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Photocatalytic performance of calcium aluminate 
cements modified with TiO2

Results

Introduction

The main aim of this work* is to obtain for the first time depolluting calcium aluminate cement (CAC) modified with different amounts of TiO2 in order to remove NO and NO2 (NOx) from the atmosphere. These toxic gases that
caused atmospheric pollution, could be removed by a photochemical oxidation assisted process through TiO2 . So TiO2 incorporation as photocatalytic additive in building materials has increased in the last years although his
activity in CAC has not yet been addressed.
The aim of this work is to obtain depolluting and self-cleaning CAC mortars modified with different amounts of TiO2.

Material and Methods

Mortar specimens of two types of CAC (one type of CAC was low alumina cement (L-CAC) with 17.0 wt. % in Fe2O3, and the other one contains high alumina percentages (H-CAC) with only a 0.1 wt. % in Fe2O3.). Normal
curing condition (20°C and 95% RH) was imposed to half of the samples and the second curing condition (hereinafter, forced curing condition), with high temperatures and RH (60°C and 100% RH, and after 24h, 20°C and
95% RH) to the rest of the samples.Mineralogical characterization was carried out by X-ray diffraction and textural characteristics as well as elemental composition were performed by means of SEM-EDAX studies.
Photocatalytic activity of TiO2 was assessed on mortar samples irradiated with UV radiation and exposed to an air flow composed of NO (1000 ppbv) and NO2 (50-200 ppbv). The accurate measurement of the concentration
of NO and NO2 was carried out through a chemiluminescence analyser. Photocatalytic activity was also evaluated in the visible region adding Methyl Orange solution and measuring the colour loss by a spectrophotometer
using colour coordinates in the CIELab colour space.

Pérez-Nicolás, M. 1 , Navarro-Blasco, I.1, Duran, A. 1, Sirera, R. 1, Fernández, J.M. 1, Alvarez, J.I. 1*
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Conclusions

Results indicate:
• XRD and SEM studies show an interaction between the ferrite (brownmillerite) phase present in the L-CAC with the TiO2 added, is the responsible of the formation of certain amounts of titanates, mainly

pseudobrookite. This phases present more reduce band gap than TiO2, so its photocatalytic activity is higher under visible irradiation.
• Better NO abatements under UV irradiation are seen in H-CAC samples because of the lack of reduce band gap phases.
• However, these new phases allowed L-CAC samples to show better photocatalytic activity under visible irradiation, as confirmed by degradation of methyl orange.

Cement Al2O3 (%) CaO (%) Fe2O3 (%) SiO2 (%) SO3 (%) Na2O+K2O (%) Main mineralogical phases Minor mineralogical phases

L-CAC 42.0 37.8 17.0 3.0 0.1 0.1 CaAl2O4 (CA)
Ca2FeAlO5 (C4AF), Ca12Al14O33 (C12A7), ß-Ca2SiO4 (C2S), 

Ca3TiFe2O8, FeO

H-CAC 70.9 28.0 0.1 0.2 ≺0.3 ≺0.5 CaAl2O4, (CA), CaAl4O8 (CA2) Ca12Al14O33 (C12A7)

Table 1. Chemical and mineralogical composition of the L-CAC and H-CAC

Figure 1. XRD studies of H-CAC showed the absence of any new distinct crystalline phase involving TiO2,
indicating that no strong chemical interaction took place upon addition of the TiO2 in these samples. In 10 wt. %
TiO2-loaded H-CAC sample, the anatase peaks were identified. Nevertheless, for L-CAC samples, the diffraction
peak of anatase almost completely disappeared and the presence of pseudobrookite and ilmenite phases is seen as a
consequence of the interaction between TiO2 and ferrite (brownmillerite) phase.

Figure 2. Plain L-CAC samples as well as H-CAC samples present similar textural appearance (with fractured
surfaces and with some well identified compounds, such as hexagonal plate-like crystals of C2AH8 metastable
calcium aluminates. The addition of 5 wt.% of TiO2 resulted in a different micro-morphology depending on the
type of cement: for L-CAC samples irregular and non-geometric aspect were seen with some ill-defined clusters,
under normal curing regime. Nevertheless, SEM studies let us see prismatic crystals with well-defined structures in
H-CAC samples.

Figure 3. Profiles of NO, NO2 and NOx abatements for H-CAC samples loaded with 5 wt.% TiO2 under normal
and forced curing condition. Three common stages are seen: i) in the absence of UV radiation the concentration of NO
and NOx was kept constant during the first 10 min. ii) Under UV radiation (30 min) the heterogeneous photocatalysis
reaction took place iii) When the UV radiation was off, the NO/NOx concentration returned to its initial value. Contrary to
what is usually observed in previous works dealing with photocatalytic portland cement mortars the NO2 gas profile
decreased under UV radiation. This fact has been related to a photoadsorption plus reaction mechanism owing to the
aluminates presence.

Figure 4. Percentages of NO abatements. H-CAC abatements are clearly greater than L-CAC ones due to the absence of
iron phases. The higher dosage of additive, the higher NO removal.

Figure 5. Color variation of methyl orange-treated samples under visible light irradiation in a) TiO2-doped H-CAC and b) TiO2-
doped L-CAC samples. Contrary to NO abatement results, photocatalytic activity was lower for H-CAC samples than for L-CAC
owing to the lack of more reduced band gap phases as pseudobrookite (2,18 eV).
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