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A METHOD FOR WATER DISINFECTION USING CA2FE205 IN ABSENCE OF LIGHT

DESCRIPTION

[001] Invention relates to a water treatment technology, especially to the disinfection of water

from gram-positive and a gram-negative bacteria using a formulation comprising Ca2Fe205.

[002] International patent application publication No. W02019/003079 discloses a water
remediation technology used for photocatalysis in visible light, for example, water
purification reactors. It discloses a narrow n- and p-type semiconductor system with high
oxidation-reduction potential and low photoinduced charge carrier recombination, which is
provided by Z-scheme charge transfer mechanism. Systern contains photocatalysts from earth
abundant chemical elements. Photocatalyst system Fe203/CaZFe205 can be used in visible
light photocatalysis: (i) water purification; (i1) disinfection; (i) air purification; (iv) sterile
surfaces; (v} water splitting; (vi) synthesis of chemical compounds from ambient CO2Z.
Chinese patent application publication No. CIN108726626 discloses a method for treating

water comprising CaFeO4 under visible light conditions.

0031 The present invention is a method for disinfection of liquid substances in dark,
preferably a water from a gram-positive and a gram-negative bacteria using a formulation

comprising Ca2Fe205.

[004] The catalytic material Ca2Fe205 employed in the invention has the following physical
characteristics: particle size is less than 100 nm, material purity is 99.9%, density is about
100gr/litre, specific surface area is 13.55 m2/gr. Ca2Fe205 concentration in the formulation
is 1.0g/L to 5.0g/L, for example Ca2Fe205 in water suspension. Ca2Fe205 in water
suspension has pH in the range of 8.2 to 8.8, preferably 8.5. Ca2Fe20S5 has a light yellowish

colour.

[005] Brownmillerites are oxygen deficient compounds with general formulation A2B205.
The B are octahedral and tetrahedral site cations arranged in layers and A is a large cation
occupying space between layers. Srebrodolskite is member of Brownmillerite subgroup with

general formulation Ca2Fe205. It is non-stoichiometric perovskite group material with
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orthorhombic crystal system. Mineral is named in honour of Boris Ivanovich Srebrodolsky

and approved in 1984.

[006] The invention includes a method for water disinfection. The method consists of
following steps: a) providing a formulation comprising Ca2Fe205; and b) applying said
formulation comprising Ca2Fe205 to a water to disinfect thereof. The step b) is performed
without presence of light allowing to perform disinfection in enclosed volumes or spaces
significantly improving disinfection capabilities. Without presence of any light includes no
use of visible light, ultraviolet radiation and infrared light. The prior art discloses other
catalysts disinfectants that work only in visible light decreasing its application in water
systems as most water systems are enclosed and are not designed to be subject to visible

light.

[007] The method further comprises a step of applying an effective amount of the
formulation comprising CaFeO, preferably Ca2Fe205, to the water to be disinfected. The

effective amount of the formulation to the water is in the range of 0.2 to 0.7 weight%.

[008] In one embodiment of the invention, the formulation comprising Ca2Fe205 (5 g/L) in
water has demonstrated a 7.5 log decrease in cultivable E. coli and 6.5 log decrease in
cultivable S. aureus within 30 minutes. The test was performed in the dark environment —
without a presence of any light, ultraviolet radiation and infrared light. The observed
antimicrobial activity is due to hydroxyl radical generation as indicated by electron

paramagnetic resonance measurements.

[009] In another embodiment of the invention the method further comprising the step of
applying the formulation comprising Ca2Fe205 to the water for coagulation of bacteria and
other solids. Accordingly, the disinfection of water may be made without additional

coagulants.

[010] The key of the invention is a use of the environmentally friendly catalytic material
(inorganic antimicrobial agent), that performs physical disinfection of waterborne pathogens.
Disinfection technology can be described as an aqueous synthase obtained catalytic material,

with high disinfection efficacy on a broad spectrum of pathogens in suspended system.
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Catalytic material has been synthesized from non-toxic earth abundant Ca and Fe elements as

Ca(NO3)2, Fe(NO3)3, NH40H and citric acid.

[011] The formulation comprising Ca2Fe205 may be prepared in a slurry including a
dispersion of the formulation comprising Ca2Fe205 in water with an ultrasonic

homogenizer.

[012] Preparation of a powder of Ca2Fe205 for use in a disinfection of the water from gram-
negative and gram-positive bacteria may be performed in the following manner:

a) obtaining a precursor solution in water containing the same number of moles of calcium
nitrate and iron nitrate and twice the number of moles of citric acid as the number of moles of
a single nitrate;

b) adjusting the pH of the solution by adding NH4OH dropwise;

c¢) evaporation the water from the solution under constant stirring at 80 °C;

d) the resulting mass after evaporation of water is dried at 80 °C till no mass changes can be
observed;

e) combustion reaction initiation at 300°C to obtain as-prepared Ca,Fe,Os powder;

f) grinding the as-prepared Ca2Fe205 powder; and

g) annealing at 800°C for 20 minutes to obtain monophasic Ca2Fe20S5.

[013] Disinfection occurs due to radical generation and mechanical impact on bacteria
membrane. The radical generation is a result of structural transformations of Ca-Fe oxide in
water and formation of ionised point defects that are splitting the water and generating the
radicals. The structural transformations also lead to the formation of flake like particles with

the 2D morphology that are interacting and disrupting the bacteria membrane.

[014] The results of method for preparation of Ca2Fe205 are illustrated in Fig. 1. Fig. 1
illustrates a XRD pattern for compound Ca2Fe205. The crystalline phases for as-prepared
and annealed nanopowders from sol-gel auto-combustion were studied by XRD. The XRD
studies reveal a phase pure brownmillerite Ca2Fe205 (ICDD 00-047-1744) formation after
annealing at 800 °C.

[015] Ca2Fe205 effect on disinfection of liquid substances, preferably a water from a gram-

positive and a gram-negative bacteria excluding any light, ultraviolet radiation and infrared
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light, is illustrated in Fig. 2. Disinfection test with Ca2Fe205 catalyst was performed in
filtered tap water contaminated with specific species of bacteria. The catalyst suspension was
added to the contaminated water so that the catalyst concentration in the final sample was 5
g/l. In control samples, filtered tap water was used instead of the catalyst suspension.
Changes in colony-forming unit (CFU) over time for E-coli and S-aureus bacteria are shown
in Fig. 2. Immediately after adding the catalyst suspension to the contaminated water, a
sample was taken. The inoculation of the sample on the medium took about 10 minutes, so
the time scale starts from negative 10 minutes. CFU decreases from 1.17 * 107 to 0.37
CFU/ml for E-coli and from 2.12 * 10° to 0.73 CFU/ml for S-aureus within 30 minutes. This

is a seven-fold reduction for both species counting from control sample.

[016] Fig. 3 illustrates a degradation of S. aureus bacteria during the time at different powder

or catalyst concentrations.

[017] Pre-filtered tap water (0.2 um pore size filters, pH range of > 6.5 and < 9.5) complying
to EU Directive 2020/2184 on the quality of water intended for human consumption was used

in all microbial activity tests.

[018] While the invention may be susceptible to various modifications and alternative forms,
specific embodiments of which have been shown by way of example in the figures and have
been described in detail herein, it should be understood that the invention is not intended to
be limited to the particular forms disclosed. Rather, the invention includes all modifications,
equivalents, and alternatives falling within the scope of the invention as defined by the

following claims.
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CLAIMS

1. A method for water disinfection, wherein the method consists of following steps:

a) providing a formulation comprising Ca2Fe20S5, wherein the particle size of
Ca2Fe20S5 is less than 100 nm, specific surface area of Ca2Fe205 is 13.55
m2/gr, wherein pH of the formulation is 8.2 to 8.8, preferably about 8.5, and
Ca2Fe205 concentration in the formulation is 1.0g/L to 5.0g/L;
b) applying said formulation comprising Ca2Fe205 to a water having pH in a
range of > 6.5 and < 9.5 to disinfect thereof;

wherein the step b) is performed without presence of any light, infrared light and

ultraviolet radiation.

2. The method for water disinfection according to Claim 1, further comprising the step of
applying the formulation comprising Ca2Fe205 into to the water to be disinfected,

wherein the content of applied formulation in the water is 0.2 to 0.7 weight%.

3. A method for water coagulation, wherein the method consists of following steps:
a) providing a formulation comprising Ca2Fe20S5;
b) applying said formulation comprising Ca2Fe205 to a water for coagulation of

bacteria and other solids.

4. A use of Ca2Fe205 in disinfection of liquid substances, preferably a water from a
gram-positive and a gram-negative bacteria, characterized in that the disinfection is

performed without presence of any light, infrared light and ultraviolet radiation.
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