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Abstract 

Mesoporous silica (MS) is nowadays one of the most 

widely used materials for the removal of contaminants in 

water; however, its main disadvantage is its production 

cost, since it is obtained by the sol-gel process using 

tetraethyl orthosilicate (TEOS) as silica former, which is 

not an economical reagent. In this article, we propose the 

synthesis route of SM from industrial sodium silicate; 

Na2SiO3 by passing it through an ion exchange column 

(DOWEX-50WX8-100) to obtain silicic acid (Si(OH)4). 

The acid fraction is collected from the ion exchange 

column at pH 1–3 and allowed to age for 24 h. The SM 

silicate is formed from the gelation of the aged silicic acid 

and was characterized by infrared spectroscopy. The 

porosity was determined by N2 desorption adsorption 

isotherms and scanning electron microscopy. The Cr(3+) 

removal capacity was evaluated by the effect of the initial 

Cr(3+) concentration. Obtaining that the maximum 

removal capacity was 108.7 mg/g for a Cr3+ solution of 

2794 ppm. 

Low cost, Sodium silicate, Mesoporous silica, Cr3+, 

Adsorption 

Resumen 

La sílice mesoporosa (SM) hoy en día es uno de los 

materiales más empleados para la remoción de 

contaminantes en agua; sin embargo, su principal 

desventaja es el costo de producción de la misma; ya que 

se obtiene a partir del proceso sol-gel empleando Tetraetil-

ortosilicato (TEOS) como formador de la sílice; el cual es 

un reactivo no económico. En este proyecto se propone la 

ruta de síntesis de la SM a partir de silicato de sodio de uso 

industrial; Na2SiO3 haciendolo pasar por una columna de 

intercambio iónico (DOWEX-50WX8-100) para obtener 

ácido silícico (Si(OH)4). De la columna de intercambio 

iónico se recolecta la fracción ácida ente un pH 1-3 y se 

dejó envejecer por 24 hr. La SM-silicato se forma de la 

gelificación del ácido silícico envejecido y se caracterizó 

por espectroscopia de infrarrojo, la porosidad se determinó 

con las isotermas de adsorción desorción de N2 y por 

microscopía electrónica de barrido. La capacidad de 

remoción de Cr(3+) se evalúo en un batch; determinando el 

efecto de la concentración inicial de Cr(3+); la capacidad 

máxima de remoción fue de 108.7 mg/g para una solución 

de Cr3+ de 2794 ppm. 

Sílice de bajo costo, Sílice mesoporosa, Silicato de 

sodio, Cr3+, Adsorción
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Introduction 

 

Water quality is essential to life, as it is required 

for almost every aspect of life. However, the 

planet's water supply is known to be finite and 

threatened by pollution [1]. One of the main 

sources of water pollution is the release of toxic 

wastewater from various industries, as according 

to UNESCO (United Nations Educational, 

Scientific and Cultural Organization), more than 

80% of wastewater in developing countries is 

discharged untreated [2]. In 2019, studies on 

global water pollution were conducted and the 

results show that heavy metals are the main 

chemical pollutants in wastewater, accounting 

for 31% [3]. Figure 1 shows a study of water 

quality in Mexico in 2017, where only 18.5% is 

in excellent condition and 19.15% is in good 

condition [4]. 

 

 
 
Figure 1 Water quality reported by CONAGUA in 2017 

[8] 

 

One of the most common contaminants in 

wastewater from processes such as 

electroplating, leather tanning, textile pigments, 

metallic coatings, and others is chromium [5]. It 

is a metal that has several carcinogenic and 

mutagenic properties and its high levels in water 

bodies can seriously affect humans, animals and 

aquatic life [6]. In general, some of the major 

uses and applications of chromium (III and VI) 

are: 

 

1. In the metallurgical industry, where it is 

mainly used to provide corrosion 

resistance and a bright finish.  

 

2. In refractory materials, in the 

manufacture of magnesite and chrome-

based bricks for metallurgical furnaces, 

and in the use of granular chromite for 

many other applications requiring heat 

resistance.  

3. In the chemical industry for chrome 

plating, pigment and dye production, 

leather tanning and wood treatment. 

 

Therefore, this project proposes the use of 

a mesoporous silica obtained from sodium 

silicate as an adsorbent for the removal of Cr3+ 

in wastewater; the silica is obtained by a 

synthetic method using an inexpensive silica-

forming precursor, industrial grade sodium 

silicate. 

 

Methodology 

 

Synthesis of MS-silicate 

 

SM-silicate was obtained by passing a solution 

of industrial grade Na2SiO3 (10 g of silicate in 50 

mL of distilled water) through a DOWEX 

50WX8-100 ion exchange column and 

collecting the acidic fraction at pH 1–3. The 

collected fraction is silicic acid (Si(OH)4), which 

is aged at 25°C for 24 h. The silica is then added 

to a solution of Pluronic P-123 (EO20-PO170-

EO20; PMav=5800; Sigma Aldrich), which acts 

as a structural director. The P-123 dilution was 

prepared by dissolving 66.2 g of the polymer in 

600 mL of deionized H2O. After mixing P-123 

with aged Si(OH)4 (10 mL), the mixture was 

refluxed for 24 hours until silica gel was formed. 

P-123 was then extracted by refluxing with 

acidic ethanol for 12 hours, and the solid 

obtained was filtered, washed with ethanol, dried 

at 80ºC for 6 hours, and finally calcined at 200ºC 

for 3 hours to remove any trace of P-123 present 

in the silica. 

 

Characterization of MS-silicate 

 

The SM-silicate was characterized by infrared 

spectroscopy using a Nicolet-iS10 

Thermoscientific instrument, obtaining the 

average of 16 scans, with a resolution of 4 cm–1 

and a spectral window from 4000 to 600 cm–1. 

The textural properties of the material (porosity) 

were determined with the N2 adsorption-

desorption sysotherm at 77K, using a 

Micromeritics ASAP-2010 instrument. The 

samples were degassed for 12 hours at 180 °C 

and 71 mmHg prior to measurement. Finally, the 

morphology of the material was observed by 

scanning electron microscopy in a Joel-6510 

plus SEM microscope. 

 

 

 



3 

Article                                                                        Journal of Chemical and Physical Energy 

December  2023, Vol.10 No.29 1-5 

 

  ISSN: 2410-3934 
ECORFAN® All rights reserved. 

MONDRAGON-CORREA, Janeth, SALAZAR-HERNÁNDEZ, 

Mercedes, ELORZA-RODRÍGUEZ, Enrique and SALAZAR-
HERNANDEZ, Carmen. Study of the adsorption-desorption of Cr (III) 

on green silica obtained from sodium silicate. Journal of Chemical and 

Physical Energy. 2023 

Cr3+ removal tests with MS-silicate 

 

A solution of chromium sulfate (Karal; 99%) in 

distilled water was used to determine the Cr3+ 

removal capacity of MS-silicate. Table 1 shows 

the concentrations used in the study. Adsorption 

was performed with 0.1 g of silica and 10 mL of 

Cr3+ solution at 25ºC with constant stirring.  

 

The concentration of residual Cr3+ was 

quantified using the Beer-Lambert law by 

measuring the absorbance at a wavelength of 

413 nm in an SQ-2800 single beam UV-visible 

spectrophotometer. 

 
Cr3+ concentration (mgL–1) 247 437 837 1636 

 
Table 1 Conditions used for the Cr3+ removal study 

 

Results 

 

Figure 1a shows the characterization of SM-

silicate by infrared spectroscopy, where the 

silica skeleton (SiO2) is observed free of organic 

matter and with a significant amount of 

physisorbed water broadband at 3500 cm–1,  

and 1600 cm–1 . The silica skeleton is 

identified by the signal at 1100 cm–1, (Si–O–

Si) and free silanols, Si–OH at 950 cm–1 [7].  

 

According to the N2 adsorption-desorption 

isotherms (Figure 1b) we have a mesoporous 

material with isotherm type IV according to 

IUPAC and H2 hysteresis as well; the BET 

surface area was calculated to be 924.12 m2g–1 

with a BJH desorption pore volume of 0.99 

cm3g–1. 

 

The pore distribution shows the formation 

of two pores at 4.3 and 8.6 nm, while the SEM 

shows the formation of a material by 

agglomerates of spherical particles in the 

nanometer range. 

 

 
a 

 

 
b 

 

 
c 

 

Figure 1 Characterization of MS-silicate (a) Infrared 

spectroscopy (b) N2 adsorption-desorption isotherms (c) 

SEM 

 

To quantify the Cr3+ concentration in the 

removal tests, the calibration curve was obtained 

in a range giving an R2 of 0.9995. Figure 2a 

shows the removal percentage calculated 

according to eq. 1, where C0 is the initial 

concentration and Ce is the concentration of the 

remaining chromium that has not been adsorbed 

(equilibrium concentration); depending on pH 

and concentration, up to 80% removal can be 

achieved at pH 1 and pH 3. 

 

%𝑅𝑒𝑚𝑜𝑣𝑎𝑙 =
𝐶0−𝐶𝑒

𝐶0
𝑋100  (1) 
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a 

b 

Figure 2 Cr3+ Removal Study (a) Percent Removal (b) 

Maximum Adsorbed Load 

On the other hand, the data were fitted to 

the Langmuir adsorption isotherm model (eq. 2), 

which considers an ideal adsorption condition, 

where one analyte molecule is adsorbed in each 

active site until the monolayer is formed. In this 

model, Q0 is the maximum adsorption charge in 

mgg–1, qe is the charge at equilibrium (8mgg–1), 

Ce is the sorbate concentration in the solution at 

equilibrium and KL is the Langmuir constant. 

The partition coefficient, RL (eq. 3), determines 

the type of adsorption such that if RL>1, the 

adsorption of the system is unfavorable; if RL=1, 

the adsorption is favorable and linear; values of 

0<RL<1 indicate favorable adsorption, while 

values of RL=0 indicate irreversible adsorption 

[8]. 

𝐶𝑒

𝑞𝑒
=

1

𝐾𝐿𝑄0
+

𝐶𝑒

𝑄0
 (2) 

𝑅𝐿 =
1

1+𝐾𝐿𝐶0
 (3) 

Table 2 summarizes the data obtained for 

fitting the experimental data to the Langmuir 

model; the R2 was greater than 0.90 in all cases. 

The calculated RL values indicate favorable 

adsorption systems (RL of 0.015-0.002). On the 

other hand, pH significantly modifies the 

maximum adsorption load, favoring it at pH 5, 

where a Qo of 109 mgg–1 was obtained, while at 

pH 1 it was 42.55 mgg–1. 

pH 1 pH 3 pH 5 

R2 0.999 0.900 0.990 
Qo (mg/g) 42.553 60.976 108.696 
KL (L/g) 0.015 0.003 0.002 

Tabla 2 Ajuste de los datos obtenidos experimentales al 

modelo de adsorción de Langmuir 

Acknowledgements 

The authors thank the Secretaria de 

Investigación y Posgrado del Instituto 

Politécnico Nacional (SIP-IPN) for the financial 

support provided through the project SIP-

Innovación/2022-703. 

Conclusions 

According to the results obtained, the SM-

silicate presents an excellent capacity to remove 

Cr3+ in aqueous solutions, removing about 80% 

of the metal at high chromium concentrations of 

1633 mgL–1, allowing an efficient removal of 

chromium present in tannery effluents. This 

material presents a maximum metal removal 

capacity of 108.69 mgg–1 when the adsorption 

was carried out at pH 5. 
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Abstract 

This research work analyzes the process of determining 

post-consumer contaminant material for plastics and 

identification of acceptable material to be reused. Burn 

tests were carried out on recycled material (different 

plastic wastes) in order to recognize, by means of color 

change, the type of raw material that is contaminating 

and thus avoid its entry into the recycling process. The 

burning was carried out in a thermoreactor at a 

temperature of 230°C for 30 minutes, with methods and 

equipment used in a well-known company in the region. 

In this study, waste from some well-known brands used 

in homes in the state of Guanajuato was used, 

considering that the separation was supported by 

TOMRA equipment and manual classification by the 

company's personnel. For the burn tests, plastic 

trimmings were used, elaborated in a handmade way, 

therefore, the work of a mechanical shredder will not be 

taken into account. 

Postconsumer, PET, Thermal Treatments, recycled 

material 

Resumen 

El presente trabajo de investigación, se analiza el 

proceso de determinación de material contaminante 

posconsumo para plásticos e identificación de material 

aceptable para ser reutilizado. Se realizaron pruebas de 

quemado a material reciclado (diferentes desechos 

plásticos) con la finalidad de reconocer, mediante el 

cambio de color, el tipo de materia prima que es 

contaminante y de este modo evitar su entrada al 

proceso de reciclaje. El quemado se realizó en un 

termoreactor a una temperatura de 230°C durante un 

tiempo de 30 minutos, con métodos y equipos utilizados 

en una empresa conocida en la región. En este estudio 

se tomaron desechos de algunas marcas conocidas y 

usadas en los hogares del estado de Guanajuato, 

considerando que desde la separación se apoyo con 

equipo TOMRA y clasificación manual del personal de 

la empresa. Para las pruebas de quemados se usa 

recortes plásticos, elaborados de forma artesanal, por lo 

tanto, no se tomará en cuanta el trabajo de una 

trituradora mecánica. 

Posconsumo, PET, Tratamientos Térmicos, 

Material reciclado 
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Introduction 

 

Materials made from PET (polyethylene 

terephthalate) can be identified at a glance by its 

01 identifier within the recycling symbols 

known as easy-to-reference plastic commodities. 

With a melting point of 255° C, PET is one of 

the most widely used in different applications, 

such as food and beverage packaging to make 

them last longer, as well as being lighter than 

other materials, e.g. glass, which is heavier to 

transport. Other applications are in soft drinks 

and beverages, food packaging, textile fibres, 

videotapes, X-rays, etc. 

 

It has barrier properties preventing the 

entry of contaminants into and/or outgassing of 

soft drinks, it is a flexible and versatile material. 

 

The types of recycling that exist for the 

aforementioned material are: chemical 

recycling, mechanical recycling and energy 

recycling. 

 

The burn tests will be analysed in order to 

subsequently consider mechanical recycling of 

the materials accepted at this stage. 

 

Objective 

 

To carry out a process of discarding post-

consumer PET resins by thermal treatment, 

analysing the change in colour of the flakes in 

order to select acceptable material for recycling. 

 

PET Material (Polyethylene Terephthalate) 

 

Polyethylene terephthalate is a derivative of 

polyester that is converted into a type of plastic 

blend; its origin is from petroleum. 

 

 
 
Figure 1 Chemical structure of terephthalate 

 

Parts of a cylinder 

 

The parts of a bottle are generally composed of 

three elements which can vary in chemical 

composition. These parts are the cap, the label 

and the body of the bottle (Figure 2). 

 

 

 
 

Figure 2 PET bottle parts 

 

Recycling 

 

Recycling consists of subjecting a material or 

product that has already been used to a new cycle 

of total or partial treatment, in order to obtain a 

raw material or a new product. 

 

For plastic recycling, the different types of 

plastics must be separated into individual 

fractions.  

 

Type of recycling of the post-consumer 

material to be used. 

 

Mechanical recycling is the conversion of 

post-industrial or post-consumer waste into 

granules that can be used in the production of 

other products, such recycling makes it possible 

to obtain different plastics in certain proportions 

or products composed of a single type of plastic. 

 

Mechanical recycling of the resin leads to 

changes in the following material properties: 

 

 Thermal properties 

 Mechanical properties 

 Fluidity 

 Morphology 

 Colour 

 

The mechanical recycling process is 

composed of the stages of separation, grinding 

and washing, drying, extrusion, granulation, 

agglutination and finally obtaining the recycled 

pellets (Figure 3). 
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Figure 3 General outline of Mechanical Recycling 

Methodology 

Burning Tests 

The tests were carried out on PET plastic bottles, 

with the aim of verifying which of them are 

contaminants and to continue with the task of 

indicating to the manual sorting operators which 

bottles should be removed. 

The procedure consists of collecting 

bottles from the bulk PET material, sorting them 

as follows: 

 Capacity of contents (ml, lt). 

 Types of substances (Water, Soft Drink, 

Detergents, Juices, Sauces, Shampoo, etc.) 

 Brand 

The bottles were washed, removing 

impurities with soap and water. Subsequently, 

the bottles were dried and weighed, and the 

elements that make up the bottle were weighed 

separately, recording the data.  

The next step was to cut the PET part of 

the bottle into small squares by manual 

procedures, with scissors (in small flakes), 

placing them in aluminium containers and 

identifying each material by brand. The data 

recorded were the brand (from different 

companies) and the capacity of the bottle (ml, lt), 

they were placed in the oven at 210°, 230° and 

250°C for 4 and 5 hours, after the cooling time 

the samples were taken out, and the 

contaminants were identified visually, observing 

that they take on a grey or yellow colour of 

different shades. This information was 

documented in tables for further analysis. 

Results 

Tables 1 and 2 show the different types of bottles 

discarded and analysed, their weight obtained 

during the contaminant identification process. It 

also shows the result with respect to the material 

obtained, it is considered acceptable or not 

acceptable, with green being a positive 

indication and red a negative indication. 

Reference 

design 

Brand and 

presentation 

Water 

Kirkland 

(500 ml) 

Water 

Ciel 

(600 ml) 

Water 

Bonafont 

(600 ml) 

Bottle 10.12 12.6 15.3 

Cap 0.87 1.71 1.85 

Label 0.17 0.31 0.39 

Total 11.16 14.62 17.54 

Result 

Table 1 Weight of the different components of a PET 

bottle, units in grams 

Table 1 shows that there are no 

contaminants in the bottles that store water. 

Table 2 with other bottles shows some examples 

of material that would be discarded because they 

do not comply with the colour characteristics in 

the burn tests. 

Reference 

design 

Branding 

and 

presentation 

Santa 

Clara 

Yoghurt 

(235 

ml) 

Biosol 

Oil 

(845 

ml) 

Botanera 

Sauce (1 

lt) 

Salvo 

(900 

ml) 

Pinol 

(1.650 

lt) 

Complete 

bottle 
1.13 1.03 1.14 1.12 1.28 

Cap 0.39 0.45 0.32 0.78 0.45 

Label 0.12 0.1 0.19 0.14 0.13 

Total 1.64 1.58 1.65 2.04 1.86 

Result 

Table 2 Other analysed bottles and their components, 

units in grams 

Figure 4 shows examples of the shade 

(colour) of the material after leaving the kiln. 
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a) 

b) 

Figure 4 a) Acceptable material and (b) unacceptable 

material 

The criterion for determining whether 

materials are acceptable or not depends on the 

colour obtained during the burn test. A light grey 

colour represents desirable characteristics of the 

material and is therefore considered acceptable, 

while the opposite is true for material with a 

yellow colour. 

An analysis with pure water bottles was 

subsequently analysed as follows: 

No. Trademark Flake 

thickness 

(mm) 

Quantity of 

material 

(grams) 

1 Kirkland 0.12 8.295 

2 Ciel 0.17 10.712 

3 Bonafont 0.18 12.250 

Table 3 General data for the PET flake analysis 

With the quantities of each material 

obtained from each bottle, the flakes were 

weighed in grams and also measured with a 

digital vernier to analyse the thickness of the 

PET bottle. 

It should be noted that the PET flakes do 

not contain the thick part of the thread, as it was 

not possible to grind them. Table 4 shows the 

variability in the weight of the flakes, including 

their aluminium container with a weight of 42.06 

g. This material was subjected to different

temperatures: 210°, 230° and 250° with a time of 

30 minutes in the oven; after cooling the 

material, its weight in grams was obtained. 

Matriz 210° 230° 250° 

1 50.432 51.376 50.156 

2 64.218 64.824 64.454 

3 58.263 53.01 51.792 

Table 4 Weight analysis of Kirkland, Ciel and Bonafont 

water bottles at different temperaturas 

With the data of the weights, an analysis 

was carried out with 3 factors, different 

temperatures and the following graphs were 

obtained in the minitab programme. 

Graph 1 a) Probability graph, b) vs. adjustments, c) 

Histogram, d) Order of observation 

Observing in graph a) a behaviour between 

residual and adjusted percentage in a linear way 

with slight variability, in graph c) the histogram 

shows a frequency between 0 and 20 gr. In 

graphs b) and d) the residual data of the data 

analysis are checked. 

Conclusions 

Of the commercial grade brands analysed by 

heat treatment, it can be concluded that the only 

two that meet the requirements for proper 

recycling are Santa Clara and Salvo soap, as they 

do not show yellowing when burned at a 

temperature of 230°C for 30 minutes, which was 

the only temperature applied to the materials in 

table 2.  
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And as shown in table 1, all the bottles 

containing water passed the first burn tests. 

Therefore, it was considered to analyse the PET 

at other temperatures, to consider the variability 

of its weight in grams, considering how much 

the material is reduced without reaching its 

plasticisation point. 

Research in the area of plastics recycling is 

still in its early stages, it is intended that in the 

future this process will be cradle to cradle in 

order to achieve a circular economy where 

plastics are fully reused or recycled, thus 

avoiding the huge volumes of daily waste. 
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Abstract 

In the present work is presented the procedure to deposit 

Platinum (Pt) and gold (Au) nanoparticles on an inorganic 

surface, through the direct current sputtering technique, and 

using a sputtering system for surface coating. The deposit of 

nanoparticles on inorganic surfaces has the objective that they 

can potentially be used for antibacterial action tests. The 

process of preparing the sheets (surfaces) where the 

nanoparticles will be deposited is described, establishing a 

methodology in which the organic impurities must be 

removed first, and, subsequently, the possible native oxide on 

the surfaces. For comparison, the depositions were carried out 

under the following scheme: deposition of Pt nanoparticles, 

deposition of Au nanoparticles and deposition of the Pt/Au 

nanoparticle system. In visual terms, the sheets where the 

Pt/Au nanoparticle system was obtained showed a 

characteristic coloration. Representatively, the 

characterization by electron dispersive spectroscopy of a 

surface with Pt nanoparticles is included, where the presence 

of this element is observed in the analyzed spectrum. 

Nanoparticles, Platinum, Gold, Sputtering 

Resumen 

En el presente trabajo se presenta el procedimiento para 

depositar el sistema de nanopartículas de Platino (Pt)/ oro 

(Au) sobre una superficie inorgánica, a través de la técnica de 

pulverización catódica de corriente directa, y empleando un 

sistema de sputtering para recubrimiento de superficies. El 

deposito de nanopartículas sobre las superficies inorgánicas 

tiene el objetivo de que puedan potencialmente usarse para 

pruebas de acción antibacterial. Se describe el proceso de 

preparación de las láminas (superficies) donde se depositarán 

las nanopartículas, estableciendo una metodología en la que 

se deben remover primero las impurezas orgánicas, y, 

posteriormente, el posible óxido nativo sobre las superficies. 

A modo comparativo, se realizaron los depósitos bajo el 

siguiente esquema: depósito de nanopartículas de Pt, depósito 

de nanopartículas de Au y depósito del sistema de 

nanopartículas de Pt/Au. En términos visuales, las láminas 

donde se obtuvo el sistema de nanopartículas de Pt/Au 

mostraron una coloración característica.  De forma 

representativa, se incluye la caracterización por 

espectroscopía por dispersión de electrones de una superficie 

con nanopartículas de Pt, donde se observa la presencia de 

este elemento en el espectro analizado.  

Nanoparticulas, Platino, Oro, Pulverización catódica 
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Introduction 

 

The technological advance that has occurred in 

recent years has become an important factor for 

the development of new technologies. In some 

of the sectors in which changes and innovations 

have been made, they are the health and 

manufacturing sectors. Innovations are due to 

different factors, among them, the development 

of new materials with properties or 

characteristics different from those currently 

available. A particular case is the use of 

materials for surface coating. In one of its forms, 

this type of coating is made with nanoparticles 

or nanostructures, and for this, different 

techniques are used such as: spray pyrolysis, sol-

gel, electrodeposition, sputtering, thermal 

evaporation, ion implantation, chemical 

deposition in vapor phase, photochemical and 

radiolytic reduction, microwave irradiation, 

solvothermal synthesis, among others [1-5].  

 

Nanotechnology is one of the disciplines 

with a strong potential for the development of 

products in different branches, such as the sector 

health, environment, information technologies, 

energy, agriculture and industry 6, 7]. The 

synthesis of nanomaterials and nanoparticles for 

medical uses has led to the generation of 

nanomedicine, a branch of nanotechnology that 

allows us to diagnose, treat and prevent diseases 

and trauma, relieve pain, preserve and improve 

human health using tools and molecular 

knowledge of the body human [8]. Metallic 

nanoparticles such as Au and Ag have been 

shown to be very efficient in terms of biological 

applications [9]. In this research, experimental 

exploration is carried out for the deposition of 

nanoparticles with metallic materials with 

99.99% purity such as Pt and Au. The purpose 

of this work is to obtain a nanoparticle system 

through the sputtering technique, which can be 

evaluated for a potential antibacterial action on 

inorganic surfaces. 
 

Methodology 

 

The potential application of nanoparticles 

involves the general methodology presented in 

Figure 1. At this stage, the proposal focuses on 

obtaining the Pt/Au nanoparticle system by 

means of the sputtering technique, using 

equipment for coating samples to be 

characterized in scanning electron microscopy. 

As seen in the diagram, samples were obtained 

with deposition of Pt nanoparticles, Au 

nanoparticles and the Pt/Au nanoparticle system. 

 
 
Figure 1 Sequential diagram that presents the main stages 

for obtaining the Pt/Ag nanoparticle system 

 

Preparation of surfaces (sheets) 

 

To deposit nanoparticles on the inorganic 

surface, organic and inorganic impurities must 

be removed. The surfaces were stainless steel 

plates or copper oxide sheets, with dimensions 

of 3x3 cm (30 x 30 mm) that were obtained from 

commercial 22 gauge (0.323 in) plates, as seen 

in figure 2. For the oxide copper, the copper 

plates were oxidized in a muffle furnace. 

 

 
 
Figure 2 Surfaces where the Pt and Au nanoparticles and 

the Pt/Au nanoparticle system were deposited. a) Stainless 

steel sheet in the original dimensions, b) appearance once 

Cu sheets have been sized, and c) reading the size of the 

substrates 

 

The steps taken to prepare the surfaces are 

as follows: 
 

 The first step consists of removing general 

impurities from the sheets using soap and 

water (50 ml of water, 10 ml of soap are 

placed in a beaker). In the basin that has 

the sonicator, 150 ml of tap water is placed 

and the beaker is placed. The sonicator is 

programmed at 50 W for a working time of 

10 minutes. At the end of the time, the 

solution is removed from the beaker and 

the surfaces are rinsed in running water. 

 The second step involves three stages of 

solvent in the ultrasound system. The first 

is with Xylene, the second with Acetone, 

and the third with isopropyl alcohol. Each 

of these steps is through the sonication 

process used in the previous stage, with a 

power of 50 W for 10 minutes. In this way, 

fats most adhered to the surfaces are 

removed. Upon completion of degreasing, 

the sheets are rinsed under running water. 

Removal of
impurities
from the
inorganic
surface (3x3
cm stainless
steel sheet)

• Pt
nanoparticle
deposition

• Au 
nanoparticle 
deposition

• Pt 
nanoparticle 
deposition

EDS analysis
and mapping
of elements
on stainless
steel surfaces

Structural
analysis of
nanoparticles

Bacterial
culture and
biological
testing of the
Au/Pt
nanoparticle
system.
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 The third step is the removal of a possible 

native oxide (only from stainless steel 

sheets) through a 10% pickling solution of 

hydrofluoric acid and water, placing it in 

the sonicator with 50 W for 10 minutes. 

Finally, the stripping solution is removed, 

the sheets are rinsed in running water and 

the moisture is removed with a 

commercial dryer. These slides are kept in 

a beaker. Before depositing nanoparticles 

on the sheets, a label must be marked or 

placed on one of the two sides, to identify 

it as the side on which the deposit should 

not be made, taking into account that it is 

not always possible. Locate the surface of 

the sheet where the deposit has been made. 

 

Deposition of Pt and Au nanoparticles 

 

The deposition of the Pt and Au nanoparticles 

was carried out using the sputtering method, 

through an AGAR AUTO SPUTTER COATER 

coating equipment, Model 108a (Figure 3). The 

targets used have a diameter of 57 mm, with 0.1 

mm thickness. For both the Pt and Au blanks, the 

purity was 99.99%.  

 

The maximum operating time of each 

target spray cycle on the equipment is 300 

seconds. The operation can be manual or 

automatic. The equipment works by setting the 

current and vacuum pressure parameters in the 

reaction chamber (mA/mbar). In the case of Pt 

nanoparticles, the target was sprayed for 180 s, 

and for Au nanoparticles, it was sprayed for 60 

s. 

 

 
 

Figure 3 Surface coating equipment by sputtering, AGAR 

AUTO SPUTTER COATER, Model 108a 

 

 

 

 

 

Figure 4 shows the view from above of the 

sputtering equipment, where important elements 

can be located such as the cover of the sputtering 

system, where the metal targets (Pt or Au) are 

placed, the base, which is the location of the 

sheets where the nanoparticles are deposited; 

and the vacuum pump, which during plasma 

generation, allows increasing the average 

trajectory that the particles travel before 

colliding with others. You can also see the 

cylinder that serves as a reactor and some target 

supports. 

 

 
 

 
Figure 4 View from above of the sputtering system used 

for the deposition of the nanoparticles 

 

Characterization 

 

Representative samples were characterized by 

element analysis, using the energy dispersive 

spectroscopy (EDS) probe of a Jeol brand 

scanning electron microscope, model J100. 

 

Results 

 

Figure 5 presents images of the samples obtained 

from Pt nanoparticles, Au nanoparticles, and the 

Pt/Au nanoparticle system. In the first column it 

is observed that the stainless steel sheets have 

their characteristic light gray color. For the run 

where the Pt nanoparticles were deposited, the 

surface exhibits a darker color, indicating the 

presence of the new metal. In the case of the 

sheets where Au nanoparticles were deposited, a 

yellowish coloration is observed, characteristic 

of bulk Au. Finally, for the samples where the 

Pt/Au nanoparticle system was deposited, the 

coloration turns coppery, which shows the 

combination of both metal nanoparticles. The 

samples were obtained in three runs as part of the 

request for subsequent antibacterial tests. 
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It should be noted that even under this 

different coloration in the three types of samples, 

the electrical continuity recorded by means of a 

commercial multimeter (STEREN-MUL600) as 

a function of ohmmeter, indicated a resistance 

above 10 ohms, which is an indicative that no 

continuous layers were formed on the surface of 

the stainless steel sheets, since if this were the 

case, the resistance measurement would be 

below 1 ohm. Furthermore, the two metals (Pt 

and Au) are resistant to oxidation, which also 

rules out the possible formation of a metal oxide. 

Figure 5 Images showing the stainless steel sheets where 

the Pt nanoparticles, or the Au nanoparticles, or the Pt/Au 

nanoparticle system were deposited 

Figure 6 shows a scanning electron 

microscopy micrograph of a representative 

sample (copper oxide sheet), to which Pt 

nanoparticles were deposited, and from which 

the EDS spectrum was obtained. Depending on 

the magnification of the image, only a 

homogeneous surface is observed, where no 

clusters are found that could indicate 

agglomeration of the Pt nanoparticles. 

Figure 6 Scanning electron microscopy image, showing 

the surface of a copper oxide sheet to which Pt 

nanoparticles were deposited 

Figure 7 shows a representative EDS 

spectrum of a copper oxide sheet, to which Pt 

nanoparticles were deposited. It is found that the 

elements present in the sample are Pt, Cu, O and 

Si. In terms of weight percentage (Wt%), it is 

observed that Pt appears at 62.9%, which is 

indicative that the nanoparticles have been 

deposited on the sheet.  

The 17.6 and 10.6% found for copper and 

oxygen, respectively, correspond to the surface 

of the copper oxide sheet. Considering that EDS 

analysis provides superficial information; This 

result suggests that the electron beam partially 

hits the surface of the sheet, which again rules 

out the deposition of a continuous layer of 

metals. When performing electrical continuity 

measurements on the surface of this sample, it 

was found that the electrical resistance is in 

values of around megaohms, which suggests that 

the reading is obtained from the copper oxide 

sheet, and not from the Pt metal. which, if 

obtained uniformly over the surface, would give 

a resistance reading of about 0.4 ohms. 

Figure 7 EDS spectrum of a copper oxide sheet used as a 

surface for the deposition of Pt nanoparticles 
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Conclusions 

Pt/Au nanoparticle systems were deposited 

using the sputtering technique. Based on the 

observation, it was found that the Pt/Au system 

presents a characteristic color in relation to the 

deposited Pt and Au nanoparticles individually 

on the same surface. EDS spectroscopy and 

electrical continuity measurements allowed us to 

indirectly determine that the deposition of both 

metals using the experimental conditions 

reported here occurs in a dispersed manner 

rather than promoting the growth of a continuous 

layer. 
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Abstract 

The development of clean materials has increased; these 

materials present a surface modification that makes them 

neat and easy to clean. The direct improvement in the 

impermeability of materials is generated by manipulating 

the structures present on the surfaces, generating self-

cleaning coatings (hydrophobic surfaces). The 

modification can be developed by superficially 

synthesizing nanostructures of specific shapes on some 

solid that prevent the passage of liquids between them, for 

example, zinc oxide nanowires that exhibit a high contact 

angle due to their geometry. The synthesis of these 

nanostructures is low cost and simple, making it a viable 

alternative to achieve hydrophobic surfaces that are self-

cleaning. The present work shows how the synthesis 

factors of these nanostructures impact their contact angle. 

Hydrophobic contact angles were obtained in most 

samples and nanostructures averaging 290 nm and average 

lengths of 2.2 μm. 

Contact angle, Hydrophobicity, Zinc Oxide 

Resumen 

El desarrollo de materiales limpios ha incrementado, estos 

presentan una modificación superficial que los vuelve 

pulcros y de fácil aseo. La mejora directa en la 

impermeabilidad de los materiales se genera al manipular 

las estructuras presentes en las superficies generando 

revestimientos autolimpiantes (superficies hidrofóbicas). 

La modificación se puede desarrollar al sintetizar de 

manera superficial sobre algún sólido nanoestructuras de 

formas específicas que impidan el paso de los líquidos 

entre ellas, por ejemplo, los nanocables de óxido de zinc 

que exhiben un alto ángulo de contacto por su geometría. 

La síntesis de estas nanoestructuras es de bajo costo y 

sencilla por lo que se vuelve una alternativa viable para 

lograr superficies hidrofóbicas que sean autolimpiantes. El 

presente trabajo muestra como los factores de síntesis de 

estas nanoestructuras impactan sobre su ángulo de 

contacto. Se obtuvieron ángulos de contacto hidrofóbicos 

en la mayoría de las muestras y nanoestructuras de 

promedios de 290 nm y longitudes promedio de 2.2 μm. 

Ángulo de contacto, Hidrofobicidad, Óxido de Zinc 
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1. Introduction 

 

Intermolecular interactions maintain the contact 

between a solid and a liquid surface, this is 

known as wetting. To carry out the analysis of 

this characteristic, the contact angle is used, 

which is established when there is an 

equilibrium between cohesive and adhesive 

forces of a liquid [1]. 

 

The contact angle classifies surfaces as 

hydrophobic due to their lack of affinity for 

water or hydrophilic due to their affinity for 

water; this tool makes use of the degrees that a 

drop of water presents when in contact with a 

solid [2]. 

 

 
 
Figure 1 Classification of contact angles 

 

Hydrophobic surfaces are found when the 

tangent of the droplet exhibits an angle greater 

than or equal to 90°, the opposite is the case for 

hydrophilic surfaces which exhibit an angle less 

than 90° (figure 1). These parameters have been 

accepted since on surfaces with angles less than 

90° when the droplet is removed from the 

surface it gives a small residue and on surfaces 

with an angle equal to 90° the droplet is removed 

intact. [3]. 

 

 

The influence of the contact angle will 

depend on the characteristics of the solid with 

which it comes into contact. Materials may or 

may not allow liquids to pass on their surface 

depending on their impermeability, this is 

limited by the size of the openings of the surface 

structures, as with larger openings water can 

spread between them [4]. 

 

Solid surfaces can be modified to change 

their impermeability, for example, with the use 

of nanostructures. The synthesis of these 

materials has been considered as an important 

step in the generation of clean materials with 

anti-stain properties or self-cleaning coatings 

[5]. 

 

The improvement of this property in 

materials allows to obtain easy-to-clean and neat 

surface finishes, which is why nanocoatings 

open the way to a new concept of protection [5]. 

Within the nanometre sizes there are various 

geometries, sizes and dimensions that will have 

unique properties. Self-cleaning materials 

require structures with specific crystallographic 

orientations, for example, wurtzite-type zinc 

oxide nanowires that have c-axis oriented non-

polar surfaces with a divergence in their surface 

energy producing hydrophobic or hydrophilic 

surfaces [6]. 

 

Manipulation of crystallographic 

orientations can generate important changes on 

the surface of zinc oxide nanostructures, this 

manipulation will depend on synthesis factors 

such as seed, pH and growth time [7]. 

 

The first step for the generation of zinc 

oxide nanowires is the synthesis of a seed that 

functions as an anchor in the solid, depending on 

the characteristics of the seed, which will favour 

the homogeneity of the nanowire growth. It is 

important to maintain a dense and strong seed 

with good dispersion and without 

agglomerations, generally the chemical 

synthesis is the most used, likewise the way in 

which the seed is placed on the solid will 

influence its final characteristics [8].  

 

After the placement of the seed, the quality 

of the nanowires will depend on the method used 

for their growth, one of the methods that offers 

good results is the hydrothermal method due to 

its low cost, simplicity and because it avoids the 

agglomeration of the nanostructures. This 

method is affected by the pH of the solution, 

which determines the geometry of the 

nanostructure; a pH of 7 favours the growth of 

hexagonal structures [9]. The growth time of the 

nanowires depends on factors such as pressure 

and temperature control, within the first hour of 

processing the base of the nanowires is 

synthesised, after that the growth becomes 

vertical. [10]. 

 

2. Methodology to be developed 

 

Substrate 

 

Conventional glass obtained from optical 

microscopy slides, washed with neutral liquid 

soap, distilled water, alcohol and acetone, dried 

with compressed air. 
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Seed 

The seed of the zinc oxide nanowires is 

chemically synthesised using zinc acetate and 

sodium hydroxide dissolved in methanol, left to 

stir at 60°C for two hours. It is allowed to cool 

to room temperature. 

Seed deposition 

The seed is deposited on the substrates by two 

different methods, spin-coating with a constant 

speed of 3,000 rpm and varying the rotation time 

of 10, 20, 30, 40, 40, 50 and 60 seconds; the 

second method is dip-coating using 5, 10, 15, 20, 

25 and 30 immersions. 

Growth of zinc oxide nanowires 

Zinc oxide nanowires are grown by the 

hydrothermal method using a mixture of zinc 

nitrate and hexamethylenetetramine dissolved in 

water. The substrates with the seed are immersed 

in the mixture, covered and heated for 4.5 hours 

at 90°C. After this process they are washed with 

distilled water and left to dry at room 

temperature. 

3. Results

One of the samples was characterised by energy 

dispersion analysis with the seed obtained by 

chemical means, figure 2 shows the elemental 

analysis, the seed elements zinc and oxygen are 

present, as well as the substrate element silicon. 

Figure 1 EDS of the seed on the substrate 

The samples were also characterised by 

scanning electron microscopy after the growth of 

the zinc oxide nanowires, as shown in figure 3, 

hexagonal nanostructures were obtained. 

Figure 2 Zinc oxide nanowires on a glass substrate 

Few images of the grown nanowires were 

obtained as the substrate used hinders taking 

good quality images, however, some images 

were selected to make vertex-to-vertex 

measurements of each hexagon. A total of 466 

structures were measured, calculating an average 

of 291.6 nanometres, and in some of the images 

it was possible to observe the base of the 

nanowires. 50 measurements were taken, 

obtaining an average of 2.21 microns in length. 

The contact angle of the seed, the zinc 

oxide nanowires on the day of their synthesis and 

the zinc oxide nanowires 40 days after their 

synthesis of the samples with seed deposited by 

spin-coating were analysed (figure 4). 

Figure  3 Seed contact angles by spin-coating with 3,000 

rpm varying deposition time (a-f); contact angles of zinc 

oxide nanowires on the same day of their synthesis (g-l); 

contact angles of zinc oxide nanowires 40 days after their 

synthesis (m-r) 

The seed exhibits angles between 38° to 

almost 50°, once the zinc oxide nanowires are 

grown on the surface the angles change as in 4 

out of 6 cases the angle decreases. The samples 

were left to stand in a dark environment for 40 

days to measure their contact angle again, all 

surfaces exceeded 90°. 
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The contact angle of the samples with seed 

deposited by dip-coating was measured, as well 

as the angle of the seed of the zinc oxide 

nanowires on the day of synthesis and 40 days 

after synthesis (figure 5). 

 

 

 
Figure 4 Contact angles of seeds by dip-coating with 

different immersions (a)5, b)10, c)15, d)20, e)25, f)25); 

contact angles of zinc oxide nanowires on the same day of 

their synthesis (g-l); contact angles of zinc oxide 

nanowires 40 days after their synthesis (m-r); contact 

angles of zinc oxide nanowires 40 days after their 

synthesis (m-r); contact angles of zinc oxide nanowires 40 

days after their synthesis (m-r) 

 

This set of samples has hydrophilic angles 

when only the seed is present, it changes when 

generating the growth of the zinc oxide 

nanowires, this change is very varied for each 

sample and after 40 days of resting in a dark 

environment 5 of the 6 samples are above 90°. 
 

 

 
Figure 5 Graph of the changes in contact angles 

 

Figure 6 shows graphically the change in 

contact angles, it is visible how over time the 

substrates tend to increase their contact angle 

generating hydrophobic surfaces 
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5. Conclusions 

 

The method of seed deposition directly 

influences the homogeneity of the seed on the 

surface and how the contact angle changes after 

the growth of the zinc oxide nanowires. 

 

The hydrothermal method as a low-

temperature zinc oxide nanowire growth process 

favours the formation of hexagonal structures at 

an average of 290 nm and average lengths of 2.2 

microns. 

 

The increase of the contact angle increases 

if the samples are left at rest and in a dark 

environment. 
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