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PROCESS FOR THE TRANSFORMATION OF 
ANTIMICROBIAL GLAZED MATERIAL 

TECHNICAL PROBLEM 

a 

surfaces . Over time , they grow larger and can seriously 
affect health . In natural environments , 99 % of all bacterial 
cells are found adhering to or forming biofilms on surfaces , 
and only 1 % live as planktonic cells . 
[ 0009 ] Pursuant to the background presented , the antibac 
terial solution must be developed for the work surfaces , as 
it is in this place where the colonies of bacteria and all kinds 
of microorganisms reproduce . According to this need , the 
present invention is a process that transforms an industrial 
glass plate coated with microglass and copper nanoparticles , 
consequently , it has the ability to become an antimicrobial 
surface due to the properties conferred by the copper nan 
oparticles to the surface . 
[ 0010 ] As part of the optimization of the technology of the 
present invention , a process for manufacturing copper nan 
oparticles with 99.5 % purity was developed from the pro 
cess of reducing copper cations using ascorbic acid . The 
nanoparticles obtained were incorporated as raw material 
into the antimicrobial glass . 
[ 0011 ] The technological development as a result of this 
process , has laboratory tests to count microorganisms , which 
managed to show that 99.9 % of microorganisms die in a 
maximum of 24 hours if they are on these covers . In 
addition , there is the standardized detailed procedure to 
obtain the glass cover with microglass and copper nanopar 
ticles incorporated , and a laboratory prototype of this glazed 
material has been developed , demonstrating its antimicro 
bial activity , placing it at a Technology Readiness Level 
( TRL ) 4 . 

a 

BACKGROUND ART 

[ 0001 ] According to the World Health Organization 
( WHO ) , hospital - acquired infections are present in all 
healthcare centers , on different continents , either as a daily 
reality or as a permanent threat and affecting between 5 % 
and 10 % of the population in developed countries and up to 
25 % in developing countries . 
[ 0002 ] Foodborne illnesses ( FBI ) are an emerging prob 
lem . Aspects such as the globalization of markets and the 
complexity of the food chain make the availability of safe 
food an arduous task , especially in a world with significant 
levels of pathogens , allergens and pollutants . 
[ 0003 ] According to the Revista Chilena de Infectologia , 
Vol . 29 No. 5 , 504-510 , October 2012 ; it is pointed out that 
in the United States , around 76 million people get sick each 
year from some kind of FBI ; about 50 % of these cases are 
home - based , of which 325,000 are hospitalized and 5,000 
die . All this implies a significant economic cost within the 
expenses of the state's health budget . 
[ 0004 ] Conversely , museums invest significant financial 
resources in active microorganism control systems . Inside 
museums and cultural heritage institutions , expensive 
vacuum and inert gas systems are used to preserve objects of 
historical value and prevent the proliferation of microorgan 
isms , this is preferably done in the exhibition space . Cur 
rently , museums and conservation centers do not have 
passive systems to control the biodegradation of cultural 
property that act permanently and avoid or reduce the use of 
mechanical devices that can always alter or damage cultural 
property . 
[ 0005 ] The market has offered antibacterial surface solu 
tions , for example , with silver halides . The problem with 
these surfaces is that high concentrations of chemical com 
pounds and resins are used in their manufacture , which are 
used as sealants and binders of the particulate material , these 
sealants and binders contain additives such as triclosan , 
banned in the Eu pean Commission since 2011. In this 
context , the artificial stone manufacturing industry has had 
to face large lawsuits due to the development of lung cancer 
and silicosis in its workers as a result of constant contact 
with these highly dangerous compounds . Additionally , the 
study by the Millennium Institute of Biomedical Neurosci 
ence of the Faculty of Medicine of the University of Chile , 
published in 2018 , released results that indicate that tri 
closan would be toxic to the nervous system and neurons , 
with previous findings describing toxicity damage to the 
liver , intestine , skeletal muscle and heart due to the use of 
triclosan . 
[ 0006 ] Healthy lifestyles require products that perma 
nently solve the proliferation of microorganisms at the food 
and / or clinical levels . Every year in Chile , 7,000 million US 
dollars are spent on additional bed days for patients who are 
associated with a health problem due to the contagion of a 
hospital - acquired disease . 
[ 0007 ] Furthermore , during the year 2017 , 1,042 out 
breaks of FBI were registered , with 5,772 persons affected 
and a hospitalization rate of 0.47 % , the main cause being 
food and foodstuffs prepared outside the home , with 34.6 % 
of the total . 
[ 0008 ] On the other hand , biofilms are formed from a 
group of bacteria that form a thin layer , adhering to different 

[ 0012 ] The United States Patent No. 0017462 of year 
2014 , develops an antimicrobial , antiviral and antifungal 
surface in touch screen cover glasses using copper nanopar 
ticles on the glass surface by means of fluorosilane coating 
or other coatings to make surfaces easy to clean . Another 
register with a similar characteristic and at the same time 
complementary , uses copper ions and other metals with 
antimicrobial qualities , through immersion , spraying or 
leaching , which are applied to glass surfaces or some 
polymer surfaces , this is designed to protect technology 
items , such as screens , cameras , keyboards or others . 
[ 0013 ] On the other hand , US Patent No. 79807 from 2014 
creates a glass - based material that uses copper or silver 
properties and is incorporated in its manufacture ; therefore , 
it is a feature not exclusive to its surface . Copper can also be 
used in the nanoparticle format , but this format is not 
exclusive . The object is the creation of a material that can be 
used in places where antiviral and antimicrobial properties 
are needed or where some kind of benefit can be obtained 
from these properties . 
[ 0014 ] In addition , it is worth mentioning Patent No. 
84072 published in 2012. It consists of a procedure that 
applies silver nanoparticles as a coating agent on cement or 
implant surfaces , taking advantage of its antimicrobial qual 
ity . It is used for materials related to medicine and applied 
in the form of a silver salt . 

DESCRIPTION OF THE INVENTION 

[ 0015 ] The present invention is a process for the transfor 
mation of float soda - lime glass in a laminar state ( base glass 



US 2022/0356112 A1 Nov. 10 , 2022 
2 

or glass plate ) , into an antimicrobial glass by applying 
microglass , taking advantage of the copper nanoparticle 
qualities . 
[ 0016 ] To transform a float glass layer into antimicrobial 
glass , the following raw materials are required : 
[ 0017 ] Colorless or colored microglass , approximately 64 
microns in size , with a coefficient of expansion of 80 + -2 . 
This ensures compatibility between the glass plate that is the 
base glass and the microglass . The fact that the glasses have 
the same coefficient of expansion enables compatibility 
between the components and that after the heating and 
subsequent cooling process , the mechanical stability of the 
antibacterial glazed material is maintained . 
[ 0018 ] Copper nanoparticles obtained from the chemical 
reduction of hydrated copper sulfate using ascorbic acid as 
a reducer . This chemical reaction in aqueous medium is 
carried out at a controlled temperature in a heat stirring 
plate . Nanoparticles comprising a size range between 100 
nanometers and 2 microns with spherical morphology are 
obtained . 
[ 0019 ] Water - based nitrocellulose adhesive that allows the 
microglass and nanoparticles to be temporarily fixed to the 
surface of the base glass in the last transformation stage . The 
purpose is mainly to avoid that , due to previous manipula 
tion , traces , marks and detachments of the materials are 
generated in previous processes of surface fixation by firing . 
[ 0020 ] Float glass is a material obtained by a manufactur 
ing method that provides the glass with a uniform thickness 
and a very flat surface , which is why it is the most used glass 
in construction . To achieve this flat and uniform surface , the 
glass is floated on a flotation pool with liquid tin . The 
process of the present invention is carried out on the face 
that was not in contact with the liquid tin in its flotation 
process since the traces of this material could interact with 
some of the components of this process and modify final 
results . To detect the " thin " layer or face contaminated by 
tin , a UV light lamp is used which , using raking light , 
generates a characteristic whitish effect that identifies the 
presence of this substance . 
[ 0021 ] Once the base glass to be used is available , the 
following phases will continue : 
[ 0022 ] A first colored substrate is applied to the chosen 
surface of the glass plate through a microglass solution 
dissolved in ethanol via atomization at a pressure not greater 
than 3.51 kg / cm² ( 50 psi ) and is allowed to dry , 
[ 0023 ] A second colored substrate is applied through a 
sieve with dry microglass of the color of your choice , 
[ 0024 ] Copper nanoparticles dissolved in aqueous nitro 
cellulosic adhesive solution are applied via atomization at a 
pressure not greater than 3.51 kg / cm² ( 50 psi ) to temporarily 
attach the microglass and the copper nanoparticles to the 
glass surface prior to their fixation by firing . 
[ 0025 ] The furnace is conditioned by inserting a 3 mm 
insulating ceramic fiber sheet at its base that will prevent the 
base glass from adhering to the insulating bricks of the 
furnace . 
[ 0026 ] The glass is fired through a heating process until it 
reaches a temperature between 800 ° C. and 850 ° C. Subse 
quently , the temperature is quickly lowered to 560 ° C. to 
avoid the devitrification of the glass , a condition that gen 
erates a loss of transparency in this material . If necessary , the 
furnace door and / or vents are opened to aid cooling . 
[ 0027 ] The final cooling is carried out in phases , avoiding 
a rapid drop in temperature from the ranges of 560 ° C. to 

room temperature , since accelerated cooling can cause 
mechanical instability and / or spontaneous breakage . 
[ 0028 ] Finally , after the firing stage , the resulting glass 
plate is machined and can be incorporated as an antibacterial 
coating and / or surface . 
[ 0029 ] According to the morphological characterization 
carried out by SEM microscopy ( scanning electron micros 
copy ) , the range of sizes of the particles obtained varies 
between 100 nanometers and 2 microns with spherical 
morphology . 
[ 0030 ] Its elaboration is based on the incorporation , on its 
useful face , of a quantity of glass microparticles ( colored or 
colorless ) between the ranges of 40 pm to 60 pm in a 
variable percentage that translates between 500 and 700 
grams per kilogram of base material glass . Following this 
step , copper nanoparticles with calibers between 100 nm and 
2 pm are incorporated , in proportions that do not exceed 1 % 
of nanoparticles with respect to the total weight of the 
surface . 
[ 0031 ] The process achieves the obtaining of a coating 
material , which also includes laboratory validation , through 
microbiological analysis of the micro - organism count . From 
this , the high antimicrobial activity against microorganisms 
of the mesophilic anaerobic type and bacteria is realized . 
Advantages of this Invention 
[ 0032 ] Its main raw materials are easily obtained and 
affordable . 
[ 0033 ] Copper nanoparticles are obtained from a suitable 
synthesis process with a low - cost organic activator . 
[ 0034 ] Ease of technology transfer of the production pro 
cess , since the same production line , machinery , logistics 
and raw material of a flat glass processor and / or manufac 
turer ( glassmaking ) can be used . 
[ 0035 ] Surfaces with permanent antimicrobial action are a 
contribution to public health and heritage conservation . 
[ 0036 ] More than 20 colors to customize the surface , high 
temperature firing allows for a solid surface without chemi 
cal agents , high resistance to hot objects and scratches , high 
resistance to bending without losing strength and hygiene 
qualities . 

EXAMPLE 

a 

[ 0037 ] A 1.0 - meter x 1.0 - meter , 15 mm thick piece of 
industrial float glass is available . One of the edges of the 
glass is illuminated perpendicularly with an ultraviolet light 
detection lamp , the glass side that forms a whitish halo was 
in contact with liquid tin during its manufacturing process ; 
this side is the one that will not be used in the process . 
[ 0038 ] Place the glass plate on a clean work surface , 
preferably white and washable . 
[ 0039 ] There is a previous design regarding the result to be 
obtained , understanding that there are more than 20 micro 
glass colors that will be applied directly as a single color or 
different combinations , additive and / or subtractive sums 
from which a decorative surface will be obtained . 
[ 0040 ] 50 g of microglass in 100 % ethanol are prepared . 
The coefficient of linear expansion of glass ( COE ) is 82 + -2 , 
compatible with float glass , 64 microns in size ; for the 
application of this solution , a large nozzle atomization gun 
is used and an air pressure not greater than 3.51 kg / cm² ( 50 
psi ) . In this process , the microglass is atomized with an 
atomization fan at an angle of 35 ° . It is allowed to dry 
completely . 
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[ 0041 ] For a square meter of glass , approximately 500 
grams of microglass are used , therefore , 450 grams of 
microglass are separated that will be applied with a sieve and 
dry on the glass as a second layer ; in this stage the aim is to 
achieve the planned effect according to the design . 20 g of 
powdered nitrocellulosic adhesive are dissolved in 100 
distilled water , a transparent liquid is obtained that serves as 
a solution to add the copper nanoparticle in a proportion of 
weight not greater than 1 % with respect to the weight of the 
glass , after an active stirring process , a solution is achieved 
that is applied with a large nozzle atomization gun and an air 
pressure not greater than 3.51 kg / cm² ( 50 psi ) . It is allowed 
to dry again and the microglass will be temporarily adhered 
to the glass , ready to start the firing process . 
[ 0042 ] The electric melting furnace is covered at its base 
with 2 mm thick ceramic fiber , on which the glass plate that 
has been worked is placed , the furnace is closed , and the 
heating process begins . 
[ 0043 ] In the first heating stage , the temperature is raised 
to 840 ° C. with a final stabilization of this temperature for 
approximately half an hour , by opening the furnace and with 
facial and eye protection the final state is verified ; after 
checking , the heating resistances are switched off after a 
permanent check of the temperature , it is allowed to drop as 
quickly as possible , approximately 10 ° C. per minute up to 
560 ° C. This rapid cooling stage prevents the glass from 
devitrifying ( losing transparency ) . 
[ 0044 ] In the last cooling stage , the temperature is stabi 
lized at 560 ° C. for at least one hour and then it is allowed 
to cool slowly for a time at least 3 times the heating time , 24 
hours . 
[ 0045 ] After the cooling process , the resulting antimicro 
bial glass is washed , and the edges are cut , generally there 
is a 20 % loss . The edges , perforations and all finishing 
machining are polished . 

1. A process for the transformation of an industrial soda 
lime - type base glass plate into a glazed material with 
antimicrobial properties and personalized color , comprising 
the following stages : 

stage 1 comprising : 
a ) selecting a glass plate face to use , detecting through a 
UV lamp the face that has been in contact with tin in its 
industrial stage . 

b ) cleaning an uncontaminated face with a water - free 
solvent 

stage 2 comprising : 
a ) applying a first colored substrate to the chosen surface 

of the glass plate in stage 1 through a microglass 
solution dissolved in ethanol via atomization at a 
pressure not greater than 3.51 kg / cm² ( 50 psi ) and 
allowing to dry , 

b ) applying a second colored substrate through a sieve 
with dry microglass of a the color of your choice . 

c ) applying copper nanoparticles dissolved in aqueous 
nitrocellulosic adhesive solution via atomization at a 
pressure not greater than 3.51 kg / cm² ( 50 psi ) to 

temporarily fix the microglass and the copper nanopar 
ticles to the glass surface prior to their fixation by firing 
to obtain a prepared glass plate ; 

stage 3 comprising : 
introducing the prepared glass plate from stage 2 into an 

electric type furnace with superior heating resistances , 
on a refractory ceramic fiber base , to heat the glass 
surface in ranges from room temperature to 800 ° 
C. - 900 ° C. , with a final temperature stabilized for a 
time not exceeding 40 minutes to obtained a glazed 
surface ; 

stage 4 comprising : 
cooling the glazed surface in 3 cycles comprising : 
cycle no . 1 : lowering the temperature rapidly to a tem 

perature not less than 560 ° C. , 
cycle no . 2 : The stabilizing the temperature at 560 ° C. for 

a period of time between 30 and 120 minutes , 
cycle no . 3 : carrying out controlled cooling from 560 ° C. 

to room temperature , for a time at least 3 times longer 
than the time that was used to heat the glass plate 
during stage 3 thereby obtaining a mechanically stable 
glazed material without internal stresses . 

stage 5 comprising : 
Cutting the stable The glazed material obtained from 

stage 4 to size , its polishing edges , and machining the 
material as required . 

2. The process according to claim 1 , wherein a glazed 
surface that has antimicrobial properties is obtained by 
applying microglass with a coefficient of expansion ( COE 
82 + -3 ) and copper nanoparticles via vitrofusion and per 
sonalized color for decoration of its surface . 

3. The process according to claim 1 , wherein a glazed 
material made up of 3 heat - fused layers , one of which 
contains copper nanoparticles integrated between them , 
keeping their antimicrobial capacities active is obtained . 

4. The process according to claim 1 , wherein the copper 
nanoparticle is integrated between the 2 layers of microglass 
that were placed on the base glass via atomization and dry 
sieve and wherein during the process , the microglass 
decreases the viscosity that begins in the glasses when they 
are subjected to temperatures above 540 ° C. to above 800 ° 
C. in which this material becomes malleable , facilitating the 
adhesion of the copper nanoparticle . 

5. A method for coating in construction and decorative in 
vertical or horizontal faces , in which it is required to 
permanently eliminate the presence of microorganisms , such 
as , for example , Escherichia coli , Listeria monocytogenes , 
Streptococci and Aspergillus that are found non - planktoni 
cally and adhere to surfaces in kitchens , bathrooms , labo 
ratories and any space that requires high standards of 
hygiene comprising applying a glazed material obtained 
according to the process of claim 2 , to surfaces in kitchens , 
bathrooms , laboratories and any space that requires high 
standards of hygiene . 


