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Abstract: In this research, the photocatalytic degradation of cypermethrin using Fe-TiO2 10 
nanoparticles supported in a biomaterial was evaluated. The nanoparticles of TiO2 were synthesized 11 
by the green chemistry method assisted by ultrasound and doped by chemical impregnation using 12 
molar ratios Fe:Ti of 0, 0.05, 0.075 and 0.1, to make efficient use of direct sunlight (λ>310 nm). All 13 
nanoparticles were immobilized on the surface of spathe of coconut palm (Cocos nucifera). The 14 
degradation was carried out at room temperature and natural pH in a flat plate solar reactor, on 15 
which the composite material was subjected. The concentration of cypermethrin was determined 16 
after 12000 J/m2 of accumulated radiation from GC-MS and the resulting material was characterized 17 
by Scanning electron microscopy (SEM), Transmission electron microscopy (TEM) image and 18 
selected area electron diffraction (SAED), Fourier transform infrared spectroscopy (FTIR), UV-Vis 19 
spectrophotometry of diffuse reflectance and BET surface area BET surface area. The best results 20 
were achieved with the use of Degussa TiO2 P-25, Fe:Ti=0 and Fe:Ti=0.05 in suspension, with 21 
percentages of degradation of cypermethrin of 99.84, 99.62, and 100%, respectively. However, the 22 
materials supported on the biomaterial of coconut, they allowed to reach degradation percentages 23 
higher than 80% with the advantage that it minimizes operating costs, since they are not necessary 24 
filtering or centrifuging processes to separate the catalyst. 25 

Keywords: Cypermethrin; green chemistry; photocatalysis; sunlight; flat plate 26 
 27 

1. Introduction 28 

The current paradigm of the intensification of pest control in agriculture has increased the 29 
demand for pesticides, because these have become fundamental tools in the productivity of the 30 
agroindustrial sector [1–5]. This industry generates approximately 150 million tons of wastewater 31 
during the year worldwide [6], mainly by the use of herbicides, fungicides and insecticides, 32 
approximately 3.3x106 T/year worldwide, of which 0.42x106 T/year are consumed in Europe (data 33 
2010-2014 of FAOSTAT) [7]. This wastewater shows very different characteristics, due to the diversity 34 
of pesticides (herbicides, insecticides, fungicides, rodenticides, nematicides, microbicides and 35 
regulators of plant and insect growth) that can be found in concentrations of up to 500 mg/L [6,8]. 36 
The excessive amount of pesticide residues in the soil, surface water and groundwater causes serious 37 
contamination of soil and water, due to its high toxicity and persistence, which has been declared as 38 
priority pollutants by the Environmental Protection Agency of the United States. United States (EPA) 39 
[9–11]. On the other hand, European legislation for drinking water sets a limit of 0.1 μg/L for a single 40 
active ingredient of pesticide and 0.5 μg/L for the sum of all the individual active substances detected 41 
[6]. In Colombia Resolution No. 2115 of June 22, 2007 establishes that the maximum permissible limit 42 
value for the active ingredients of pesticides of toxicological category II [12] is 0.1 mg/L [13]. 43 
Cypermethrin (Class II, moderately dangerous) causes human health problems related to 44 
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immunosuppression, hormonal alteration, diminished intelligence, reproductive anomalies and 45 
cancer. In the studies carried out in this area, only 0.1% of the pesticide used reaches the target pest 46 
and 99.9% is dispersed in the environment through routes such as runoff and erosion, leaching, 47 
drainage and discharges of pesticide production plants [14].   48 

In urban wastewater treatment plants, biological treatment does not eliminate polar, toxic or 49 
non-biodegradable contaminants, although it is adopted as the best available technology. To comply 50 
with strict environmental laws, significant efforts are being made to develop effective, rational and 51 
affordable wastewater treatment strategies, and improvements in processes that can easily destroy 52 
all bio-recalcitrant organic pollutants, minimizing their accumulation [15]. Advanced oxidation 53 
processes (AOPs) are characterized by the "insitu" production of hydroxyl radicals (OH●), which are 54 
capable of oxidizing and mineralizing any organic molecule, producing CO2, H2O and inorganic ions. 55 
Due to the reactivity of the hydroxyl radicals, its attack is non-selective, which is useful for the 56 
treatment of wastewater containing different pollutants. AOPs can be made with solar irradiation, 57 
since the sun (a source of clean renewable energy) provides photons with the wavelength required 58 
for these processes [8,9,16–18]. Heterogeneous Photocatalysis is an advanced oxidation technology 59 
for the degradation of persistent organic pollutants, such as pesticides, which produces byproducts 60 
that are more biodegradable than the original compounds. TiO2 is the most common photocatalyst in 61 
this process when applying UV/UV-vis. Some strategies to expand the photo-response of TiO2 in the 62 
region of visible light is the doping of this material with non-metallic elements [19–21] , such as N, C, 63 
B, P and F, with noble metals such as Au and transition metals such as Cr, Fe, Ni, V, Mn, and Cu [22–64 
27]. In the photocatalytic degradation of chlorpyrifos, a composite material of CoFe2O4-TiO2/reduced 65 
graphene was used in a batch reactor under UV radiation, reaching a degradation efficiency of 95% 66 
for an initial concentration of 5 mg/L, pH 5.8, catalyst dose 0.6 g/L and 60 min of reaction [15,28,29]. 67 
In a similar study, the batch degradation of atrazine was evaluated using B-TiO2 nanomaterials, with 68 
efficiencies close to 85% in the photocatalytic process [30]. Additionally, heterogeneous 69 
photocatalysis has been integrated with other advanced oxidation processes such as ozonation. The 70 
O3/UV/TiO2 treatment has been proposed for the elimination of cypermethrin, malathion and 71 
dichlorovos, by means of which 83% degradation percentage was obtained for cypermethrin [8,31]. 72 
In addition, a wide variety of common pesticides such as bromoxynil, diuron, o-phenylphenol, 73 
MCPA and terbuthylazine have been mineralized through heterogeneous photocatalysis using B-74 
TiO2 and Cs-TiO2 catalysts, which exhibit degradation efficiencies greater than 75% for these 75 
pollutants [32,33]. 76 

In the present research the photocatalytic degradation of Cypermethrin was evaluated using Fe-77 
TiO2 nanoparticles in slurry and supported on coconut palm spathe (Cocos nucifera) in a flat plate 78 
solar reactor for a Cypermethrin initial content of 50 mg/L. The nanoparticles of TiO2 were 79 
synthesized by the method of Green Chemistry assisted by ultrasound using aqueous extract of 80 
lemon grass (Cymbopogon citratus), obtained from Soxhlet extraction and modified with Fe+3 atoms by 81 
means of Chemical Impregnation, while the immobilization of the nanoparticles on Coconut palm 82 
spathe was carried out through the Doctor Blade technique. The concentration of cypermethrin was 83 
determined after 12000 J/m2 of accumulated radiation from GC-MS, the powder materials was 84 
characterized by Transmission electron microscopy (TEM) image and selected area electron 85 
diffraction (SAED), Fourier transform infrared spectroscopy (FTIR), UV-Vis spectrophotometry of 86 
diffuse reflectance and BET surface area, while composite materials (coconut palm spathe/catalyst) 87 
were analyzed through Scanning electron microscopy (SEM). 88 

 89 

2. Materials and Methods  90 

2.1. Materials 91 

Fresh lemongrass plant leaves (Cymbopogon citratus) were collected from Cartagena, Colombia. 92 
Titanium(IV) isopropoxide (C12H28O4Ti) solution (95%) and Iron (III) chloride hexahydrate (98% 93 
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purity) were purchased from Alfa Aesar® and Panreac, respectively. All reactions were carried out 94 
using ACS Reagent chemicals. 95 

2.2. Plant extract and green synthesis of Fe-TiO2 nanoparticles 96 

 Lemongrass aqueous extract and TiO2 nanoparticles using green chemistry were obtained 97 
through a previously reported procedure [34]. The lemongrass leaves were washed with griffin 98 
water. Then, they were dried for six hours in an air circulation oven at 60 °C (Esco Isotherm®, OFA 99 
32-8) and crushed using a manual mill. The dried and crushed biomass (100 g) was placed in cloth 100 
bags, and subjected to a solvent extraction process using a Soxhlet extractor for 6 h in approximately 101 
600 mL of distilled water [35,36]. The extract was stored in the refrigerator at 4 °C. Further, this extract 102 
was used to synthesize TiO2 nanoparticles [37]. In a typical experiment, the reaction was carried out in 103 
a 250-mL beaker, which was introduced in an ultrasound processor (Ultrasonic processor, WiseClean 104 
WUC-A06H, 60 Hz). 20 mL of the precursor agent (Titanium isopropoxide) was added 100 mL of the 105 
aqueous extract of lemongrass contained in a burette, at a rate of 1 mL s-1, additionally the reaction 106 
lasted approximately 30 minutes with constant agitation, making use of a stirring rod [22,37]. The 107 
nanoparticles were washed with 70 %vol ethanol and finally with distilled water, using separation by 108 
centrifugation (Universal Centrifuge PLC-012E) for 15 min at 5000 rpm. The synthesized titanium 109 
dioxide nanoparticles were calcined at 550 °C for 3 hours in a Thermo SCIENTIFIC FB1415M-1450 W-110 
50/60 Hz muffle [16]. For wet impregnation, 1 g of TiO2 and the amount of FeCl3∙6H2O were weighed 111 
to obtain Fe3+:Ti molar ratios of 0.05, 0.075 and 0.1 and dissolved in 20 mL of double distilled water with 112 
constant magnetic stirring for 1 h at 500 rpm. Then, the precipitate was washed with distilled water and 113 
separated by centrifugation for 15 minutes at 5000 rpm, repeating the process 3 times. Next, the 114 
precipitate was calcined at 350 °C for 3 h, and finally the catalyst was sieved in a 300 mesh [23,38]. 115 

2.3. Immobilization of Fe-TiO2 nanoparticles on coconut palm spathe 116 

 The immobilization of the nanoparticles on spathe of coconut palm was carried out through the 117 
Doctor Blade technique using a water-based emulsion composed of styrene copolymer and 50% solids 118 
acrylic ester (RECOL ® CRYL) [39–43]. For this, 0.15 g of nanoparticles were dissolved in 4 g of 119 
emulsion, which was applied in thin film on a spathe surface of 10 cm x 10 cm.   120 

2.4. Characterization 121 

 The micrographs of the composite materials were taken in SEM FEI InspectTM S50. Investigation 122 
of particle morphology of Fe3+ doped and pure TiO2 samples was performed on a JEM 2100HT JEOL 123 
transmission electron microscope (TEM) provided with 200 kV emission gun, beam current of 108.6 124 
 and equipped with diffraction mode (camera length of 300 mm) for selected area electron 125 
diffraction (SAED). The samples were prepared by ultrasonic dispersing of the powders as slurry in 126 
2-propanol and deposited in TEM grids. FT-IR spectroscopy was made on using a IRAffinity-1 127 
Fourier Transform Infrared Spectrophotometer SHIMADZU in the spectral range of 400 and 4000 cm-128 
1. The spectra of the samples were collected by the KBr pellet technique. The sensibility of apparatus 129 
was 4 cm-1. The specific surface area (BET method) was measured by nitrogen adsorption analysis at 130 
-196 °C using a Micromeritics ASAP 2020 Surface Area and Porosity analyzer. Prior to N2 adsorption, 131 
the samples were out gassed at 300 °C for 2 hours in vacuum. Note: A 0.1 g of the catalyst sample. 132 
The UV–vis absorption studies of the photocatalysts were conducted on UV–vis diffuse reflectance 133 
spectrophotometer (Thermo Scientific EVOLUTION-600), with BaSO4 as reference. 134 

2.5. Solar photocatalysis experiment 135 

 The experiment was carried out in a lab scale pilot plant in Cartagena, Colombia (latitude 10° 136 
25’ 30’’ N, longitude 15° 32’ 25’’ W) using natural sunlight irradiation during July to September of 137 
2018. Radiation were taken with a portable photoradiometer Delta Ohm HD 2102 with LP-UVB (300-138 
600 nm) probe. The solar lab scale pilot used in this experiment is based on flat plate solar reactor 139 
(FPSR) technology (Figure 1). This small prototype consists of one photoreactor module (100 cm2) 140 
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where the water flows directly from tube to flat plate and finally to the reservoir tank (1 L) and a 141 
centrifugal pump (12V DC, 0.7A, 1/2-inch suction/discharge diameter and 8 L/min maximum flow). 142 
Storage tank, flowmeter (Arduino flow sensor by effect hall YF-S401, Working Voltage: DC 5V-24V, 143 
Flow Rate Range: 0.3- 6L/min), pipes (1/4-inch), and fittings completed the installation. In 144 
photocatalysis assay, 250 mL of solution (50 mg/L of Cypermethrin) was prepared, this will be 145 
exposed to sunlight in the flat plate photocatalytic reactor without (photolysis test) and with addition 146 
of a catalyst (powder and composite) until it reaches a cumulative solar radiation value of 12000 J/m2. 147 
For the molecular adsorption test, 250 mL (50 mg/L) were placed in contact with the synthesized 148 
composite or 0.15 g of Fe-TiO2 (Fe: Ti = 0). The solution was maintained in constant recirculation at 149 
1.3 L/min in a closed wooden box, taking samples at the beginning and after 120 min, separating the 150 
solution by centrifugation when this is required. 151 

 152 

 
(a) 

 
(b) 

Figure 1. flat plate solar reactor: (a) Design; (b) lab scale.  153 

3. Results and Discussion 154 

3.1. Characterization 155 

3.1.1. Scanning electron micrographs (SEM) 156 

Figure 2 shows the microscopy of Coconut palm spathe coated by Doctor Blade technique. 157 
Samples prepared with water-based emulsion composed of styrene copolymer and 50% solids acrylic 158 
ester (Figure 2a, 2b, 2c and 2d) present a rough non-homogeneous layer of TiO2 or Fe-TiO2 and some 159 
cracks are visible, similar to that reported by Mejía et al. [44]. 160 

3.1.2. FTIR spectroscopy 161 

FTIR spectra were also recorded between the wave number of 400 and 4000 cm-1 for all the 162 
samples. The FTIR spectrum of all the samples is shown in Figure 3 for which nearly similar patterns 163 
were observed. The functional groups of the commercial catalyst (Evonik P-25) prepared TiO2 and 164 
Fe-TiO2 were determined using FTIR. The synthesized TiO2 and Fe-TiO2 absorption band at 3400 cm−1 165 
can be assigned to the vibration of OH groups including the Ti-OH group. The band at 1620 cm−1 166 
corresponds to the Fe-TiO2 bond and H-O-H bending vibration of adsorbed water [16]. The 167 
absorption peak between 400 and 690 cm−1 corresponds to the Ti-O-Ti bond vibration and the 168 
symmetrical vibration of Fe-O-Fe bonds, for the case of doped nanomaterials. All four synthesized 169 
materials have high intensity of Ti-O-Ti bond, including the reference material (P-25) [45]. 170 

 171 

 172 

 173 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 2. SEM micrograph of: (a) Fe:Ti=0/spathe; (b) Fe:Ti=0.05/spathe; (c) Fe:Ti=0.075/spathe; 174 
Fe:Ti=0.1/spathe. 175 
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Figure 3. Typical FTIR spectra of as-prepared different Fe doped and bare TiO2.  177 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 July 2019                   doi:10.20944/preprints201907.0304.v1

https://doi.org/10.20944/preprints201907.0304.v1


 6 of 14 

 

3.1.3. TEM and selected area electron diffraction analysis (SAED) 178 

The surface morphology and particle size (size distribution) of the pure (Fe:Ti=0) and Fe-doped 179 
TiO2 (Fe:Ti=0.1) photocatalyst were further analyzed by TEM, as shown in Figure 4a and Figure 4b, 180 
respectively. It is evident from these images that the synthesized nanoparticles were agglomerated, 181 
and their shapes were quasi-nanospheres. Also, it can be seen that particles have a small size but are 182 
perfectly crystalline in nature. The TEM results are in close agreement with the average crystallite 183 
size obtained from the XRD pattern. The average particle size increases for Fe:Ti=0.1 (15 nm ± 3.057) 184 
as compared to pure TiO2 (13 nm ± 2.542), which is attributed to nanoparticles growth in the 185 
calcination process of the wet impregnation at 350 °C for 3 h. The SAED pattern for pure TiO2 and 186 
Fe-TiO2 (Fe:Ti=0.1) is shown in Figure 5a and Figure 5b, respectively. The lattice spacing was 187 
determined by using the Equation (1): 188 

1

𝑑(ℎ𝑘𝑙)
2 =

ℎ2 + 𝑘2

𝑎2
+

𝑙2

𝑐2
 (1) 

 189 

Where, h, k, l are the Miller indices and a and c are the lattice parameters, for a tetragonal structure, 𝑎 =190 
3.7852 = 𝑏 ≠ 𝑐 = 9.5139 and 𝑑ℎ𝑘𝑙 is the lattice spacing value [46,47]. 191 

The structural information obtained from SAED pattern shows the polycrystalline nature of TiO2 192 
and Fe-TiO2 nanoparticles (Fe:Ti=0.1), which is indicated by the (101), (103), (004), (200) and (105) 193 
plane of the anatase phase, similar to that reported by Ali et al. [48]. 194 

 195 

 196 

Figure 4. TEM image and particle size distribution of: (a) bare TiO2; (b) Fe-TiO2 (Fe:Ti=0.1). 197 
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 201 

Figure 5. SAED pattern of: (a) Fe:Ti=0/spathe; (b) Fe:Ti=0.05/spathe; (c) Fe:Ti=0.075/spathe; 202 
Fe:Ti=0.1/spathe. 203 

3.1.4. Optical property 204 

The optical properties of TiO2 and Fe-TiO2 were separately detected by ultraviolet- visible diffuse 205 
reflection spectrometer (UV–Vis DRS). According to the Figure 6a, the absorption edge of the Fe-TiO2 206 
in comparison to undoped TiO2 is extended greatly toward the visible light. The absorption edge is 207 
more extended to the visible light with the increasing of the Fe concentration, which is induced by 208 
the electron transition from Fe3d orbitals to TiO2 conduction band (CB) [22]. Doping Fe3+ causes 209 
structural defects of crystal lattice to introduce impurity or defect energy level and induces the local 210 
states below the conduction band edge, then results in this redshift and narrows the band gap [23]. 211 
Although doping of the Fe ions in the TiO2 does not modify the position of the valence band edge of 212 
the TiO2, it introduces new energy levels (Fe3+/Fe4+) of the transition Fe ions into the band gap of the 213 
TiO2 [49]. The direct band gap energy (Eg) was calculated using the following Tauc plot (Equation 214 
(2)), which derived assuming a direct transition between the edge of the valence band and 215 
conduction. 216 

(𝛼ℎ𝑣)1/𝑛 = 𝐴(ℎ𝑣 − 𝐸𝑔) (2) 

Where hν is the photon energy, α is the absorption coefficient and A is an energy dependent 217 
constant and known as the band tailing parameter. Another constant is n, which is known as power 218 
factor of the transition mode of the materials. The values of n for direct, indirect, direct forbidden and 219 
indirect forbidden transitions are 1/2, 2, 3/2, and 3, respectively. The pure anatase and Degussa P25 220 
TiO2 used in this research are cosidered as direct band gap materials [50,51]. Therefore, the value of 221 
n was taken 1/2 to plot the graph (αhν)2 versus hν is shown in Figure 6b. Table 1 shows the results 222 
obtained for the band gap of pure and doped TiO2. 223 
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Figure 6. Optical property studies: (a) Typical UV–vis spectra of bare TiO2 and Fe-TiO2; (b) Tauc plot 225 
analysis of bare TiO2 and Fe-TiO2. 226 
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Table 1. The direct band gap energy (Eg) for pure and doped TiO2. 228 

Sample 
Wavelength 

(nm) 

Bandgap energy 

(eV) 

P-25 - 3.1 1 

Fe:Ti=0 407.27 3.14 

Fe:Ti=0.05 563.76 2.42 

Fe:Ti=0.075 606.76 2.25 

Fe:Ti=0.1 636.31 2.14 

1 Reported by Hossain et al. [51]. 229 

3.1.5. Surface area and porosity analysis 230 

N2 physical adsorption-desorption studies were conducted to determine the surface area and 231 
the pore distribution of the synthesized TiO2 and Fe-TiO2 samples. The isotherms and their relative 232 
Barret-Joyner-Halender (BJH) pore size distributions obtained from the adsorption branch of the 233 
isotherms of the catalysts are shown in Figure 7 and 8, respectively.  234 

0,0 0,2 0,4 0,6 0,8 1,0
0

40

80

120

160

200

Q
u
a
n
ti
ty

 A
d

s
o
rb

e
d
 (

c
m

3
/g

 )

P/P
0

 Fe:Ti=0

 Fe:Ti=0.05

 Fe:Ti=0.075

 Fe:Ti=0.1

 235 

Figure 7. Nitrogen adsorption-desorption isotherms of bare TiO2 and Fe-TiO2. 236 
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Figure 8. Cumulative pore volume from BJH adsorption isotherm. 238 
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 239 
In Figure 7, it was observed that the prepared TiO2 and Fe-TiO2 possess mesoporous surface as the 240 
isotherms are of Type IV and with typical H3 hysteresis loop according to the IUPAC convention, it 241 
indicates that TiO2 sample contain non-rigid aggregates of plate-like or slit shaped pores with a 242 
contribution of micropores and mesopores [52–55]. Furthermore, Figure 8 shows broad pore size 243 
distributions, ranging from 1.7 to 280 nm, further confirming the existence of micropores, mesopores 244 
and macropores in TiO2 and Fe-TiO2 samples according to the Barret-Joyner-Halender (BJH) 245 
adsorption pore distribution [53]. Additionally, From BET data, the particle size, D (nm) was 246 
estimated using Equation (3) [56], assuming a spherical shape for particles, where SBET refers to BET 247 
surface area (m2/g) and ρ refers to density of samples (g/cm3) and Vpore is single point adsorption total 248 
pore volume of pores less than 2069,006 Å radius at P/P0= 0,995. Table 2 summarizes the results 249 
obtained by Equation (3). 250 
 251 

𝐷 = 6000(𝑆𝐵𝐸𝑇 × 𝜌)−1 (3) 

 252 

Table 2. Textural properties of pure TiO2 and Fe-TiO2 nanoparticles. 253 

Sample SBET (m2/g) Vpore (cm3/g) D (nm) 

Fe:Ti=0 64.4422 0.2610 21.0319 

Fe:Ti=0.05 60.4994 0.2822 23.4455 

Fe:Ti=0.075 70.5664 0.3192 20.1007 

Fe:Ti=0.1 66.6617 0.2623 21.2781 

Fe:Ti=0 64.4422 0.2610 21.0319 

 254 

3.1. Solar photocatalytic degradation of Cypermethrin 255 

Results obtained for the photocatalytic degradation of Cypermethrin using nanomaterials 256 
suspended and immobilized, as well as the respective soft adsorption and photolysis are shown in 257 
the Figure 9. The best results were achieved in slurry with the use of TiO2 Degussa P-25, Fe:Ti=0 and 258 
Fe:Ti=0.05, with rates of degradation of Cypermethrin 99,84; 99,62; and 100%, respectively. However, 259 
the molar ratios higher than Fe:Ti (Fe:Ti=0.075 and Fe:Ti=0.1) had negative effect on the percentage 260 
degradation, like what was reported recently by Moradi et al. (2018). in this study, the authors 261 
evaluated the photocatalytic degradation of methyl orange (20 mg/L) using TiO2 doped with different 262 
concentrations of Fe3+ (0.25, 0.5, 1, 5 and 10 Fe:Ti %mol ratio). These authors found that it is only 263 
possible to achieve degradation percentages lower than 5% with the use of catalysts doped with high 264 
concentrations of Fe3+ (5 to 10 Fe:Ti %mol ratio), which is attributed to the formation of layers 265 
composed of iron oxide, photocatalytic reactions generating pollution on the surface of the catalyst 266 
particles, which decreases the available active sites, where they occur [57]. For this reason, the authors 267 
proposed an acid treatment with HCl (pH 2 solution), to remove impurities that cause inhibition of 268 
the photocatalytic activity, achieving a significant improvement in the percentage of degradation. 269 

On the other hand, the phenomenon of inhibition caused by high concentrations of the dopant 270 
has also been explained by other authors. Ali et al. (2017), studied the photocatalytic activity of TiO2 271 
doped with Fe3+ ions for the Elimination of methylene blue (10 mg/L), finding high concentrations of 272 
dopant (5, 7, and 10 Fe:Ti %mol ratio) produces accumulation on the surface of the catalyst, which 273 
reduces the depth of light penetration. In addition, such saturation covers part of the surface of the 274 
photosensitive, thus reducing the number of surface active sites for effective degradation of 275 
contaminants organic [48]. 276 

 277 
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Based on the results shown in the Figure 9, it can be inferred that the immobilization of 278 
nanoparticles on the spathe of coconut palm biomaterial generates a decrease in the percentages of 279 
elimination of Cypermethrin, although it is possible to achieve efficiencies of degradation close to 280 
85% for reference Degussa P-25, Fe:Ti=0 and Fe:Ti=0.05, while the doping made with high molar ratios 281 
of Fe:Ti (Fe:Ti=0.075 and Fe:Ti=0.1) only allowed to achieve efficiencies of 67 and 48%, respectively; 282 
due to above reasons. In addition, there is evidence of the appearance of a yellowish coloration, which 283 
is attributed to non-selective degradation of the resin and the biological material used for the 284 
immobilization of the powder materials by the hydroxyl radicals generated (OH•) [58]. 285 
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Figure 9. Results for the Cypermethrin solar photocatalytic degradation using GC-MS. 288 

There is also a clear decrease in the efficiency of degradation of the supported systems in 289 
comparison to the evaluated in suspension (slurry). Recent studies supporting the low-efficiency 290 
catalysts immobilized, which is associated with the substantial decrease in the surface area exposed 291 
to the solution, which is much lower than in the case of suspensions. For example, Cerrato et al. (2019) 292 
studied the immobilization of TiO2 on glass materials for the degradation of Ibuprofen under UV-C 293 
radiation, finding that the application in suspension allows to achieve the best results for the 294 
degradation of the studied drug [59]. Through the Equation (4) the elimination or degradation of 295 
Cypermethrin percentages were determined. The results showed values lower than 5% and 10% for 296 
the photolysis and dark adsorption tests, respectively; which corresponds to commonly published in 297 
research related to targets of molecular adsorption and photolysis of organic compounds, such as 298 
pesticides, dyes, and pharmaceuticals, among others [45,60,61]. 299 

𝜂 =
(𝐶0 − 𝐶𝑖)

𝐶0

× 100% (1) 

 300 

Where, 𝐶0 represents the initial concentration of Cypermethrin in the sample (50 mg/L) and 𝐶𝑓 301 

is the concentration at the end of the treatment. 302 

5. Conclusions 303 

The immobilization of nanoparticles on the spathe of coconut palm biomaterial generates a 304 
decrease in the percentages of elimination of Cypermethrin, although it is possible to achieve 305 
efficiencies of degradation close to 85% for reference Degussa P-25, Fe:Ti=0 and Fe:Ti=0.05, while the 306 
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doping made with high molar ratios of Fe:Ti (Fe:Ti=0.075 and Fe:Ti=0.1) only allowed to achieve 307 
efficiencies of 67 and 48%, respectively. However, the immobilization of nanoparticles on coconut 308 
palm-based biomaterial using the resin applied in this study brings two important advantages from 309 
an economic and environmental point of view, because it eliminates operating costs associated with 310 
the separation of the material after treatment when applied in suspension, and also prevents potential 311 
contamination of the effluent treated by nanoparticles TiO2 or Fe-TiO2, which could impact negatively 312 
on the aquatic ecosystems and human health. 313 
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