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Abstract 

Synthesis of titanium dioxide nanoparticles using TTIP and TTIP+EtOH precursor at 600℃ 

through chemical precipitation of vapours by heat is studied. Precursor and feed gas 

(Ar+NH3/Ar) concentration effects, the effect of catalyst on particle growth, thickness and 

surface roughness on the size and numbers of particles, crystallinity, phase transition and 
nanoparticles purity are studied using elemental analysis techniques such as EDX, FESEM, 

AFM and RBS. The results indicate a growth in particle size due to concentration variations in 

the precursors and addition of ethanol in a manner that allows for the control of nanoparticles 
initial size through adjustment of these parameters. The results further indicated that ethanol 

causes a significant increase on particle size and growth. The addition of ammonia to feed gas 

resulted in a reduction of particle size and titanium dioxide nanoparticles which have 
applications in desalination and purification of seawater due to their photocatalytic effect, were 

used to increase the efficiency of RO systems. 
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1. Introduction 
 

Nexus conveys the interactions between two elements, be they dependencies or 

interdependencies. Water is not only needed in the energy supply chain, but energy is also needed 

to extract, dispense and treat water. The water sector uses energy, to a large extent, in the form of 
electricity [1]. 

Water is necessary for life and water pollution is a major challenge for the environment. 

Exposure to toxic organic chemicals, dyes and pharmaceutical drugs even in trace amounts can 
have long term implication on every kind of life. Photocatalytic degradation has emerged as an 

efficient technique to eliminate such water pollutants[2-5].  

For efficient accommodation of such new construction materials, the nanosized component 
should be fundamentally studied in order to address its complementarity and performance[6-8]. 

The rapidly growing world population over the past few decades has created a huge demand for 

resource supplies, especially fresh water resources [9,10]. Among the various methods to obtain 

accessible water, membrane technology shines in many industrial fields including food, medicine, 
water purification and wastewater treatment due to its distinct advantages [11–14]. However, 

membrane fouling leads to significantly increased cost which is known as the predominant 

obstacle for membrane industry [15–17]. The inherent hydrophobicity of organic membranes 
makes it easier to be adhered by natural organic matters, causing fouling difficulty [18–20]. 

Membrane fouling generally occurs in the primary fouling mechanisms of pore blocking, foulant 
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adhesion and osmotic pressure effects during foulant layer filtration [21–23]. Improving membrane 
surface hydrophilicity is believed to be efficient to mitigate membrane fouling [24–26]. Therefore, 

hydrophilic modification of polymeric membranes is attracting more and more attention, and 

becomes one of the hottest topics in separation membrane field [27–29]. Addition of hydrophilic 

materials can reduce hydrophobicity of membrane and is playing an important role in promoting 
antifouling ability of polymeric membranes.  

Photocatalytic cement-based materials are a relatively new group of smart materials produced 

by addition of photo-activated heterogeneous semiconductors in the form of nanoparticles [6-8]. 
The added hydrophilic materials including organic poly vinylpyrrolidone[30,31], chitosan [32], 

polyethylene glycol[33] and inorganic nanoparticles such as titanium dioxide [34], silicon dioxide 

[35], zinc oxide [36], carbon nanotubes [37], iron oxide [38], silver [39], etc., have been reported. 
Titanium dioxide in anatase form is almost without exception, the most featured and widely used 

semiconductor for commercial photocatalytic applications [40]. The photocatalytic performance of 

titania has been found to be even more efficient if the semiconductor is in nanoparticle form [41], 

due to its high specific surface area to volume ratio, which enables improvements in catalysis. 
Among these mentioned hydrophilic matters, titanium dioxide (TiO2) possesses the particular 

attractions due to its inexpensive cost, non-toxic property, good chemical stability and 

photocatalytic property [42,43]. Researchers have found that titanium dioxide in polymer matrix 
can not only improve the hydrophilicity, but also endow the membranes with a certain extent self-

cleaning ability [44,45]. In spite of this, the positive effects of titanium dioxide have been seriously 

limited because the titanium dioxide particles with relative higher density always settle to the 
bottom of the polymeric membrane bulk during the phase transition process [46]. Therefore, there 

is a great desire to anchor the titanium dioxide particles onto the membrane surface so that the 

titanium dioxide particles can sufficiently demonstrate their advantages. Recently, magnetic 

nanoparticles(NPs) have received increasing attention in the environmental field due to magnetic 
recycling and some additional properties. Some studies reported that the surface of membrane 

fixed by nanoparticles in an external force (electric field or magnetic field) presented certain 

hydrophilicity and pollution resistance to the membrane [47,48]. For instance, Huang et al. [49] 
proved that the Fe3O4/GO/PVDF membrane prepared by magnetic field induction possessed an 

excellent permeation flux and pollution resistance. This concept may be introduced to concentrate 

the magnetic titanium dioxide nanoparticles onto the membrane surface so that titanium dioxide 

(TiO2) nanoparticles can sufficiently display their antifouling and self-cleaning ability. 
In summary, major contributions of this work are that highly crystalline TiO2 nanoparticles are 

prepared by thermal chemical vapor deposition(TCVD).  

 

2. Experiment 

 

2.1. Selection of substrata 
 

Silicon was selected as the substrate for experiments. P (100) type silicon was selected as the 

substrate due to its availability and affordability as well as its favourable properties. General 

requirements for any substrate include: 
1. Melting point above the required melting point for growth of titanium dioxide 

nanoparticles while using TCVD systems. 

2. Comparable thermal expansion coefficient with that of titanium. 
 

2.2. Substrate Preparation 

 
Once a suitable substrate is selected for thin film deposition, it must be prepared for the 

experiment. Since chemical bond forces have a limited range of a few nanometres, adhesion 

between the layers is weak. On the other hand, impurities may affect the photo electronic structure 

of the layers. Pollutants generally comprise of water and fats which have been transferred from the 
ambient, machinery or labour. These pollutants can often be eliminated using degreasing solvents 
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such as acetone and trichloroethylene. Substrates used for deposition are cleaned with acetone and 
distilled water using ultrasonic and then dried. 

 

2.3. Cobalt catalyst deposition  

 
After the substrate is completely cleaned from pollutants using the available methods, and is 

ready for deposition, a thin film of cobalt will be deposited using PECVD for deposition under 

vacuum conditions, where system pressure is reduced to 2.5 × 10 -2 torr. In order to initiate 
deposition, argon is introduced to the reactor at the flow of 100 SCCM and deposition is 

performed using argon gas plasma. From here on out, depending on the deposition period, layers 

of cobalt with various thicknesses form and RBS analysis is used to determine their thickness, 
while AFM analysis is used to determine their surface roughness. Layers of 6.5 nm thickness are 

then used. 

 

 

Figure1. Schematic of Plasma Deposition System 

 

2.4. Etching 

 

In order to grow, titanium dioxide nanostructures require nanometric stations on the catalyst 
surface which are directly dependant on the catalyst layer thickness, i.e. very thin films a few 

nanometres thick are not yet continuous and appear in form of islands on the substrate, several 

nanometres in diameter; these islands could then be used as stations to grow nanostructures. As the 
layer thickens, the layers become more continuous and isolated islands disappear, but since the 

layer surface is not completely flat, the nanometric stations will sporadically form on the surface. 

In order to facilitate this process, and with the aim of increasing the number of such stations, 

etching on the layer is performed a few minutes prior to the initiation of nanostructure growth, 
resulting in increased surface roughness and formation of additional nanometric stations on the 

surface. 

During the next stage, the cobalt catalyst covered substrate is inserted into the chamber using a 

TCVD device at 500 ℃, with argon gas as diluent and ammonia gas with 100 SCCM flow, and 

etching is performed. During etching, oxidation and reduction occurs where every metal in contact 

with the gases shows tendency for ionization through electron release; the samples are then AFM 

analysed.  
 

2.5. Nanoparticle Synthesis 
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2.5.1. Materials 
 

Materials which were used in the experimental method are submitted below. 

 

Table 1. The Chemicals Used in the Experimental Method 

Chemical 

 

Formula 

 

Purity(%) 

 

 

 
 

Titanium 

isopropoxide(TTIP) 
 

Ti(OCH(CH3)2)4 

 

 

 
 

97(Sigma Aldrich) 

Ethanol 

C2H5OH 

 

96(Carlo Erba) 

Argon Ar 99.99 

ammonia(NH3)  

 

99.98 

 

Preparation of nanoparticles is performed using chemical precipitation of vapours using heat. 

Various factors including solvent and catalyst type and composition, bedding type, bedding 
catalyst weight percent and temperature will affect the dimensions of synthesized nanoparticles 

whereas particle growth is influenced by factors such as growth time, growth temperature and gas 

flow velocities. 
The effect of some of these parameters on the synthesized nanoparticles(NPs) dimensions and 

the consequential growth of titanium dioxide nanoparticles is studied. Titanium dioxide 

nanoparticle synthesis through deposition from chemical vapour phase is analysed using variations 
in temperature, feeding gas and precursor. 

Thermal CVD was performed in an electric furnace. The furnace used pure tungsten as heating 

element and the reactor chamber for this setup consists of a 800 mm long quartz pipe with an 

internal diameter of 75 mm surrounded in a furnace with controllable set point. 
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Figure 2a. Schematic Diagram of TCVD Device 

 

Figure 2b. Photographic View of TCVD Device 

In order to synthesize titanium dioxide nanoparticles, the bedding catalyst particles are prepared 

first and then a crucible containing the cobalt catalyst is inserted into the reactor in which the flow 

of feeding gas has already been established. The feeding gas which flows through the furnace 
consists of ammonia and argon as carrier gas. 

Since argon is selected as the carrier gas due to its inertness and relatively higher weight 

compared with other inert gases, it best suits the transfer of hydrocarbon gases to the reaction zone 
and on the other hand assists the removal of unneeded reaction by-product gases, from the catalyst 

and the reaction zone. If no carrier gas is used, the high temperatures associated with the reactions 

zone, combined with the significant temperature gradients between the cold gas injection zone and 
the reaction zone will cause the gases to concentrate in the inlet of the pipe, forming a thick black 

liquid substance. By using a carrier gas, formation of this liquid is minimized. Titanium tetra 

isopropoxide (Ti(OC3H7)4 , Aldrich , %97), used as a precursor. 



International Journal of Future Generation Communication and Networking 
  Vol. 13, No. 4, (2020), pp. 1076–1090 

 

1081 
ISSN: 2233-7857 IJFGCN 

Copyright ⓒ2020 SERSC 

 

Figure 3. Main Titanium Tetraisopropoxide (TTIP) Precursor 

Argon gas flow at 100 SCCM and ammonia gas flow at 200 SCCM are directed into the 

chamber and the furnace temperature is increased to 600 ℃, once the experiment reaches 30 

minutes the flow of gases are cut and the furnace is cooled down to room temperature, where 
argon gas at the flow of 100 SCCM is reintroduced into the chamber. The next stage is sample 

analysis using EDX and FESEM. 

 

 

Figure 4. Schematic of Titanium Dioxide 1D Nanoparticles Growth Using the TCVD 

System 

Table 1 lists the conditions and parameters for titanium dioxide nanoparticles synthesis using 

cobalt catalyst at 600 ℃ for different precursors and feed gases. 

 

Table 2. Conditions for Titanium Dioxide Nanoparticles Synthesis Using Various Gases 

Temperatu

re 

(℃) 

 

time 

(min) 

Catalyst precursor Feeding gas 
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600 

 

 

 
 

30 

 

 
 

Co 

 
 

 

TTIP Ar 

TTIP 3Ar + NH 

TTIP+EtOH Ar 

TTIP+EtOH 3Ar + NH 

 

3. Results 

 

3.1. Rutherford Backscattering Spectrometry (RBS) Analysis 

 
It is the prevalent characterization method for thin films, which uses high energy (order of 

several hundred mega eV) light ionic beams. Such beams are capable of penetrating thousands of 

angstroms or even several microns into the depth of the layers or the strata/substrate combination. 

These beams cause mild sputtering of the surface atoms and in return lose their incoming ions 
energy through ionization and excitation of the target atoms electrons. These electronic clashes are 

so high in number that the overall energy loss is almost always proportional to material depth.  

One can extract information on the thickness and elemental composition of the layers through 
energy loss analysis of the reflecting ions. 

This analysis was performed in the Atomic Energy Organization of Iran Research Institute on a 

U.S. made High Voltage Engineering Corp device. The integral condition for this method is for the 

sample to be in solid phase. In order to prepare the samples, the surface is grinded with sandpaper 
before being polished. Layer deposition period is 2.5 minutes and the cobalt catalyst thickness is 

6.57 nm. 

 

 

Figure 5. RBS Analysis for Cobalt Catalyst  

Table 3. Cobalt Element Thickness on the Substrate 

catalyst type thickness 

Co nm  6.57 
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3.2. Atomic Force Microscopy (AFM) Analysis Results 
 

The AFM is a powerful surface imaging method in the nanometer and micrometer range. Layer 

topography and surface roughness can be determined using this device. In order to determine the 

extent of surface unevenness on the samples, the initial sample and the radiation-subjected surface 
are studied. Figures below(Figures 6,7) display the AFM imagery. Roughness RMS measurement 

analysis from the AFM images gives an indication of surface unevenness. Roughness RMS 

measurement is performed using the equation below.  

𝑅𝑞 =  √
∑(𝑍𝑖 − 𝑍𝑎𝑣𝑔)2

𝑁
 

Roughness measurement equation 

Where 𝑅𝑞 is the surface roughness for the selected region, 𝑍𝑖 is the height of any given point, 

𝑍𝑎𝑣𝑔 is average height in selected region and N is the number of heightened points in the 

region[50]. 

 

3.2.1. Pre-etching 
 

Cobalt catalyst 

Using this analysis, the structure and surface roughness on the cobalt catalyst are determined in 
the nanometer scale and the following results are produced. Figure 6 shows the results of the AFM 

as well as the average surface roughness which corresponds to 0.47 nanometers(nm).  

 

Figure 6. 3D geometric Structure of Cobalt Catalyst Using AFM 

 

3.2.2. Post-etching 

 

Cobalt catalyst 
Figure 7 shows AFM diagrams for the cobalt catalyst with an average roughness corresponding 

to 4.1 nm. 
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Figure 7. Cobalt Catalyst Structure Direct Imagery Using AFM 

 

3.3. Field Emission Scanning Electron Microscope (FESEM) Analysis 

 

FESEM imagery of the synthesized samples are used for morphology analysis and 

determination of nanoparticle dimensions. Figures 8 a, b show titanium dioxide nanoparticles 

grown on cobalt catalyst bedding using titanium tetraisopropoxide as precursor; Figure 8.a shows 
argon as feed gas at 100 SCCM flow and Figure 8.b shows ammonia as feed gas at 200 SCCM 

flow where the resulting nanoparticle diameters on the catalyst are 22.92 and 19.83 nanometers 

respectively. 
Ethanol is added to the nanoparticle growth precursor in the next stage, inserting different feed 

gases of argon at 100 SCCM (Figure 8.c) and ammonia and argon at 200 SCCM (Figure 8.d) 

resulting in nanoparticle dimensions of 26.4 nm and 48.7 nm, respectively. 

 

3.4. Energy Dispersive X-ray Spectroscopy (EDX) Analysis 

 

Energy dispersive X-ray spectroscopy is used to analyze the elemental structures available in 
the sample. EDX point analysis of the samples is shown in Figures 9.a and 9.b where available 

elements within the samples are listed by weight and atomic percentages.  

The sample which has been deposited by ammonia feed gas shows 48.59% titanium weight 
percentage, whereas the sample synthesized without ammonia feed gas shows a value of 42.37%, 

implying that ammonia gas has a significant effect on Ti levels, directly influencing its percentage. 
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Figure 8. Cobalt Catalyst, Titanium Dioxide Nanostructure FESEM Imagery.  

a) TTIP-Ar, b) TTIP-Ar- NH3, c) EtOH+TTIP-Ar, d) EtOH+TTIP-Ar-NH3 

 

Figure 9.a. EDX analysis of Cobalt catalyst, titanium dioxide nanostructure with TTIP 

precursor, feed gas Ar+NH3  

 

Figure 9.b. EDX Analysis of Cobalt Catalyst, Titanium Dioxide Nanostructure with TTIP 

Precursor, Feed Gas Ar  
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Weight percent diagrams for the elements of titanium, carbon and oxygen are shown under 
different conditions and various feed gases on the cobalt catalyst with titanium tetraisopropoxide 

precursor in Figure 10. 

 

Figure 10. Weight Percent Diagrams for Various Elements in Titanium Dioxide Nanoparticle 

 

4. Conclusions 

 

Nanotechnology is regarded today as a key technology in numerous fields worldwide. 

Considering its potential for removal of environmental pollution, purification and emission 
control, nanotechnology can be regarded as a green technology and an effective tool for achieving 

sustainable development. Presenting the highest surface to volume ratios, nanoscales play a 

decisive part in the removal of various pollutants. As such, nanotechnology with its unique 
capabilities can be considered as a viable option for polluted and sewage water recuperation as 

well as water desalination. The present work investigates the applications of nanotechnology in 

water purification and desalination, as well as the synthesis of these nanoparticles. 

The effects of precursor concentrations, feed gas and synthesis method using TCVD is studied. 
TiO2 nanoparticles were successfully synthesized as confirmed from FESEM and EDX. The 

precursor is inserted into the furnace at 600℃ and the effect of ethanol injection into the precursor 

on nanoparticle crystal dimensions is studied and analyzed. AFM analyses of the cobalt catalyst 
surface are performed, before and after etching and EDX and FESEM analyses are also performed 

on the resulting nanoparticles. The results indicate ethanol addition to the system to cause the 

nanoparticle dimensions to increase, EDX analysis results indicate high titanium purity in these 
nanoparticles.  

It can be concluded that the application of TiO2 nanoparticles in membranes, due to its 

photocatalytic properties, can improve membrane performance factors such as water flux, salt 

excretion and clogging, rendering this material as the best option for membrane applications. 
Further research to characterize the amount, thickness and kinetics of the coating is necessary. 
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