 79.60

Table 6 Some studies related to
the adsorption of Candida rugosa
enzyme on some supporting
materials and their maximum
amount qe(max.) of enzymes

Enzymes Supported materials Max. qe (mg/g) References

Candida rugosa NanoZrO2-A 23 [76]

Candida rugosa hydrophobic resin 134 [77]

Candida rugosa n ± type porous silicon at high oxidation (HO-Psi) 47 [78]

Candida rugosa n ± type porous silicon at low oxidation (LO-Psi) 140 [78]

Candida rugosa Cellulose nanofibrous membrane 41.02 [65]

Candida rugosa Magnetic silica aerogel 81.7 [45]

Candida rugosa Activated carbon 96.2 Our study

BioNanoSci. (2019) 9:672–682 679



shown in Table 5. The negative value of ΔH° indicates that
the adsorption process is exothermic (Fig.6). The values of
ΔG° at the whole temperatures were found to be negative that
indicates the adsorption process of CELL on activated carbon
is spontaneous.

Some studies related to the adsorption studies of some sup-
port materials with Candida rugosa enzyme are found in the
literature are given in Table 6. When the results of the studies
in the literature are compared with the results of our study, it
can be seen that the result (96 mg/g) is of remarkable value.
Therefore, activated carbon obtained from the apple shell can
be used as a supporting material in adsorption studies.

4 Conclusions

The activated carbon as support material in adsorption pro-
cesses is strikingly effective for adsorbing CRLE molecules
from aqueous media. The effective adsorption process of
CRLE on activated carbon attributed to its porous structure
and the presence of various functional groups on its surface.
The study of the effect of the process variables showed that the
adsorption process was highly dependent on the initial CRLE
concentration, the temperature, the solution pH, and the ionic
strength. In this study, the maximum adsorption capacity of
CRLE on activated carbon was found at pH of 5.5. The
highest adsorption parameters of CRLE on active carbon were
found to be 96.2 mg/g at pH 5.5, 309.5 K, and initial enzyme
concentration of 5.0 × 10−3 M, respectively. The values of free
Gibbs energy were found as negative that shows the adsorp-
tion process of CRLE on activated carbon occurs spontane-
ously. Additionally, Gibbs energy values indicate the adsorp-
tion process is a physical process. Based on the result, we can
say that activated carbon can be effectively used as an adsor-
bent for the adsorption of CRLE.
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