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1. Introduction  
The development of antimicrobial and self-cleaning surfaces represents an important challenge that 

affects various fields of application, ranging from biomedical to construction sector [1]. Within the 

sanitary ware industry, the development of glazes and coatings with antibacterial and self-cleaning 

properties allows the ceramic products to obtain minimization of microbial activities (higher hygiene 

level), greater ease of surface cleaning and therefore less water consumption, less wear and damage to the 

surface over time. 

Metal ions with antibacterial properties suitable for this sector, in terms of costs and properties that affect 

the colour and chemical-physical properties of the glaze during firing and the quality of the ceramic 

product, are Ag, Ti and Zn.  

Pre-firing applications of antibacterial materials to enrich sanitary ware properties are, today, the most 

complex as well as the most susceptible in terms of results. The addition of the active principle inside 

and/or over the glaze ensures its homogeneous distribution, high resistance to abrasion and longer 

duration over time. 

 

2. Experimental - 
Crystalline glazes were prepared in porcelain cylindrical jar using as raw materials quartz, feldspars, 

kaolin, wollastonite, carbonates, fluxes, silver nitrate, zinc nitrate and titanium dioxide. Slurries obtained 

from ground materials were, then, airbrushed on ceramic supports and fired at 1240-1260 °C for 18-24 h. 

Multiple tests were carried out in order to optimize the percentage ratio of Zn, Ag, and Ti within two 

crystalline glazes types (glossy and matte), previously synthetized, and to define the correct slurry 

thickness on the ceramic support. 

The obtained materials were investigated by inductive coupled plasma (ICP), Fourier-infrared 

spectroscopy (FT-IR), X-ray diffraction (XRD), scanning electron microscopy (SEM-EDS), colorimetry, 

thermo-gravimetrical analysis (TGA), laser granulomery, heating microscopy, dilatometry, reometry. 

Biological tests were carried out to study antibacterial properties of the prepared materials. 

 

3. Results and Discussion  
were prepared and The chemical composition and the present crystalline phases in the produced 

crystalline glazes with different percentage ratios of Ag, Zn an Ti were verified by using FT-IR, XRD and 

SEM-EDS. The actual presence of antimicrobial substances within the reference crystalline glazes was 

demonstrated. The formulations with high Ti content showed surface defect and colour variation towards 

yellow. TGA, heating microscopy and dilatometry showed that the additions of Ag, Zn and/or Ti did not 

change physico-chemical properties of the glazes during firing process. 

4. Conclusions  

Crystalline glazes with different percentage ratios of Ag, Zn an Ti were successfully prepared Further 

tests are needed to define the composition and quantity for surface unit of the antibacterial crystalline 

glazes that maximize antimicrobial properties of the ceramic surface. Analysis regarding process costs on 

industrial scale are of primary importance, especially in reference to the definition of the silver amount to 

be added. 
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