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Abstract

Currently we present a simple technique to prepare nitrogen doped- carbon quantum dots (N-
CQD) from spoiled/expired cough syrup. As prepared N-CQD was then utilised as a reducing
agent to obtain_nanostructured_#-MnO,. The physicochemical properties of N-CQD and f-
MnO,-CQD particles were characterised by using various techniques. The dye removal
efficiency of f-Mn0,-CQD was studied using methylene blue (MB). The absorption results
show that dye concentrations, nanocomposites dosage, pH, conductivity, and temperature
affected the dye removal capacity of the B-MnO,-CQD. The adsorption isotherm and kinetics
model agreed well with Langmuir and pseudo-second order, respectively.

Keywords: Medical waste, f-MnO,, N-CQD, adsorption mechanism, Kkinetics and
isotherm.

1. Introduction

The unsustainable utility and releasing of multiple pollutants into water bodies has led to a
worldwide water crisis which is a cause of concern 'Industrial wastewater discharges
poisonous and carcinogenic chemicals, destroying aquatic life and making the water unfit for
domestic use. Thus, hazardous dyes from leather, paper, textile, cosmetics, rubber, and plastic
should be treated before being release as most color molecules are hazardous, they are
recalcitrant to environmental influences and tend to accumulate®®. Textile wastewater
treatment and recycling have always been feasible water scarcity solutions®. Adsorptions are
the simplest treatment techniques they are highly efficient, economically viable and doesn’t
generate any secondary pollutants®.

Expired drugs discharge into the aquatic environment are considered as emerging water
pollutants ®, they are known to cause disturbing environmental and human health impacts
when improperly disposed into the surrounding environment’, with this in mind we have
chosen waste cough syrup as a source for synthesis of our catalyst as its remains frequently
used and seems to surge in demands in the recent years, this process will not only convert the
potentially harmful material into suitable thing but serve as one of the alternative way of
recycling which makes our approach green in nature.
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Manganese oxide nanoparticles, which are cheap, abundant, non-toxic, and acid-resistant,
have found several applications. MnO, as a catalyst for water treatment has found use in
multiple applications, namely in adsorbent studies, cation exchange, biosensor, dye
degradation and oxidation of organic matter®®. Carbon Quantum Dots or CQD is a fast-
emerging material comprising of carbon, oxygen, nitrogen and hydrogen functionalities *°.
CQD has a variety of potential utilization in sensing, bioimaging and catalysis. CQD is seen
as a possible alternative to metal-based nanomaterials as a result of their exceptional
photophysical qualities, tuneable emission, large surface area, low toxicity, biocompatibility,
water-solubility, resistance to chemical effects and potential to act as a substrate to various
desired functional groups ***2*3, Thus in this current study N- CQDs generated from the
expired cough syrup is utilize to prepare MnO,/CQD nanocomposite. The prepared material
was then successfully applied for the removal of toxic MB dye from water solution. MB dye
is hazardous to living species and damaging to aquatic ecosystems, hence its removal from
various discharges is important. The method followed for the preparation of N-CQDs from
waste/expired cough syrup is simple, unique as well environmentally sound in nature.

2. Experimental.

2.1 Materials.

Merk, India, supplied the potassium permanganate (KMnO4) and Methylene Blue dye.
Waste/expired Ascolix cough syrup was used. Sodium Chloride (NaCl) was purchased from
Fisher Scientific, India. 100 mL steel autoclave lined with Teflon was used for hydrothermal
synthesis of N-CQD. The remaining chemicals reagents were of the analytical grade and
utilized as obtained.

2.2 Synthesis of N-CQDs from cough syrup.

15mL of expired Ascolix cough syrup was mixed with 30mL of distilled water to synthesise
N-CQDs hydrothermally. The solution was mixed and stirred for 15 minutes. The evenly
mixed solution was then poured into a 100 mL Teflon-lining hydrothermal reactor and heated
at 180 °C for 2.5 hrs. After the reaction the hydrothermal reactor is left to cool down to room
temperature and the liquid supernatants obtained was then subjected to centrifugation and
filtration. The expired Ascolix cough syrup used above consist of two medicine
Chlorpheniramine  Maleate CyH,3CIN,O, and Dextromethorphan Hydrobromide
ClgHngrNOQ.

2.3 Synthesis of Mn0,CQD nanoparticles

MnO,CQD nanoparticles was prepared similarly as reported **, the procedure involved a
simple heating method using a magnetic stirrer in which 250 mg of KMnQO,4 was mixed with
20 mL of N-CQD solutions and stirred at 80° C for 2 h. The solution turns dark brown from
pink colour at the end of the reaction producing a brown precipitate. The resulting solution is
then dried in a hot air oven to obtain powdered composite. The powdered MnO,/CQD
nanocomposite was washed numerous times using excess distilled water and again dried after
which it is finely crushed then used for various adsorption studies. When N-CQD was added
to KMnO, solution it caused the reduction of permanganate which leads to deposition of
MnO, on the matrix of N-CQD, as the reduction reaction of Mn’* to Mn**progress the
unreacted MnQO, settled down while unreacted K,COs;, KHCO3; and N-CQD remains as
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supernatant which is then removed **** .In this reaction N-CQD acted both as a reducing and
precipitating agent, the reduction of KMnO, to MnO by N-CQD is defined by equation™*.

4KMnO4 + 3C+H,0 — = 4KMnO + K,CO3+2KHCO3 (1)

Expired Cough Syrup/Waste medicine ~ Hydrothermal Autoclave Carbon Quantum Dots

e

- L | ¢ '

Use for Further Applications Powdered and Wash MnO,/CQD

Scheme- Shows synthesis of MnO,CQD nanocomposites.

2.4 Characterization

UV-Vis spectra were characterized using Varain 5000 spectrophotometer, while Jobin Yvon
FLUOROLOG - FL3-11 was used to record the PL spectra. Thermo Nicolet 6700 with KBr
method was utilized to analyse Fourier Transform Infrared (FT-IR) spectra. Raman spectrum
was obtained using Horiba Jobin Vyon, LabRam. SEM images were taken using Jeol
6390LV/OXFORDXMXN. TEM images were acquired using Joel/JEM 2100. DLS and Zeta
potential was recorded using Malvern Zeta Sizer Nano S and Litesizer 500 respectively. XRD
pattern of the nanocomposite were recorded using a Cu-Ka radiation with a diffractometer
Philips PW 3710/3020 and XPS spectrum was analysed using Thermo Fisher K-Alpha. The
equilibrium concentration of MB dye at certain time interval was analysed using UV-Vis
spectrophotometer Systronics: 119.

2.5 Adsorption studies.

The adsorptions studies were perform using 100 mL beakers in which 50 mL solution
containing known amount of dye in mg L™ and known dosage of Mn0,CQD in mg was taken
and stirred on a magnetic stirrer, the experiments was carried out in the dark, within the first
few minutes of the experiment there is a rapid change in colour from dark blue to much
lighter blue indicating the adsorption of dye into the nanocomposites. After certain interval of
time 2 mL of the solution was drawn out using a pipette and subjected to UV-
spectrophotometer analysis. Methylene blue (MB) was taken as a representative dye. The
quantity of dye removed/adsorbed and the percentage of adsorption were calculated using Eq.
(2) and Eq. (3) respectively:
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Qe= ——— )

(Co—Ce)

% of adsorption= x100% (€))

0
Where, Q, is the quantity of dye in mg g~ adsorbed by the per unit weight of adsorbent at
equilibrium. C, and C, are the initial and equilibrium dye concentration in mg L™, V is the
volume of the solution in millilitre (mL) and m is the weight of the adsorbent in milligrams.
3. Results and discussion.
3.1 Spectral Characterisation of Mn0O,CQD nanoparticles.
The absorption spectra of pristine N-CQD, MnO,CQD, and KMnQO, solutions were taken in
the wavelength range of 200-800 nm for comparison and the acquired results are shown in
Fig. 1a As we can see N-CQD spectra revealed a peak at 290 nm owing to the presence of -
m* transition of the C = C bonds ™. It is obvious from Fig. 1(a) that the absorption spectra of
aqueous KMnQ, solution is well characterised with peaks at 210, 310 and 350 nm ascribed to
the charge transfer within the ligand oxygen, whereas the absorption peaks at 505, 524 546
and 568 nm are due to the charge transfer form ligand to metal *. When the KMnOj is heated
with N-CQD solution the pink colour slowly faded and dark brown precipitate is obtained,
the spectra of mixture of N-CQD and KMnOy solution shown in Fig. la reveal that the
typical adsorption peak corresponding to KMnO,4 was replaced with the appearance of a wide
broad peak between 200-300 nm. Moreover, the adsorption intensity of N-CQD is
significantly reduced in the presence of KMnO, °. Steady state fluorescence spectroscopic
analysis was done to confirm the formation of N-CQD from cough syrup; Fig. 1b depicts the
emission spectra of N-CQD at different excitation wavelength. It is observed that changes in
excitation wavelength significantly vary the intensity of emission wavelength **° the
intensity of emission increases as the excitation wavelength increase with maximum intensity
at 530 nm corresponding to the excitation at 480 nm, this emission excitation dependant
nature of the N-CQD can be attribute to the presence of polydispersity or different-sized
carbon dots and availability of various functional groups'’. To further confirm the formation
of CQD from cough syrup aqueous solution of N-CQD was exposed to UV light in which the
brown yellowish CQD suspension showed blue fluorescence upon exposure to UV (360nm)
inset in Fig. 1a (i) &(ii).

3.2 Morphology and Structural characteristic of Mn0O,CQD nanoparticles

(FTIR) tests were done to determine the surface functional group of MnO,CQD and pristine
CQD. As evidence in Fig. 1(c) the FTIR spectra peaks at 3317 cm™ and 3405 cm™ correlate
to stretching vibrations of O—H or adsorbed water in pristine N-CQD and MnO,/CQD,
respectively. At around 920 cm™ the bending vibration of O-H for pristine N-CQD was
likewise detected '®°. The peaks at around 2923 cm™ and 777cm™ is a result of CH
stretching and bending vibrations while C-O vibrations has been found at around 1253 cm™ %
for pristine N-CQD. In the case of MnO,/CQD the peak at 860 cm™ is also attributed to C-H
stretching and out of plane bending vibration®?%. The peak at 1655 cm™ for pristine N-CQD
is ascribed to C=0 2%, While the NH group is responsible for the peaks centred around 1581
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cm™ and 630 cm™ in both MnO,CQD and pristine N-CQD, respectively **. The COOH group
of both the MnO,CQD and pristine N-CQD is accountable for the peak at 1408 cm™, while
the peak at around 1052 cm™ which is only observed in pristine N-CQD is caused by the C-
OH bending *?®. The FTIR spectra of MnO,CQD between 400 cm™ and 700 cm™ shows
vibrations bands which can be ascribed to metal-oxygen vibrations 2’. According to the
FTIR spectra, the presence of -OH groups in the N-CQD affirms the reducing property and
the capacity to donate electrons during the formation of MnO,CQD 2. As depicted in Fig.
1(d) the Raman peaks at 363 cm™, 590 cm™, 748 cm™ and 959 cm™ correspond to MnO
bending and stretching vibrations 2*%%3! the peak at 1209 cm™ is ascribed to D band, the
band at 1413 cm™ due to C-N stretching®, while the peak at 1553 cm™ and 2670 cm™ is
ascribed to G band and 2D band respectively.*334%
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Figure 1. (a) Adsorption spectra for pristine N-CQD, KMnO, and MnO,CQD, inset figure
()& (ii) shows N-CQD solution under UV light exposure (b) N-CQD emission spectra at
different excitation wavelength (Aexcitaion=400-500nm). (c) FT-IR spectrum of MnO,CQD and
Pristine N-CQD (d) Raman spectra of MnO,CQD (e) SEM images at 10um.

The SEM image of MnO,CQD nanoparticles as shown in Fig. 2(a) the micrograph showed
the agglomerated semi spherical grains of MnO,CQD.TEM images of MnO,CQD were taken
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to further analyse the morphology of the MnO,CQD. As revealed in Fig. 2(b) it was observed
that the nanoparticles are composed of highly crammed semi-spherical agglomerated grains,
the average size of the nanocomposite calculated from TEM images is 34.05 nm as shown in
Fig. 2(c). Fig. 2(d) depicted the DLS or dynamic light scattering analysis that has been
carried out to obtained the profile of nanoparticle size distribution dispersed in aqueous
solution %, DLS determine the hydrodynamic size of particles and any molecules affix to the
surface, such as metabolites and solvent molecules, it is usual that the size obtained by DLS
is often larger than that recorded by TEM, which may be due to Brownian motion *" . The
DLS analysis revealed a cumulative analysis with an autocorrelation function, with the
generated parameters, such as the Z average and the polydispersity index or (PDI), as the
primary focus *. The Z-average of MnO,CQD was found to be 187.9 nm and the PDI was
0.311 at room temperature, therefore the particle size in the range below 187.9. MnO,CQD's
mean Zeta Potential was found to be -21.6 mV, thus indicating an enhanced stability of
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Figure 2. (a) Show B-MnO,CQD SEM images at 1um (b) TEM images of B-MnO,CQD at
100nm (c) average size of MnO,CQD calculated form TEM images (d) & (e) accordingly
depicts DLS and Zeta Potential of 3-MnO,CQD in double distilled water.

. The XRD profile of MnO,CQD as depicted in Fig. 3(a) showed Bragg’s peaks around 22.8°,
37° and 48.74° corresponding to crystal planes of (001), (110) and (201) respectively is
attributed to carbon (AMCSD 0013020), whereas peaks at 32.33°, 44.74°,52. 19°, 54°.83 and
67.14° corresponds to diffraction crystal planes of (210) (310) (320) (321) and (420) of
amorphous beta MnO, (AMCSD 0009651).As observed, there is a shift of XRD peaks
positions due to crystal structure strain which amount to defects by lattice distortion, types of
strain such as tensile or compressive can shift the position of XRD peak to lower or higher
angle “°*" . The carbon substitution in MnO lattice led to the increase of crystallite size and
tensile strain since oxygen atomic radius = 0.65A is smaller as compared to the atomic
radius of carbon C r = 0.77A%.
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Figure 3. (a) Shows XRD of f-MnO,-CQD.
High resolution XPS evaluation was also performed to additional assess the chemical

compositions of the prepared MnO,CQD nano composites and as demonstrated in Fig. 4(a)
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the XPS survey spectrum of the composites verified the availability of Mn, C, O, and N. The
XPS spectrum of Mn 2p as depicted in the above Fig. 4(b) shows peaks at 642.9 eV attributed
to Mn2ps;, and peaks at 653.4 eV to Mn2p;,. After deconvolution of the 2ps;, and 2pip,
Mn,03 was observed at 641.9 eV and 653.4 eV while MnO; at 641.9 eV and 656.4 eV *,
XPS spectrum of C 1s at 284.8eV as shown in (Figure 4 c) depicts C-C of sp® hybridized
carbon atom®. The epoxy/ether C-O-C is depicted by the peaks with energy at 286.4 eV,
while carboxyl O=C-O can be ascribed to peaks at 288.7 eV, 294.5 eV and 291.8 eV ***°,
The O 1s spectrum as observed in Fig. 4 (d) shows peak with binding energy at 529.7 eV
which is ascribed to the oxygen in MnO lattice without oxygen vacancy while the energy
peak at 532.4 eV is related with the adsorbed oxygen, including absorbed H,O, —COs3, or O,
4148 The N sl spectrum Fig. 4 (e) shows binding energies of pyridinic and pyrrolic nitrogen
peaks at 398.8 eV and 400.7 eV, respectively*’, which indicates that carbon dots are nitrogen
doped .
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Figure 4. (a) Shows XPS survey spectrum of MnO,CQD (b) XPS spectrum of Mn2p (c) XPS
spectrum of C 1s (d) XPS spectrum of O 1s (e) XPS spectrum of N 1s.
3.3 Optimization of the various parameters
To determine the optimal conditions for dye removal, the impact of multiple parameters such
as dye amount, adsorbent quantity, duration of contact, pH, conductivity, and temperature
was investigated. After optimising the various parameters the adsorption isotherm
experiments was performed at 30 °C with various concentrations of dyes while keeping
others parameters constant.
3.3.1 Effect of contact time
As demonstrated in Fig. 5(a), dye removal using f-MnO2CQD was optimized between 1-60
minutes at 5 mg L™ dye concentration and 10 mg adsorbent dosage. Dye removal% was high
initially but then decreased. This could be because the surface of the nanoparticles has many
free absorption sites, as the adsorption process progresses, the repelling force among the dye
molecules on the surface impedes adsorption on the remaining vacant sites *°. It is apparent
from Fig. 5(a) that the dye removal was quite high up to 40 minutes. As a result, for the
subsequent dye removal experiments 40 minutes was fixed as the optimum time.
3.3.2 Effect of dye concentration

5 mg-25 mg L~ of 50 mL MB dye concentration, contact time 40 minutes, normal pH
4.5, temperature 28°C, and adsorbent dosage of 10 mg. Depending on the initial
concentration of the dye we found that the removal efficiency was found to be maximum for
5 mg L™ with the removal efficiency of 97.32 % on further increasing it was found that the
removal was efficient till 15 mg as shown in Fig. 5(b). The reduction in dye adsorption
efficiency as dye concentration increases may be attributed to a decrease in available biding
sites on the surface of MnO,CQD. Thus, after a certain dye concentration the surface of the g-
MnO,CQD was completely covered with dye molecules preventing further adsorption and
removal of dyes. As we observed that 15 mg L™ of dye concentration was the most efficient
with the removal efficiency of 94.68 % so 15 mg L™! of dye was taken as the optimal
concentration for all further investigation.

16732
Eur. Chem. Bull. 2023, 12 (Special Issue 4), 16724-16742



Facile synthesis of f-MnO, decorated with nitrogen doped carbon dots from expired cough syrup to enhance the
dye adsorption efficiency form aqueous solution.

Section A-Research paper
ISSN 2063-5346

3.3.3 Effect of adsorbents concentration

To optimize adsorbent dosage 1025 mg of B-MnO,CQD nanoparticles, 15 mg L™ of dye
in 50 mL solution, normal pH-4.3, temperature 28°C and contact time of 40 min. As seen in
Fig. 5(c), dye adsorption rises with adsorbent dosage, probably due to nanoparticles’ many
surface binding sites. Dye molecules are swiftly adsorbed, removing them quickly. Dye
adsorption does not increase with adsorbent dosages above 15 mg. Thus, 15 mg of the
adsorbent dosage with 96.24 % dye removal was the optimal amount for all further studies.
3.3.4 The pH effect on adsorption

The pH was optimize by varying the pH of the solution between 2-10 using 0.05 M NaOH
and 0.05 M HCI while maintaining the optimized amount of dye, adsorbent concentration,
temperature and time as in the preceding experiment. As shown in Fig. 5(d), at acidic pH, the
amount of MB dyes adsorbed is low due to H*, which interferes with the molecules of dye
over the sites of adsorption. As pH increases, more negatively charged sites become
available, increasing the binding sites for the cationic dye >*. Therefore, pH 10 was chosen as
the ideal pH for MB adsorption on MnO2/CQD.
3.3.5 The ionic effect on adsorption
The dye waste water contains more salts and metal ions , SO the dye adsorption
efficiency of the B-MnO,CQD was tested in solutions of varying NaCl concentrations
(ranging from 0-0.5 mol/L) with all parameters optimized except for temperature, which was
kept at room temperature. Fig. 5(e) shows that dye adsorption decreased as ions increased.
The salt curtaining the electrostatic attractions of dye molecules and particle surfaces may
cause salt ions and dye molecules to compete for adsorption sites **° decreasing dye
adsorption with higher NaCl.
3.3.6 The effect of temperature on adsorption
The studies on the impact of temperature on the dye adsorption capability of B-MnO,CQD
nanoparticles was carried out between 30°C to 70°C in which a water bath containing ice
were used to adjust the temperature. As shown in Fig. 5 (f), the % of dye adsorption
decreases as the temperature increases from 30°C to 70°C. This is because dye adsorption in
solution is an exothermic reactions *>*° and with increase in temperature the penetration
power of dye tends to reduce due to the drop in surface tension of the adsorbent 2.

52,53,54
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Figure 5. (a) Effect of contact time on the adsorption% (b) effect on the adsorption % due
initial concentration of dyes (c) effect on the adsorption % due to adsorbent dosage (d) effect
of pH on the adsorption % (e) the effect of ionic strength on the adsorption% (f) the effect of
temperature on the adsorption.

3.4 Adsorption isotherm modelling.

The adsorption isotherm or equilibrium adsorption data analysis is essential for expressing
the interactive relation between the concentration of dye molecules and the amount of
adsorbent in the solution to predict the adsorbent's adsorption capacity and plan the
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adsorption system®"*®, The adsorption isotherm experiment was performed at 303.15 K with
the following parameters: 15 mg adsorbent, 5-20 mg L-1 dye, and normal pH were used. This
study employed Langmuir equilibrium adsorption isotherm.
Langmuir adsorption isotherm is given by Eq. (4):

o 1 4 Ce @

Qe QoL Qo
Where, Ce in mgL™ and Q. mgg™ are the same as in Eq. (2), Qo is the maximum amount of
adsorbate a unit mass of adsorbent can absorb, which is monolayer surface adsorption®®. Qo
and L were calculated using the linear regression plot of (C./Qg) vs Ce in Fig. 6 (a). L is the
Langmuir isotherm constant, which is related to adsorption energy ®°. R, is provided by Eq.
(5):
1
"~ 1+bC,

)

Ry

Where Cy mg/L is the greatest starting adsorbate concentration and Ry is the type of isotherm:
unfavourable if (Ry>1), linear if (Ry=1), favourable if (0<R;<l), and irreversible if
(R =0).Table 1 shows that Ry values favour dye adsorption into nanoparticles.

3.5 Adsorption Kinetics.

With optimum amount of adsorbate and adsorbent, a time range of 0-100 mins, pseudo
second order were used to study adsorption Kinetics.

The pseudo second order reaction model is given by Eq. (6):

t_1,t
@ 1 e ©)
Where Q. mgg™ is same as above equation in Eq. (2), Q; is the amount of adsorption at time t,

h is the initial rate constant where h= k,Q.? in which k. is the pseudo second order adsorption

t
rate constant, the linear plots of E vs time t is depicted in Fig. 6 (b).
t

As shown, the pseudo second order can relate the whole variety of adsorption behavior
whose correlation coefficients show perfect fitness R? = 0.9999 of the straight line and as
exhibited in Table 2 the calculated value of Qe ca iS near the experimental value Qe exp making
it the most suitable to study the MB adsorption process on MnO,CQD nanoparticles.
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Figure 6. (a) Langmuir adsorption isotherm and (b) Pseudo second order kinetics figures for
the adsorption of MB dye on 3-MnO,CQD.
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3.6 Mechanism of methylene blue adsorption

Adsorption of dyes is primarily caused by the movement of adsorbate ions to the adsorbent's
outer surface, transportation of dye molecules into the adsorbent's pores, and adsorption of
the adsorbate into the adsorbent's interior®. Multiple factors affect the overall course of
adsorption such as adsorbent and adsorbate size and structures, steric effect, chemisorption,
electrostatic and chemical interactions among the surface functionalities of nanoparticles and
dye molecules. ®*®°. The adsorption of MB dye on to the surface of B-MnO,CQD can be
explained by the suggested mechanisms as represented by the Fig 7 (a). in which there is the
Hydrogen bonding between —Oh and —~COOH functional groups present on the B-MnO,CQD
and the nitrogen’s atoms of MB dyes, the n—n stacking of the aromatic rings present in both
B-MnO,CQD and MB dyes, as well as the electrostatic interactions between the f-MnO,CQD
and MB dyes as evidence with the nanocomposite's large minus Zeta Potential which
increases the cationic dye adsorption through electrostatic interaction, it should also be noted
that the adsorption kinetics and adsorption isotherm follows pseudo second order and was
consistent to Langmuir isotherm respectively similar to the one reported by °°.

.-COOH
Carbon Quantum Dots

-OH

Methylene Blue

7/
Methylene Blue

Carbon Quantum Dots
7(a)
Figure 7. (b) The adsorption mechanism of MB dye on to the B-MnO,CQD nanoparticles
similar as represented by®.

4. Conclusion

We have demonstrated the preparation of MnO,CQD nanoparticles, using N-CQD derived
from spoiled cough syrup as a reducing agent. The obtained MnO,CQD are quasi-spherical in
shapes with the approximate size of 35 nm. It was observed that the material demonstrated
rapid dye removal efficiency within a short time. The experimental adsorption and kinetics of
MnO,CQD nanoparticles fit Langmuir isotherm model with 82.85mgg™ single-
layer adsorption capabilities and pseudo-second-order reaction. The use of medical waste
derived CQD and its metal oxide composites could be potentially used to remove dye
pollutants from various solutions having wide range of pH, EC and temperature.
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Tables

Table 1

Isotherm Parameters Value

Langmuir Qo (Mgg™) 82.85
RL 0.025
R? 0.9998

Table 2

Kinetics Parameters Value

Pseudo Second Order Qeca (Mg g™l) 49.45
ko (g mg™* min™) 0.032
R? 0.9999
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