
www.rsc.org/advances

RSC Advances

This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. This Accepted Manuscript will be replaced by the edited, 
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 



RSC Advances 

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ►

ARTICLE TYPE
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

Orthogonal Experimentation for Optimization of TiO2 Nanoparticles 

Hydrothermal Synthesis and Photocatalytic Property of TiO2/Concrete 

Composite 

JianlinLuo*
a
, Guixian Zhu

a
, Fangfang Zhang

a,b
, Qiuyi Li

 a
, Tiejun Zhao

a
, and Xueqing Zhu

a
 

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX 5 

DOI: 10.1039/b000000x 

Orthogonal experimental design was applied to optimize the hydrothermal preparation parameters of TiO2 

nanoparticles by the analysis of means (ANOM) and variances (ANOVA). The ANOM & ANOVA results 

on crystalline and size show that the optimal process of synthesized TiO2 nanoparticles is 5.0% TBT, 

alkalescent environment (pH=9), 160 °C reaction temperature, and 3 hrs reaction time. The main factors 10 

affecting on the photocatalytic properties of TiO2 nanoparticles were explored by measuring UV light 

absorbance index, the results show that their photocatalytic performance are excellent when methyl 

orange (MeO) concentration is 2.5mg/L, pH value is 6, the Ag-doped amount is 5.0%. Then optimal TiO2 

nanoparticles aqueous suspensions with varied concentration (cTiO2) were sprayed on the permeable 

concretes to fabricate TiO2/concrete composites, and their photocatalytic activity was evaluated by 15 

measuring degradation rate of soaked MeO along the UV radiation time. It is concluded that when cTiO2 is 

2.0 g/L with fixed above conditions, the produced TiO2/concrete composite has an optimal capacity 

(35.7%) in photo-degradation of azo pollutants. 

1. Introduction  

Air pollution caused by exhaust emissions and industry has 20 

increasingly drawn public attention, especially in urban areas. 

Traditional emission reduction systems might not realize 

complete degradation of nitric oxides from motor vehicles and 

industrial waste. 

 Titanium dioxide (TiO2) is a semiconductor material 25 

characterized by its valence and conduction band energy 

positions.1 TiO2 is the most applied photocatalyst since the end of 

the 1980s, which is attributed to its two main qualities: self-

cleaning effect and photo-induced surface hydrophilicity.2 After 

initiated by sunlight activation (usually UV light), the photo-30 

excited electron-hole pairs will promote oxidation and reduction 

of exhaust gases (just like (NOx)
3) and toxic organic pollutants4 

and transform them into nontoxic molecules (in general, H2O and 

CO2). The generated hydrophilic surface might efficiently prevent 

stains and dirt from staying on the TiO2 surface. 35 

 There were various methods about TiO2 nanoparticles 

preparation.5 Compared with other synthetic methods, the 

hydrothermal method has prominent advantages, one of them is 

that highly mono-dispersed TiO2 nanoparticles are directly 

synthesized.6 This avoids of sintering process, which may not 40 

accurately control TiO2 crystalline structure. By adjusting 

hydrothermal conditions (such as temperature, pH value, stress 

and reaction time), a variety of TiO2 nanoparticles can be formed 

with different morphology, crystal structure and particle size.  

 Municipal infrastructure guardrail and external building 45 

concrete surfaces are the optimal media for applying 

photocatalytic materials to reduce air pollution in urban areas.7 

The high surface areas of lightweight porous concrete offers 

ample interface to TiO2 and pollutant molecules. As a main 

protective part of urban construction, porous concretes may have 50 

a potential to be self-clean and air purifying properties.8 TiO2 

addition is also capable of improving strength, resistance to water 

permeability and reducing fracture areas of porous concretes.9 

Therefore, if combined with TiO2 with superior photocatalytic 

activity, the fabricated TiO2/concrete composite might have 55 

improved self-performances and environment quality through 

light degradation of pollutants (toxic organics and exhaust gas) 

by TiO2 nanoparticles.  

 Anatase-type TiO2 has been proved possessing more excellent 

photocatalytic property compared with rutile and brookite-type. 60 

Apart from its crystalline phase, size is another main element to 

influence TiO2’s catalytic activity. Orthogonal experiment is 

effective to evaluate the relative importance of different factors 

on a response and find out the optimal levels for different factors 

by applying orthogonal arrays, while dramatically reducing 65 

testing time and cost.  

 In this paper, in order to find out optimal size and crystalline 

about TiO2, orthogonal experiment method assembled with four 

factors (temperature, pH value, Tetra-n butyl titanate (TBT) 

concentration and reaction time), one at three levels was applied 70 

to design factors composition through OA9(3
4) table, which may 

realize efficient elements ratio. Crystalline phase and size of 

prepared TiO2 nanoparticles were characterized by a XRD and 

laser scattering particle analyzer, respectively. Then 
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consequences were analyzed by analysis of mean (ANOM) and 

variance (ANOVA) in order to identify optimal parameter ratio. 

 Subsequently, the optimal synthesized TiO2 nanoparticles were 

dispersed in aqueous suspension by surfactant ultrasonic method, 

and then directly sprayed on permeable concrete surface to 5 

produce TiO2/concrete composite. Then photocatalytic properties 

of the formed TiO2 nanoparticles and TiO2/concrete composite 

were characterized through their oxidation of soaked methyl 

orange solutions under UV radiation. 

2. Experimental details 10 

2.1 Raw materials 

Tetra-n-butyl titanate (C4H9O)4Ti) (TBT, AR), was purchased 

from China Sun Specialty Products Co., Ltd.; Absolute ethyl 

alcohol (C2H5OH), using as the main solvent, was bought from 

Far Eastern Group, China; Ammonia  (AR) and acetic acid (AR), 15 

using for pH regulation, were acquired from Laiyang Kangde and 

Tianjing Hengxing Chemical Co., Ltd., China, respectively; 

Methyl orange (MeO), which is applied in photo-degradation 

assay, was obtained from Tianjing Hengxing Chemical Co., Ltd., 

China; Silver nitrate (AR), using as the dopant, was purchased 20 

from Shanghai Aibi Chemistry Preparation Co., Ltd, China; Both 

Triton x100 (AR, imported subpackage) using as dispersing aid 

and sodium aluminate (AR) using as cement setting accelerator 

were purchased from Sinopharm Chemical Reagent Co., Ltd., 

China; Hydrogen peroxide solution (H2O2, 30%), using as the 25 

foaming agent, was purchased from Tianjin Guangcheng 

Chemical Reagent Co. Ltd., China; The ordinary Portland cement 

(P.O. 42.5R, conforming to ASTM Type I) was purchased from 

SUNNSY Shanshui Cement Group Ltd., China, its chemical 

composition is listed in Table 1; Distilled water, commercial 30 

available.  

Table 1 Main chemical composition of ordinary Portland cement (wt.%). 

CaO SiO2 Al2O3 Fe2O3 MgO SO3 IL 

61.70 20.10 5.09 2.93 1.58 1.99 1.75 

2.2 Synthesis of TiO2 nanoparticles & orthogonal test design 

TBT solution was firstly dissolved in ethyl alcohol (the amount of 

total solution was 100 g); The ammonia or acetic acid was added 35 

to adjust pH value of TBT solutions measured by a pH meter; 

The solution (less than 2/3 volume) was heated and reacted in a 

hydrothermal autoclave (WDF-0.1L type, Weihai autocontrol 

reaction kettle Co. Ltd., China) after homogeneously mixed by 

magnetic stirrer, the autoclave’s control voltage and mixing speed 40 

were fixed to 190 V and 250 rpm. The synthesized mono-

dispersed precursor was put into a vacuum oven (vacuum degree, 

temperature was 0.03 MPa, 70 °C, respectively) after adding into 

traces of Triton x100 for 6 hrs, and then ground to TiO2 

nanoparticles. 45 

 Compared with traditional experimental design, orthogonal 

experiment design is beneficial for realizing prompt and accurate 

evaluation of optimal condition ratio with large quantity of 

factors and levels. Here, (A) temperature, (B) pH value, (C) 

reactive concentration and (D) reaction time were selected as the 50 

hydrothermal factors of orthogonal array OA9(3
4) , for each 

factor, three levels were accordingly given. The experimental 

factors (A, B, C, D) and levels assigned for orthogonal 

experiments were listed in Table 2. 9 samples were synthesized 

according to OA9(3
4) orthogonal experimental table.  55 

Table 2 Factors and levels selected for orthogonal experiment. 

Level 
A: TBT 

concentration(%) 

B: pH 

value 

C: reactive 

temperature(°C) 

D:reactive 

time (hrs) 

1 5 6.0 80 2 

2 10 9.0 120 3 

3 15 11.0 160 4 

 In general, clearer and sharper peaks of TiO2 XRD pattern 

effectively reflect higher degree of crystalline; smaller particle 

diameters of TiO2 nanoparticles mean larger surface areas, which 

both contribute to higher photocatalytic properties. Therefore, 60 

crystalline phase and particle size of TiO2 nanoparticles are two 

main parameters to determine the optimal experimental ratio. The 

crystalline phase of TiO2 nanoparticles were determined by XRD 

diffractometer (D8 advance type, Bruker AXS Co. Ltd., 

Germany), and their S/V values (m2/cm3) were measured through 65 

a laser scattering particle analyzer (Rise-2006 type, Beijing Liuyi 

Apparatus Co. Ltd., China), which can effectively represent 

equivalent diameter of TiO2 nanoparticles based on Rayleigh 

scattering Formula 1.  
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where, N is particles population per unit volume; V is the volume 

of single particle; I, I0 stands for intensity of the scattered and 

incident light; n1, n2 represents refractive index of particle and 

disperse medium.  

 The microscale morphology of nanoscale TiO2 powder, 75 

TiO2/concrete composite sample was observed with SEM 

(S3500N type, Hatchi, Japan) after oven-dried, or/and top surface 

Au-sprayed, respectively. 

 Finally, an experimental confirmation was carried out using 

the predicted optimum levels obtaining from a comprehensive 80 

consideration on the results of TiO2 nanoparticles under 4 factors 

with 3 levels, in order to verify that the optimum conditions 

suggested by the matrix experiments do give the enhancement. 

2.3 Fabrication of TiO2/concrete composite 

Presently, synthetic methods of photocatalytic concrete include 85 

direct spraying10, pre-coating aggregate11 and photocatalytic 

cement mortar covering12. Here TiO2/concrete composite was 

fabricated through directly spraying TiO2 suspension on a porous 

concrete substrate.  

 The procedures of TiO2 suspension preparation were as 90 

follows. Firstly, a trace of Triton x100 (0.5%) was dissolved in 

distilled water, and TiO2 nanoparticles with varied concentrations 

(cTiO2=0, 0.5, 1.0, 2.0, and 3.0 g/L) were added. Then the pristine 

TiO2 suspension was firstly stirred by a magnetic stirrer (200 

rpm, 40 min) and subsequently ultrasonic treated for 15 min (40 95 

kHz, 60 W) by a sonicator (KQ2200B type, Jiangsu Kunshan 

Ultrasonic Instruments Co., Ltd., China).  

 The porous concrete was prepared by mixing large quantity of 

bubble generated from H2O2 foaming agent into thin cement 

slurry with water-cement-ratio of 0.8 and sodium aluminate of 100 

1.3% to cement amount, similar to our previous works8. Then, 28 

d-cured porous concrete cubic specimen was cut into porous 

concrete substrate with appropriate size with 70.7 mm×70.7 

mm×20 mm, and put into a culture dish, and 10 mL TiO2 

Page 2 of 7RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  3 

suspension was sprayed evenly on its top surface by a sprayer. 

After sufficient absorbing and drying, TiO2/concrete composite 

surface was rubbed with 360 mesh fine sandpapers, and rinsed 

under running distilled water, to remove weak adhesion of TiO2 

nanoparticles. 5 

2.4 Photocatalytic characterization of TiO2 nanoparticles and 
TiO2/concrete composite 

MeO is an azo dye of 4-[4-(dimethylamino) phenylazo] 

benzenesulfonic acid sodium salt, which is sensitive, but hard to 

oxidized degradation under UV-radiation. Therefore, MeO was 10 

chosen for representing azo-pollutants largely existed in urban 

areas. Photocatalytic oxidation of MeO solutions is used for 

evaluating degradation ability of TiO2
13. Uv-vis 

spectrophotometry (755B type, Shanghai Precision Scientific 

Instrument Co. Ltd., China) was used to obtain MeO’s absorption 15 

curve with different concentrations. In order to guarantee 

accuracy of measuring result, the standard curve about 

relationship between MeO’s concentration and its maximum 

absorbance was also depicted.  

 It is established that the doped Ag+ can affect catalytic 20 

oxidation through reducing nanoscale TiO2’s energy gap, forming 

“electron capture well”, and improving separation of electron 

from hole while deposited on the TiO2 surface. That is to say, 

Ag+ is capable of promoting catalytic ability of TiO2
14. Therefore, 

Ag+ addition, cTiO2 and MeO concentration are designed as three 25 

main factors to affect photocatalytic degradation of MeO 

solutions of TiO2 nanoparticles and TiO2/concrete composites. 

When exploring the influence of one factor (Ag+ or MeO 

concentration) on photocatalytic activity of TiO2 nanoparticles, 

the other two factors were fixed at constant, and the optimal ratio 30 

was achieved after analyzing MeO degraded curve. Then cTiO2 

was selected as the variable factor, TiO2/concrete composites to 

be measured were fabricated by mixing the optimal amount of 

Ag+ and MeO, and the degradation curve was plot according to 

calculated results, and the optimal ratio was also achieved. 35 

 Before UV radiation, in the sunless room, TiO2 nanoparticles 

were added into MeO or/and AgNO3 aqueous solution with 

different concentrations; Hereafter, each TiO2 suspension was 

under magnetic stirred for 45 min, and sonication for 15 min, 

which was sufficient for MeO reaching equilibrated adsorption 40 

state on TiO2 surface. TiO2/concrete composite with five different 

cTiO2 was immersed in 2.5 mg/L MeO and 5% Ag+ aqueous 

solution, respectively. The corresponding suspension with  only 

TiO2 nanoparticles or TiO2/concrete composite was exposed to 

UV-radiation at λ=460 nm with an ultraviolet irradiation 45 

apparatus (WD-9403C type, Beijing Liuyi instrument factory, 

China), respectively.  

 During UV-radiation periods, 3 ml sample suspension was 

dipped out at a regular interval (30 min), and got rid of TiO2 

nanoparticles by centrifuging (5000 rpm, 15 min) through a low-50 

speed desktop centrifuge (TDL-60B type, Shanghai Anting 

Scientific Instrument Factory, China). Removal of MeO was 

determined through measuring the absorbance value (λ=460 nm), 

using the UV-vis spectrophotometer. Absorbance value of sample 

before UV-radiation was read as A0, and absorbance at regulated 55 

time was recorded as At. The formula used for calculating 

degradation rate of MeO solution was Formula 2. 

%100
0

0 ×
−

=
A

AAtη                                      (2) 

where, A0 is initial absorbance, and At  is absorbance of MeO 

solution when T=t. 60 

  

3. Results and discussions 

3.1 The optimal ratio of synthesis parameters of TiO2 

nanoparticles 

XRD patterns of TiO2 nanoparticles in group No. A2, A5, A7 and 65 

A8 are typically showed in Fig. 1, and the main peak (MP) and 

particles size (S/V) of anatase phase TiO2 are shown in Table 3. 

It’s worth to pointing out that “0” means amorphous TiO2 

nanoparticles are synthesized. The calculated values of analysis 

of mean (ANOM) and the maximal range (R) by range analysis 70 

method are correspondingly given in the Table 4. 

 As revealed in Table 3 & Fig. 1, anatase TiO2 is successfully 

synthesized only in 3 samples (A2, A5 and A7). Obvious 

characterized peaks of anatase TiO2 (2θ=25.3°, 36.9°, 37.8°, 

38.6°, 48.0°, 53.9° and 55.1°) are emerged, which represent 75 

(101), (103), (004), (112), (200), (105) and (211) patterns of 

TiO2. These indicate that the phase of TiO2 nanoparticle using 

optimal hydrothermal reactive condition can be only anatase 

without any rutile and brookite synthesized. 

 80 

Fig.1 XRD patterns of synthesized TiO2 nanoparticles in group No. A2, 

A5, A7, and A8 

  

Table 3 Main peak (MP) and particles size (S/V) results of orthogonal 

experiment of synthesized TiO2 nanoparticles. 85 

Factors 

No. 

A 

(%) 
B C (°C) D (hrs) 

MP 

(2θ=25.3°) 

S/V 

(m2/cm3) 

A1 1(5) 1(6) 1(80) 1(2) 0 45.570 
A2 1(5) 2(9) 2(120) 2(3) 18 63.717 

A3 1(5) 3(11) 3(160) 3(4) 0 21.145 

A4 2(10) 1(6) 2(120) 3(4) 0 10.526 
A5 2(10) 2(9) 3(160) 1(2) 41 20.086 

A6 2(10) 3(11) 1(80) 2(3) 0 16.901 

A7 3(15) 1(6) 3(160) 2(3) 49 23.271 
A8 3(15) 2(9) 1(80) 3(4) 0 57.143 

A9 3(15) 3(11) 2(120) 1(2) 0 18.765 

 Taking the MP results of the orthogonal experiment shown in 

Table 3 for instance, the data processing of ANOM and R by 

range analysis method is shown as follows. For each factor in the 

mean value M1 row, the test results consisting of level 2 are 

added and then divided by 3, which give the mean values of level 90 

2, and so on. For example, the mean value for factor C 

A7 

A5 

A2 

A8 

(101) 
2θ=25.3° (004) 

2θ=37.8° 
(200)  

2θ=48.0° 
(105) 

2θ=53.9° 
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(temperature) at level 2 is (18 + 41 + 0)/3 = 19.67. For each 

factor, the corresponding maximum value subtracted the 

minimum value amongst M1, M2 and M3 produces each factor’s 

range value R. It is found that the R of C (temperature) is higher 

than any other factor, indicating that holding temperature (C) has 5 

the highest impact on the response (MP) of anatase TiO2, while 

contribution of TBT concentration (A) is negligible. According to 

variance analysis outcome (as revealed in Table 4), the variation 

of the response (MP) with 3 levels for different factors is depicted 

in Fig. 2. The higher mean value is, the better response (MP) is, 10 

therefore, the optimal reactive combination for response (MP) are 

A3B2C3D2, as revealed in Table 4 and Fig. 2. In other words, the 

optimum parameters are the TBT concentration at 15%, pH value 

at 9.0, reactive temperature at 160°C, reactive time at 3 hrs. 

Table 4 The AVOM and R according to MP and S/V results. 15 

Range 

analysis 

Factors of MP (2θ=25.3°) Factors of S/V (m
2
/cm

3
) 

A B C D A B C D 

M1 6 
16.3

3 
0 

13.6

7 

43.47

7 

26.45

6 

39.87

1 

28.14

0 

M2 
13.6

7 

19.6

7 
6 

22.3

3 

15.83

8 

46.98

2 

31.00

3 

34.63

0 

M3 
16.3

3 
0 

3

0 
0 

33.06

0 

18.93

7 

21.50

1 

29.60

4 

R 
10.3

3 

19.6

7 

3

0 

22.3

3 

27.64

0 

28.04

5 

18.37

1 
6.489 

Factor 

order 

C(reactive 

temperature)>D(reaction 

time)>B(pH 

value)>A(TBT 

concentration) 

B(pH value)>A(TBT 

concentration)>C(reactive 

temperature)>D(reaction time) 

Optimizati

on level 
A3 B2 

C

3 
D2 A1 B2 C1 D2 

Optimum 

combinati

on 

A3B2C3 D2 A1B2C1 D2 

 
Fig. 2 Variation of the main peak of TiO2 nanoparticles with different 

levels for each factor 

In order to further investigate which factors significantly affect 

the MP and S/V, the analysis of variance (ANOVA) of MP and S/V 20 

values was studied and the calculated results are represented in 

Table 5. The number of levels (3) subtracted 1 gave the degree of 

freedom (DOF). The sum of squares was acquired by Formula 3. 

),,,(

))()()((3 2

3

2

2

2

1

DCBAi

MMMMMMSS iiii

=

−+−+−=      (3) 

where, SSi stands for the sum of squares, and M stands for the 9 25 

mean values. Sum of squares divided by degree of freedom 

produced mean squares (Mi). 

Table 5 ANOVA results according to MP and S/V shown in Table 4. 

Factor

s 

D

O

F 

MP(2θ=25.3°) 
Factor

s 

S/V (m
2
/cm

3
) 

SSi Mi Fi 
Pr(

>Fi) 
SSi Mi Fi 

Pr(

>Fi) 

A(resi

dual) 
2 

172.

61 

86.

31 

1.

00 
- A 

116

9.03 

584

.51 

16.

815 

0.05

6
*
 

B 2 
664.

67 

332

.33 

3.

85 

0.20

6 
B 

126

4.37 

632

.19 

18.

186 

0.05

2
*
 

C 2 
151

2.00 

756

.00 

8.

76 

0.10

2 
C 

506.

39 

253

.19 

7.2

84 

0.12

1 

D 2 
760.

67 

380

.33 

4.

41 

0.18

5 

D(resi

dual) 

69.5

2 

34.

76 

1.0

0 
- 

Noting that, “*”represents significant factor. 

 Size optimization is also essential. Fig. 3 (range analysis) 30 

demonstrates that A1B2C1D2 is the best composition for the 

response (S/V). Variance analysis in Table 4 shows that influence 

degree ranking of four factors is: B>A>C>D. pH value (B), 

reaction time (D) has a top, bottom influence on S/V value, 

respectively. 35 

 
Fig. 3 Variation of the S/V of TiO2 nanoparticles with different levels for 

each factor 

 TBT concentration (A) and reactive temperature (C) come to 

different conclusion about the optimal ratio. It is noted that two 40 

mean size values in group No. A1 and A3 have little distinction. 

TBT concentration (A) has a significant  impact on TiO2 

nanoparticles synthesis according to ANOVA of particles size. 

Therefore, allowing for the cost, 5.0% TBT concentration (A1) is 

the optimum. For reactive temperature’s selection, it is 45 

impossible to achieve anatase TiO2’s synthesis at 80 °C. 

Therefore, 160°C (C3) is the final holding temperature.   

 
Fig. 4 XRD pattern of TiO2 nanoparticles with optimal ratio 

(101) 
2θ=25.3° 

(004) 
2θ=37.8° 

(200)  
2θ=48.0° 

(105) 

2θ=53.9° 

(211) 

2θ=55.1° 

(103) 

2θ=36.9° 
(112) 

2θ=38.6° 
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Consequently, A1B2C3D2 combination is selected as the 
optimal reaction condition. Fig. 4 shows XRD pattern of 
A1B2C3D2 verification sample, in which the diffraction peaks 
(2θ=25.3°, 36.9°, 37.8°, 38.6°, 48.0°, 53.9° and 55.1°) well match 
anatase TiO2. Furthermore, most of TiO2 nanoparticles present as 5 

mono-dispersed polygons with distinct crystalline phases, some 
even near spherical shapes, notwithstanding some soft but small 
aggregations, as revealed in Fig.5. A large number of TiO2 

nanoparticles are approximately 130 nm, which are consistent to 
S/V equivalent diameters of A7 group, acquired from the laser 10 

scattering particle analyzer, as shown in Table 3. 

 
Fig. 5 SEM microstructure of TiO2 nanoparticles with optimal ratio 

3.2 Photocatalytic activity of TiO2 nanoparticles 

The absorbance value of pristine TiO2 nanoparticles suspension 15 

after sonication for 15 min with 1.0% cTiO2 along with varied UV 

wavelength is depicted in Fig.6. The maximal, secondary high 

absorbance of pristine TiO2 nanoparticles appears at λ=470 nm, 

280 nm, respectively, as demonstrated in Fig.6. 

 As showed in Fig. 7, MeO  has the strongest photoabsorption 20 

when λ=460 nm, where pristine TiO2 nanoparticles also has 

maximalabsorbency . According to Longbow-Bill’s law, the 

absorbency of the solutions has a linear relationship with their 

concentration. Linear fitting in Fig. 8 guarantees the accuracy of 

UV spectrophotometer. Linear fitting in Fig. 8 shows a high 25 

coincidence between measuring and fitting curve.  

 
Fig. 6 UV-Vis spectra of pristine TiO2 nanoparticles 

 
Fig. 7 Absorption curves of MeO solutions with various concentration 30 

 
Fig. 8 Calibrating curve of MeO solutions 

 Ag+ is proposed with a prominent enhancement for photo-

oxidation activity of TiO2 nanoparticles. It is assumed that Ag+ 

may be beneficial to form “electron capture well” when deposited 35 

on TiO2 surface, and to improve separation of electron from 

hole15. Degradation rate of MeO solutions was tested by adjusting 

MeO concentration and Ag+ incorporation. Other reactive 

conditions were fixed (λ= 284 nm, pH=6 and cTiO2=2.0 g/L). The 

detailed experimental reactant ratio was displayed in Table 6.  40 

Table 6 Seven items on proportions of MeO concentration and Ag+ 

addition for optimizing photocatalysis of TiO2 nanoparticles. 

Item No. 
MeO concentration 

(mg/L) 
Ag+ addition (%) 

M1 10 0 

M2 10 1 

M3 10 3 
M4 10 5 

M5 2.5 5 

M6 5 5 
M7 20 5 

 Fig. 9 shows the influence of Ag+ additive amount for MeO 

photo-degradation. Compared with pure TiO2 nanoparticles, Ag+ 

addition displays a striking promotion to degradation rate of MeO 45 

solution (or improvement of degradation rate of MeO solution is 

induced by Ag+ addition). MeO degradation level increases along 

with increase of Ag+ addition. The majority of MeO was 

degraded in the first 3 hrs for all Ag+ addition. 25% MeO was 

degraded when 5.0% Ag+ was added in the mixture; however, 50 

only 4.0% MeO realizes its oxidative degradation without Ag+ 

addition.  
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Fig. 9 Photocatalytic degradation curves of TiO2 nanoparticles with 

variable Ag+ additions 

 Fig.10 shows the influences of MeO concentration for 

photocatalytic activity of TiO2 nanoparticles. Four samples were 5 

tested under the same conditions (λ=284 nm, pH=6.0 and 

cTiO2=2.0 g/L). Most of the samples are degraded in the first 3 hrs 

and reach their maximum degradation rate. As the MeO 

concentration decreases, degradation degree of MeO increases. 

After 3 hrs irradiation, the degradation ratio with 2.5 mg/L MeO 10 

is nearly 60%. Higher MeO concentration bring forth lower MeO 

degradation ratio, as a result from that certain amount of 

nanoscale TiO2 is capable of oxidizing fixed quantitative MeO at 

fixed light intensity. Therefore, excess MeO can not be 

thoroughly degraded with insufficient catalyst. 15 

 
Fig. 10 Photocatalytic degradation curves of TiO2 nanoparticles with 

variable MeO concentrations 

3.3 Photocatalytic activity of TiO2/concrete composite 
(photocatalytic concrete) 20 

As above mentioned, 2.5 mg/L MeO solution realizes its highest 

degradation ratio with 5.0% Ag+ addition, 284 nm UV-radiation 

and acidic environment (pH=6.0), and the corresponding TiO2 

nanoparticles has the best catalytic activity. Therefore, influence 

of varied cTiO2 for MeO degradation ratio by TiO2/concrete 25 

composite was explored with fixed aforementioned conditions. 

The final fabricated TiO2/concrete composite with 1.0 g/L cTiO2 is 

immersed in 2.5 mg/L MeO mixed solution on the culture dish 

(Fig. 11), the corresponding microscale morphology is depicted 

in Fig.12. 30 

 
Fig. 11 Photograph of fabricated TiO2/concrete composite immersed in 

MeO solution 

 

 35 

Fig. 12 SEM image inside a macropore peephole of TiO2/concrete 

composite with 1.0 g/L cTiO2 (black arrows--deposited TiO2 nanoparticles; 

red rectanglulars—microscale pores) 

 As revealed in Fig.s 11 & 12, porous concete substrate 

possesses mult-scale pore structures with both large quantity of 40 

macropores necessary for TiO2 suspension infiltration, and 

considerable macropores essential for TiO2 nanoparticles 

adsorption & deposition. TiO2 nanoparticles are mono-dispersed 

and dotted among relatively loose cement hydration, mainly C-S-

H gels. 45 

 Photocatalytic activity of TiO2/concrete composite is explored 

through analyzing transformation of MeO degradation ratio. MeO 

degraded curves of TiO2/concrete composite with different cTiO2 

are showed in Fig. 13. According to degradation curve, up to 35% 

MeO can be oxidized when there are 5% Ag+, 2.5 mg/L MeO and 50 

2.0 g/L TiO2 in the mixture. However, the enhancement effect of 

cTiO2 is less remarkable, since TiO2/concrete composite with 0.5 

g/L cTiO2 possibly achieves almost 24% MeO degraded ratio. 
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Fig. 13 Photocatalytic degradation curves of TiO2/concrete composite 

with variable cTiO2 

 It is worth to pointing out that TiO2 nanoparticles have the best 

photocatalytic property under UV radiation. However, it is 5 

assumed that TiO2/concrete composite is applied under sunlight, 

so it is necessary to further widen absorption wavelength range. 

Doping N ion, P ion, ZnO, or ZnS sources with different 

absorption range can be practicable3, and can be also helpful to 

improve MeO degradation rate. Therefore, high photocatalytic 10 

active concrete with wide absorption range is required, and our 

group will conduct the related experiment in the near future. 

Conclusions 

(1) Through orthogonal range & variance analysis of XRD main 

peaks and scattering S/V values, the optimal anatase TiO2 15 

nanoparticles are hydrothermal synthesized in TBT concentration 

of 5%, pH value of 9.0, reactive temperature of 160°C, and 

reactive time of 3 hrs. 

 (2) Photocatalytic properties of TiO2 nanoparticles, sprayed 

TiO2/concrete composite reach the maximal value (54%, 35.7%) 20 

with the optimal ratio of Ag+ addition in 5%, pH in 6.0, MeO 

concentration in 2.5 mg/L, and cTiO2 in 2.0 g/L, respectively. 

(3) Microstructures reveals sprayed TiO2/concrete composite 

has mult-scale pore structures, which are simutaneously apt to 

TiO2 suspension infiltration and strong adsorption & deposition 25 

onto cement hydration of TiO2 nanoparticles.  
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