CHAPTER V

RESULTS AND DISCUSSION

The nanocrystalline titanium dioxide (titania) obtained in this work were
synthesized from Titanium tert-butoxide (TTB) mixed with organic solvents, 1,4

butanediol or toluene, in an autoclave under autogenous pressure. The procedure is

the so-call solvothermal method. Titania prepared in each organic solvent have
different physical properties an@w/omnamng Theinkaew, 2000: 70).
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5.1 Formation of di0x7 - v
5.1.1 Synthesis of titafi

Titanium dioxide BG at various conditions
(Glycothermal Method). Unde , titanium (IV) tert-butoxide
(TTB) was easily converted iy _;_ ecomposition of the glycoxide
molecule was occurred by intréff_if@ét‘ﬂ 2 ipation of the remaining hydroxyl
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nucleophilic attack of this fita
(IV) oxide were taken p&e.

The as-ﬁﬁﬁzé éoﬁsﬂﬂté:?*ﬁ:% ﬂl‘%ystallite sizes are 10,

13, and 17 nm wére synthesized by re‘gction in 1,4-BG at various condition as show in
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Table 5 }W)’qa 1ﬂWﬂﬂﬂﬁﬁcﬁﬁuﬂ ﬁe the anatase
phase for all of the §roI dulcts as shown in Figure 5.1. These confirmed that the reaction

yielded the anatase titania products and non-contaminate with other phases such as

brookite or rutile.

The titania products were characterized by SEM for analyzing morphology of
the products as shown in Figure 5.2. SEM results indicate that morphology of the

secondary particle which a shape was irregular particle is not change with increasing

the reaction time.



Table 5.1 shows the crystallite sizes calculated from XRD patterns at the 101
diffraction peak of anatase titania by Scherrer equation and the specific surface area
of titania by BET measurement. For holding the reaction time 2 hr, the crystallite size
and BET surface area of the as-synthesized product were 10 nm and 139 m2/g,
respectively. Alternatively, the surface area which was calculated from diameter of

the crystal became 154 m%g. It was noted that the equation was used to calculate as
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6/dp on assumption that the crysta rous spherical crystal (Kominami ez al.,

(1999). Interestingly, the obtai s not different from BET surface

area. These identify that the taminate with amorphous-like
2 in Table 5.1 (S; is BET

i et al. (1997) synthesized

phase or organic phase
surface area and S, is
TiO; from the solvot e surface area from the
crystallite size by assum
the surface area obtained & ate ger than that calculated from
the crystallite size an

amorphous-like phase.
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For other reaction tlmes"ﬂ{éﬁ’pi)io dmate tnity of S;/S; ratio implied that the

the specific surface area-decreased but t e 3§ creased slightly.

P, 'ag)lodrﬁsgsxthesized in 1,4-BG.

Crystallzte %ac 1on" eactant 'Sur]‘" ace area S1/S2

oy m‘wﬁ "ﬁ“ﬁi ﬁﬁﬁ%ﬂ%

10
13 300 2 15 110 118 0.9
17 320 E 25 90 94 1.0

“ Specific BET surface area from BET measurement.
2 Specific surface area calculated from equation of 6/dp on assumption that the crystal is spherical

particle and the density of anatase titania is 3.9 g cm™.
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Figure 5.1 XRD patterhs/ f a product that synthesized in 1,4-BG for various
condition.

17 nm

Figure 5.2 SEM morphology of titania products synthesized in 1,4-BG for various
condition.
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Table 5.2 shows pore volumes and average pore diameters of the titania

products for various condition.

Table 5.2 Pore volume and average pore diameter of titania products synthesized in

1,4-BG for various reaction time.

Crystallite  Reaction  Reaction Reactant Pore volume  Average pore
size (nm)  temperature time (hr) concentration (cc/g)" diameter (nm )b
(C)
10 300 04 12
13 300 04 11
17 320 04 12

* BJH cumulative desorption"pore

®BIJH desorption average po

5.1.2 Synthesis of tifanit

at various conditions

(Solvothermal Method). Under ifitt oo - sol: t condition, thermal decomposition

[
Titania ﬂsnc?]m conditi ,T/m in Table 5.3. From
XRD patterns, l@cﬂ: t:Jiz e ‘anatase es was ‘calculated from the half-
TSI T
9

Table 5.3 Crystallite size and surface area of TiO, products synthesized in toluene

Crystallite Reaction  Reaction Reactant Surface area S1/S>
size (nm)  temperature time (hr) concentration ( m2/g )
(C) (8/100mi) S Sy’
10 300 0.5 15 156 154 1.0
13 300 2 25 120 118 1.0

17 320 6 25 91 94 1.0
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“ Specific BET surface area from BET measurement.

d Specific surface area calculated from equation of 6/dp on assumption that the crystal is spherical

particle and the density of anatase titania is 3.9 g cm™.

Table 5.4 shows the pore volume and the average pore diameter of TiO,

products synthesized in toluene for various conditions.

Table 5.4 Pore volume and average pore diameter of titania product synthesized in
toluene.

Crystallite  Reaction

Pore volume  Average pore

size (nm)  temperature diameter (nm )b
()

10 300 .03 4

13 300 0.3

17 320 7
* BJH cumulative desorption p e
®BJH desorption average pore diame

P i, ,
The XRD patterns of the products prepared in different condition are given in

Figure 5.3. The relev EM micrographs ¢ "I*l wn in Figure 5.4.
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Figure 5.3 XRD patte
condition.
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Figure 5.4 SEM morphology of titania products synthesized in toluene for various

condition.
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5.2 Photocatalysis reaction

5.2.1 Photocatalytic decomposition of ethylene by using different crystallite

size catalysts

In this study, the catalysts used are TiO, synthesized by solvothermal method
as shown in Tables 5.1 and 5.3. Figure 5.5 shows the profiles of conversion of
ethylene using three crystallite si ysts and compare between catalysts
synthesized by different solve @ )& lytic decomposition of 1000 ppm

ethylene. The flow rate o n The photocatalytic reaction

operated at room temp UV lamp of the reactor,

photocatalytic reaction

surface catalyst by feedin ! i , sonducted. After the feeding of
ethylene, the conversi e highest conversion and

decreases to the conversi

q'.a--a v

increase of conversion to th hléﬁﬁﬁ:valu i€ initial period operation time due to

\

that a decrease con §4,‘l.ll_k‘-l|.k‘l-l- l-'l-llll_-ll-l-'_:::-lv'.\.‘ of Species adsorbed on

catalyst surface was de' e - Eﬂ 1nal time of operation was

nearly constant due to e equlllbnum between the adsorption of gaseous on the

catalyst surface ﬁdﬂ g\Wﬁ ﬂfﬁewﬁ ;ﬁaﬂﬁl +1999),
AL ovRTabtal kit ey ik Ty i

but with rglatlve reactivity and selectivity, depending on the specific properties of the

catalysts.

When TiO; is illuminated by the light of energy greater than the band gap, €
and h* are generated. The ¢ and h* need to diffuse to catalyst surface where they are
captured by electron and hole acceptors. Water and O, molecules adsorbed on surface

catalyst are captured with ¢” and h* and then produced ‘OH and O,", respectively.
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Both ‘OH and O;" are the active radicals to take a part in the chain reaction with

organic compounds and then the organic compounds are degraded.

The observed photocatalytic conversions were in the order of crystallite size
17>13>10 nm in both solvents. The crystal grows in size and the surface structure
may be altered, such as surface defects and bulk defects. Surface defects are good for

high photoactivity because they are used as an active site on which the electron donor

1985; Howe et al., 1987; N
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or acceptor is adsorbed. However, the defect lowers the photoactivity because

they provide sites for the recombina togenerated electrons (Howe et al.,
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Figure 5.5 Time'Gourse of converswra.m the photocatalytlc decom%jmon of ethylene
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From Figure 5.5, the change of photocatalytic conversions depended on
crystallite size, the photocatalytic conversions were dramatically increased if the
crystallite size was increased. But Zhang et al (2000) have reported that the reduction
of the bulk defect and the increase of crystallinity of anatase phase with the heat
treatment, which crystallite size increase and surface area decrease, does increasing

the photocatalytic efficiency. Figure 5.6 shows the time course of conversion in the
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photocatalytic decomposition of ethylene on TiO, catalysts with crystallite sized 10

nm as-synthesized and heated at 300°C for 2 h TiO, catalysts.
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Figure 5.6 Time course of ¢ ic decomposition of ethylene
on as-synthesized (¢) 10 nm 4B toluene and calcined at 300°C
(e
for 2 h (0) 10 nm in 1,4-BG (A) 165 in
N T8 e
1A .

From Figure §.6;-the-photocataiytic-conversion: 0i as-synthesized and heated
at 300°C for 2 h Tiozﬁah alysts ar . e Eve attributed that the heat
treatment resulting in tth production of %r'l?tase phase of high crystallinity and

F-N

effectively red\ﬂmwﬁufﬂ Wﬂ% eﬁﬁgnation centers is not
hen, from Figure 5.

effect on photocatalytic conversions. indicated that the increase
¢

of photqa 'jﬁe i i‘mﬁj i E!lntﬁlfas In addition,
we have § lude Iﬂufﬂi f" photoc onversioniS in this case
depended on surface defects, and indicated that surface defects were increased if the

crystallite size was increased.

Thompson et al (2003) have reported that the thermal desorption of CO; from
TiO; (110) can therefore be used as a tool to investigate defect production on TiO,
(110) surfaces. Henderson (1998) has observed the characteristic two-step desorption

process which is indicative of the presence of both vacancy defect (Ti’*) and
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nondefective (Ti*") TiO, sites on surface. And anion vacancy defect sites are
important in the application of TiO, to photooxidation chemistry, since O, reactant is

preferentially adsorbed on these sites (Henderson er al, 1999).

CO, temperature programmed desorption (TPD) of the prepared catalysts were
conducted with the manual controller in the temperature range of -150°C to 0°C.

Thermal conductivity detector of Gow Mac gas chromatography was used to detect

W shown in Figures 5.7-5.11.

From the CO, TP the ca ared in 1,4-BG and toluene at

the signal of CO; desorption. The res 1

crystallite sizes 10, 13, and Fig 1d S Z ,the TPD curve contained two
desorption peaks at appreximatély’ -150°C an \’ ,xespectively. The CO, feature
seen at low temperature af'abelit £150°C is attrit 0 €O, molecules that are bound

to regular five-coordinatgfTi# site§ (Thomps ‘ et al, 2003). The appearance of the

high temperature TPD feagtire/(z : 0" ) \\ ioulder to peak is attributed to
CO; bound to the defec _ \\k o oxygen vacancy site (Ti>").
The developments of the arga ofia shoul ex. to peak for various crystallite sizes

P Y TR ‘
indicate that larger crystallite size ha V€ NIoLe ace defects.
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Figure 5.8 CO, TPD curve of prepared TiO, catalyst in toluene.
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Figure 5.10 CO, TPD curve of TiO, catalyst crystallite size 13 nm.
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Figure 5.11 CO, TPD cu ‘catalysf crystallite size 13 nm.

5.2.2 Photocatal Jis Hon-Of, ne on TiO, by using different

solvents

In previous V.ammm— » sin| of synthesized titania in
i _
1,4-BG and the meﬂa

(Wachiraphan, 2002).

The ph@k)ﬂ: ,canversmnn imumﬂ\oxuf] powders synthesmed in
Figure g ﬁ titani 1 4-BG was

directly crystalhzatlon but the mechanism of synthesized titanium dioxide in toluene

mﬂm toluene are different

proceeded via solid state reaction from precipitated amorphous (Wachiraphan, 2002).
For the crystallization, the improvement of crystallinity and decrease of surface
defects resulting from crystals are grown most slowly. But the solid state reaction
from precipitated amorphous are those that growth most rapidly, increase surface
defects. Crystal growth often follows the rough growth mechanism identified by
irregular crystal surfaces. Precipitation is so fast that the building units of the crystal

do not have enough time to adequately arrange themselves according to a
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thermodynamically stable configuration, and a partially or fully amorphous product

results.

Figures 5.9-5.11 shown the comparision TPD result of the catalyst prepared in
1,4-BG and toluene in the same size. We find that the area of a shoulder to peak of
prepared TiO, catalyst in toluene more than the area of a shoulder to peak of prepared
TiO; catalyst in 1,4-BG. And it indicates that prepared TiO, catalyst in toluene have
more surface defects than prepared TiO ,ﬁyst in 1,4-BG.

5.3 Effect of heating time wd n crystallite sizes

3.1 Heatmg%

XRD patterns o

ifferent temperatures are

shown in Figures 5.12 a "he phas tion from anatase to rutile

itg-size of TiO, powders is

shown in Figures 5.14 and-5-15-Attow heat ing ratpres the prolongation of
heating time has little i@ue Ice 0 2 sh(ﬂn in Figure 5.14. But when

the heating temperature 1¥creases to 1020 °E’the obvious influence upon crystallite

size was foundﬁ Wr{ﬂ Qﬂeﬂlﬂq’cj w\ﬂ%eﬁperatures the heating

time seems to haye greater effect upon the crystalhte size. Just as shown in Figure

s
5.14a W‘Tﬁ jﬁi;ﬁ Oal 0°C the total
crystallization had been completed and the correspondmg phase type is anatase and

rutile, respectively.
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Figure 5.13 XRD pattern of titania products synthesized in 1,4 butanediol calcined at

1020°C for 2 hrs and calcined at various temperature.
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The growth rate is given by Eq. (1) (Turnbull, 1956).

oo ) 1-on ()]

where ay is the particle diameter, vy the atomic jump frequency, Q the activation

energy for an atom to leave the matrix and attach itself to the growing phase, AF, the

molar free energy difference between the two phases. For non-crystallization AFv »
KT, so Eq. (1) can be reduced to Eq. (2):

= agug | ex —g
0% | <P\ TkT )

When the heating tempeiat 13h, the a y is very small, the growth
rate is large. So the cr: as the increasing heating

temperature; when the rature is low, the ivation energy is very large,

0‘]101 ) (3)
where u is the ;ﬁ w WW ﬁe heating time, « the
ith the low

constant data. heatmg temperature the dlffllSlOIl coefficient at

e TR
growthai a:‘l cle'is elativel mlh heating te tures and the

crystallite size tends to change very greatly as the heating time prolong.

But in this study is crystallization. The growth rate u varies with temperature

according to an Arrhenius equation.

e (“1%) )

Where R is the gas constant.
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Figure 5.15 The effect of the heating time upon the crystallite size of TiO, powders

heated at various temperatures in rutile phase.
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Figure 5.16 TEM micrographs wders heated at heating times 2 hr
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Table 5.6 The growthsate ious he mpgrature in rutile phase.
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JOZO 1100 {I']
temperature (°C) ¢ a
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temperatu‘!'e. It indicated that growth rate depended on heating temperature. According

Heating

1180 1300 1400

0.8133

to the Arrhenius equation, u should increase linearly with exp(1/7). The growth rate
of titania particles follow Arrhenius behavior, as shown in Figure 5.17. Activation
energies were obtained from the plots shown in Figure 5.17 by the method of least

squares.



Growth rate

0.1

d (nm)

61

0 02 | 12 1.4
Figure 5.17 Arrhenius

5.3.2 Synthesiz

The effect of , _»ia the crystallite size of TiO,
powders is shown in Fi . Jtowas found that, the synthesizing solvents at low

heating temperatures have n icle size and growth rate. When the

heating temperature increase influence on crystallite size was

found as same as at k& heatino ten atures. 1t concluded that the synthesizing

X

solvents are not effect 6z
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Figure 5.18 The effect of the synthesizing solvents on the crystallite size of TiO,
powders heated at various temperatures: (¢) 500°C, 1-4-BG (0) 500°C, toluene (m)
1180°C, 1,4-BG and (o) 1180°C, toluene.
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