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Abstract: Although photocatalytic concrete can significantly contribute to the degradation of air
pollutants and improving the sustainability levels, the complexity of ordinary cement system often
caused the uncertain performance of mixed photocatalysts, which limited the real application of
photocatalysts. Since the rapid carbonization hardening and relatively simple composition, γ-C2S
carbonated binding material has gained considerable attention for its application in construction
material. In this work, quartz sand-supported TiO2-C2S(γ) composites (TQSC) were prepared by
mixing photocatalytic quartz sand with γ-C2S and mounting in γ-C2S matrix surface methods.
The TiO2-coated quartz sand (TQS) was characterized by X-ray diffraction (XRD), quantitative X-ray
fluorescence (XRF) and scanning electron microscopy (SEM). The photocatalytic performance and
durability (washing resistance) of TQSC were also investigated by the degradation ability of NOx
and rhodamine B (RhB). The results show that a uniform TiO2 layer on quartz sand was prepared,
and the photocatalytic De-NOx (degradation of NOx) performance increased with increasing the
mounted amounts of TiO2/quartz sand in γ-C2S carbonated matrix surface, but would decrease
the photocatalytic durability. After water-washing, the De-NOx efficiencies of TQSC specimens
decreased quickly at the beginning, which were adhering to the mounted amounts of TiO2/quartz
sand, but would become stable after water-washing for 3600 s for all samples. The relatively high
De-NOx stability and good self-cleaning effect of the water-washed TQSC-60% specimen can be
considered a promising photocatalytic product for real applications.

Keywords: photocatalytic concrete; γ-C2S carbonated binding material; supported TiO2; NOx;
photocatalytic durability

1. Introduction

Acid rain and photochemical smog have been identified the most critical environmental problems
in modern society, which usually caused by the gaseous pollutants such as NOx, SOx [1–3], etc.
Of which, as one of the most common gaseous pollutants, NOx—mainly NO and NO2—primarily
emitted from industrial and traffic, are the major source of photochemical smog. This produces a
negative impact on our ecosystem and human health, as well as affecting buildings and industries [4–6].
Consequently, finding ways to abate the NOx atmospheric pollutants on a large scale is essential, and
has attracted more and more attention in recent years.

As a promising technology to purify NOx harmful pollutants, photocatalytic oxidation (PCO) has
been considered in the past [7,8]. Among available photocatalysts, titanium dioxide (TiO2) is the most
commonly investigated due to its excellent chemical stability, high oxidizing ability and relatively low
price [9–13]. The introduction of TiO2 into building materials is one of the directions for NOx degradation
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by using the adequate large exposed area of construction [14,15]. The incorporation methods of TiO2 as
a photocatalyst in construction, mainly in cementitious material, can be divided into three categories:
(i) blended TiO2 photocatalyst with cement, and then applied to the surface of mortar layer, (ii) sprayed
TiO2 suspension on the surface of hardened mortar, and (iii) directly coated TiO2 photocatalytic
powder on the surface of fresh mortar [16–19]. It has been demonstrated that a photocatalyst coating on
the surface of cementitious materials is an effective way to promote photocatalytic efficiency [20–22].
However, the photocatalytic coatings susceptibly suffer from environmental abrasion, which limit
their long-term application effects [23]. On the other hand, many useful studies also indicate that
the efficiency of a photocatalyst can be adversely affected by the properties of Portland cementitious
materials due to the low specific surface areas of cement, carbonization of surface, agglomeration of
photocatalyst particles, diversified ion species and pH value in cement-based systems [24–32]. Through
regulating the matrix microstructure, surface and TiO2 photocatalyst modifications, the photocatalytic
ability of the photocatalytic cementitious materials can be efficiently increased [33–36], while the
inherent cement environmental effects and relatively high cost of TiO2 photocatalysts are still the main
limitations to the widespread application of photocatalytic cementitious materials.

Recently, the applications of gamma polymorph of dicalcium silicate (γ-C2S) in building materials
have gained significant attention [37]. γ-C2S has inert hydration activity but high carbonation
reactivity [38]; the carbonization products of γ-C2S contain calcium carbonates (calcite and aragonite)
and amorphous silica gels in the presence of moisture and CO2 [39,40], indicates the excellent
environment friendly of this material. Because of the carbonation, γ-C2S carbonated matrix surface
has a relative stable chemical environment, and CaCO3 mainly provides the chance for the long-term
application of TiO2 photocatalysts, which avoids the adverse effects of cement hydrates. Our previous
work [41] also reveals that the hygroscopicity of CaCO3 and silica gel can change the moisture of
photocatalytic materials, which are beneficial to the improvement De-NOx selectivity.

The complexity of ordinary Portland cement system often caused the uncertain performance of
mixed photocatalysts, which limited the real application of photocatalysts, while the rapid carbonization
hardening and relatively simple composition, as well as the hygroscopicity of carbonization products
(CaCO3 and silica gel), such as γ-C2S binding material, can be considered as a promising substrate of
photocatalysts. In this case, the using of supported TiO2 in the γ-C2S carbonated binding material can
possibly promote the application efficiency of photocatalysts. The schematic principle of De-NOx by
supporting TiO2 in the γ-C2S carbonated binding material is shown in Figure 1.
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Therefore, in this work, we mainly focus on the application technologies and De-NOx and RhB
photodegradation performance of supported TiO2 in γ-C2S carbonated binding materials (TQSC).
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Of which, γ-C2S was prepared as the substrate material, the quartz sand-supported TiO2, which is a
promising photocatalytic aggregate for application in concrete reported by our previous work [42],
was mounted to γ-C2S carbonated matrix surface with surface mixing methods. The efficiency
of De-NOx (degradation of NOx) and its durability were evaluated and compared, respectively.
Since rain-washing is an essential factor in its service life, the photocatalytic washing resistance of
prepared specimens were also evaluated. We hope the results of this work can shed more light on the
preparation of highly cost-efficient photocatalytic building materials.

2. Results and Discussions

2.1. Physical and Chemical Properties

Figure 2 shows the XRD patterns of prepared TiO2, TiO2/quartz sand and quartz sand. It can be
seen that prepared TiO2 is an anatase crystal. Compared with the XRD pattern of quartz sand, it can be
observed that there is no obvious TiO2 diffraction peak in TiO2/quartz sand, which indicates that TiO2

coating amounts in the particle surface of quartz sand are small or the diffraction peak intensity of
quartz is too strong. This is consistent with our previous reports [41]. The coating amounts of TiO2

on quartz sand surface was therefore tested by XRF, as shown in Table 1; the coating mass fraction of
is 0.327%.
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Figure 2. X-ray diffraction (XRD) patterns of quartz sand, TiO2/quartz sand and pure TiO2.

Table 1. Chemical compositions of quartz sand and TiO2/quartz sand.

Chemical Composition
(Mass Fraction, %) Quartz Sand TiO2/Quartz Sand

Na2O 0.037 0.035
Al2O3 0.115 0.144
SiO2 99.695 98.680
P2O5 0.036 0.032
SO3 0.015 0.024
TiO2 - 0.327

The morphologies of quartz sand and TiO2/quartz sand can be observed in Figure 3, which show
the different surface contrasts. In comparison with uncoated quartz sand (Figure 3(a1,a2)), complete
TiO2 coverage can be directly observed on the surface of TiO2/quartz sand (Figure 3(b1,b2)). Moreover,
the EDS element image (Figure 3(b3,b4)) also indicates that the TiO2 particles were successfully coated
on quartz sand surface, which was similar with our previous reports [43].
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Figure 3. Surface morphologies of pure quartz sand (a) and TiO2/quartz sand (b).

Figure 4 shows the surface morphologies of TiO2/quartz sand in carbonated γ-C2S matrix with
different embedded amounts, and a2, b2, c2, d2 and e2 are the high-resolution images of a1, b1,
c1, d1 and e1, respectively. It can be seen that the surface morphologies of TQSC changed and the
exposure surface areas of TiO2/quartz sand gradually increased as increasing embedded amounts.
It also can be noticed that the coverage areas of carbonated γ-C2S on TiO2/quartz sand seem gradually
increases as the embedded amounts of TiO2/quartz sand decreasing from 100% to 60%, indicating
that the supported TiO2 exposure area is reduced but probably increasing the anchorage force. It is
worth to mention that the increase of carbonated products, the amount of micropores on the specimen
surface increases, which probably can improve the adsorption ability of gas and increase the nitrate
selectivity (S%).

2.2. Photocatalytic Performance

Figure 5 shows the typical NO, NO2 and NOx concentration curves of prepared quartz
sand-supported TiO2 under light and dark conditions. The photocatalytic procedure of NO can
be divided into three stages: firstly, the concentrations of NO and NOx are stable in the dark; secondly,
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upon the light illumination, the concentrations of NO and NOx decrease and NO2 concentration
increases until reach a stable level; thirdly, NO and NOx concentrations recover and the concentration
of NO2 returns to initial state after turning off the light.
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oxidation of NO.

The photocatalytic performance of TiO2/quartz sand embedded carbonated C2S(γ) composites
(TQSC) are shown in Figure 6. It can be observed that pure γ-C2S and unloaded quartz sand-C2S(γ)
compositions presented almost no efficient on the degradation of NOx, while the photocatalysts
supported samples showed the strong NOx degradation ability. It also can be noticed that the photonic
efficiency of NO, NOx removal and NO2 intermediate production decreased obviously with reducing the
mass fraction of TiO2/quartz sand surface mounted amounts, which were contributed to the reduction
of TiO2 exposure surface areas as confirmed by the observation of Figure 4. It should be mentioned that
TiO2/quartz sand mixed specimen showed lower NO, NO2 and NOx photonic efficiencies than these
of TiO2/quartz sand surface mounted specimens. For NO degradation, the photocatalytic efficiencies
of TQSC-100%, TQSC-90%, TQSC-80%, TQSC-70% and TQSC-60% are about 225, 160, 106, 64 and
36 times higher than that of TiO2/quartz sand mixed sample, respectively. For NOx degradation,
the photocatalytic efficiencies are about 142, 103, 69, 46 and 26 times higher, respectively. However,
the application amounts of photocatalytic TiO2 quartz sand in mixed specimen is about 11.7 times higher
than that of TQSC-60% specimen. This suggests that TiO2/quartz sand surface mounted specimens
have greater photocatalytic efficiency and better application cost efficient. As shown in Figure 6,
for TiO2/quartz sand surface mounted specimens, the nitrate selectivity (S%) increased slightly with
decreasing the mass fraction of TiO2/quartz sand application amounts, which were associated with the
influences of increasing CaCO3 and silica gel. According to our previous work [41], the hygroscopicity
of CaCO3 and silica gel can change the humidity of photocatalytic materials, which is beneficial to the
improvement of S%. The increase in S% might also be related to the change of surface morphology of
the specimens as the observation of Figure 4. With the increase of carbonated products, the amount of
micropores on the specimen surface increases, which can improve the adsorption ability of gas and
increase the nitrate selectivity (S%).

2.3. Photocatalytic Durability Evaluation

The photocatalytic durability is very important to the real application of photocatalytic concrete
regarding to its application efficient and cost efficiency [44,45]. The water-washing test is one of
durability evaluation methods to help understand the photocatalytic stability [46,47]. Figure 7 shows the
De-NOx photonic efficiencies and nitrate selectivity of TiO2/quartz sand-supported C2S(γ) carbonated
composites before and after the water-washing test. It can be observed that the photonic efficiencies of
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NO, NOx removal and NO2 intermediate production gradually decreased with the increase of washing
time. Nevertheless, it should be mentioned that NO, NOx and NO2 photonic efficiencies decreased fast
in the first water-washing cycle, while became stable and stable in the following water-washing cycles.
It is worth to mention that the reduction range of NO, NOx and NO2 photonic efficiencies decrease after
the washing time reaches 60 s, and almost stable at 3600 s, which may be associated with the decline of
photocatalytic performance of TiO2/quartz sand or the drop out of photocatalysts from matrix after
water-washing [41]. This can likely be attributed to the accumulation of TiO2/quartz sand on the γ-C2S
carbonated matrix surface, which results in the weak binding performance of some photocatalytic
quartz sand and carbonated products. After the initial water-washing, the faster decrease in photonic
efficiency for the high-mass fraction of photocatalytic quartz sand (TQSC-100% and TQSC-90%) can
provide evidence to the above conclusions.
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Figure 7 shows the nitrate selectivity (S%) of each specimen before and after water-washing test.
It can be observed that the S% of each sample almost increased with the increase of water-washing
time, which probably due to the exposure areas increase of CaCO3 and silica gel, and subsequent
increased the adsorbed water of photocatalytic materials surface, which have a positive effect on S%
proven by our previous work [41]. It also can be seen that the NO, NOx and NO2 photonic efficiencies
of TiO2/quartz sand-supported γ-C2S carbonated composite (TQSC-60%) is relatively stable after a
long period of washing, meaning that the photocatalytic durability is better than others.

After water-washing for 3600 s, the self-cleaning performance of TiO2/quartz sand-supported
γ-C2S carbonated composite (TQSC-60%) was also was studied by the color change of the sample
surface under the identical light source of the photocatalytic De-NOx experiment. Figure 8 shows the
images taken before and after lamp irradiation 4 h. It can be observed that the RhB (rhodamine B,
20 mg·L−1, 1 mL) coated pure γ-C2S surface has almost no color change after light irradiation, but the
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color in washed-TQSC-60% surface almost faded, which indicates that the TiO2/quartz sand-supported
C2S(γ) carbonated composites still maintained its photocatalytic performance under light irradiation
after a long period of water-washing, and the washed-TQSC-60% also present the excellent self-cleaning
ability to photocatalytic degradation of rhodamine B.
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3. Materials and Methods

3.1. Materials

The γ-C2S used in this study was produced by Ca(OH)2 and SiO2, which was calcined at 1400 ◦C
for 3 h, and then cooled in the natural atmosphere [48]. The quartz sand with 0.075–0.107 mm diameter
was used to support TiO2 photocatalysts in this study. Sodium hydroxide (NaOH, 0.1 M), C2H5OH
(absolute ethanol, 99.9%), titanium tetra-isopropoxide (TTIP, 99.9%) and CH3COOH (acetic acid, 99.6%)
were purchased from Sinopharm Chemical Reagent Co. Ltd. Deionized water was used throughout
the process of sample preparation.

3.2. Methods

3.2.1. TiO2 Hydrosol Preparation

TiO2 hydrosol was synthesized based on a low temperature precipitation–peptization
method [41,49]. The preparation method are as follows. Ten mL of titanium tetra-isopropoxide and
30 mL of absolute ethanol were mixed with stirring for 30 min at room temperature. Then, the mixed
solution was dropwise added into the other mixture (reaction solution pH = 2.29), which contained
8 mL of CH3COOH and 160 mL of deionized water. After that, the obtained suspension was stirred for
48 h at 50 ◦C, and then aged for 72 h at room temperature. The specific surface area of obtained TiO2

catalysts was 177.85 m2
·g−1.

3.2.2. TiO2 Supported Quartz Sands Preparation

The method of preparing TiO2-coated quartz sand (TQS) is as follows. Before coating TiO2 on
quartz sand with 0.075–0.107 mm diameter, the sand was treated with 0.1 M NaOH for 24 h to maximize
the hydroxide groups of the surface. Subsequently, the alkaline treated quartz sand was washed with
deionized water three times and dried at 105 ◦C for 24 h. After that, the obtained quartz sand was
distributed uniformly immersed in the prepared TiO2 hydrosol suspension for 5 min. The resulting
mixture was filtrated and then dried at 105 ◦C for 24 h to produce TQS. The specific surface area of
TiO2/quartz sand was 42.83 m2

·g−1.

3.2.3. Photocatalytic γ-C2S Carbonated Matrix Preparation

The preparation route of photocatalytic γ-C2S carbonated matrix is shown in Figure 9, it can
be divided to compaction and carbonization steps. For TiO2/quartz sand surface-mounted samples,
the detail preparation steps are as follows: 1.5 g of prepared TiO2/quartz sand (TQS) and a certain
amount of γ-C2S slurry (water/γ-C2S mass ratio = 0.15 [48]) were mixed uniformly, and then the mixture
was uniformly distributed on the bottom of steel mould (100 mm length × 100 mm width × 50 mm
height), after that, 35 g of γ-C2S and 5.25 g of water were mixed for 2 min followed by spreading on
the top layer. Subsequently, the steel mould was compacted until the displayed pressure reached
40 MPa for 1 min. In order to expediently de-mould, the specimen was pre-carbonated in the bucket
for 1 h before unmolding. The pre-carbonated specimen was then put into the carbonation tank curing
for 3 h at 0.3 MPa pressure. Finally, TQS-surface-mounted γ-C2S carbonated matrix was prepared,
which marked as TQSC specimen. For comparison, TQS surface mounted mass fractions were set
as 100%, 90%, 80%, 70% and 60% to total mass of surface TQS/γ-C2S, respectively. The prepared
specimens were denoted as TQSC-m, where m was the mass fraction of TQS on the surface (m = 100%,
90%, 80%, 70% and 60%).

In addition, pure quartz sand surface-mounted and pure γ-C2S samples via foregoing method
also were prepared for comparison, which were denoted as QSC-100% and pure γ-C2S, respectively.
TQS dispersed in γ-C2S matrix sample was also prepared, the mixing amounts of TQS was 10.5 g.
The obtained TiO2/quartz sand blended γ-C2S matrix specimen was denoted as mixed.



Catalysts 2020, 10, 1336 10 of 14

Catalysts 2020, 10, x FOR PEER REVIEW 10 of 15 

 

3.2.3. Photocatalytic γ-C2S Carbonated Matrix Preparation 

The preparation route of photocatalytic γ-C2S carbonated matrix is shown in Figure 9, it can be 
divided to compaction and carbonization steps. For TiO2/quartz sand surface-mounted samples, the 
detail preparation steps are as follows: 1.5 g of prepared TiO2/quartz sand (TQS) and a certain amount 
of γ-C2S slurry (water/γ-C2S mass ratio = 0.15 [48]) were mixed uniformly, and then the mixture was 
uniformly distributed on the bottom of steel mould (100 mm length × 100 mm width × 50 mm height), 
after that, 35 g of γ-C2S and 5.25 g of water were mixed for 2 min followed by spreading on the top 
layer. Subsequently, the steel mould was compacted until the displayed pressure reached 40 MPa for 
1 min. In order to expediently de-mould, the specimen was pre-carbonated in the bucket for 1 h before 
unmolding. The pre-carbonated specimen was then put into the carbonation tank curing for 3 h at 0.3 
MPa pressure. Finally, TQS-surface-mounted γ-C2S carbonated matrix was prepared, which marked 
as TQSC specimen. For comparison, TQS surface mounted mass fractions were set as 100%, 90%, 80%, 
70% and 60% to total mass of surface TQS/γ-C2S, respectively. The prepared specimens were denoted 
as TQSC-m, where m was the mass fraction of TQS on the surface (m = 100%, 90%, 80%, 70% and 
60%). 

In addition, pure quartz sand surface-mounted and pure γ-C2S samples via foregoing method 
also were prepared for comparison, which were denoted as QSC-100% and pure γ-C2S, respectively. 
TQS dispersed in γ-C2S matrix sample was also prepared, the mixing amounts of TQS was 10.5 g. 
The obtained TiO2/quartz sand blended γ-C2S matrix specimen was denoted as mixed. 

 
Figure 9. Preparation schematic diagram of photocatalytic γ-C2S carbonated matrix. 

3.3. Characterization 

The X-ray diffraction (XRD) pattern was conducted by a D8 Advance X-ray diffractometer 
(BRUKER AXS GMBH, Karlsruhe, Germany) with Cu Kα radiation, the test 2θ value ranging was 
20–70° with 6°·min−1 scanning speed. The loading quantity of TiO2 on quartz sand was obtained by 
quantitative X-ray fluorescence (XRF, Zetium). Surface morphology and elemental composition of 
specimens were observed by scanning electron microscope (SEM, FEI QUANTA FEG 450, FEI 
Company, Hillsboro, OR, USA) equipped with energy-dispersive X-ray spectroscopy (EDS) analysis 
at ca.10 mm working distance and accelerating voltage of 15 and 20 kV. 

3.4. Photocatalytic Performance 

3.4.1. Photocatalytic Removal of NOx 

The photocatalytic efficiencies of the prepared photocatalytic specimens were evaluated by the 
degradation ability of NOx in the ISO reactor, schematically illustrated in Figure 10. The sample was 
placed inside the ISO reactor and irradiated by a 300 W Xe-lamp solar simulator (CEL-HXF300, 
CeauLight Co., Ltd., Beijing, China), adjusting the distance between the reactor and lamp to acquire 

Figure 9. Preparation schematic diagram of photocatalytic γ-C2S carbonated matrix.

3.3. Characterization

The X-ray diffraction (XRD) pattern was conducted by a D8 Advance X-ray diffractometer
(BRUKER AXS GMBH, Karlsruhe, Germany) with Cu Kα radiation, the test 2θ value ranging was
20–70◦ with 6◦·min−1 scanning speed. The loading quantity of TiO2 on quartz sand was obtained by
quantitative X-ray fluorescence (XRF, Zetium). Surface morphology and elemental composition of
specimens were observed by scanning electron microscope (SEM, FEI QUANTA FEG 450, FEI Company,
Hillsboro, OR, USA) equipped with energy-dispersive X-ray spectroscopy (EDS) analysis at ca.10 mm
working distance and accelerating voltage of 15 and 20 kV.

3.4. Photocatalytic Performance

3.4.1. Photocatalytic Removal of NOx

The photocatalytic efficiencies of the prepared photocatalytic specimens were evaluated by the
degradation ability of NOx in the ISO reactor, schematically illustrated in Figure 10. The sample
was placed inside the ISO reactor and irradiated by a 300 W Xe-lamp solar simulator (CEL-HXF300,
CeauLight Co., Ltd., Beijing, China), adjusting the distance between the reactor and lamp to acquire that
the photon flux on the surface of sample was measured to be 3.05 × 10−6 mol·s−1

·m−2. 1 ppm of NO in
synthesized air, conditioned at a 50% relative humidity and 25 ◦C of the test environment temperature,
was passed through the reactor with a flow velocity of 5 × 10−5 m3

·s−1. The concentrations of NO, NO2

and NOx were continuously measured by a NO-NO2-NOx analyzer (HN-CK5001, Taiyuan Hainachenke
Instrument Co., Ltd., Taiyuan China). Each specimen was measured in the dark until the equilibrium
concentration of NO, NO2 and NOx was reached. And then, under the illumination until NO, NO2

and NOx concentrations reached steady state. After that, each sample was measured in the dark again
until steady state concentrations were observed. For comparison, the photocatalytic performance of
carbonated pure γ-C2S plate, TiO2 supported/unsupported quartz sand composite and photocatalytic
quartz sand dispersed in γ-C2S substrate specimens were measured under the identical conditions
and testing procedure. The photonic efficiency (ξ) of NOx, NO and NO2 was calculated according to
Equation (1). The catalyst selectivity for nitrate (S%) was calculated according to Equation (2) [50].

ξ =
(Cd − Ci)VP

ΦART
×100% (1)

S% =
ξNOx

ξNO
×100 (2)

where Cd is the concentration of NOx, NO or NO2 in the dark; Ci is the concentration of NOx,
NO or NO2 under the light irrigation; V (m3

·s−1) is the volumetric flow rate; P (Pa) is the pressure;
Φ (mol·s−1

·m2) is the photon flux impinging the surface; A (m2) is the irradiated specimen area;
R (J·mol−1

·K−1) is the gas constant; T (K) is the temperature.
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Figure 10. Schematic diagram of photocatalytic reaction for NOx degradation.

3.4.2. Photocatalytic Degradation of RhB

The photocatalytic degradation of RhB was evaluated according to the previously reported
literature [51–54]. Typically, the prepared plastic with a diameter of 20 mm was glued to the surface
of as-prepared sample. 1 mL rhodamine B solution at a concentration of 20 mg·L−1 was uniformly
spread to the specimen surface within the plastic ring. And then, the specimens were dried at 40 °C
for 12 h to solvent drying and dye adsorption. After that, a dried sample was placed under a 300 W
xenon lamp (CEL-HXF300, CeauLight Co., Ltd. China), and the distance between the sample and the
lamp was adjusted to obtain the illumination intensity of 1 mW·cm−2 on the sample surface. The RhB
photodegradation was performed by measuring the color change on the sample surface when the
irradiation time was 4 h.

3.5. Evaluation of Photocatalytic Durability

To study photocatalytic durability of prepared samples, a rain wash simulator was employed.
The schematic diagram and test device of washing resistance were shown in Figure 11. The specific
testing procedure is as follows: the surface of resulting specimens was washed with 450 mL·min−1 of
deionized water at room temperature for 10 s and dried at 105 ◦C for 12 h. And then, the dried samples
were carried out the photocatalytic measurement. The total process was repeated five times, and the
other washing times were 30 s, 60 s, 600 s, 1800 s, 3600 s, respectively.
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4. Conclusions

Based on the environmental friendliness and rapid carbonization/hardening of γ-C2S carbonated
binding materials, the TiO2/quartz sand-supported C2S(γ) carbonated composites (TQSC) and
photocatalytic quartz sand was prepared. In doing so, their physicochemical properties, photocatalytic
performance and durability to NOx and RhB were investigated in detail. The characterization results
of XRD, SEM and XRF confirmed a uniform TiO2 layer in quartz sand surface was formed, and the
TiO2/quartz sand mass fraction (MF) is 0.327%. The experimental results showed that with a decrease
in the mounted amounts of TiO2/quartz sand in γ-C2S carbonated matrix surface, more photocatalytic
quartz sand would be covered by γ-C2S carbonated products, resulting in the reduction of De-NOx
performance. All TQSC specimens showed higher De-NOx efficiency than that of the mixed specimen,
confirming greater photocatalytic efficiency and low-price advantages of TiO2/quartz sand-C2S(γ)
carbonated composites. After water-washing, the De-NOx efficiencies of TQSC specimens decreased
fast in the initial time but would become stable after 3600 s of water-washing. In compared with the
pure sample, the relatively high performance of De-NOx and the good self-cleaning effect of RhB on
the water-washed TQSC-60% specimen can be considered to be a promising photocatalytic product for
real applications.
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