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Highlights 
 

· Tests on two weathered paints have been performed. 

· releases of (sub)micronic NOAAs of TiO2 with few NP of nano-TiO2 are observed. 

· STEM, highlights the presences of Si and Zn in the form of isolated particles. 

· Ti is mainly present in the form of micronic nano-objects. 

· However, Ti is also rarely observed in free nano-TiO2 forms.  

 
 
Abstract 

The growing use of common consumer goods made of materials containing nanoparticles 
could increase the exposure of consumers to these substances during their lifecycle. In 
view of evaluating this risk a setup and experimental protocol of weathering and 
mechanical solicitation was realized. Tests on two paints were performed. One of them 
releases mainly submicronic sized nanostructured nano-objects and their agglomerates 
and aggregates (NOAAs) of titanium dioxide in presence free nano-TiO2. The formulation 
of the emissive paint is under question. 
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1 Introduction  
Nanomaterials are present in a growing number of products with new, innovative 

properties (Mitrano et al., 2015; Piccinno et al., 2012). Numerous self-cleaning or 

antibacterial coatings have titanium dioxide properties in nanometric form (Chapman et 

al., 2012).  

The growing use of these common consumer goods could increase the exposure of 

consumers to these substances during their lifecycle. Indeed, the NP incorporated in 

these products are likely to be discharged in free, aggregated, agglomerated or composite 

form during their entire lifecycle, depending on the strength of the bond between the 

nanofiller and the matrix (Piccinno et al., 2012; Shandilya et al., 2015). 

Effective risk management requires one to equally consider NP exposure, which has thus 

far been little explored, as it represents only 16% of the entirety of studies bearing on NP 

(Froggett et al., 2014). Moreover the exhaustive study of routes of human exposure to NP 

concludes that risk by inhalation is greater than through the skin or by ingestion (Daigle et 

al., 2003).During the  mechanical solicitation of nanomaterial, potential discharges have 

already been observed from different materials, such as textiles or antibacterial bandages 

(Scheringer et al., 2014), but also coatings (Kaegi et al., 2010; Kaegi et al., 2008).  

NP exposures from paints belong to a particular field of exposure. These NP are used 

frequently to depollute the air from Volatile Organic Compounds (VOCs) or Nitrogen 

oxides (NOXs) and are specially designed to do so  (Bartolomei et al., 2014; Hincapie et 

al., 2015; Lazaridis et al., 2015). Many studies performed on aerosols generated with 

paints containing nanoparticles exhibit in general a low level of emission. Some authors 

highlight a weak exposure mainly based on composite forms with rare free particles of 

nano-TiO2 (Al-Kattan et al., 2015; Al-Kattan et al., 2014; Zuin et al., 2013). A counting 

similarity of the aerosols generated by paint abrasion with or without nano-filler is 

observed (Koponen et al., 2011). Based on these data, some authors, suggest that nano-

risks are constant because no evolution of the ultrafine fraction of the emissions have 

been identified (Kaiser et al., 2013).  

However, nanotoxicological risks of pristine nanoparticles or nanofibers are documented 

(Handy and Shaw, 2007; Maynard et al., 2006; Pirela et al., 2015) and raise particular 

concern for human health. A notable case similar to asbestos exposure was reported after 

exposure to long, rigid carbon nanotubes (Poland et al., 2008). The precise evaluation of 

effects due to the nanometric sizes of objects is still under investigation (Donaldson and 

Poland, 2013; Elsaesser and Howard, 2012).  

Moreover the specific case of the toxicity of nanotitanium dioxide nanoparticles is well 

documented (Hong et al., 2017; Shi et al., 2013) and gives rise to a high level of concern. 

NIOSH based on literature identified documented toxicological evidence of i) Inflammation 

of the pulmons: The substance can lead to a pulmonary inflammation and also aggravate 

previous diseases. ii) Genotoxicity: The material can sometimes damage DNA (e.g., nano-

TiO2 exposed to UV light). iii) Carcinogenicity: NIOSH determined that nano-TiO2 

inhalation caused by occupational exposure should be considered as a potential 

occupational carcinogen. iv) Organ effects. A low exposure levels is observed due to a 

nano-TiO2 accumulating particularly in the liver (Shi et al., 2013). NIOSH (NIOSH 2011) 

recommend for nano-TiO2 a REL (Recommended Exposure Limits) at an average 

concentration of 0.3 mg/m3 throughout a time weighted of 8 h/day during 40h work week 

while the Japan Society for Occupational Health (JSOH) propose a OEL (Occupational 

Exposure Limit) at 0.6 mg/m3 (Nakanishi and Gamo, 2016).  
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In the specific case of paint debris no inflammations, oxidative stress, or genotoxic effects 

of nanoparticles from paint wear have been identified (Mikkelsen et al., 2013; Saber et al., 

2012). However, the elements of emission such as aggregate vs. agglomerate are not 

considered. Furthermore, ecotoxic impact of paint nanoparticles on environment, i.e. 

salad, has been studied. No phytotoxic effects have been highlighted (Larue et al., 2014).  

The types of the emissions i.e. the size, the shape and the chemical composition of 

particles, play presumably a critical role in the exposures and in the nanotoxicological 

risks and is affected by the paint formulation, the weathering and the mechanical 

solicitation of the samples.  

Regarding the chemical composition and the shape of nanofillers some works aimed to 

compare dust released during mechanical abrasion of nanocomposites to a conventional 

paint. This was performed by sanding and/or sawing CNT epoxy-based nanocomposites 

and boards painted with paints containing different amounts of nano-sized titanium dioxide 

(TiO2) in their formulation. Particles emitted from nano-composites with CNTs presented 

fiber-shaped protrusions likely caused by the presence of embedded CNTs, although no 

free isolated CNTs were found in any of the dust samples. (Gomez et al., 2014). 

Despite the huge presence of nano-TiO2 in the paint production (Piccinno et al., 2012), no 

tests have been performed to assess the aerosol modification due to the weathering 

effects on a paint containing a nanofiller like nano-TiO2 because of the difficulty to 

distinguish a nano-TiO2 from a nano-sized of conventional formulation. Indeed, paints 

showed a high concentration of nanometric Ti (named nano-pigments), which is the main 

component of these suspensions. The release from paints will also contain particles, 

NOAA, composites with nano-pigments. For example, Gomez et al found between 32 % 

to 80 % of the particles containing Ti in the samples (Gomez et al., 2014).  

By using STEM microscopy in nanomaterial framework, we hope to characterize the 

nanoscale, of samples, providing important insights into the properties and behaviour of 

materials. The images that are obtained could be more representative in term of presence 

of chemical compounds in the specimen. Indeed, bigger surfaces are tracked by STEM 

than a simple TEM analysis.  

There is growing interest in reducing hazard through appropriate design and applications 

of engineered nanomaterials. The design rule involves five fundamental principles, 

summarized by the acronym SAFER, with S for size, surface, or structure, A for 

alternative materials, F for functionalization, E for encapsulation and R for reduce the 

quantity. These principles focus on aspects such as modifying physical-chemical 

characteristics of the material to decrease the hazard, considering alternative materials, 

and enclosing the material within another, less hazardous, material (Morose, 2010). 

These principles should take consequently into account the weathering effects to develop 

the appropriate products leading to the lowest possible exposure.  

We define consequently a setup of weathering and solicitation to obtain the worst-case 

scenario described in the literature i.e. a long-term weathering of 7 months and an 

abrasion test to simulate a mechanical solicitation in the real life of commercial paints with 

nano-TiO2. This kind of abrasion test has been used in many cases like for investigating 

the complete stress state during abrasion (Morgeneyer M., 2014). 
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2 Materials and methods 
Samples:  

The materials studied were very varied in their formulations and properties, and required 

adapted means of investigation. P2 paint have depolluting properties and are for exterior 

application, whereas P1 paint has identical properties, but is used in the interior of 

buildings. All these products share a probable nano-TiO2 nanofiller. As not a single 

manufacturer provides a formula nor even information about the presence of 

nanoparticles, a size description by CPS granulometry and dispersion composition by 

TXRF before application are thereby required to allow a comparison between NP 

emissions and product formulation. 

The commercial availability of photocatalytic paints is more recent. In this study, those 

photocatalytical paints have been selected in which we found nanoparticles. One of the 

paints is sold as indoor air cleaning, the other as reducing (outdoor) NOx. For both paints, 

the chosen substrate is a 11 cm x 5 cm x 5 cm masonry brick, mainly composed of 

aluminosilicate and to a lesser extend calcium. The commercial information of these 

products is summarized in table 1. 
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Table 1 : Description of the paints  

Name Description Commercial 

claims 

Aspect Preparation to be 

applied 

to 

Safety 

guidance 

 

reference number 

of 

layers 

Remarks 

Paint 

1 

Indoor 

paint 

Cleaning of 

indoor air 

Very 

mat 

white  

ready for 

use 

15L 

any 

support 

Environmental 

and sanitary 

declaration 

No individual 

respiratory 

protection 

equipment is 

necessary 

unless 

insufficient 

aeration 

(mask with 

particle filter 

P2) 

 

P1 2 Photocatalysis 

presence of nano-TiO2 with primary 

20 nm particles (sized by TEM 

imaging) composition TiO2, 

polymers, CaCO3, talcum, water, 

additives,  

preservatives 

Paint 

2 

Outdoor 

paint 

Destruction 

of NOx 

pollutants 

Mat 

white  

ready for 

use 

15L 

any 

support 

Environmental 

and sanitary 

declaration 

No individual 

respiratory 

protection 

equipment is 

P2 2 Photocatalysis, presence of nano-

Ti02 with primary 7 nm particles 

(sized by TEM imaging) 

Water based 
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Paints 1 and 2 have been provided by the same manufacturer but differ significantly with 

respect to the primary particles of nano-TiO2: P1 is made up with 20 nm sized primary 

particles while P2 involved nano-TiO2 of 7 nm size(see Figure 1) b). 

  
Figure 1 a) submicronic particles from P2, scale 200 nm. b) 

Nano-TiO2 particles around a NOAA are detected on P2 
samples. They are made of isolated primary particles of 7 
nm, scale 100 nm. 
 

Instrumentations: 

2.1 Granulometric characterization methods in liquid phase 
The CPS granulometer with a centrifugal disc is a dimensional analytical system intended 

to obtain the size distribution of particles of which the size is between 0.005 and 50 

microns. The apparatus distinguishes particles in relation to their size by centrifugal 

sedimentation in a liquid medium. A density gradient within the liquid allows stabilised 

sedimentation. The particles settle inside a disc. This instrument is adapted to the study of 

polydisperse suspensions, unlike DLS (Dynamic Light Scattering), of which the optimal 

use is the characterization of submicronic monodisperse particles (Gregory, 2005; Mahl et 

al., 2011).  

Products to be deposited on surfaces such as paints with possibly polydisperse 

distributions are preferentially characterized by CPS granulometry. In our conditions and 

with the agreement of  with the CPS instruments Europe prescription (see (CPS 

Instruments Europe, 2004)), the protocol necessitates a sucrose gradient between 8% à 

24% (w/w), a fluid density estimated to 1.045 g/ml, a speed of rotation equal to 3 948 

RPM, a dilution factor of 1/100 and a size calibration standard at 0.4783 µm before each 

test with reference calibration of polyvinyl chloride latex.   

 

2.2 TXRF analytical methods to obtain elemental composition  
The Total Reflection X-ray Fluorescence (TXRF) S2 PICOFOX apparatus is designed to 

determine the elemental composition of materials that can be prepared in thin layers on a 

Plexiglas or quartz specimen holder. TXRF is an analytical technique allowing a 

quantification of chemical elements (Z (atomic number) >Na) by internal calibration with 

gallium (De La Calle et al., 2013; Towett et al., 2013). In the presence of turbid 

dispersions, strong agitation of the samples allows one to obtain reproducible results (De 

La Calle et al., 2013). In our tests, sonication of the tested dispersions allowed us to 

obtain reproducible compositions. 

2.3 Weathering method 
P1 and P2 have been rolled (two layers) on a commercial plain masonry brick (11 cm × 5 

cm × 5 cm). The samples All of the samples were weathered 7 months according to 

a) b) 
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standardised prescriptions (NF EN ISO 16474-1, 2014). A precise description of the 

method used and preliminary results were provided in a reference above (Shandilya et al., 

2015), (Bressot et al., 2017) By using xenon arc lamps, the effect of sunlight is simulated 

in an intensified state,  which is also referred to as being accelerated. The regular water 

spray inside the chamber simulates rain. When it rains inside the chamber, the lamp 

switches off automatically and vice-versa. The temperature can also be regulated inside 

the chamber, thus corresponding to temperatures from room temperature to very hot 

climate conditions of 48°C. 

2.4 TABER abrasion method 
This standardised abrasion stress method applied to the paints was copiously described 

in numerous previous publications (Bressot et al., 2018; Bressot et al., 2017; Shandilya et 

al., 2015). The stress protocol entails linear abrasion of a sample for 10 minutes. An H22 

abrasive (TABER©) then rubs back and forth over a 76.2 mm distance at a speed of 60 

cycles per minute, generating an aerosol that is detected and characterized by a 

Transmission Electronic Microscope (TEM), an Aerodynamic Particle Sizer (APS) and a 

Scanning Mobility Particle Sizer (SMPS). 

 

 

 

 

 

 Figure 2: The taber linear abrasion apparatus (top) and the experimental set-up of the Taber 5750 

linear abrasion apparatus located in an emissionchamber with the relevant instrumentation to 

characterized the emissions (bottom). FT: Tangential Force, FN: for Normal Force. 
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The Taber device is enclosed in an emission chamber (0.5 m × 0.3 m × 0.6 m) and 

located in a nanosecured fume hood. The safety equipment is described in the literature 

(Le Bihan O. et al., 2014).The test conditions are identical to previous article (Bressot et 

al., 2017). The particles collected on the TEM grid (Model S143-3; Quantifoil Micro Tools 

GmbH Germany) using Mini Particle Sampler (MPS) are analyzed with a Transmission 

Electron Microcopy (TEM, Model CM12; Philips, Netherlands). Scanning Transmission 

Electron Microscopy (STEM) analysis are performed on JEOL JEM 1400 Plus microscope 

working at 120 kV and coupled with an Energy-Dispersive X-ray Spectroscopy (EDS) 

(surface 100 mm2) using OXFORD AZTEC software.  

 

2.5 Results of granulometry in liquid phase of paints  
The study by centrifugal sedimentation (CPS) before application of products containing 

nanoparticles demonstrated the existence of monodispersed nanometric products of 

which the principal mode was inferior to 40 nm (Figure 3). The principal mode of P1 

obtained by centrifugation are 32 nm but P2 give rise to bimodal size distribution with 116 

nm and 402 nm (Figure 3).  

 
 

Figure 3: Size distribution of paints P1, P2 Average of 2 trials obtained by CPS and standard deviation 
associated to the data.  

 

2.6  Elemental composition results obtained by TXRF  
The compositions obtained of the different paints are presented in Table 2 respectively. 

The compounds of the first table contain primarily the element Ti. Paints P1 and P2 

contain, besides high concentrations of the element Ti, numerous other elements in 

significant quantities, such as Si, Zn and V. As a reminder, the organic formulation (H, C, 

N, O) cannot be determined by TXRF.  

Table 2: Composition of paints (w/w). Average of 4 tests analysed by TXRF 
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Si S Cl K Ca Ti V Fe Zn 

P1 mg/L 451.4 15.1 7.3 19.0 11.4 1034.7 0.1 6.9 0.0 

%(w/w) 29.2% 1.0% 0.5% 1.2% 0.7% 66.9% 0.0% 0.4% 0.0% 

P2 mg/L 1437.3 80.1 7.1 12.0 15.1 926.3 3.5 0.0 131.3 

% (w/w) 55.0% 3.1% 0.3% 0.5% 0.6% 35.4% 0.1% 0.0% 5.0% 

 

2.7 Spraying forms 

Paint spraying and particle collection make possible an analysis of generated NOAA of P1 

or P2. The sprayed NOAAs from P1 have visible nanostructured parts (Figure 4) with 

primary particles of 20 nm size, while NOAA from P2 having in appearance no 

nanostructured parts. Some isolated primary particles of P2 are also estimated to 7 nm 

size. 

 

 

Figure 4 : NOAA from P1 with nanostructured cluster. Scale 1 µm. 

 
 

3 Results 

3.1 Emissivity under abrasion of paints 

While emissions produced by abrasion of paint P1 before or after weathering are 

practically non-existent, paint P2 gave off significantly more emissions after accelerated 7-

month weathering. This increase in quantity is found for all sizes, but particularly for 

objects with a diameter of less than 30 nm (Figure 5). Regarding the P2 emission under 

abrasion, the peaks between 100 – 600 nm observed in the unweathered P2 are slightly 

accentuated and shifted at 111, 264, 327, 437 nm with the weathered P2. Moreover, the 

weathering process affects mainly the emissions below 100 nm: a big peak appeared at 

21 nm, in presence or lower peaks at 44 nm. 
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Figure 5: Emission (cm-3) P2 weathered/unweathered from abrasion by TABER test of 60 cycles 

per minute. Average of ten trials by SMPS/APS coupled measurement. X-axis on logarithmic 

scale. Five SMPS scans of 2 minutes each have been used for the average. The background 

noise is approximately equal to 0 #/cm3 before each test. 

 

TEM results:  

NP and NOAA smaller than 100 nm, principally made up of nano-TiO2, are also detected 

in the unweathered samples of P2 (see Figure 6 a). The nano-TiO2 are essentially 

observed in the form of nano-TiO2 composites of paint / aluminosilicate (Figure 6 b). 

Composites contain up to 20 % of titanium and lower concentrations of Zn (see Figure 6 

c). No free particles of nano-TiO2 are detected on the samples.  

  

 
Figure 6 a): one of the rare 
nanoparticle deposed on the 
grid after abrasion of the 
non-weathered sample P2. 
Scale 200 nm. 

Figure 6 b): Particle 
deposits on grid after 
abrasion of the non-
weathered sample P2. 
Scale 5 µm. 

Figure 6 c: EDS analysis of 
deposits (P2) from Figure 6 
b). High presence of 
oxygen (49 %), silicon (19 
%), titanium (20 %) and 
Zinc (9 %). Trace of 
aluminium (2%) and 
sodium (1%) 
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3.2 Emissivity under stress of paints after weathering  
Compared with an abrasion of a masonry brick published in a previous work (Morgeneyer 

M., 2014), we observe many changes due to the weathered paint. After weathering 

collected the objects are indeed dominated in number by particles of approximately 20 nm 

made of Ti and O. the shape looks like nano-pigment (quasi spherical particle see Figure 

7) of titanium oxide or nano-TiO2 (more irregular shape, see Figure 9 a and b). For nano-

TiO2, NOAA’s of 14 nm +/- 2 nm with elemental particle size of 7 nm (average on 20 

elementary particles) dominate the sample. Isolated nanoparticles of nano-TiO2 are also 

present on the grid. Regarding the chemical compounds in the objects whatever the forms 

like nano-pigments, nano-TiO2, NOAA or composites Ti is the main element and is 

between 6 % to 60 % of the total. Silicon and zinc was also measured in these objects. 

High concentrations of Ti and Zn were measured within these nanostructured parts, 

formed of nano-TiO2. Some NOAA of TiO2 below 100 nm (Figure 11) or submicronic 

(Figure 11 a and c or Figure 12) or micronic (Figure 13) composites are also detected.  

 

 
Figure 7 : nano-pigments of TiO2 
presents on the sample. Scale 200 
nm. 
 

   
Figure 8 a) nano-TiO2 particles (7-30 nm) nano-pigment and particles of SiO2 
presents on the sample. Scale 100 nm. b) under agglomerate form, nano-TiO2 
shape is also irregular compared to nano-pigment. Scale 200 nm.  
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Figure 9 c): Micronic NOAA and 
nano-TiO2, or nano-pigment. 
Scale 1 µm.  
 

 Figure 10 : EDS analysis of the Figure 9 c) 

 

 

 
Figure 11 : NOAA of TiO2 (~ 100 nm size) and debris of paint matrix are detected 
among collected objects.  a) scale 500 nm, b) scale 300 nm and c) scale 500 nm.  
 

 

 
Figure 12 : Composite nano-TiO2/ 
brick matrix. Scale 200 nm 
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Figure 13 : Composite with a high Ti (60%) 
and O (31%) and Si (7%) mass. The 
nanostructured zones are circled. Scale: 200 
nm. 
Table 3 summarizes the data obtained from the trials and the observed objects found on 

the TEM grid. Few objects -generally submicronic and irregular- are observed on grids 

except for weathered P2 where objects mainly nanometric are detected but also few 

submicronic and micronic NOAA or composites.  

Table 3: Summary of TEM analysis and EDS microanalysis for the samples of bricks; Y = 
yes; N = no; - = very low; +/-= low + =high; ++ very high; N/A = not applicable 

referenc
e 

agi
ng # 

lay
ers 

presen
ce of 
object 
on 
mesh 

 
charg
ed 
grid 

Presence 
of a 
nanometr
ic fraction  

Presence 
of a sub-
micronic 
fraction  

Presence of a 
fraction > 1 
µm. 

Presence 
of TiO2  in 
the 
particles 

Partic
les 
free 
from
TiO2 

 P1  N 2 N N N/A N/A N/A N/A N/A 

 P2 N 2 Y - - + + Y N 

 P1  N 2 N N N/A N/A N/A N/A N/A 

 P2 N 2 Y ++ ++ + + Y Y 

 

STEM results: 

STEM image analysis of a cluster of particles collected after abrasion of an aged P2 paint 

allows for identifying those chemical elements which are homogeneously present from 

those who aren’t. A specimen which was selected because of high range of divers objects 

has been submitted to scan accumulation during 2124 s.   

For example, the STEM spectra show a widespread presence of Ti, O, Zn, S on the 

collected objects. However, Si and Al are overrepresented at the left center of the image 

called Si Ka1 and Al Ka1 (see parts surrounded by a red line), where a debris from the 

substrate aluminosilicate brick is located. The image thus identifies i) a composite (high 

concentration of Si, O and Al), ii) NOAAs of P2 (micronic and submicronic quasi-spheres 

mainly composed of Ti, Si, O, Zn see e.g. surrounded zone by a blue line in the Figure 14, 

iii) nanometric objects with O prevailing the presence of Si, Zn, and Ti, latter ones 

covering the whole mesh (see e.g. surrounded zone by a black line in the Figure 14). 

Si (e.g. see surrounded zone by a white line in the Si Ka1 elemental mapping of Figure 

15) and, to a lesser extent, Zn (e.g. see surrounded zone by a white line in Zn Ka1 

elemental mapping of Figure 15) are largely present in the form of isolated particles or 
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nano-scaled NOAA. Ti is mainly present in the form of micronic NOAAs and less 

frequently submicronic NOAAs (e.g. see surrounded zone by a green line in the Ti Ka1 

elemental mapping of Figure 15). The rare presence of particles containing Ti shows the 

presence of free nano-TiO2 or as nanometric NOAA (e.g. see surrounded zone by a 

yellow line in the Ti Ka1 elemental mapping of Figure 15). 

 

 
 
 

Figure 14: overlaying of elemental mapping (Ti, Si, O, Al, Zn, S) obtained by STEM 
images of collected particles NOAA and composites of P2 abrasion test. Ti, Si, O, Al, Zn. 
Livetime 2124 s, Accelerating Voltage: 120.00kV, Specimen Tilt (degrees): 20.0, 
Elevation (degrees): 10.5, Number of Channels: 2048, Energy Range (keV): 20 keV, 
Energy per Channel (eV): 10.0 eV. 
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overlaying of elemental mapping (Ti, Si, O, Al, Zn, S) obtained by STEM overlaying of elemental mapping (Ti, Si, O, Al, Zn, S) obtained by STEM 
and composites of P2 abrasion test. Ti, Si, O, Al, Znand composites of P2 abrasion test. Ti, Si, O, Al, Zn

Livetime 2124 s, Accelerating Voltage: 120.00kV, Specimen Tilt (degrees):Livetime 2124 s, Accelerating Voltage: 120.00kV, Specimen Tilt (degrees):
10.5, Number o10.5, Number of Channels:f Channels:

10.0 eV.10.0 eV.
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Figure 15 : separated elemental mappings (Ti, Si, O, Al, Zn, S) from Figure 14 with the 
same collected particles NOAA and composites of P2 after abrasion test. Livetime 2124 s, 
accelerating voltage: 120.00kV, specimen tilt (degrees): 20.0, elevation (degrees): 10.5, 
number of channels: 2048, energy range (keV): 20 keV, energy per channel (eV): 
10.0 eV. 

4 Discussion  
Two paints by the same manufacturer containing nano-TiO2 were subjected to the same 

abrasion test. Emissions from unweathered samples of paints P2 are low and made up of 

A
C
C
EPTED

 M
A

N
U

SC
R
IP

T

Figure Figure 1515
same same collected particles NOAA and composites of P2 collected particles NOAA and composites of P2 
accelerating voltage: 120.00kV, saccelerating voltage: 120.00kV, sA

C
C
EPTED

 M
A

N
U

SC
R
IP

T



18/23 

composites (Table 4). Weathered paint P2 containing nano-TiO2 has a high emissivity of 

free NP and NOAA, while P1, does not give off emissions after weathering. The Table 4 

highlights that emissions from surface layer abrasion of paints are correlated to primary 

particle sizes or NOAA generated by spraying. The distortion between the mobility 

diameter of weathered P2 under abrasion and the size of the NOAA’s (14 nm) of P2 could 

be explained by i) the difference of measurement between SMPS and TEM, ii) the 

presence of SiO2 or matrix debris for SMPS measurement which change and shift the 

main peak to 21 nm instead of 14 nm.  
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Table 4: summary of the nature of obtained emissions for the tested nanomaterials. 

Sample 
code  

Size 
(nm) of 
the 
primary 
particle 

Principal 
(nm) mode of 
dispersion 
before 
introduction. 
Secondary 
mode(s) in 
italics 

5 Co
mpo
sitio
n 
mg/
L by 
TX
RF. 

Surface 
Depositi
on (SD) 
or 
Introduc
ed into 
the 
Matrix 
(IM) 

Free NP 
emissio
ns 
observe
d before 
weatheri
ng (No-
Yes) 

Free NP 
emissio
n 
observe
d after 
weatheri
ng. (No-
Yes) 

Free 
NOAA 
emissio
n 
observe
d before 
weatheri
ng. (No-
Yes) 

Free 
NOAA 
emissio
n 
observe
d after 
weatheri
ng 

Compos
ite 
emissio
n 
observe
d before 
weatheri
ng 

Compos
ite 
emissio
n 
observe
d after 
weatheri
ng 

P1 20 32 

Ti: 
1034.7; 
Si: 
451.4; 
K : 19.0 

SD N N N N N N 

P2 8 116; 402 

Ti: 
926.3; 
Si: 
1437.3; 
Zn: 
131.3 

SD N Y N Y Y Y 
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Weathering can favour free NP discharge from façade coatings (Shandilya et al., 2015). Our 

trials confirmed this point and complemented it with information on paint; one of our tested 

samples emitted by abrasion free nano-TiO2, something which had not been described 

previously (Göhler et al., 2016; Kaiser et al., 2013). A comparison between sprayed NOAA of 

P2 and release NOAA of weathered P2 highlights the huge weathering effects on this paint: 

the agglomerate forms P2 are easily visible after weathering.  

Even if nano-TiO2 concentrations were not actually discernible by our measurement 

techniques due to the presence of pigmentary TiO2 in these paints, it seems unlikely that a 

simple concentration modification is the only explanation for P2 emissivity after weathering. 

Indeed, nano-TiO2 has not been identified up until this day as being capable of weakening 

paint (Miklečić et al., 2015). 

The difference in emissivity between paints P1 and P2 is probably related to the great 

difference in their chemical formulation (Table 2). Indeed, paint P2 is highly spiked with 

silicon (1.44 g /L), whereas P1 contains practically three times less (0.45 g/L). The presence 

of zinc (131 mg/L) in P2 and its absence in P1 must be underlined. 

Moreover, even if emissive paint P2 has a higher concentration of Si, to our knowledge no 

compound containing silicon is known for its capacity to degrade a paint after weathering. 

However, the presence of ZnO in P2 can cause greater fragility in a layer of paint. Indeed, 

Miklecic et al. recently described the alteration of paints in the loss of long-lasting and 

tension resistance properties after weathering when nano-ZnO are present (Miklečić et al., 

2015). Weakening of paints during weathering due to the presence of Zn can thus explain 

the observed changes in mechanical properties and subsequently the emissivity of paint P2. 

Further studies are needed to establish more precisely the different causes which lead to P2 

fragilities after weathering and make possible a nanosafer paint production. 

6 Conclusion 
Abrasion tests about both 7-month weathered paints containing nano-TiO2. One of them 

releases mainly submicronic of nanosized NOAA’s of titanium dioxide in presence free nano-

TiO2. The free release of nanosized NOAA’s and free nano-TiO2 confirmed by TEM and 

STEM analysis. The SMPS size distribution of abrasion test about emissive paint is 

dominated by a peak at 21 nm and is consistent with NOAA’s and nano-TiO2. Distinction 

between nano-pigment nano-TiO2, NOAA’s of TiO2 is possible with STEM and highlights the 

nano-pigment or the nano-SiO2 domination on the samples with respect to photocatalytic 

nano-TiO2. Microscopy makes possible otherwise the identification of some paint/brick 

composites.  

Since the release is observed for one of the two paints, the formulation of the emissive paint 

is under question. The weathering effects on paints depend on the compounds used during 

the design. Without excluding the impacts of the small size of nano-TiO2 on the weathering, 

the presence of Zn in the paint and absent in the non-emissive paint, is a possible cause of 

the releases. It could be consistent with literature which identifies Zn as a cause of greater 

fragility in paint. Moreover, this work highlights the need of weathering s to establish the paint 

emissivity after weathering which may be crucial to characterize a realistic exposure 

assessment in the future. The free release of nano-TiO2 or nano-SiO2 in the air could have a 

clear impact for health and environment. Complementary studies are required to improve the 

knowledge on the topic and identify the process which lead to a higher emissivity with certain 

paints.   
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