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ABSTRACT

TiCl,, ammonia, inorganic salts asraw material, nanometer composite-crys-
tal TiO, powders were synthesized by two-step chemical method. Precur-
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sors were crystallized with different crystal phase and stable composite-
crystal phase TiO, with anatase and rutile phase was prepared at low tem-
perature. Quantitative control of crystal phase was realized. Remarkable
factorsincluding reaction pH value, reaction time, which affected the phase

content, micro-structure, morphology were studied.
© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Recently, nano-crystallinetitaniahasattracted in-
creasi ng attention because of itswide applicationsin
pigment, cosmetics, catalyst, solar cell, etcl*4. There
are seven known polymorphsof titania, six of which
havedistinct structures®. Threeof these polymorphs,
rutile, anatase, and brookite occur innature, and TiO,
with different applied propertiesdueto different phase
structure. Thereare many researches about synthesiz-
ing methods and structure characterization about dif-
ferent phasestructuretitanid®?. In photo-cataysisre-
search, anatasetitaniaisusualy consdered to bemore
activethanrutile crystallind*2 and the enhancement
isascribed to the difference of the Fermi level and the
extents of hydroxylation on the surface of the solid*2.
Inaddition, rutileusualy showed harder agglomeration
and larger particle sizethan anatase sincerutileisnor-
mally prepared by calcinations of anataseat high tem-
peratures. But rutile structure isthermodynamically

stable phase and possesses a smaller band gap than
that of antase phase and showsbetter photoabsorption
property invisiblelight wavel ength range, and photo-
catalytic efficiency can beimproved after two structure
titaniaare combined. Thereforecomposite-crysta (ana-
taseand rutile phase) nano-TiO, with lager special sur-
face areaand non-agglomerati on can possess both ad-
vantages of both phase then the photo-catal ytic reac-
tion activity will beenhanced.

Our studies were based on those theories and a
seriesof high activenano-TiO, composite-crystal ma-
terialswith control of crystal phase and stable phase
composition were synthes zed. Remarkablefactorsin-
cluding reaction pH value, treatment timeet a influ-
enced the phase composi ng, micro-structure, morphol-
ogy and specific surfaceareawerediscussed in detail.

EXPERIMENTAL

Preparation of TiO, samples


mailto:wangly_1@163.com

NSNTAIJ, 2(1) June 2008

Wang Liyong et al. 9

B. pohymemizing

[“\_M_ jﬁ

Ha,rdrctherrrﬁl

\
SEE

AnaEse drectne

—= Fyl] Paper

E‘D‘I‘IEI‘I‘I

] Fortile struchure

Produsct

Figurel: For mation mechanism of thetitanianano-crystalspr epar ed by two-stepsmethod- (1) Compulsivehydr olyzation
processat nor mal pressur g (2) Hydrother mal treatment processat low temper ature

TiCl,, NH,H,O, C,H.OH et d wereandytic grade
reagents. The procedure of synthesiswasasfollows:
22.0mL TiCl, wasdrippedin aflask containing 178.0
mL deionized water and a arate of 1D/s, thenatrans-
parent solution of 1.0M Ti* was obtained, subsequently
the solution was heated quickly to hydrolyze compul -
sively at 100°C~101°C. After controlling thereaction
time, anmoniasolution (1:1 volumeratio) wasdripped
into the suspensionwith vigorousmagnetically stirring.
Theoptima pH vauewas9.0. Thenthereactivesys-
tem wastransferred into hydrothermal autoclave, and
heated quickly. The hydrothermal reaction was per-
formed at 160°C, and thereaction timewascontrolled
at the sametime. After the treatment ,the product of
white suspens on wasfiltered and washed with boiling
de-ionized water in order toremoveNH," and Cl-in
the product, and then washed with anhydrous ethanol
for 3~5timesto removethewater intheproduct, dried
at 60°C~62°C in the vacuum dryer for 5h. The com-
posite-crystal nano-TiO, powder was obtained after
milling.

Characterization techniques
The phase constitution of the productswas deter-

mined with X-ray diffraction analysis (XRD, Y-2000
China) with continuousscanning modeat 3.6°min? us-
ing graphite-monochromized Cu Ka radiation. The
molar ratiosof anatase and rutilewere determined by
the XRD peak intensity ratio with Spur-Myers
method*¥;

W, =(1+0.8(1 /1)* (@)
W, =1-W,_ @
Where W, W,, 1, and | are the molar fractions of rutile and
anatase, peak intensity of anatase d (101) and that of rutile d
(110) respectively. The microstructure and morphology of the

powder were observed by transmission electron microscopy
(TEM, JEM-100X Japan) at 200kV, and scanning electron mi-

croscopy (SEM, KYKY-1000B Japan).
RESULT AND DISCUSSION

Reaction pH value played an important role in
preparation of composite-crystal nano-TiO, by two-
steps method. A mass of H,O" was released due to
hydration between Ti* and H,O moleculesduring the
compulsivehydrolyzation of TiCl, at normal pressure.
Anditiswel known that titanium did not existinthe
formof Ti** cation, but existed asasixfold coordinated[ Ti
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Figure?2: Effectsof compulsvehydrolyzation timeto con-
trol of structure phase-(a): 10%A 90%R (2min); (b):
20%R 80% A (12min); (c): 25% R 75%A (48min); (d):
30%R 70%A (75min); (e): 40%R 60%A (180min) A:
anataseR: rutile

Figure2 showsthat quantitative control of product’s
sructure phase could beredlized by controlling the com-
pulsive hydrolyzationtimeof thefirst step, the content
of rutile phase increased with increase of the
hydrolyzation time, when the hydrothermal treatment
timewas 60 min. A small quantity of rutile phase ap-
peared when reaction timeof hydrolyzationwas2 min,
while 40 percent of rutile phase appeared when the
reaction time of hydrolyzation was 180 min, and the
reasons may be: Amounts of crystal nucleuseswere
formed dueto hydrated Ti* in strong acid conditions
after heated quickly, then the nucleusestended totrans-
formed into rutile structure by theinfluence of H,O*,
and this structuretransformation would consumethe
hydrated Ti* inthereaction system gradualy with the
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1. TEM for esample

2.SEM for csample

3. TEM for asample

Figure3: Effect of thereaction time on mor phology

(H,0) ] ,* complex!**., |t isaccepted that both anar
taseand rutiletitaniacan grow from TiO, octahedra,
and the phase formation proceeds by the rearrange-
ment of theoctahedra. In the present research, thefor-
mation of theanataseand rutile phaseintheproduct is
correlated with pH value closely. Firstly,
[Ti(OH)(H,0),] * wasformed from hydrationinthe
compulsive hydrolyzation process, and bi-polymeriz-
ing structure of[(H,0),Ti-HOHO-Ti(H,0),] ** was
formed if keeping the acidity sufficient inthereaction
system, then the corner-sharing structureof rutile phase
cadre. then pH valuewas adjusted to 9.0 with diluted
ammonia, and theexcesshydrated Ti** inthereaction
transformed into[ Ti(OH),(H,0),] * structure by the
effects of the OH-, and this structure due to a edge-
sharing configuration of anatase phase cadrel*®. The
product of composite-crystal nano-TiO, was synthe-
szed by two-stepsmethod. The Formation mechanism
of thetitanianano-crystalswas showed asfigure 1.
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timeprolonging. Theexcessof hydrated Ti* inthe so-
lution will transform to octahedral structureof anatase
by OH- effects after the change of pH, and at thismo-
ment, and the prolonging reaction timecould not alter
the molar ratio between rutile and anatase structure
becauserutile phaseismorethermodynamically stable
than anatase under thiscondition. Thusrutile phaseand
anatase phase crystalized successively and grownin-
terlaced after hydrothermal treatment, and then nano-
crystd titaniawith specia configuration wasformed.
Reaction time affectsthe microstructureand mor-
phology of the product to some extent. Experimental
results proved that the content of rutile phaseincreased
with timeincrease, and spherical particles appeared
dominatinginthe product’s morphol ogy; thecontent of
anatase phase increased with hydrolyzation time de-
crease, and rod-shape particles dominated in the
product’s morphol ogy, (seefigure 3). Thereason may
bethat crystal lattice constants of rutile and anatase
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phasewere a= b= 0.4584 (nm) c= 0.2953 (nm) and
a=b=0.3733 (hm) c=0.937 (nm) respectively, and if
crystd formationtendto grow dongwith axid orienta-
tion, growth trend of rutile phasealong c axis stronger
than that of anatase phase, thus spherical particlesap-
peared in rutile structure but rod-shape appeared in
anatase phase.
CONCLUSIONS

TiCl,, ammonia, inorganic salts asraw material,
nanometer composite-crystal TiO, powdersweresyn-
thesi zed by two-step chemical method: Morphologies
and crystal phase contents of samplewere quantita-
tively controlled by reactiontime.
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