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Abstract: To address the problem of emerging water pollution by pharmaceuticals, a composite
material based on cocoa pod husk biochar obtained by microwave pyrolysis and imidazole zeolitic
structures (ZIF-08@BC) was developed. The resulting material was characterized using various an-
alytical techniques (TGA, XRD, BET, pHpzc and FTIR). The adsorption capacity of ZIF-08@BC was
evaluated, using the drug loratadine as a model compound, obtaining the following results: adsor-
bent dose 0.07 mg/L, pH 6, an initial concentration of 40 mg/L and a contact time of 40 min. Under
these conditions, the compound reached a maximum adsorption capacity of 23.103 mg/g. The ad-
sorption process was found to fit best to a pseudo-first order kinetic model (R?=0.966, Qe (calo)= 22.46
mg/g and E =0.009) and to an isothermal unbinding model (R?=0.997 and ks = 0.182). In conclusion,
ZIF-08@BC is an effective adsorbent for the treatment of aqueous media contaminated with lorata-
dine.

Keywords: emerging contaminants; zeolitic imidazole framework; loratadine; biochar; microwave-
assisted pyrolysis

1. Introduction

Global consumption of pharmaceuticals has grown exponentially in recent decades,
resulting in an increased presence of potentially toxic chemical compounds in the envi-
ronment [1,2]. These drugs are absorbed, metabolized and finally eliminated through
urine and faeces. Population growth and improper use of these products have led to the
pollution of aquatic ecosystems [3].

Freshwater ecosystems, such as rivers and lakes, have become the main recipients of
these pharmaceuticals [4]. This is due to the limited management of industries and the
discharge from wastewater treatment plants into water bodies, which carry a wide variety
of compounds, such as analgesics, antibiotics, anticonvulsants, anticarcinogens, lipid reg-
ulators, antihistamines and even drugs. In Ecuador, substances such as carbamazepine,
acesulfame K, paracetamol, diclofenac, sulfametaxol and loratadine have been found in
water samples, sediments and biota [5], representing a considerable threat to public health
and ecosystems. In this work, the use of zeolitic imidazolate materials (ZIFs) supported
on biochar (BC) is presented as a promising alternative to determine whether the ZIF-
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8@BC supported material can effectively act as an adsorbent for the antihistamine lorata-
dine in synthetic waters.

2. Materials and Methods
2.1. Chemical Reagents

Zinc nitrate at 98% (Zn(NOs)2.6H20), 2-Methylimidazole at 99% (CHsCsH2N2H) and
methanol at 99.8% ACS reagent (CH3OH) were purchased from Sigma-Alrich. For the
stock solution, a blister of commercial loratadine 5 mg was used and, in all experiments,
water type L.

2.2. Synthesis of Zeolitic Imidazolate Framework Impregnated (ZIF-8) on Biochar (BC)

For the synthesis of ZIF-8 nanocrystals on the BC surface, 0.774 g of Zn (NO3)2.6H20
and 0.21 g of BC are mixed in 60 mL methanol and stirred for 6 h. Then 0.789 g of 2-
methylimidazole is weighed and dissolved in 60 mL methanol. The two solutions are
mixed and stirred for 12 h. The resulting product is filtered and washed with methanol.
Finally, it is dried for 12 h at 70 °C [6], thus obtaining purified ZIF-8@BC.

2.3. Characterization

For the characterization of the ZIF-8@BC material, a proximal analysis of the material
was carried out using a Mettler Toledo thermogravimetric analyzer (TGA1). X-ray diffrac-
tion (XRD) was performed with a Bruker D8 Advance, with a CuKal radiation and a step
size of 0.02035. Brunauer Emmett-Teller (BET) surface area (SSA) and pore volume were
measured using Micromeritics, Autochem II2920. Infrared fourier transform spectra were
measured using the Perkin Elmer Spectrum FTIR instrument from 4000 to 450 cm™'.

2.4. Preparation of the Stock Solution

A commercial blister of loratadine was used to prepare a stock solution (60 mg/L) in
water and a 50%v/v ethanol solution. All adsorption experiments were performed by di-
luting the stock solution to the desired concentration.

2.5. Adsorption Experiments

All adsorption experiments were carried out in 250 mL beakers with 100 mL of lo-
ratadine diluted from the stock solution. Each experiment was performed in triplicate at
a temperature of 293.15 K, stirring at 300 rpm and filtration at the end of the adsorption
process (Hawach Scientific 2.5 um filter paper). To study the influence of pH on the ad-
sorption of loratadine, different pH values (2, 4, 6, 8, 10), with a mass of ZIF-8@BC of 50
mg were mixed with a 50 mg/L solution of loratadine solution during 60 min. The effect
of adsorbent dose was tested by mixing different masses of ZIF-8@BC (5, 25, 50, 75, 100,
125, 150, 175, 200 mg) with a 50 mg/L solution in a 100 mL volume and periodically regu-
lating the pH 6 with the addition of HCI (0.1 M). For the determination of the influence of
time vs. concentration the following parameters were taken into account (1, 5, 10, 15, 20,
20, 40, 60, 80, 100, 120 min) and the loratadine solutions had a concentration of (3, 5, 10,
20, 40, 50, 60 mg/L), maintaining a ZIF-8@BC dose of 75 mg. The experimental data were
subjected to various kinetic models and isotherms to analyze the data.

3. Results and Discussion
3.1. ZIF-8@BC Characterization

The thermogravimetric analysis allows the quantification of the proximate analysis,
showing that the ZIF-8@BC material contains 1.22% moisture, 41.92% volatile compounds
from the decomposition of the imidazole, 25.09% representing the fixed carbon of the BC
and 31.40% ash which refers to the final decomposition of the ZIF-8 to zinc oxide (ZnO)

[7].
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Figure 1. Proximal analysis of ZIF-8@BC.

The crystallographic characteristics of ZIF-8@BC were determined by XRD. The
prominent peaks of the synthesized ZIF-8 on the BC surface were compared with theoret-
ical patterns of the Crystallography Open Database (COD). The peaks between 7° to 20°
correspond to the organic ligand imidazolate, responsible for the coordination of the metal
sites. Signals beyond 30° represent the Zn? forming chemical bonds with the nitrogen
atoms of the metal-imidazole groups. From the diffraction pattern the crystallite size was
calculated via the Scherrer equation, obtaining an average crystal size of 52.68 nm [8].

FTIR spectroscopic analysis was performed to identify the functional groups on the
ZIF-8@BC surface. Peaks can be visualized between 1461 to 1313 cm™ (stretching of the
imidazole ring), 1147 cm™ (vibration of C-N group), 693 cm™ (vibration of the imidazole
out-of-plane ring bending) and 419 cm™, (Zn-N stretching) [9].

Finally, the experimental result of the zero-charge point (pHpe) of ZIF-8@BC is close
to 9.67. This is similar to the literature which evaluates the ZIF-8 molecule and BC and
reports a pHpez of 9.5 and 9.48 respectively [10,11]. At this pH, the surface is negatively
charged and attracts positively charged molecules, through electrostatic interactions.

3.2. Results of Adsorption

The surface charge of the adsorbent and the state of the molecules are affected by the
pH of the solution. For the removal of loratadine in synthetic wastewater, the highest re-
moval (60.88%) was obtained at a pH of 6; however, as the solution begins to have a basic
pH, the adsorption decreases, obtaining a minimum removal of 18.92% at pH 10, due to
the electrostatic repulsion between the negative charges present in ZIF-8 and the adsorb-
ate.

Optimizing the amount of adsorbent in an adsorption system is important to obtain
an efficient system, where the material is not wasted and there is a cost-benefit optimiza-
tion. Therefore, in this study, the adsorption capacity (Q.) and the percentage of removal
(%R) were evaluated for different doses of ZIF-8@BC material, and a Qemax= 36.06 mg/g
and %Rmax= 56. 52% was obtained at 0.07 mg/L. The efficiency of the process was affected
at a higher amount of adsorbent, decreasing the adsorption capacity, due to the excess of
adsorbent generated by a small amount of adsorbate, allowing a large part of the active
sites on the surface of the ZIF-8@BC material to become unsaturated.

The adsorption process of loratadine occurs rapidly during the first 20 min. After this
time, adsorption was slow until reaching equilibrium after 40 min. During the equilibrium
stage, the removal efficiency stabilizes at approximately 22 mg/g. This phenomenon can
be attributed to the availability of active sites of ZIF-8@BC which tend to become saturated
with time. The data were subjected to the analysis of 3 kinetic models: pseudo-first order
(PFO), pseudo-second order (PSO) and Elovich model. It was found that the adsorption
process fits best to a pseudo-first order kinetic model (R? = 0.966, Qe (cal = 22.46 mg/g and
E =0.009) (Figure 2).
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Figure 2. Graph of the effect of contact time and non-linear kinetic models.

The PFO model resulted well in a fast adsorption system.

Knowing the adsorption isotherms one can generate an interpretation of the possible
adsorption mechanism. For this purpose, the experimental data were subjected to a non-
linear regression for Langmuir, Freundlich and Sips models. In this study the Sips model
exhibits a superior nonlinear fit performance with R?=0.997.
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Figure 3. Graph of isothermal models.

4. Conclusions

In this work, the ZIF-08@BC composite has proven to be an effective adsorbent for
the treatment of aqueous media contaminated with loratadine. This composite material
represents a promising alternative to mitigate the presence of this emerging contaminant
in the environment. Furthermore, it was determined that the best conditions for the ad-
sorption of loratadine were at pH 6, 300 rpm, 75 mg of adsorbent material (ZIF-8@BC) and
a time of 40 min, achieving an adsorption capacity of 23.103 mg/g at a concentration of 40
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