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Abstract

During the past decades many studies have explored the indoor air quality (IAQ) of residential and office buildings due to the
large amount of time people spend indoors and potential for health impacts. For example, lack of control of indoor relative
humidity can lead to adverse health outcomes like dry eye syndrome, asthma, and chronic skin and throat irritation. Indoor air
quality is also affected by pollutants generated indoors, commonly by human activity, and pollutants coming from the outdoor,
especially in absence of air cleaning systems. Indoor ozone is of important consideration in IAQ and has been studied and
monitored during the last 20 years due to the effect on human health of the pollutant itself and its reaction products. While air
cleaning, like carbon scrubbing, in building mechanical systems can solve or reduce indoor ozone concerns, it would not
represent a “green choice”. It would, in fact, increase the operational energy demand of the building. Instead, passive solutions
for removing indoor ozone can be pursued. In many countries, plasters are applied on indoor walls and ceilings, commonly
covering large surfaces. In this study two premixed clay-based plasters, produced by American Clay, were tested for ozone
removal. The two premixed plastering mortars were applied on 95 mm diameter disks of drywall in a 5 mm-thick layer. The
experiment was designed to evaluate the ozone reactivity of the two plasters and the drywall, quantifying their ozone
deposition velocities. Results pointed to one of the clay-based premixed plaster as a good passive removal material. For
instance, if applied on 9 m? partition drywall, it would increase 2.5 times the amount of ozone uptaken by the uncoated drywall.
The other clay-based premixed plaster tested did not show the same good behavior probably because the addition of crushed
seashells interferes with the removal mechanism.

INTRODUCTION

Ozone is a secondary pollutant, one of the principal constituents of photochemical gas, and its formation depends on
meteorological factors combined with the presence of volatile organic compounds (VOCs) and nitrogen oxides, mainly related
to the combustion of hydrocarbon fuels in urban areas. Weschler [1] expressed the indoor ozone concentration as a function of
the ozone outdoor concentration and other indoor sources and sinks. Many studies have shown the dangerous effect of ozone
exposure on human health. The exposure to ozone and its reaction products has been related to the occurrence of chronic
respiratory diseases, such as asthma and sick building syndrome symptoms [2-5], and to an increased mortality risk [6-8].

Different measures can be adopted to ensure better IAQ and prevent occupants from exposure to high pollutant levels. The
most common ones are energy demanding like mechanical filtration systems [9-11] but also some passive air pollution
mitigation systems have been studied as plants [12-14] or building passive removal materials (PMR) [15, 16]. Some building
materials, like drywall, carpet, tiles, plasters, etc., are commonly used indoors to cover big surfaces and for this reason their
interaction with ozone has been of high interest in terms of ozone reaction and production of byproducts. Lamble et al., 2011
[17], for example, tested nineteen green building materials to ozone deposition velocities, reaction probability and carbonyl
yields. Among the tested materials, the clay plaster and the clay-based paint showed the highest deposition velocities (ozone
removal capacity). The clay response was related, by the authors, with the possible triggering effect the mineral content of clay
(iron and aluminum) could have on the catalytic decomposition of the ozone. The paper also found high deposition velocities
for drywall and linked it to a similar chemical reaction. Many other studies have been testing drywall and clay plaster as



promising building materials for ozone removal, although some variation can be found from study to study. Some authors
[18,19] used a small chamber (about 10 L) like the experimental setup of Lamble et al. [17], while others used a bigger stainless-
steel environmental chamber [20,21]. Another variation can be done on the exposure time as some authors did, studying the
long-term performance of some building materials [22,23]. The clay-based plasters and paints showed a good ozone removal
capacity and low byproduct emission rates even when tested at long exposure periods (up to 6 months).

According to the referred literature, among indoor coating materials, two clay plasters and one commercial drywall were
selected for the present study. The two different formulations of clay plasters showed different behavior. It is well-known that
the clay mineral composition influences the mechanical and physical properties of clay-based plasters [24-26] and it is possible
that the clay specific mineralogy together with the different composition and manual application, results in different behaviors
of the two clay plasters. Results of ozone deposition velocities and reaction rate are presented and analyzed below.

MATERIALS AND METHODS

2.1. MATERIALS

Two different powdered premixed clay-based plasters were selected for the study. Both plasters are produced by American Clay
[27] to be applied as finishing thin layers (3 to 5 mm). The first plaster is a base product (Cl) made of clay and very fine sand. The
second plaster, called maritime clay plaster (CI_M), presents the addition of crushed seashells. Both plasters present creme
color and are applied on drywall with a final thickness of approx. 5 mm. According to the technical sheets [27], the plasters are
applied in three coats, waiting 24 hours between each application to ensure low shrinkage and good adhesion to the support.
The drywall (support) was previously painted with a water-based commercial primer (Zinsser) with sand addition. Five circular
specimens with a diameter of about 95 mm (Figure 1) are prepared for both the clay (DW_CI) and the maritime clay (DW_CI_M)
plasters. Moreover, three samples of drywall, cut in square shape of about 65 cm size, were added to the study for comparison.
All the samples are covered with aluminum foil on five sides, leaving only the top surface exposed for the study.

Figure 1. Specimens of clay and maritime clay plasters applied on drywall.

2.2. THE EXPERIMENTAL SETUP

Two identical airtight glass chambers of 6.5 liters volume are set in parallel into a temperature-controlled environment. The
relative humidity (RH) and temperature (T) inside the chambers are continuously monitored (10 seconds intervals) and the
ozone concentration can be monitored either at the inlet (Co) or the exhaust (C) if the flow is directed to the bypass or the
chamber. The airflow is controlled by the Mass Flow Control (GFC, AALBORG), run through a particle filter (HEPA) and an
activated carbon filter before passing through the ozone generator (UV lamp). The generator is set on a concentration of 85-100
ppb. The airflow is humidified to 50+10% RH and split between the two chambers. The setup is designed to keep the two
chambers under the same conditions. One chamber, the control, is used to quantify the ozone deposition velocity of the glass
(vag) for each experiment and the other chamber is used to place the samples (on the bottom, with the studied surface
horizontally projected) and calculate the ozone deposition velocity and ozone reactivity for each studied material. The protocol
consisted of three successive steps. The experiment starts with 1.5 hours flushing clean air in both the chambers. Then, the
ozone generator would be switched on and for 45 minutes the ozonated air would be sent to the bypass for the inlet ozone



concentration reading. After, the stream would be directed from the bypass to the chamber for 1 hour to read the ozone
concentration at the exhaust. During the experiment the airflow is 1.3 I/min in each chamber and between different materials
the passivation of the chamber is ensuring flushing ozone at >300 ppb for 16 hours.

2.3. QUANTIFIED PARAMETERS - DEPOSITION VELOCITY, OZONE REACTIVITY AND REMOVAL
EFFICIENCY

The deposition velocity of the material is calculated starting from the mass balance (eq. 1):

dt

. )

=Q(C —Cp) — Clvgds — vagi,)e

with V (I) the volume of the chamber, Co3 (ppb) the ozone concentration, Q (I/min) the airflow, C, (ppb) the concentration inlet
and C (ppb) the concentration at the exhaust, vq and vgg (m-min’t) the deposition velocities of the sample’s exposed surface A,
and the chamber’s exposed surface Ag (m?). Once the system reaches steady-state, with ey, =0, it s possible to write the eq. (1)
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where A (min) is the air exchange rate calculated as Q/V. The deposition velocity of the empty chamber, vqg is given by the
control chamber and calculated by eq. 3:
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The ozone reaction rate R (ug-mint) of the material exposed surface was quantified according to eq. 4:
R =v34,Cp3 (4)

where vy is the deposition velocity expressed in m-min A the exposed material surface (m?), Cos the ozone concentration (ug
3
m).

RESULTS

Figure 2 shows the deposition velocities calculated according to Eq.2, as the average on three specimens and respective
standard deviations. The higher standard deviation shown by the plaster DW_CL is probably due to the manual application of
the plaster and the heterogeneity specific of the raw clay. The drywall deposition velocity of 0.1620.017 cm-s™ is consistent with
values found in literature. According to previous studies, also run in small chambers, the drywall deposition velocity was found
0.15 cm-s* [18] and 0.1840.056 cm-s! [17]. The application of the clay plaster on the drywall improves its ozone removal
capacity. Lamble et al. [17], when testing a clay-based plaster, found its deposition velocity to be 0.14+0.02 cm-s™* which agrees
with the results of 0.22+0.053 and 0.15+0.005 cm-s™ here presented, considering the possible difference in clay mineralogy and
surface roughness.
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Figure 2. Ozone deposition velocities and standard deviations for the drywall (DW), the clay plaster (DW_CI) and the maritime clay
plaster (DW_CI_M) applied on the drywall.

The ozone reaction rate (R) for DW, DW_CI and DW_CI_M specimens (average value out of 3), exposed to the same
concentration of ozone (100 ppb) at the same temperature of 23 °C, is found 13.5, 62.2 and 21.3 pg/h, respectively. Considering
that the exposed surfaces are respectively 0.004, 0.007 and 0.007 m?, one squared meter of each material would be able to
remove 11.6, 31.7 and 10.6 g/h. Thus, a partition drywall of 3 m x 3 m will remove 104.4 g of ozone per hour and, if coated with
5 mm of clay plaster CL, will remove up to 258.3 g/h. The ozone removal efficiency, in agreement with results from deposition
velocity and reaction rate, points out that the addition of seashells worsened the ozone reaction of the clay-based plaster. It is
possible that the crushed seashells, known to improve the hygroscopic behavior of lime mortars [28], interfere (chemically or
physically) with the ozone removal mechanism of the clay.

CONCLUSIONS

Due to the harmful effect that ozone has on human health, the use of passive removal materials is recommended to mitigate
occupant’s ozone exposure. The ozone reaction of three building materials was investigated in the present study. The ozone
deposition velocities, reactivity and removal efficiency were presented. The building materials here tested were a commercial
drywall and two differently formulated clay plasters: one basic formulation (Cl) and one basic formulation with crushed
seashells addition (maritime plaster CI_M). Results were consistent with the ones found in literature for similar tested materials
and apparatus-procedures. It was found that coating a 9 m? partition drywall, for instance, with 5 mm of clay plaster, would
increase about 2.5 times the passive ozone removal of the drywall itself. Nevertheless, the two clay plasters showed different
reactivity to ozone, with the maritime plaster quite lower than the plaster without any addition. Future studies are warranted
to deeper investigate the ozone uptaken mechanism considering the water vapor reactivity of each material.
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