Cleaning of production lines with
plasma-activated water — a novel approach
to reduce chemicals and costs during cleaning
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Production lines for cosmetics and other hygiene-critical products
need regular cleaning and disinfection. This requires large
qguantities of chemicals that pollute the environment and lead to
high costs. In addition, a lot of time is needed for the individual
process steps during which production cannot take place. The
use of plasma-activated water can be a novel solution to improve
cleaning-in-place (CIP) processes ecologically as well as
economically.

Plasma-activated water (PAW)

When conventional water is brought into contact with a plasma
flame, new highly reactive species (e.g. ozone, nitrites, nitrates,
hydrogen peroxide and nitrous acids) are formed from the
elements involved in the process, which then dissolve in the
water and continue to react and change its properties [1, 2]. It
has already been proven that PAW has an antimicrobial effect,
which is why it can be used for sterilisation in various fields as
well as for wastewater treatment and the aseptic processing of
fruit and vegetables [3]. However, the large number of reactive
species in PAW suggests that it can also be used as a cleaning
agent. There is therefore also great potential for many other
applications, particularly in the context of the production of
cosmetics. For example, PAW could be used in future to pre-
clean raw materials that are processed into plant-based
ingredients, as well as to clean production and filling machines
and tools, for example in cold production. The aim of the
presented work was to assess the general suitability of PAW
regarding its use for cleaning production facilities.

Production of plasma-activated water

To produce PAW for the cleaning experiments on a laboratory
scale in a defined and reproducible way, a system was developed
using a plasma generator based on a cathodic arc discharge
(Figure 1). Deionised water from one container was led through
a special nozzle past the plasma flame into a second container,
where it was collected after the activation. This process could
then be repeated multiple times in order to increase the effect.

Figure 1: Test rig for the production of PAW
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The PAW used for all further experiments was activated three
times with the described setup and then stored in a darkened
climatic chamber at 23 °C. In this way, it was possible to produce
10 L within one hour. To determine the quality of the produced
PAW, pH value, conductance and oxidation-reduction potential
(ORP) were measured directly after activation as well as over time
during storage. For further evaluation, these values were
compared with those of conventional cleaning agents such as
caustic soda and hydrochloric acid, see table below:

Cleaning fluid pH value C()i:\‘duu;;c:r:ce ORP in mV
Deionised water 5.0+ 0.1 11+ 3 705 + 3
NaOh (0.5 %) 11.9+0.1 2,788 £ 275 373+ 8
HCI (1 %) 1.2+0.2 > 3,500 701 = 27
PAW 2.8+0.1 714 + 84 779 £ 4

[1] Thirumdas, R.; Kothakota, A.; Annapure, U.; Siliveru, K.; Blundell, R.; Gatt, R.; Valdramidis, V. (2018): Plasma activated water (PAW): Chemistry, physico-chemical properties, applications in food and agriculture. Trends in food science & technology, 21-31.

Over time during storage, it could be shown that the pH value and
the conductance slightly increase further, especially during the first
hours after the activation. The ORP. on the other hand, returned to
its initial value within several days. This indicates that some of the
formed reactive species are deactivated automatically.

Suitability for Cleaning

The experiments regarding the cleaning effect of PAW were carried
out with two exemplary test model soilings from the food industry
(pudding and protein shake) and with limescale (calcium hydrogen
carbonate). All test model soilings were evenly and reproducibly
applied to stainless steel plates.

An important aspect of cleaning, especially with regard to the
chemical effect of a cleaning agent, is the swelling of the soil layer
at the beginning of the process. Therefore, swelling tests were
carried out first, whereby the change in layer thickness during
swelling was measured. For this purpose, the soiled plates were
placed in a glass basin, which was then filled with the cleaning
agent to be tested. A camera and backlighting were used to
quantitatively monitor the swelling process by viewing the soiled
plate from the side. Figure 2 shows the results of the swelling
experiments with PAW in comparison to the other cleaning agents.

Figure 2: Swelling results with PAW
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For pudding, NaOH led to the best swelling results while PAW had
the same effect as HCI. For protein shake, on the other hand, PAW
and water worked best. For limescale no swelling could be
measured since the initial layer thickness was too low.

Additionally, cleaning tests were performed with all three soilings
in a closed CIP test rig (Figure 3). In this case, the soiled test plates
were placed in a flow channel and the cleaning agent was
circulated by a pump. The flow rate was around 0.25 m/s and the
cleaning progress was monitored with a camera through a window
in the channel using the fluorescence of the soil layers. In this way,
the cleaning time T95, at which 95 % of the soil is removed, could
be determined for each experiment by analysing the image
brightness that was proportional to the amount of residual soil.

Figure 3: Test rig for cleaning experiments
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Figure 4 shows the results of the cleaning experiments. Generally,
there was a good correlation visible with regard to the swelling
tests. For pudding, NaOH showed the best results, but the
cleaning time with PAW was only slightly higher. For protein
shake, the shortest cleaning times could be achieved with PAW,
although the results with NaOH and deionised water were very
similar. HCl only worked well for limescale, which was rinsed
away within seconds. In contrast to water and NaOH, PAW was
also able to remove the limescale, although it needed more time.
It can be stated, that the cleaning effect of PAW is comparable to
conventional cleaning agents and that there is a good potential
to reduce cleaning times with PAW by combining different
process steps.

Figure 4: Cleaning results with PAW
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Conclusions

Plasma-activated water is a new technology that provides an
ecological alternative to conventional cleaning agents and
disinfectants with great potential for saving time and costs when
cleaning production facilities in the cosmetics industry. The greatest
opportunity lies in the prospect of combining several process steps
with different chemicals in one single step as well as in the simple
disposal after use. There is still a need for research and
development to make PAW usable for industrial applications in
large quantities. Due to the great potential, however, it is
worthwhile to accompany this development at an early stage and
to create the appropriate framework conditions for future use Iin
one's own production facilities, as this will enable competitive
advantages in the future.
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