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ypochlorous acid (HCIO) is formed in the white blood cells of all mammals [1]. As part of a mechanism that developed several

millions of years ago, it also helps the human body to protect against pathogens that enter it. This makes the weak acid a
nature-based option for disinfection. Despite this, a disadvantage of water-thin solutions of hypochlorous acid is that they have
significantly limited anti-microbial potential due to the reduced contact time. Hydrogels overcome this limitation and lead to
improved and more sustainable use. Due to the high reactivity of hypochlorous acid, common additives such as polymer thick-
eners and natural clays are not suitable. Synthetic smectite clays — of which the presented PURABYK-R 5500 is one example
—are very similar in structure to natural clays. However, due to their subsequent technical development, synthetic smectite clays
exhibit better stability and are therefore very well suited to forming these hydrogels. They stabilize the hypochlorous acid in the
required pH value range and are free from components that impair the activity of HCIO. These unique additives are produced
under controlled conditions from naturally occurring inorganic mineral sources. They offer the possibility of using structures
from nature, paired with a very high purity and consistent quality. Their great potential is presented here using PURABYK-R

5500 as an example.

1. Introduction

The COVID-19 pandemic has changed many people’s aware-
ness of cleanliness almost overnight [2]. There is an increasing
focus on the considerable importance of hygiene and pre-
venting microbial contamination to our health, and the need
for hygiene measures has grown significantly. This can also
be seen in the markedly increased sales of hygiene products
between 2019 and 2020 in particular [3].

Chemical substances, with which potentially harmful micro-
organisms such as bacteria, yeast, and fungi can be fought,
and viruses can be rendered inactive, are grouped under the
term anti-microbial substances. In household applications,
this primarily concerns mitigating harmful microorganisms.
To avert health risks, contamination of surfaces and the trans-
fer of pathogens via pathogenic germs should be reduced.
The search for products that are as sustainable and as safe as
possible in order to guarantee the necessary hygiene for our
health is more relevant than ever.

Hypochlorous acid - an effective nature-based weapon
for combatting germs

The exceptional biomedical potential of hypochlorous acid
has been known for a long time. In the first world war, HCIO
was used to disinfect wounds because of the lack of antibi-
otics [4]. Its very high efficacy as an anti-microbial substance
is still used today in numerous cleaning applications, and for

external applications and wound care. Because hypochlorous
acid also plays an essential role in protecting the human body
against a multitude of harmful pathogens [1], it is also seen
as a safe, nature-based option for fighting germs. It is formed
as an endogenous substance in all vertebrates as part of the
immune response of white blood cells [1]. In humans, white
blood cells primarily consist of neutrophil granulocytes (short-
ened to neutrophils). In these, the oxidant HCIO is formed
either extracellularly or intraphagosomally (within the cell).
The heme enzyme myeloperoxidase (MPO) uses hydrogen
peroxide and chloride to catalyze the production of HCIO (see
Figure 1) [5].
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fig.1 Diagram of HCIO generation as an immune response in
white blood cells
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Our white blood cells use this mechanism by absorbing
harmful microorganisms and then rendering them harmless
using hypochlorous acid as an oxidant. HCIO very quickly
penetrates the cell walls of single-cell microorganisms such
as bacteria and viruses [6]. It oxidizes the proteins there,
including the DNA (deoxyribonucleic acid) of the harmful
germs. Chlorination of n-functionalities in the structures of
microorganisms leads to chloramines forming, which are
unstable in turn, and radically break down. This leads to the
destruction of the DNA of viruses and therefore their inac-
tivation [7].

In a similar way, the oxidative power of HCIO causes the
cell membranes and proteins of bacteria and viruses to
become denatured. This leads to a very wide range of ap-
plications to combat all types of harmful microorganisms.
Human cell structures are not impaired by this, since their
structures are more highly organized and they have devel-
oped a protective mechanism, which prevents damage from
hypochlorous acid [6]. One significant advantage compared
to other active substances is also the fact that it is difficult
for bacteria to develop resistance to HCIO through muta-
tion. Hypochlorous acid is also effective against the spores
of bacteria and therefore stands out from widespread alco-
hol-based hygiene products (ethanol, isopropanol) [4]. Skin
irritation, similar to that which can occur as a result of the
frequent use of isopropanol and ethanol, can be avoided by
using an aqueous formulation of the weak acid [4]. All these
properties make hypochlorous acid a powerful resource to
combat germs and this has led the World Health Organi-
zation (WHO) to recommend the use of HCIO against the
COVID-19 (SARS-CoV2) virus [8].

However, there are some challenges
that need to be overcome in order
to be able to use the acid outside the
body as effectively as possible. Hypo-
chlorous acid is only stable in aqueous
solutions and is in a state of equilib-
rium with its conjugate base (CIO").

This is much less reactive. At higher
pH values, the balance tips toward hy- e e
pochlorite and the oxidative effect de- O RO SR, - O R, AOIR, -

creases. If the compound is too acidic,
free chlorine gas is produced (Cl,).

Phyllosilicates — Smectites
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break down. Simple water-thin HCIO solutions also have the
major disadvantage of draining very quickly, which signifi-
cantly limits the anti-microbial potential. The low viscosity of
the solutions reduces the contact time with the surface to
be cleaned, leading to a shorter working time. In particular,
vertical application is only possible to a very limited extent.
Hydrogels overcome this limitation and lead to improved and
more sustainable use.

HCIO-based hydrogels — a challenging system

The pronounced reactivity of HCIO also makes it challenging
to find a suitable rheology modifier for forming hypochlorous
acid-based hydrogels. Organic chemicals weaken the active
effect of HCIO, so no organic polymer thickeners can be used.
Furthermore, the presence of transition metal ions has a dis-
ruptive effect, which is why natural clays are not suitable. In
addition to natural clays that are used in numerous applica-
tions due to their rheological properties, it is also possible to
synthetically produce similar structures with improved stabil-
ity and purity. Bentonites are natural clays whose rheological
properties are determined by the presence of smectite struc-
tures [9]. These structures are also found in synthetic layered
silicates (phyllosilicates, LAPONITEs). These nature-based sub-
stances are unique special additives that combine the desired
properties (such as swelling capacity, thickening, thixotropy)
with high purity and exceptional stability in relation to pow-
erful oxidants such as hypochlorous acid. This makes them a
perfectly suitable additive for forming HCIO-based hydrogels.
As shown in Figure 2, LAPONITEs are part of the phyllosil-
icate group of smectites and has a similar structure to the
crystal structure of natural clays.
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Fig.2 Crystal structures in phyllosilicates: Natural and synthetic smectite compounds
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PURABYK-R 5500 - a new, modified
phyllosilicate with improved compatibility

PURABYK-R 5500, the newly developed ad-
ditive presented in this article, belongs to the
hectorite group, whose crystal structure is com-
posed of two tetrahedral sheets sandwhiching
an octahedral sheet.The octahedral sheet con-
sists of magnesium ions, oxygen ions and hy-
droxyl groups.

Water molecules and other substances are easily
deposited in the inter layer spacing of the clays
which causeswhen the sheetdistancetoincrease.
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This is also called “inter-crystalline swelling” [9].
The crystals of these compounds form stacks in
the dry state. When they are dispersed in water,
they form separate disk-shaped platelets. Through electrostat-
ic interactions, these platelets form a 3-dimensional network
(a "house-of-cards” structure), which leads to the desired
rheological effect (Figure 3).

Another difference in relation to clay thickeners is the con-
siderably reduced size of the individual platelets after dis-
persion. This leads to increased transparency in the formu-
lations.

PURABYK-R 5500 has been specially
developed to form stable HCIO gels.
Specific modification of this synthetic

phyllosilicate increases its tolerance Pre-dispersion

Fig.3 Dispersion of smectite platelets in water: formation of gel structure

A slightly turbid hydrogel was created that provides a dry, soft
feel and non-sticky texture on the skin. A storage test showed
that the viscosity remained stable after storage at 40°C for
12 weeks and that the gel structure was maintained.

The investigations discussed in the next section were carried
out on the indicated formulation to further characterize the
hydrogel produced.

INCI: Sodium magnesium fluorosilicate (nano) and tetrasodium pyrophospate

Method of addition Less NaCl (< 2 %)

More NaCl (> 2 %)

to electrolytes. This plays a major role Direct addtion

when using hypochlorous acid in par-
ticular. In many cases, HCIO is industri-

ally produced by electrolyzing a highly
concentrated sodium chloride solu-
tion. As a result, salt residue cannot be

Suitable for application in HCIO solutions with NaCl content of up to 4 %.

e With an NaCl content of 2 % or less, the product can be added directly to the HCIO solution.
o |f the NaCl content is higher than 2 %, the product must be pre-dispersed in ultra-pure water
before it is added to the HCIO.

excluded. As a further development of

the existing LAPONITE rheology addi-
tives, PURABYK-R 5500 tolerates a
salt content of up to 4% and can be
added directly without pre-dispersion (Figure 4).

2. Material and methods
Formulation of the hydrogel with PURABYK-R 5500

The presented results were determined using a hypochlor-
ous-acid-based hydrogel. To do this, thickening was achieved
by directly adding PURABYK-R 5500 to an aqueous solu-
tion of hypochlorous acid. The viscosity of the compound
increased significantly after the pH value was adjusted to
5.0-5.5 using orthophosphoric acid in particular. The pH
value typically stabilized at 6.5. The formulation is displayed
in Table 1.

Fig.4 PURABYK-R 5500 as a further development for simple use in HCIO solutions

1 Ultrapure water Solvent 16.0

2| Hypochlorous acid Active substance 80.0
500 ppm FAC '

3 | PURABYK-R 5500 Rheology additive 3.5
Orthophosphoric acid pH value adjustment 0.5.

(21% in water)

Table 1 Formulation of the hydrogel

A more in-depth reflection - high-resolution procedure
for forming the nanostructures

The size of the smectite platelets is in the nanoscale range.
This means that the resolution of a simple microscope is not
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sufficient to show the morphology, since this is physically
limited by the wavelength of light. To be able to represent
these structures as a real image, extensive preparations and
analysis methods are necessary. Transmission electron mi-
croscopy (TEM) is suitable as an imaging method. Accord-
ing to Louis de Broglie, electrons also have wave properties
and it is possible to describe a wavelength of the particle
[10,11]. Since the assumed wavelengths of the electrons are
significantly smaller than the scale of the platelets, electron
microscopy is well suited to showing nanostructures. For
this, thin test sheets are exposed to a high-energy electron
beam and the electrons are identified on a detector after
the sample is subject to transmission [10,11]. The different
scattering of electrons when the sample is exposed mean
that conclusions can be drawn on the size and composition
of the substance.

This high-resolution method can even be used to show the net-
work structure of the platelets — the network structure which
leads to the rheological effect (“house of cards” structure). In
particular, cryo-TEM is a very good tool for “freezing” the inter-
actions in a solution and realistically depicting them.The degree
of exfoliation of the smectite platelets in dispersions can be
determined using height determination based on atomic force
microscopy (AFM). In this non-invasive method, a nanoscopi-
cally small needle is guided over the surface of the sample. The
forces produced between the sample and the measuring nee-
dle (cantilever) are measured and evaluated for imaging [12].

3. Results and discussion
Micro- and macro-morphology using TEM and AFM

In Figure 5, two cryo-TEM images of a hectorite in an aque-
ous dispersion can be seen. The network structure (“house-
of-cards” structure) can clearly be seen here, which the ex-
foliated platelets form through electrostatic interaction. This
leads to the desired rheological effect, namely, in this case
the formation of a thixotropic hydrogel. It is also possible for
different particles (opacifiers, fragrance capsules, etc.) to sta-
bilize by being deposited into this network of platelets and
this is certainly conceivable with the image. The dimensions
of the individual smectite platelets moving in a range of
25 nm along the two axes shown at this level can also be
seen. The concentration of the hectorite material determines
the density of this ‘house of cards’ network.

The extent of exfoliation of the platelets in an aqueous disper-
sion can be determined by a topographical analysis using the
AFM method. Figure 6 shows the corresponding AFM image
of the hectorite presented here. It can clearly be seen that the
smectite platelets are homogeneously distributed.

The height distribution can be used to obtain information
about which proportion of smectite lamellae are present in
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fig.5 Cryo-TEM images of a dispersed hectorite, sample was
imaged on a JEOL 2200FS TEM with a Gatan K2 direct electron
detector at the University of Warwick.

Height Sensor 80.0 nm

fig.6 AFM image of hectorite in solution, Bruker Icon-PT instru-
ment

single, double, triple, etc. stacks. Evaluation of the measured
data reveals that the majority (cumulatively 73.6%) are in
the height range below 1.75 nm and can therefore be con-
sidered to be completely exfoliated. There are no platelets
that are in stacks of more than three (cumulatively 100.0%
in the range from 2.75 nm to 3.25 nm) which represents
good delamination.

Viscosity behavior of the hydrogel
- thixotropy and yield point

The aqueous formulation based on hypochlorous acid with
3.5% PURABYK-R 5500 forms a hydrogel which shows
a thixotropic behavior. Figure 7 shows that HCIO hydro-
gel has a high low-shear viscosity and a low high-shear
viscosity (see blue curve). This demonstrates the high-
ly sheer thinning properties of the hydrogel. The viscos-
ity develops again after the force is removed, but this is
somewhat delayed, thus exhibiting thixotropic behaviour
(dark blue curve). However, the original viscosity of the hydro-
gel is quickly reached again.
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In a comparison of two samples (one was mea-
sured directly after incorporation of the PU-
RABYK-R 5500; the other was left for 12 h), it is
evident that the gel structure forms quickly after
incorporation of the rheology additive, but that

50

40

Viscosity (Pa-s)

it can take some hours before the final viscosity 30
has completely formed. 20
With further measurements, it was determined

that the hydrogel based on PURABYK-R 5500 10
forms a clear yield point above which the sam- 0

HCIO hydrogel with PURABYK-R 5500

ple no longer shows an elastic behavior (gel
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structure), and instead starts to flow. This sup-
ports the good sprayability and pumpability of

@ Up curve

@ Down curve

the hydrogel, which significantly improves han-
dling, depending on the application.

Biocide effectiveness — influence of PURABYK-R 5500

Tests on the influence of PURABYK-R 5500 on the biocide
effectiveness of the HCIO hydrogel were conducted at the
accredited test laboratory HygCen Germany GmbH. To do
this, phase 2 level 1 quantitative suspension tests were held
with different standard bacteria and virus strains. Tests were
conducted according to the EN 13727 (bactericidal activity)
or EN 14476 (virucidal activity) test methods with a low load
(0.3 g/l bovine serum albumin). It was shown that the biocidal
effectiveness against bacteria and viruses was maintained in
full with an addition of 3.5% PURABYK-R 5500. The criteria
indicated according to EN 13727 and EN 14476 are also met
by the phyllosilicate formed in the hydrogel.

Depending on the practical use and the specific process,
phase 2 level 2 tests must be added if applicable. However,
based on decades of successful use of this synthetic hectorite
compound in these applications, it can be assumed that us-
ing rheology additives does not lead to impairment of the
biocidal effectiveness of the active substance, and therefore
the product. The suspension tests performed on the hydrogel
mentioned here supported this experience.

4. Conclusion

Synthetic phyllosilicates such as the PURABYK-R 5500 present-
ed here are very versatile additives. They can be appropriately
produced using technical modifications for various, and very
demanding, applications. Their structure resembles that of
natural clays (smectites), but they can be produced to a much
higher purity and are easy to modify. This makes them very safe
and robust compounds, which significantly expands the area of
application of these smectites.

In this article, the interesting structures that form these com-
pounds are considered in more detail and evaluated in a scien-
tifically sound way. This enables better understanding of the
properties such as rheology and interactions with other com-
ponents of different systems, and therefore applications. These

Fig.7 Viscosity curve, 12 h after incorporation of PURABYK-R 5500

findings are extremely important, because they form the basis
to optimally use this high-performance additive and therefore
exploit its full potential. The example of hypochlorous acid has
shown that the limits of the application of rheology additives
can be expanded with these compounds. Very demanding sys-
tems can be thickened with it too, offering improved and more
sustainable application for the systems.
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