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Abstract  
 
The additive manufacturing revolution focuses on the use of 
intelligent technologies that enable the production of 
personalized objects. This work presents the 3D printing of air-

drying moldable clay as a potential substrate for the support of 
zinc oxide [ZnO] nanoparticles. The process began with the 
printing of a 40 mm bucket of air-drying moldable clay; It was 
left to dry for 24 hours. A nanostructured zinc oxide seed was 
chemically synthesized and deposited by immersion on the clay 
substrate, then a growth of nanostructures was carried out by the 
hydrothermal method. The print showed definition in the layers, 
but small defects due to excess water; After the hydrothermal 

process, the exposed piece considerably reduced its size, 
however, the clay material has good affinity with zinc oxide 
nanostructures 

 

 
Clay, Nanostructures, Zinc oxide 

Resumen  
 
La revolución de la manufactura aditiva se centra en el uso de 
tecnologías inteligentes que permitan la producción de objetos 
personalizados. Este trabajo presenta la impresión 3D de arcilla 

moldeable de secado al aire como potencial sustrato para el soporte de 

nanopartículas de óxido de zinc [ZnO]. Se inicia con la impresión de un 

cubo de 40 mm de arcilla moldeable de secado al aire; con secado al aire 

durante 24 horas. Se sintetizó químicamente una semilla de óxido de zinc 

nanoestructurada que se depositó mediante inmersiones sobre el sustrato 

arcilloso, posteriormente se llevó a cabo un crecimiento de 

nanoestructuras por el método hidrotermal. La impresión mostró una 
definición en las capas con algunos defectos por el exceso de 
agua; tras el proceso hidrotermal la pieza expuesta redujo 
considerablemente su tamaño, sin embargo, el material arcilloso 
demostró afinidad con las nanoestructuras de óxido de zinc. 
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Introduction 

 

The production and design of three-dimensional 

objects has been revolutionized, in this sense, 

within the framework of the transformation 

towards industry 4.0, the integration of 

intelligent digital technologies has emerged to 

facilitate product development and reduce the 

complexity of traditional processes. [Horst, 

Duvoisin, & Vieira, 2019] 

 

Derived from the stereolithography 

process, in 1986 a new technology called 

additive manufacturing or 3D printing emerged. 

Technologies based on 3D manufacturing, for a 

long time, were limited to large and medium-

sized companies by the manufacture of 

prototypes, currently, their availability has 

grown among the population, generating a wide 

range of applications. [Han & Lee, 2020] 

 

The process begins with the design of a 

structural model using computer-aided design, 

which is then prepared by laminating software to 

convert it from the 3D model to the language of 

the printer and thus create layer by layer the 

physical part. [Horst et al., 2019] 

 

The 3D model is divided into thin layers 

generating impression paths that completely 

cover the surface of the part for its construction, 

for this various techniques are applied that 

depend directly on the material used and the way 

in which each layer merges with the others. 

[Chen et al., 2022]. Some of the additive 

manufacturing processes are: 

 

- Direct Ink Writing [DIW]: uses the 

process of continuous extrusion of inks 

which pass through an air-controlled 

nozzle, good rheological characteristics 

are required from the ink formulation to 

obtain good fluidity and stability after 

deposition. 

 

Box 1 
 

 
Figure 1 

Direct Ink Writing Process [DIW] Diagram] 

- Fused deposition modeling: this 

technique makes use of extrusion by 

heating thermoplastic filaments that 

reach a semi-molten state to solidify on 

the printing platform. 

 

Box 2 

 

 
Figure 2 

Fused Deposition Modeling Process Diagram 

 

3D printing is used for the production of 

various products with different materials such as 

plastics [PLA, Nylon, PETG, ABS], metals 

[titanium, stainless steel], resins [photo 

polymeric, epoxy], recently a variant of these 

techniques has been applied which is the 

manufacture of clay by extrusion, which begins 

with the raw material stored in a container that 

has a screw mechanism with a stepper motor. 

[RAMOS; Zahri & Ibrahim] 

 

Because of the similarity to the fused 

deposition modeling [FDM] process, clay 

printing is known as paste deposition modeling 

[PDM], in which the clay is extruded at room 

temperature and its solidification happens by 

evaporation of the water content in it. [Ruscitti, 

Tapia, & Rendtorff, 2020] 

 

During the extrusion process, it is 

essential to maintain a continuous supply of 

material, taking into account the control of the 

paths to improve the consistency of the layers. 

Once the printing of the clay structure has been 

completed, a drying and sintering process must 

be carried out. [Zahri & Ibrahim] 

 

Clay materials offer various applications 

derived from their surface properties as they are 

porous heterostructures with adsorption and 

catalytic behaviors, so they can be used as 

supports for nanostructures generating new 

materials. [Akkari, Aranda, Rhaiem, Amara, & 

Ruiz-Hitzky, 2016] 
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Interest in clay materials is increasing 

due to the need to generate substrates that can be 

subjected to efficient, competitive and low-cost 

photocatalytic processes. Surface modification 

through the incorporation of nanostructures such 

as zinc oxide shows a good alternative. [Akkari 

et al., 2016]. Chemical stability, wide radiation 

absorption range, high electrochemical 

coefficient, and high photostability place zinc 

oxide as a strong photocatalytic and functional 

material in the degradation of contaminants. 

[Zhu & Wang, 2025] 

 

Methodology 

 

The production of ceramic substrates by additive 

manufacturing was developed in 3 stages: 

 

Design, modelling and lamination of the 

structure 

 

Using SolidWorks computer-aided design 

software, a simple model was created. 

 

Box 3 
 

 
Figure 3  
CAD design of the part to be printed 

 

As can be seen in Figure 3, a 40 mm cube 

was implemented for printing with clay. Once 

the design has had the corresponding 

measurements, the file is laminated into a free 

and open-source software for the general public, 

Ultimaker Cura. 

 

Box 4 

 
Figure 4 

Laminating the part in the CURA software 

Figure 4 shows the generation of the 

layers of the structure to be printed, in the same 

software the printing parameters are adjusted 

and they are saved in a "G-code" file for correct 

reading in the 3D printer. 

 

Preparation of the raw material 

 

Air drying moldable clay was used as raw 

material. Being a noble material for molding, it 

was only amalgamated for approximately 5 

minutes to generate a smooth and easily 

extruded paste.  

 

The paste was entered into the printer 

container trying to prevent bubbles from forming. 

 

3D printing 

 

Using a commercial 3D printer, simple 

structures were made with previously prepared 

air-drying moldable clay, figure 5. At the end of 

printing, the part is left to dry for at least 24 

hours. 

 

Box 5 

 

 
Figure 5 

3D printing of the part in air-drying moldable clay. 
 

The modification of the substrates was 

carried out in two stages: 

 

ZnO Seed Synthesis and Deposition 

 

The zinc oxide seed was obtained by a chemical 

synthesis of sodium hydroxide and zinc acetate 

dissolved in ethanol. The mixture is kept in a 

bain-marie with agitation at a temperature of 

60°C for 120 minutes in a covered container, 

after this time it is removed and left to cool to 

room temperature. 
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https://www.sciencedirect.com/science/article/abs/pii/S0169131715302040
https://www.sciencedirect.com/science/article/abs/pii/S0169131715302040
https://www.mdpi.com/2079-4991/15/9/682


4 

Journal of Chemical and Physical Energy                                                   12[31]1-6: e11231106 

Article 
 

 ISSN: 2531-2200. 
RENIECYT: 1702902 

ECORFAN® All rights reserved. 

 

Hernández-Hernández, Celia Massiel, Melo-Máximo, Lizbeth, Melo-

Máximo, Dulce Viridiana and Vega-Morón, Roberto Carlos. [2025].  Surface 
modification of ceramic substrates obtained by additive manufacturing for 

possible use in photocatalytic applications. Journal of Chemical and Physical 

Energy. 12[31]1-6: e11231106 

https://doi.org/10.35429/JCPE.2025.12.31.1.1.6 

The deposition of the seed to the ceramic 

substrate was carried out by immersion, a small 

section of the printed and dry structure was taken 

to immerse it in the zinc oxide seed 10 times, 

leaving three seconds between each one. When 

finished, they are left to dry again for 24 hours 

before going through the process of growing 

zinc oxide nanostructures. 

 

Growth of ZnO nanostructures 

 

The aqueous growth solution was prepared using 

zinc nitrate and hexamethylenetetramine 1:1.  

 

The seed section is immersed in this 

solution to perform the hydrothermal process 

again by bathing at 90°C for 4 hours, Figure 6. 

 

Box 6 
 

 
Figure 6 

Hydrothermal Process. 

 

Results  

 

The 3D printing of the air-drying moldable clay 

was promising with a good quality of layers 

showing themselves defined, however, in the 

upper part of the piece it was possible to observe 

a decline of the layers possibly due to the weight 

of the clay due to the water contained, figure 7. 

 

Box 7 
 

 
Figure 7 

3D printed clay piece 
 

The piece was characterized by 40x 

stereoscopy, obtaining what is exhibited in 

figure 8. 

 

Box 8 

 

 
Figure 8 
Characterization by 40x stereoscopy. a] Photographs of 

the walls of the piece, b] Photograph of the edge of the 

piece, c] Photograph of the base of the piece. 
 

The walls of the piece show the 

impression layer upon layer of the clay, also in 

some parts it is possible to find excess material, 

especially in places where the printer makes the 

changes of direction. 

 

The edges showed to be homogeneous, 

shiny by the component elements of the clay, the 

inner base of the piece shows the formation of 

layers side by side, not superimposed as in the 

walls. 

 

The main components of clay are 

aluminum, silicon and oxygen, however, it may 

contain other elements that directly impact its 

properties, so an energy dispersion analysis was 

performed. 
 

Box 9 
 

 
Figure 9 

Scanning electron microscopy and energy 

dispersion analysis of air-drying moldable clay. 

https://doi.org/10.35429/JITC.2025.9.20.1.1.14
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As shown in Figure 9, air-drying 

moldable clay contains the three main elements: 

Si, Al and O, in addition to a prominent peak of 

magnesium as well as calcium. 

 

The scanning electron microscopy image 

shows the surface of the clay, an irregular texture 

with laminar microstructures and cavities is 

observed, this can imply porosity making it a 

potential candidate in absorption applications. 

 

The nanostructure growth process 

showed a change in size in the section used. 

 

Box 10 
 

 
Figure 10 
Comparison of size change before and after the 

hydrothermal process. 
 

As can be seen in Figure 10, the printed 

piece of air-drying clay reduced its size 

considerably when exposed to the growth 

solution, this is due to the solubility of the clay 

in water, so this type of material is not suitable 

for the projected application. 

 

Figure 11 shows the surface change that 

the section of the printed part underwent after the 

hydrothermal process. 

 

Box 11 

 

 
Figure 11 

Scanning electron microscopy and energy 

dispersion analysis of air-drying moldable clay 

modified with zinc oxide nanostructures 
 

Triangular type 2D geometries are 

observed homogeneously distributed along the 

surface with an average length of 12 μm and a 

thickness of 0.34 μm. The energy dispersion 

analysis on the 2D structures shows the presence 

of zinc and oxygen that come from the synthesis 

of zinc oxide nanostructures. The clay matrix has 

good affinity with zinc oxide nanostructures, so 

it is potentiated as a good photocatalytic material. 

 

Conclusions 

 

Additive manufacturing is a viable technique for 

the production of ceramic substrates, however, 

the use of air-drying moldable clay as a raw 

material maintains limitations in the application 

due to its high solubility in water 

 

The material had an excess in water 

content, so deformations were evidenced on the 

piece by stereoscopy. 

 

The characterization by scanning 

electron microscopy showed laminar 

microstructures and cavities in the material, in 

addition the energy dispersion spectroscopy 

exhibits the elemental presence of silicon, 

aluminum, oxygen, magnesium and calcium, 

referring to the clayey material, after the surface 

modification process reflects the presence of 

zinc and oxygen derived from the synthesized 

nanostructures. 

 

Nanostructures were generated on the 

clay surface in a homogeneous way and with 

good affinity, so the clay material is postulated 

as a good candidate to be used as a support. 
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