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ABSTRACT

Inthisresearch, titanate nanostructureswere prepared viaasmply hydrothermal method with different hydrothermal temperature
which are 100, 150, 200, 250 °C for 24 hours. Commercial TiO, powder (merck) was used as a precursor and the synthesized
sampleswere characterized using FT-IR, XRD, FESEM, nitrogen gas adsorption and TG analyses. Theresultsreveal ed that the
structure, texture and morphology of samples strongly depend on the temperature of hydrothermal treatment. Hydrogen
trititanate nanofibrouswas produced at 150 °C, meanwhile, sodium trititanate nanorods were obtained at 200 and 250 °C. At low
hydrothermal treatment (100 °C), no reaction was happening. The diameter of nanofibrous and nanorods were found to be (25-
30) nm and (250-300) nm, respectively. Hydrogen trititanate nanofibrous possessed the highest surface area due to their small

elongated fiber structures thus offers a great potential as adsorbent.
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INTRODUCTION

In 1998, first researcher was successfully produce
TiO, derived nanotubes by a simple hydrothermal
treatment of TiO, powder in 10 M NaOH agueous
sol ution and subsequently washed with HCI aqueous
solution™. Thismethod isaninexpensiveand smple
method, and has recently been employed to fabricate
titanate nanomateria swith various morphologiesand
diametersunder different hydrothermal conditions.
Later, many groupshavetried to optimizethesynthesis
conditionsto effectively prepare high-yield nanotubes
from thiss mpleand cost-effectivetechnology!?4. This
isbecause TiO, and/or titanate nanotubes derived from

suchamethod are characterized by high specific surface
areaand pore volume, they may be apromising and
important adsorbent for the removal of air pollutants.
In addition, since TNT derived from hydrothermal
method al so possessesion exchange property, it may
offer aspecia environment for adsorption of cations,
such asbasic dyes>" and heavy metal ions®, through
the cation exchange mechanism. Ontop of that, titanate
nanomaterialsaso hasbeenusedin other fieldssuch as
photovoltaics, photocatalyst and etc. duetotheir large
surface area However, the questions related to the
titanates crystal structure, morphology and other
propertiesaretill under discussion®. Similar positions
and broad peaks of characteristic reflectionsin XRD
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patterns made thetitanates structural typesishardto
distinguish. Thus, Different crystal structures and
compositions have been proposed to describe the
TTNT structure, such as bititanate NaH,,
Ti,0,(0OH), M, trititanates H,Ti O "5,
H,Ti O, »nH,OM, NaH, Ti.O"#, tetratitanate
H,Ti, O,*H,0"** and |epidocrociteliketitanate H, Ti,,
*X/40 212, Themainvariablesin thissoft-chemistry
process arereaction temperature, andthetypeof TiO,
as a raw material. It is well-established that
hydrothermal temperature should bewithintherange
of 90-170 °C inasmuch as lower temperatures will
impair TiO,conversionwithin practical reactiontimes,
whereas higher temperatures may lead to distinct
nanoparticle shapes(e.g., nanofibers, belts, or ribbons)
other than nanotubes. In thisresearch, thehydrothermd
treatment was studied at 100,150, 200 and 250 °C,
inorder to study the morphol ogy, crystal structureand
composition of the synthesised samples. These
propertiesisimportant to be analysed because it’s
related to the potential application of the titanate
nanostructures materials.

EXPERIMENTAL

2.0gramof TiO, powder precursor (commercial
TiO, Merck) wasdispersedin 10 M NaOH (100 ml)
with constant stirring for 30 minutes (500 rpm). Then,
the mixture was sonicated in sonicator bath for 30
minutes, after that continue with constant stirring for 30
minutes (500 rpm). Subsequently, the mixture was
transferred into Teflon vessel and subjected to
hydrothermal treatment at varioustemperature (100,
150, 200, 250 °C) for 24 hours in autoclave. When the
reaction wascompl eted, thewhite solid precipitatewas
collected and dispersedinto 0.1 M HCL (200 ml) with
continuousstirringfor 30 minutes (500 rpm) for washing.
Thewashing wasrepeated by distilled water until the
pH of washing solution was 7. The product was
subsequently dried at 80 °C for 24 hours in an oven
and as-synthesised sampleat 100, 150, 200, and 250
°C hydrothermal temperature denoted as HT100,
HT150, HT200, and HT 250, respectively. The obtained
sampleswerecharacterizedusng FTIR, XRD, FESEM
and Nitrogen gas adsorption.Perkin Elmer Spectrum
100 FTIR spectrophotometer was used for FTIR
spectraanaysisfrom 4000t0 400 cm-1. XRD spectra

were recorded at room temperature from 10° to 80°
two theta (20) using Rigaku Miniflex (I1) x-ray
diffractometer. FESEM micrographswere captured
using JOEL JSM 6360 LA.

RESULTSAND DISCUSSION

Figure 1 showstheFTIR spectraof TiO, precursor
and as-synthesized sampleat 100, 150, 200, and 250
°C hydrothermal temperature denoted as HT100,
HT150, HT200, and HT 250, respectively. Indl sudied
sampl es, abroad band has been observed intherange
of 3700-2800 cm which is referred to the OH
stretching mode (TABLE 1). Apart from that, the OH
deformation mode at the range 1800-1400 cm™* aso
has been observed which is corresponding to the
presence of thewater molecul e on the surface of the
material?®24, The metal-oxygen stretching mode has
been detected below 1000 cm'® of wavelengthinthe
samples. A broad peak have been observed dueto the
Ti-O stretching vibrations mode of surface bridging
oxide formed by condensation of adjacent surface
hydroxyl group.

XRD analysiswas carried out to study the phase
structure of hydrothermally synthesized samples at
different hydrothermal reaction temperature. For
comparison the XRD pattern of TiO, precursors
(commercia TiO, merck) wasalsoincluded. Ascan
beseeninFigure2 (a) and (b), the TiO, precursor and
as-synthesised sample at 100 °C (HT100) shows a
seriesof sharp and narrow peaksassigned to anatase
TiO, attributed to the existence of highest peaks at
~25°#, Similar XRD pattern of TiO, precursor and
HT 100 suggested the hydrothermal reaction of TiO,
precursor at low temperature (100 °C) was not happen.
Thisprobably becauseof the TiO, isstable compounds
especialy at low temperature. Meanwhile, for as-
synthesised samples at 150 °C (HT150), 200 °C
(HT200) and 250 (HT250) hydrothermal treatment,
their XRD pattern showsthe presence of the peaks at
25.43° and 48.40° (Figure 2 (c)) which is identical as
hydrogen trititanate and at 10.86°, 24.83°, and 48.59°
belongsto sodium trititanate (Figure 2 (d and €))%,
These synthes sed sampleswereassigned to trititanate
compounds suggesting that the hydrothermal reaction
of TiO, precursor and NaOH occurs to produce
trititanate compounds. Ingenerd, the reaction between
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Figurel: FTIR spectraof (a) TiO, precursor, (b) HT 100, (c) HT150, (d) HT200, and (€) HT250
TABLE 1: Assgnment of FTIR bandsfor TiO, precursor, HT100, HT 150, HT200 and HT 250

Region

Waveleng h (cm™) Assignment

Intensity (cps)

3700 —-2800 OH stretching mode from water molecule
1800 — 1400 OH deformation modefrom water molecule
<1000 M etal -oxygen stretching mode
A= Anatase TiO,
S H= Hydrogen trititanate
e R (e@HT250 5 S =Sodium trititanate
A (d) HT200 |
| H (c) HT150
A
(b) HT100
N l Alp. N Y N N Y SV
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Figure2: XRD diffractogram of (a) TiO, precursor, (b) HT 100, (c) HT 150, (d) HT200, and (€) HT250
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TiO, and NaOH produced sodium trititanate and
transformed into hydrogen trititanate after washing with
HCI. Thus, hydrogen trititanate was obtained at 150
°C. Somehow at 200 and 250 °C, sodium trititanate
was produced indicated that sodium trititanate was
remained even after washingwith HCI. Thisisprobably
dueto theformation of stable sodium (Na) compound
at 200 and 250°C, whereby Na has intercalated in TiO,
informof Na,Ti,,O,. Thusthe sodium trititanate was
remai ned even after washingwith HCl.

The present of sodium in the samplewas proved
by EDX anadysisasshowninFigure3(a). While, Figure
3(b) showstheEDX andyssof HT150 samplewithan
absenceof sodium e ement. Thisisbecauseat 150°C,
Na' cationsandthe[TiO,] octahedral layersareheld
by dtaticinteractionin sodium trititanate (Na, Ti,O,).
Whenthelarger cationslikeH* wereintroduced, it can
replacetheNa' cationsintheinterlayer spaceof [TiO ]
sheetsbecausetheinterlayer distanceisenlarged and
reducesthe static interaction. Subsequentlly, the Na*
wastotally exchanged with larger cation of H* during
HCI washing, to form hydrogentrititanate (H, Ti,O.).
Therefore, no sodium el ement was detected in EDX
resultsfor HT 150 sample.

The morphology of the as-synthesized samplesat
different hydrothermal temperatureand TiO, precursors
hasbeen studied usng FESEM. Fromthemicrographin
Figure4(a), TiO, precursor possessed irregular shape
particleswith thediameter within 200—300 nm. Similar
morphol ogy was observed for HT100 sample (Figure
4(b)). Thisfinding recommended that no reection between
TiO, and NaOH at 100°C hydrothermal treatment.
Interestingly, at 150 °C (HT'150) fibrous-like structure
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wasviewed asshowninFgure4(c). It could beexpected
that TiO, particlesreacted with OH” (from NaOH) to
form nanoshest at the initia stage of hydrothermal
treatment, and then turned to nanofibersat 150 °C. The
diametersof fibersarewithin 25— 30 nm with several
hundred nanometersin length and attached to eech other
to form raft-like structures. Meanwhile, rods-like
particlesareformed when the hydrothermal treatment
wasdoneat 200 and 250 °C, respectively (Figure 4(d)
and (e). Theformation of rod-like particles because at
higher hydrothermal treatment, initial nucleation was
accel erated thusresulted in rapid growth of particles.
Duetotherapid growth of particles, theparticlestend to
formthelayered structures. Then, thelayered become
thicker andfindly rolling upinto rods. Thediameter of
rod-like particleswasfound to be 250— 300 nm.

As shown in TABLE 2, the surface area of
commercia TiO, precursor powder wasonly 10.07 m?/
0. Nevertheless the surface area of the sampleswas
increased after hydrothermal treatment. At 100°C
hydrothermal treatment (HT100), thesurfaceareawas
foundtobe 146.74 m?/g. Meanwhile, HT150 whichis
the sample prepared at 150°C hydrothermal treatment
possessed the largest surface area (320.51 m?/g). It
was believed that theinner and outer surfaces of the
fibrous-like structure are the major reason for the
increasein surfacearea. On the other hand, the surface
areaof as-synthesized sampleat 200 °C (HT200) is
117.51 m?g, smaller than HT150 dueto the presence
of rods-like structure instead of fibrous-like TiO,
structure. Thisrods-like TiO, material agglomerate at
higher temperature, thereforethe surfaceareaof HT250
sample was found to be only 28.15 m?/g since this
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Figure3: EDX spectraof (a) HT200and (b) HT 150
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Figure4: FESEM micrographsof (a) TiO, precursor, (b) HT100, (c) HT 150, (d) HT200, and (€) HT 250
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sample was synthesized at highest hydrothermal
temperature studied (250 °C). Similar trend was
observed for pore volume of the prepared samples
(TABLE 2). Larger surface areaand high porevolume
of the sampleswill provide more activesites, thusit
was expected to be agood adsorbent materials.
Figure 5 show the N, adsorption-desorption
isotherm plot of the TiO, precursor and as-synthesized
samplesa different hydrothermd temperaturetrestment.
Theisothermfor all studied samplesexhibitsatypica
IV-likeisothermwith H3 hysteresisaccordingto IUPAC
dassfication® (TABLE 3). Thetypesof isothermshave
often beenidentified with specific porestructures. Type
IV isotherms appearing in the multilayer range of
physisorptionisothermsisusudly assod ated with capillary
condensation in mesopore structures. Generally,
mesoporous structures areencountered with materias
having poresin the genera range of 2 to 50 nm. As
presentedin TABLE 2, the poresizesof thesynthesized
samplesarebetween 11.2910 16.32 nm, whichisinthe
mesopore range suggesting very narrow distributions of
the mesopore dimensions. Furthermore, thetype H3
hysteresis which represents dit shaped poreswasin
good agreement withthe FESEM results obtained.

CELL PROLIFERATION

Invitrowound healing performancefor al of the
studied sampleswere assessed for cell viability using
3T3mousefibroblast cellsat different timeinterval from
24 hto 48 hand 72 h. Thefluorescenceimages of the
cells were shown in Figure 10. The cell spreading
gradualy asthetimeincreasedfrom24hto48hand 72
hfor al studied filmsaswell asfor control sample.
However, after 72 h, the cell was not fully spread for
GGfilmand control samplesuggesting that neat GG was
not hel ping much for cell growth. Onthe other, asthe
timeincreased upto 72 h, thecells spread significantly
for GG+ TiO2-NTs (1 wiw %), GG + TiO2-NTs(5w/
w %) GG + TiO2-NTs (10 w/w %), and GG + TiO2-
NTs(15w/w %) films. Especidly for GG+ TiO2-NTs
(10w/w %) film, thecdl growth extremey hedlthy and
fully spread after 3 daysof culture, recommending that
TiO, nanotubes was ableto promotethe cell growth.
Previoudy, nanotubesof smaller diameters 30 nm have
been reported to support cell adhesion and spreading

duetothelarger areadensity of highly curved nanotube
edges™. Ontop of that, small diameter of TiO, nanotube
surface providesthe optimum length scalefor integrin
clustering and focal contact formation, inducing cell
proliferation, migration, and differentiation at ahighest
rate™l. However, thecell wasreduced and nomigration
wasobserved after 3daysfor GG + TiO2-NTs (20 w/
w %) films suggesting that TiO2-NTs at higher
concentration show toxicity effect. Thisfinding was
confirmed further by cdll proliferationandyss.
AsshowninFigure 11, the number of cell for GG
+ TiO2-NTsfilmswasincreased gradually until day 3
except for GG + TiO2-NTs (20 w/w %) films. The
number of cell for GG + TiO2-NTs (1 w/w %), GG +
TiO2-NTs (5 w/w %), GG + TiO2-NTs (10 w/w %)
and GG + TiO2-NTs (15 w/w %) were~163,511 cdlg/
well, ~216, 844 cdlls/well, ~390, 289 cdlIs/'well, and
~333, 400 cells'wdll, respectively. Meanwhile, for GG
+ TiO2-NTs (20 w/w %) the number of cell wasfound
to beonly ~106, 733 cdls/well, which ismuch lower
than pure GG films (~126,733 cells'well) and control
sample (~123, 844 cellswell). As reported earlier,
TiO2-NTsshowstoxicity effect at high concentrations
(20 wiw %), therefore GG + TiO2-NTs (20 w/w %)
gavethelowest cdll number after 3days. Accordingto
the Trojan-horsetheory, the meta ionsleaching from
the nanostructured can enter thefibroblast cdllsand make

TABLE 2: Surfacearea, poresizeand porevolumeof TiO,
precursor, HT100, HT 150, HT 200, and HT 250

Surfacearea Poresize Porevolume

Samples  (miig)  (nm)  (amg)
TiO, precursor 10.07 12.36 0.03
HT100 146.74 11.29 0.43
HT150 32051 14.93 1.36
HT200 11751 16.32 0.53
HT250 28.15 1490 0.09

TABLE 3: Typesof isother ms, hysteresis, poresand shape of
poresof TiO, precursor, HT 100, HT 150, HT 200, and HT250

Typeof Typeof Typeof
isotherms hygeresis pores

Shape of

Samples
pores

TiO, precursor v H3 Mesopore Slit shaped pores
HT100 v H3 Mesopore Slit shaped pores
HT150 v H3 Mesopore Slit shaped pores
HT200 v H3 Mesopore Slit shaped pores
HT250 v H3 Mesopore Slit shaped pores
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them toxic at higher concentration. Among the GG +
TiO2-NTsnanocompositefilms, GG + TiO2-NTs (10
wiw %) film gavethe highest cell number after 24 hand
48 hincubation period. After 3 days, thenumber of cell
is~390, 289 cells/well, showing that incorporating
TiO2-NTsa 10 w/w % promoted 3T3 mousefibroblast
cdl proliferation onthe GG films. Thesefindingsproved
that the GG + TiO2-NTsfilmisfavourable for cell

adhesion, biocompatible and non-toxic at suitable
concentration.

Only two samples was selected for TG analysis
which areas-synthes sed samplesat 150 (HT150) and
200°C (HT200). This is because no reaction was
observed for HT100 sample, while HT250 sample
similar to HT200. Thethermograms(TG) obtained for
HT150 and HT200 were shown Figure 6. Similar TG
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curves were observed for both samples, which are
showing rapid decreased in mass starting at room
temperatureuntil 700 °C. Total mass loss is about 15%
and 22%, respectively. Generaly, the weight loss
between room temperature till 100°C is due to the
remova of adsorbed water from the surface. When the
temperature is further increased up to 300°C, the
removal of theintercalated water moleculesincluded

dissociated molecular H,O, physisorbed molecular H,O
and chemisorbed molecular H,O are occurred.
Subsequently, asmall of weight lossin theregion of
300-700°C, is probably due to the transformation of
crystd structureof trititanateintotitania(TiO,). Inorder
to study thetrangition of trititanateintotitania, samples
wasfurther sudied at different ca cinationtemperature
which are at 300, 400, 500, and 700 ° C.

Weight (%)

625 650 875 700 725 750 775
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= i =
e
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=
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Figure6: TGA themogramsof (a) HT150and (b) HT200
CONCLUSION ACKNOWLEDGEMENT

Titanate nanostructured materia swere successfully
synthesized using simple hydrotherma method at
different temperature. At low hydrothermal treatment
temperature, 100 °C (HT100) no reaction was
occurred, thussimilar propertiesof the as-synthesised
materia with TiO, precursorswereobserved. At 150°C
hydrothermd trestment (HT150), trititanate compounds
was produced corresponding to hydrogen trititanate
nanofibrous, while sodium trititanate nanorodswas
obtained a 200°C (HT200) and 250°C (HT250).
Highest surfaceareaof hydrogen trititanate nanofibrous
recommended that materia shasagreat potentia to be
used as adsorbent.
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