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ABSTRACT

At present, the photocatalytic properties of TiO,
are known worldwide. Research on cement
composites materials achievement with self-
cleaning properties (using the photocatalytic
character of TiO,) is a field of real interest. The
purpose of this article was to present a synthesis
of the research results reported in the specialty
literature. The results of the theoretical analysis
have shown that the properties of the concrete
are positively influenced as long as the amount
of nanoparticles is not in excess. In the case of an
excess of TiO, nanoparticles, or their
insufficiency, the effect on the concrete property
is inversely.

Keywords: concrete; self-cleaning; nanoparticles
of TiO,; photocatalysis.

1. INTRODUCTION

Titanium dioxide (TiO,) is a crystalline
substance with photocatalytic properties. This
property is based on the fact that, under the
action of sunlight or UV radiation, an
oxidation-reduction reaction occurs. This
substance can be found in three forms of
crystallization, namely: anatase, rutile and
brukite. The use of the anatase form of TiO,
has the most advantages compared to other
substances with photocatalytic properties: it is
chemically stable at the action of acids and
bases, has the ability to decompose both
organic and inorganic substances, has a
relatively low price and it is not toxic. Due to
the decomposition capacity of organic and
inorganic substances, it contributes to the
depollution, sterilization and elimination of
unpleasant odors (Folli et al., 2015; Guo et al.,
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2009; Guerrini, 2012;
Awadalla et al., 2011).
TiO; has been used since the 20th century
in the fields of pharmacy, cosmetics and paint
preparation due to its effect called "chalk-
effect". TiO, properties have been known
since the 1950s, but their exploitation in
practical applications have only begun in 1972
(purification of water) by Fujishima and
Honda. After showing the capability of TiO; to
purify the water, attention was directed to
other uses of TiO,, namely in the production
of materials that have both anti-microbial,
antibacterial and anti-algic properties. In 1995,
one of the most important properties, namely
the superhydrophilic effect on a specified
surface of a composition of Ti0,-SiO, in the
presence of UV rays, was accidentally
discovered. This effect is produced by the
oxidation-reduction reaction of H,O, forming
OH" groups. Due to the multitude of OH"
formed groups, the water that reaches the

Ravesloot, 2012;

CONSTRUCTII — No. 1-2 /2018

37



E. Grebenisan, A. Hegyi, H. Szilagyi

surface of the TiO,-SiO, material forms
lamellar droplets that clean the impurities on
the surface of the material. Unlike TiO, where
the photocatalytic effect ceases without UV
radiation, for the TiO,-SiO, compositions the
photocatalytic effect continues for hours even
after the removal of the UV radiation source
(Chen and Poon, 2009; Eshaghi et al., 2011;
Ohtani, 2011; Chen et al., 2005).

Unlike TiO, where the photocatalytic
effect ceases in the absence of UV radiation, in
the case of Ti0,-SiO, compositions the
photocatalytic effect continues for hours even
after removal of the source of UV radiation.

The first official publication on the
production of self-cleaning cement materials
was recorded in 1997 by Luigi Cassar (Luigi
Cassar et al.; Mujkanovic et al., 2016; Smits et
al., 2013).

Buildings are exposed to various weather
conditions, atmospheric  pollutants, and
microorganisms, resulting in deterioration in
terms of both mechanical properties and
operational safety, as well as an aesthetic
appearance, which implies direct and indirect
costs at some point. At the same time,
buildings also have the advantage of exposure
to sunlight, UV radiation, having large
exposed surfaces, which led to the idea of
creating facades that may self-heal, so that
they could self-sustain. Thus, the first attempts
were made using white cement-based
materials to which TiO, was added. The first
relevant results were reported in 1996, and in
2003 the Dives Church in Misericordia in
Rome was inaugurated, the first building with
self-healing properties. Other buildings /
elements made using self-cleaning cement
materials are: The Phillip and Patricia Frost
School of Music, USA, Torre de
Especialidades Hospital, Mexico City, The
Sarajevo Bridge, Barcelona, Spain, Mortara
School, Italy, Cité de la Musique, Chambéry,
France, pavements and pedestrian areas in the
cities of Kawasaki, and Saitama, Japan,
Bergamo, and Northern, Italy, artistic
monuments, sculptures at St. Anthony Falls
Bridge, Mineapolis. There are reports showing
that by the year 2003 approximately 5000
constructions in Japan were built using TiO;

nanoparticles enriched with cementitious
composite matrices (Janus and Zajac, 2016). In
2015, the latest use of cementitious composite
material was made by building the famous
Palazzo Italia Expo 2015, Milan, Italy, which
was awarded with the American Concrete
Institute's "The Excellence Award 2016".

Currently, the use of TiO, nanoparticles at
the most of their efficient use and with all their
properties, is achieved either by coating
surfaces with TiO, dispersion solutions, by
coating surfaces with a superficial cement
composite with TiO, addition or by making
some elements fully from concrete enriched
with TiO,. The latter case is the least favorable
from the point of view of the high
consumption of nanoparticles, some of which
are not exploited due to the positioning in the
depth of the composite mass.

The purpose of this article is to synthesize
the current state of research in the field and to
study the possibility of producing cementitious
materials with self-cleaning properties in the
laboratory.

2. INFLUENCE OF TiO,
NANOPARTICLES ON MORTAR
AND CONCRETE PROPERTIES

2.1. Properties of fresh concrete

Research has shown the influence on the
properties of fresh concrete TiO, nanoparticles
are introduced in the mixtures (the most
commonly used type of nanoparticles being
"Degussa P25"). By introducing TiO;
nanoparticles in the mixtures an increase in the
amount of water is required in order to achieve
the standard consistency of ordinary concrete
(Janus and Zajac, 2016; Zhao et al., 2015) and
a decrease in workability and initial and final
setting time (Janus and Zajac, 2016; Sorathiya
et al., 2017; Zhang et al., 2010).

This can be explained based on the
catalytic effect of the nanoparticles on the
cement hydration reaction and on the fact that
they can function as possible concentrates of
the hydration products.

However, some research shows that
replacing cement with a maximum of 1% TiO;
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does not significantly affect the fluidity of the
cement mortar (Zhang et al., 2010; Kadri and
Duval, 2002), even if it has been used or not as
an addition.

Other researches have also indicated that:
the porosity of the cement paste is reduced and
the distribution of the pores in the paste (Janus
and Zajac, 2016; Sorathiya et al., 2017)
increase both the hydration heat and the
hydration rate of the cement (Janus and Zajac,
2016; Zhang et al, 2010), the structural
orientation of the cement crystals CH (Janus
and Zajac, 2016) and their size (Ma et al.,
2015).

2.2. Properties of hardened concrete

Changing the composition of the mortar
and fresh concrete by adding, or replacing a
part of the cement with TiO, nanoparticles are
also influenced by the properties of the
cementitious materials in hardened state. Ma
and other researchers (Ma et al., 2015; Lucas
et al., 2013; Meng et al., 2012; Jalal, 2012)
have shown that mechanical properties of the
material are improved if the amount of TiO;
nanoparticles is not added in excess, due to the
smaller crystal’s CH sizes and the formation of
a larger and better organized C-H-S gel
Excessive TiO, addition, however, results in a
decrease in the performance of the composite.
Most references in the literature mention a
fluctuation of the mechanical properties,
especially compressive strength. Although it is
improved at small ages (7 days) (Janus and
Zajac, 2016; Zhang et al., 2010; Odedra et al.,
2014: Jalal, 2012; Khushwaha et al., 2015), at
older ones, there are random variations that
cannot be mathematically correlated directly
with the nanoparticle content. Some research
indicates that the mechanical strength of the
composite is not adversely affected to a
maximum of 6% TiO, added (Zhang et al.,
2010), other studies reduce this percentage to
5% (Janus and Zajac, 2016), 3% or even 1%
(Sorathiya et al, 2017). The compressive
strength behaviour of the self-cleaning
materials has been explained by some
researchers with consideration to the
agglomeration  of  nanoparticles, the

modification of the porosity of the cement
matrix and the appearance of some
"weaknesses" in the mass of the composite.
Controversially, other studies show that even
with the addition of TiO, there is even an
increase in compressive strength, which can
vary between 59% and 76% (Sorathiya et al.,
2017). Figure 1 shows the compressive
strength synthesis of some of the relevant
literature research on self-cleaning materials
reported in the literature (Janus and Zajac,
2016; Zhang et al., 2010).

Zhang et al.
Zhang et al.
Zhang et al.
Zhang et al.

Shekari et al.

Behfarnia et al.

Li et al.

Salemi et al.

Noorvand et al.

Nazari et al.
Nazari et al.
0 50 100
Rc (MPa)
H%TiO2

M Rc 28 days TiO2 concrete
® Rc 28 days blank concrete
i Rc 7 days TiO2 concrete
H Rc 7 days blank concrete

Fig. 1. Influence of TiO, on the compressive
strength (literature review)

The majority of studies have concluded an
acceleration of the maturing process of
registering a concrete lower the compressive
strength increases within 7-28 days compared
to the blank concrete, as shown in figure 2.

In terms of flexural strength, it has been
reported in the literature that due to a better
structure of the material, this parameter is also
improved, provided by the fact that the
hydration-hydrolysis reactions of the cement
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granules are not hindered by excess
nanoparticles (Ma et al., 2015; Lucas et al.,
2013; Jalal, 2012).
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Fig. 2. Influence of TiO, on the increase of
compressive strength within 7-28 days (literature
review)

As a result of lower porosity of the
material, there is also an increase in frost-thaw
resistance (Janus and Zajac, 2016; Salemi et
al., 2014; Fiore et al., 2013) (probably due to
the reduction in water absorption (Ma et al.,
2015)), a decrease in the carbonation depth
(Janus and Zajac, 2016), is found, but this
finding is still controversial, resistance to
chemical corrosive action and a 180% increase
in abrasion resistance of concrete with 1%
TiO; nanoparticles compared to the ordinary
concrete samples (Janus and Zajac, 2016;
Fiore et al., 2013).

When exposed to heat and when reaching
750°C, nanoparticulate concrete loses its
photocatalytic property as a result of altering
the crystalline structure of TiO, from anatase
to rutile, but no changes were reported
compared to control concrete mixes.

3. INFLUENCE ON THE
ENVIRONMENT

Although there is still much controversy
over the influence of TiO, nanoparticles on the
properties of fresh and hardened concrete, the
contribution of the nanoparticles cannot be
disputed in terms of water and air purification
capabilities, also antibacterial, anti-algic,
antimicrobial and antifungal effects, and self-
cleaning ability of superhydrophobic surfaces
(Benedix et al., 2000; Cassar, 2005; de Marco
et al., 2012; Hashimoto et al., 2005; Huang et
al., 2012; Janus and Zajac, 2016; Ma et al,,
2015; Sassolini et al., 2014).

The antibacterial, antimicrobial and
antifungal effect of TiO; is also analysed and
documented in the literature (Ma et al., 2015)
for some of the most common microorganisms
(Cladophora, Chlorella vulgaris, Escherichia
coli,  Aspergillius  niger), cementitious
composites with the addition of TiO;
nanoparticles are effective for disinfection,
sterilization and purification of surfaces, water
and air from sensitive public spaces (hospitals,
schools, restaurants, airports, etc.).
Furthermore, research has shown that surfaces
retain and regenerate their aesthetic
appearance and colour under the action of UV
radiation (Hashimoto et al., 2005; Janus and
Zajac, 2016; Kumar et al., 2013; Mujkanovik
et al., 2016; Ohama and Van Gemert, 2011)
and maintain their self-cleaning capability
even after continuous exposure to UV for 1500
hours, thereby reducing maintenance costs,
water consumption pollution by detergents. As
far as air pollution, Luigi Cassar called the
concrete with TiO, "smog-eating concrete".
Sassolini and other researchers (Sassolini et
al., 2014) consider that the realization of TiO,
nanoparticle cement surfaces is a passive form
of safety technology to increase (CBRN)
safety as a result of self-decontamination
capability of surfaces. Research results (Chen
and Li, 2007; Ohama and Van Gemert, 2011)
have shown that TiO, contributes to the
elimination of CO, NO,, SO, NH3, aromatic
hydrocarbons, VOC. The mechanism for
eliminating them is not simple and, at present,
not entirely clear. As a result, there are already
many locations worldwide where either
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buildings, pavements and concrete pedestrian
areas with TiO, nanoparticles are being built
to reduce urban pollution but also military and
strategic interest projects.

Over the past 15 years, some specific

analysis methods have been standardized on
the effect of air, water purification, self-
cleaning and antibacterial effects. Most of
these are Japanese and Italian national
standards, some of them being assimilated also
internationally.

4. CONCLUSIONS

Based on the above mentioned, it can be

concluded that:

TiO, nanoparticles have water and air
purification  properties,  antimicrobial,
antifungal and anti-algic in the presence of
UV.

Photocatalyzed, a TiO,-SiO, composition
becomes superhydrophilic, as a result of
the oxidation-reduction reaction of H,O a
multitude of OH™ groups being formed and
the water that reaches the surface of the
Ti0,-S10; material does not form droplets
but the lamellae reducing impurities. The
photocatalytic effect continues for hours,
even days after removing the UV source.
UV activated TiO, nanoparticles facilitate
the decomposition of organic pollutants
(fats, oils, aromatic hydrocarbons) into
much simpler compounds that can be
easily washed out by rainwater, while
driving dust particles deposited on the
superhydrofil surface.

Inorganic pollutants of nitrogen, sulphates,
acids, air, water or solids are transformed
by oxidation / neutralization reactions into
stable compounds, oxides / salts, which are
then washed by rainwater.

Photocatalytic activation mechanisms are
not yet fully understood.

In hardened state of the concrete, TiO,
nanoparticles cause acceleration of
hydration-hydrolysis processes,
modification of the internal organization of
hydrosilicate gel and crystals of cement
hydration products, reduction of porosity.

In the concrete hardened it was found the
growth of resistance mechanical, resistance

to freeze-thaw, abrasion, or chemical
agents.

It is obvious that for obtaining a
cementitious composite material with

preliminary TiO, addition, it is necessary
to establish the optimum quantity of
photocatalytic nanoparticles that are added
into the mix, so that the mechanical
performances are not affected and an
analysis of the parameters that affect this
type of material, because there is still
controversy in the literature.

REFERENCES

1.

Awadalla, A., Zain, M. F. M, Kadhum, A. A. H.,
Abdalla, Z., Titanium dioxide as photocatalyses to
create self cleaning concrete and improve indoor
air quality, International Journal of the Physical
Sciences, 6(29): 6767-6774, 2011.

Benedix, R., Dehn, F., Quaas, J., Orgass, M.,
Application of Titanium Dioxide Photocatalysis to
Create Self-Cleaning, Building Materials LACER,
5:157-167, 2000.

Cassar, L., Nanotechnology and photocatalysis in
cementitous materials, in Proceedings of the 2nd
International Symposium on Nanotechnology in
Construction, NANOC, Bilbao, Spain, pp. 277-
683, 2005.

Chen, D. H., Li, K., Photocatalytic Coating on
Road Pavements/Structures for NOx Abatement,
Annual Project Report Submitted to Houston
Advanced Research Center and Office of Air
Quality  Planning and  Standards  U.S.
Environmental Protection Agency Research
Triangle Park, NC 27711, 2007.

Chen, J., Poon, C. S., Photocatalytic construction
and building materials: from fundamentals to
applications, Building Environments 44: 1899-
1906, 2009.

Chen, Y., Yang, S., Wang, K., Lou, L., Role of
primary active species and TiO, surface
characteristic in UV-illuminated photodegradation
of Acid Orange 7, Journal of Photochemistry and
Photobiology 172: 47-54, 2005.

De Marco, T., Fava, G., Guerrini, G. L., Manganelli,
G., Moriconi, G., Riderelli, L., Use of photocatalytic
products for sustainable construction development,
in Proceedings of the Third International Conference
on Sustainable Construction Materials and

CONSTRUCTII — No. 1-2 /2018

41



E. Grebenisan, A. Hegyi, H. Szilagyi

Technologies, Kyoto, Japan, http://www.claisse.info
/Proceedings.htm, 2012.

20.

Lucas, S. S., Ferreira, V. M., Barroso de Aguiar, J.
L., Incorporation of titanium dioxide nanoparticles
in mortars—influence of microsturcture in the

8 Eshagh;hA; Da;htl’f" Eshaghhl, ;" 1;1/1.(1).zgffar1ma, hardened state properties and photocatalytic

s ofo-mduced - Supernydrop ety .Of activity, Cement Concrete Research 43: 112-120,
nanocomposite TiO2-SiO2 thin film, Material 2013
Science Poland 29:22-28, 2011. '

. . 21. Ma, B, Li, H., Mei, J., Li, X., Chen, F., Effects of

- FIOI'C., A" Marano,. G. C., Monaco, P., Morbi, A., Nano-TiO; on the Toughness and Durability of
Preliminary experimental study on the effects of Cement-Based Material, Advances in Materials
surface-applied photocatalytic products on the Science and Eng’ineering pp 1-11
durability of reinforced concreto, Construction and i . ’ : ’
Building Materials 48: 137143, 2013, http://dx.doi.org/10.1155/2015/583106, 2015.

. . 22. Meng, T., Yu, Y., Qian, X., Zhan, S., Qian, K.,

10. EOHI’ ?" Etrﬁm, M} Mlgisené T. tP.:rHe;Il'rllksen, g" Effect of nano-TiO, on the mechanical properties of

ang, J., bmenius, J., Bievebrant, 1., IIsson, A., cement mortar, Construction and Building
Field study of air purifying paving elements Materials 29: 241-245. 2012
containing TiO,, Atmospheric Environment 107: ' ’ '
44-51, 2015. 23. Mujkanovié, A., Becirhodzi¢, D., Merdi¢, N., Self-
.. . . Cleaning Concrete — A construction material for

t. Gpernm, G. L" Photocatalytic p erfor@ances m a buildingg cleaner world, 20th Internatio]r:al
cily tunngl " Rome.: .NOx monitoring resulis, Research/Expert Conference “Trends in the
Construction and Building Materials 27(1): 165- Development  of Machinery and  Associated
175,2012. Technology” pp. 93-96, 2016.

12. lca}u'(l)c’i' S, Wtu, Zl ]?4}) Zhao, d“l: R, dY;zO;{—.?asealf 24. Odedra, R. K., Parmar, K. A., Arora, N. K.,

urang materiats. £oove dnd beyond tradiiona Photocatalytic Self cleaning Concrete, International
applications, Chinese Science Bulletin 54(7): 1137- Journal for Scientific Research and Development,
1142, 2009. 1(11): 2521-2523, 2014.

13. Hashimoto, .K" Irlg, H" FIJIShl.m a, A, TiO 25. Ohama, Y., Van Gemert, D., Applications of
photocatalysis: A historical overview qnd Juture Titanium Dioxide Photocatalysis to Construction
prospects, Jap. Journal of Applied Physics 44(12): Materials. State-of-the-Art Report, Ed. Springer
8269-8285, 2005. 2011 ’ ’ ’ ’

14. gﬁang,;ﬂ 1]:’ Y;(’nlé P.}EYzilng,tK. Rt}’, Yangt,. S. C'} 26. Ohtani, B., Photocatalysis by inorganic solid

en, Y. L. ( ), Evalua fon the an zfunga materials: revisiting its definition, concepts, and
¢ffects of nano-metals loaded titanium dioxide on experimental procedures, Advanced in Inorganic
fungal spore, in Proceedings of 10th International Chemistry 63 395430 2’011
Conference on Healthy Buildings pp. 155-162, . yo ’ '
e 27. Ravesloot, C. M., Clean air: Photocatalytic

5. .Talal, M, .Dura{)zlzty enhqncgment of concrete. by technology for tunnels, European Coatings Journal,
incorporating titanium dioxide nanopowder into 03: 8-10. 2012
binder, Journal of American Science 8(4):289-294, ) ’ )

2012. 28. Salemi, N, Behfarnia, K, Zaree, S. A., Effect of
. . . nanoparticles on frost durability of concrete, Asian

16. Janus, M., Zajac, K., Concretes with Photocatalytic Jour ril 1 of Civil E{1 gineering 1 5?) 4{1 420. 2014
Activity, High Performance Concrete Technology ' ’ '
and Applications, INTECH pp. 141-161, 2016. 29. Sassolini, A., Malizia, A., D’Amico, F., Carestia,

. . M., Di Giovanni, D., Cenciarelli, O., Bellecci, C.,

17. Kadri, E. H., Duval, R.,Eﬁ”ect of Ultrafine Particles Gaudio, P., Evaluation of the effectiveness of
KZ tH?alt })f Hy c11r9a9tu2)n. f{gCeﬁezntz(])\gcznrtars, ACl titanium dioxide (TiO,) self-cleaning coating for

aterials Journal 99(2): e ) increased protection against cbrn incidents in

18. Khushwaha, A., Rachit, S., Shilpa, P., Effect of critical infrastructures, Defence Science and
Titanium Dioxide on the Compressive Strength of Technical Bulletin 7: 9-17, 2014.

]gon.crete, .Iolu ;n alh Olf C;V161 ) fgnzgjl;grlznogl Sand 30. Shen, S., Burton, M., Jobson, B, Haselbach, L.,
nvironmental Technology 2(6): O ) Pervious Concrete with Titanium Dioxide as a

19. Kumar, J., Srivastava, A, Bansal, A., Production of Photocatalyst Compound for a Greener Urban Road
self-cleaning cement using modified titanium Environment, TRB 2012 Annual Meeting, 2012.
dioxide, .Interpatlonal Jourqal of Innovative 31. Smits, M., Chan, C. K., Tytgat, T., Cracye, B.,
Research in Science. Engineering and Technology Costarramone. N.. Lacombe. S.. Lenaerts. S
2(7): 2688-2693, 2013. Photocatalytic degradation of soot deposition: self-

cleaning effect on titanium dioxide coated

42

CONSTRUCTII — No. 1-2 /2018



A review on developing self-cleaning cementitious materials

32.

cementitious materials, Chemical
Journal 222: 411418, 2013.

Sorathiya, J. V., Shah, S. G., Kacha, S. M., Effect
on Addition of Nano Titanium Dioxide TiO; on
Compressive Strength of Cementitious Concrete,
Civil Engineering 1: 219-225, 2017.

Engineering

33.

34.

Zhang, S. M.-H., Tanadi, D., Li, W., Effect of
photocatalyst TiO; on workability,strength, and self
- cleaning efficiency of mortars for applications in
tropical environment, 35th Conference on Our
World In Concrete and Structures, Singapore, 2010.

Zhao, A., Yang, J., Yang, E. H., Self-cleaning
engineered cementitious composites, Cement and
Concrete Composites 64: 74—-83, 2015.

CONSTRUCTII — No. 1-2 /2018

43



