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Abstract

Different techniques such as hydrothermal co- prec1p|tatlon Chemtcal vapour deposn;lon T

microemulsion and sol- gel among others have been used for the synthesis of titanium d10x1de :
nanoparticles (TiO2-NPs). Among these the sol-gel synthesis is a promising method because

of its mild experimental conditions. This review summarized this commonly used t,ech.mque

(sol-gel) and other steps via this, for the synthesis of TiO2-NPs and also facile factors \’ri/hich :'
include pH and calcination temperature that affect synthesized TiO, nanopart:cles It was found b

that these factors affect the agglomeranon of tltamum nanopartlcles ,'
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1. Introduction : ' ‘ EE

Nanotechnology is a field of science andv technology for the production of nanoscale materials I

with unique properties whxch are widely used m modern: matenal scnences research' The o 1

Fi

synthesis involved in the production of these nanoscale based” matenals usmg dlfferent

techniques. including chemical, physxcal, uradlatlon and biological | methods have resulted in

environmental pollution [1]. Therefore, the quest for clean, safe, eco- frlendly, and Iess or rion-

toxic techniques for the synthesis of nanopartlcles is insatiable. However, through academlc ‘

and technological research approach the use of non-toxic, mexpenswe hlghly photoactwe

and easily synthesizable nanoparticles could be obtamed Raray Ly B s ol J._‘;

Titanium oxide (TiOz) has been cons:dered a non- -toxic nanomaterlal that possesses afhlgh'“

concentration of hydroxyl groups, stability and catalytic efficiency [2]. Tltamum dlox1de is

also known as titania naturally exists in three forms namely anatase, rutile, and broolute Both

the anatase and rutile forms have tetragonal shapes while brooklte has orthorhombte shape ,

Other phases that can be produced synthetically are TlOzB TIOzH (hollandlte-llke
TiO2R (ramsdellite-like form), TiO:11 (a-PbO;-like form), akaogute (baddeleylte-hke f :r'm, 7

coordinated Ti), TiO20, cubic form, and TiO2 OIl (cotunmte PbClz like) [3] : !f; {‘ :
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There are copious methods of preparmg titanium oxide nanopamcles mcludmg sdl-gel
hydrothermal, precipitation, chemlcal vapour deposition, microemulsion, laser ablatron and

thermal decomposmon of organometallic precursor etc. The commonly used methods:. ere :

T

morphologies [4] ,
Titanium dioxide nanoparticles (TiO,- -NPs) have been utilized in mdustrlal and commercral LA
applications for solar cells, memory devices, adsorption of pollutants and wastewater e

punf cations [5-7). Although numerous mvestlgatlons have been carrled out on the practlcal
; ’;.; i

processes. The production of TiO, nanopamcles equally faced with these prob]ems. Here,‘i We o

reported a short review on the commonly used techmque for the SynthCSlS of TrOz Tk

nanoparticles,
2 Methods for TiO; Nanoparncles Synthesrs - S

include laser ablation, solvothermal prec:1p1tat10n sol-ge] hydrothermal

4

mlcroemulsmn and chemical vapour deposmon These methods have been categorlzed' mto .

three major classes: (1) liquid phase (2) gas phase and (3) vapour phase. |

environmental friendliness-during apphcatron ThUS among ‘thése. techmques

methods have been known to be the' best and theése mclud ;_‘mr

hydrothenna]/solvothermal precipitation and sol gel which have been’ well studled -But the i

sol-gel method is reported to be s:mple economical and most often used to synthesrze TiO;
nanoparticles. However, there are still ongoing researches on the synthesrs of T102 usmg sol- ,

gel. Scholars came up with loglcal steps in the productlon of these nanopartrcles ._an were

found indomitable in various forms ofapphcatlons

E
2.1 Sol-gel method :- L iy L ff"i. :
Among the wet chemical methods, sol-gel is a sophisticated method for the productfon of , :

titanium dioxide. The method helps to control the stability and phase formatlon of the

i St
serve as the typical precursor on the addition of water to form a collond The fOrmytlon of

colloid is as a. result of hydrolysis and polycondensation reactions. However, 1he four stages j
‘ 1

1

precursor. During this process an integrated network gelis produced whlle lhe metal alkoxldes
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RS
.25
du s
iR ik
kK
2
E]

il
SPSBIC2019 (.7 | Pa ge

Scanned with CamScanner



a0

2" $CHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUT:.{INNA 20 1'9' rls
B ) e
{ 1

that occur durmg sol-gel formation are hydrolysis, condensation, growth, and agglomerauon

ofpamcles P _. ¥
o R Bt S

This process proceeds by hydrolytic polycondensatlon of tltamum precursors bemg alkoxxdes t
or chlorides in the presence of solvents, modlf iers, and organic template:[ .'The reactlcn,sﬁarts S TR

R A

with hydrolysns which is the formation of Ti- OH moieties by the substltutwn réactlon . ff Water
with Ti-OR groups. The precursors undergo condensation reactions to produce Ti- O-T i by i

oxolation or Ti-OH-Ti bonds by o[atlon[S] Thc mechanisms for the formatlon of T1Oz

nanopamcles are presented as follows: ,
CH,4 ‘ CH

Ti(H;C—CH—0); +4H0 —= Ti(OH) , + 4H,C—CH—OH (Hydrp]ysxs step)
S N
HO 0 OH ' T it LT A
: N N\
2[Ti(OH) )] —— /T\I /Ti\ +  Hy0 (Condensation step) | ']
HO  oupyo ~ OH , et
O g :.ll
N N : ,
Ti'Y Ti — 2Ti0; -+ 3H,;0 (Condensation step)
S\ TN

CH, e W CH,4

' Ti(HJ(:—CH—o)4 + 2H,0 — T102 + 4H3C CH OH (Overall reactlon) ,

v

i
'
i

prod uctlon [9]

In general, the sol-gel method consists of the transformation of a system from a liquid phase i

(sol) toward a solid phase (gel).The various precursors such as organic alkoxldes and acitates ‘

in addition to inorganic salts like chlorides, are utlllzed for the synthesns of nanopartlcles T oF i

be used for some alkoxides as deplcted in scheme 2. ‘ , 3 ;

68|Pa;,n |
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Precursor

P

Stirring speed Washing and drying| Calcinatjon
Solvents e.g water and ' : T i ek sl PRI, 1
ethanol ' s ' :

Nanﬁof articles |-
" (Anatase, rutile and
"...brookite)

Scheme 2: Preparation of TiOz nanoparticles using Sol—gel Efgéhniqne i

Some parameters such as the order of addltlon of reactants, the temperature stirring tune the L

TRy TSR

ratio of water to titanium, the solublllty of reagents in the solvent and the pH affect the

homogeneity of the gel. Calcination temperature and pH are paramount factors whlch hqlp in ¢

giving the nanoparticles better surface areas. Among the researchers who_work "
production of TiO,-NPs using the sol-gel method to examine some of the oropenles of.
produced nanoparticles using various - instruments such XRD (X-ray dlfﬁ'actxon), _SEM;
(scanning emission microscope), PL (photo-luminescence), HRTEM * (hlgh resolutlon ‘
transmission microscopy), BET (Brunauer Emmett Teller), TGA (thermogravnmetry ana']ysns) '

and SAED (selected area (electron) diffraction) were- Sharma et al, [4], Kashyout et al‘ [9] o -
Phonkhokkong et al. [10], Khan et al. [11], Vijayalakshmi and RaJendra [12], Kavntha el al. ‘. LS. 2

[13], Salah et al. [14] and Bessekhouad ¢t al[15] | SRR 5 B

3. Factors affecting TiOz nanoparticles : ., : :
The forms of TiO2 depends on the arrangement of titanium and oxygen ato'ms 'm' the cfyétal :

i

lattice. Therefore, it has been reported that the solvent, precursortypc pamcle SIZC calcn\atlon

temperature, pH, additives, and surnng time affect sol-gel synthes:zed TlOz nanopartlcle :
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phases [16-17]. It has been reported that the partrcle sizes of the syntheslzed nanopamcles :

produced increase just as their surface areas increase [18-19]. ;

3.1 Effect of calcination

Calcination is a thermal treatment process in the absence or a limited supply‘ofair reql_'llff‘,_i_ for

thermal decomposition. The effect of calcination temperature on the’ phase of TIO
to 1000 °C was evaluated by Pavel and Radovan [19]. The authors reported that at 500 :
observed peaks conform to anatase phase but as the peak grows to 800 °C ‘the anatase Phase

was transformed to rutile. They concluded that 600 °C was convenient to achieve hrghcr

sl

D e i Bl <

efficiency nanoparticles due to the finer grains of the anatase phase oleOz synthesnzed‘l Lo

Abdullahi et al. [20] demonstrated the effect of calcmatron temperature on nanocompos'te‘used
“in the photocatalytic degradation of phenol under the visible llght The nanocompoSlte

(Zn0O/Ti03) at 600 °C was found to be more et’fectrve in the destructton of the pollut t as a; -

result of the formation of hydroxyl radlcal on the surface of the nanocomposrte They also ‘

deduced that the formation of anatase phase enhanced the dcgradatlon ofthe targeted pollutant. :

-n, 3 ‘I:' i

sample before calcination and was aggregated As the temperature mcreased the surface ’

morphology of the calcined sample had increased partrcle sizes attnbutalble to the phase

transformation change from anatase to rutile. _ R

Thus, calcmatron temperature controls the : crystallme phase of a Lnanopartlc
homogeneity and surface area. Also, the parttcle size of TiO: was found to mcreas {with j A

calcination temperature, suggesting that the effect of different calcination temperatures 't:ould :

help in the degradation of pollutant substances. D ‘

;li'if‘- :

3.2 Effectof pH | - Lt e

The pH medium significantly affects crystal structure and surface morphology such as the stze oA
Ll- .5

and the entanglement of TiO> nanostructures [22-24] Due fo the small pamcle snze fhe Van_;- g o

der Waals intefaction is significant; this interaction increases cxponentlally as the | partlcle Slze ‘

decreases. These facts favour the growth of clusters. Ibrahim and Sreekantan[25] reported that
lower acidity promotes anatase structure while high acidity results in rutile phase formhtlon :
This shows that the degree of crystallinity of anatase is pH dependent and lower aCIdlty
enhances the crystallinity, which also promotes the formation of big crystallrte stze. Ml%t\lma' v o
et al. [26] reported the formation of pure TiOz rutile phase calcined at 800°C and mtxed phase Pog
(anatase and brookite) at 600 °C in a strongly acidic medium. While in the mvest1gatron :
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reported by Cassaignon et al. [27], a rutile crystalline phase was formed at the pH cond?fions

less than 4.5 and only anatase structure formed at pH greater than 4.5,

However, the possibility of anatase structure in acidic medium is apparent Therpfore

inv estlganon of TiO2 nanoparticles synthesrzed by a facile sol- gel method under

properties of TiO2 nanoparticles. : g

4. Conclusion
i ! !

TiO2-NPs have been extensively investigated during the last decade due to their wide v1ew of -

appllcattons In summary, it is observed that the synthesrs of'this nanomaterlal was mostl)a done i

using the sol-gel technique due to the high quality of TiO; nanoparttcles produced The sol-gel Pl i

technique has emerged as a promising processmg route for the synthesis of nanosrzed partlcles :
because of the simplicity and high purlty nanopowders resulting from the avaﬂablllty ofhlgh ;_

purity chemicals raw materials. Changes in composition, structure, and morphology of the TrOz

nanopamcle are strictly dependence with the pH and calcination temperature
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