CHAPTER V

RESULTS AND DISCUSSION

In this chapter, the results and discussion are divided into five sections.
The formation of pure metal oxide are presented in section 5.1. In section 5.2, the
effect of solvent and reaction temperature on the crystallite size of titanium (IV)
oxide, iron (III) oxide and zinc QI\ ’( e Presented. The formation of silicon
modified metal oxide are pre.ge:nigd in se )ection 5.4, the effect of silicon on
the crystallite size of metam'érodu&t are-coﬂudod In the last section, the effect

etal othlamed.

of silicon on thermal s
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gpd the effect of reaction

The nanocrystal titani ufh-:ﬁv ) titania) obtained in this work were

synthesized from tlte_){uum tert"bﬁt‘omdb }wth organic solvents; 1,4-

butanediol or s"—“==":'i“—"%»‘:'?"f‘—:i;g:'?- ------------ ,er autogeneous pressure.

The procedure is so-call solvother mal n 1tanﬁ prepared in each organic
solvent have different phxsical properties and thermal stability.
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temperatures, Glycothermal Method. Under glycothermal conditions, titanium (IV)
tert-butoxide was easily converted to glycoxide. Thermal decomposition of the
glycoxide molecule was occurred by intramolecular participation of the remaining
hydroxyl group of glycol moiety and subsequently a =Ti-O" anion was formed. The
nucleophilic attack of this titanate ion on another ion and crystallization of titanium
(IV) oxide were taken place. The mechanism of TNB in 1,4-BG can be depicted in
Figure 5.1
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Figure 5.2 XRD patterns of titania products synthesized in 1,4-BG for various reaction teinperatt



44

Table 5.1 shows the crystallite sizes calculated from XRD patterns at 101
diffraction peak of the anatase titania by Scherrer equation (Kominami et al., 1997;
Yang et al., 2001; Iwamoto et al., 2001) and the specific surface area of titania which
is measured by two methods. The first method is the specific surface area BET
measurement (S;) and the other is the specific surface area calculated from equation
of 6/dp on assumption that the crystal is nonporous spherical crystal (S). For the
reaction temperature of 230°C, the crystallite size and BET surface area of the as-
synthesized product were 5.9 nm an 3 2 m’/g, respectively and the surface area
which was calculated from dlameter Lj stal become 240.9 m”/g. When the
reaction temperature wasq@ed tge crﬁsize gradually increased but the
surface area decreased. — T — —

‘ of anatase crystal gradually proceeded in the

was not different from BET 5&@6@’ area- gpde tify that the titania product is not
contaminate with amorphous }Lkp _hase or,

organic phase as shown through ratio of

y assuming the density of
anatase to be 3.84 gdn3 They found that the surfzue area obtained from BET
measurement was larger’ than that calculatéd’ from the (;gitalhte size and suggested

— produ@umm gm S
ke T T Ty R—

the products as shown in Figure 5.3 SEM results indicated that morphology of the

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

the reaction temperature.
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Table 5.1 Crystallite size and surface area of titanium (IV) oxide products
synthesized in 1,4-BG at different reaction temperature.

Reaction Temperature Crystallite size Surface area (m%/g) S1/S;
49 (nm) S;* Sy’
200 amorphous - - -
230 240.9 0.7
250 230.8 0.7
270 196.8 0.7
300 1104 1.1
320 100.4 0.9
340 02.5 0.9

aS-peciﬁc BET surface area’ l " ?\\}\\

l’Specific surface area calc ‘ d » on assumption that the crystal
al:

is nonporous spheres and isit Se @ 42 g/cm’
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Figure 5.3 SEM morphology of titania products synthesized in 1,4-BG for various
reaction temperatures (A) 230°C, (B) 250°C, (C) 270°C, (D) 300°C, (E) 320°C, and
(F) 340°C.
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5.1.1.2 Reaction in toluene

Titanium (IV) oxide has been synthesized in toluene at various reaction
temperatures (Solvothermal Method). In this work the effect of reaction temperature
was investigated. Under inert organic solvent condition, thermal decomposition of
TNB in toluene was occurred, yielding a = Ti-O ™ anion. The nucleophilic attack of
the titanate ion on the another ion and crystallization was taken place, finally yielding
the anatase titania. The mechanism X"Tf/n toluene can be depicted as follow.

| ﬁ Toldéne ﬂ

i = Ti=0_+ Organic moiety

Anatase structure

Figure 5.4 Mech the titania product.

Titania was svnthesmed "fr&ﬂ:uen 10us reaction temperatures (250, 270,

300, 320, and 340‘18) As shoWﬂ’ m-fFi em

synthesized at 250°tC “appeared amorphous p OF raising the temperature to

pattern of the products

270°C, titania produclg started to b atase wiq&but contamination of other

phase such as rutile and Jarl&)kite which denoted that titania product was formed at

thesetemperatlﬁ UEJ ’g w EJV]’j w EJ’] ﬂj
i W EJ ‘SJ( IE] hydrolysis of
titaniuml%ji [lkox@e in Etleneﬁql waﬂha was dissolved from the gas phase at

high temperature. When the reaction was carried out at 125°C, TNB was not
hydrolyzed and remained in the solvent with elevated the reaction temperature to 150°
C, hydrolysis of TNB completely proceeded to yield a poorly crystalized anatase
titania. When the reaction temperature was raised to 300°C, the crystallite size
increased. Kondo et al. (1994) examined the hydrothermal treatment of alkoxide-
derived amorphous TiO; particles and found that the crystallite size of anatase formed

was increased to 25 nm by the treatment at 250°C
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> anatase was caiculated from the

reaction temperatures

From XRD pattern, the ¢
half-height width of the 101 diffra _anatase using the Scherrer equation.

ize: was 8 dfapproached 14 nm at 340°C

3 =~
as shown in Table 5. f fvi _‘
y D

Table 5.2 showssthe, crystallite sizeyand specific surface area. The crystallite

size increascd P DI IBIEI SIS ARLS Comsderin the same

crystallite size, it was found that a gccrease of the surface area 1@cated the product

conr i GV o G ) e e b

the specific surface areas obtained from both BET measurement and calculation was

The crystallite 51ze.ls /nt]

decreased with increasing the reaction temperature. It can be concluded that the

reaction temperature has an influence on the nucleation of crystal.

Considering S,/S; values, which compared the BET surface areas with surface
areas that calculated from crystallite size. The values were increased with increasing
the reaction temperature, indicated that the products were possibly formed to the

single crystal or free-flow crystal, a crystal formed by the growth of a crystal nucleus
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Table 5.2 Crystallite size and surface area of titanium (IV) oxide product synthesized

in toluene at different reaction temperature.

Reaction Temperature Crystallite size Surface area (m?%/g) S1/S;
(°C) (nm) S S,°
250 amorphous - - -
270 8.9 140.0 160.7 0.9
300 160.7 0.8
320 110.4 1.0
340 100.4 0.7

*Specific BET surface arga

*Specific surface area caléulated fror equation \- n assumption that the crystal

is nonporous spheres anddisi , : l isity O ‘*a.»~ | .2 g/em’

without secondary nuecl€ation for --: géme | crystal. However, with the

reaction temperature was/34( ’&»L‘ el

e Crystal ) € single crystal so that the S,/S,

value is less than unity.

SEM imag -_: :

agglomerated to se V d
L ‘
morphology from SE how the formation of spherica Il ape, not only being a large

'.‘J’ anatase titania tends to
)
ape: The secondary particles

size but also agﬁomeratiﬂgwith increasing thé reaction teﬁerature.
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AR TUNMIINGAY
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Figure 5.6 SEM morphology of titdnia products éynfﬁesized in toluene for various

reaction temperatures. (A) 270°C:(B) 300°C. (C) 320°Cyand (D).340°C.
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5.1.2 Formation of iron (III) oxide and the effect of reaction temperature

on iron (III) oxide product

The nanocrystallite iron (III) oxide synthesized in this work were prepared
from iron acetylacetonate mixed with organic solvents; 1,4 butanediol or toluene at

various reaction temperatures under autogeneous pressure.

5.1.2.1 Reaction in 1,4- l'?tanedlol

2\

Nanocrystalline 1ron 1de d in 1,4-butanediol at different

reaction temperatures (WO, 320 @d hold at that temperature for
2 hours. The XRD paM ‘ \ﬁ&qen in Figure 5.7 indicated the
» (’Mlline phases were identified.

: showed strong diffraction peaks.
nﬁi‘%ﬂas 16.6 nm. The iron (IIT)
smallest, while the broad peaks

g nperature, the crystallite sized
obtained increased from 166 nm 2 '220@ 9 nm at 340°C. BET surface area of
iron (IiI) oxide prepared at 220°C Was 79;M.when the reaction temperature was

increased, the BEli.'}urface area d. Table 5.3 shown the

crystallite size and BET surface area of all |

formation of y-Fe,Os st

ridus temperatures. For S,/S,,

the values were moreﬂian the umty'at the reaction temperature was 220°C. It will be

LI ﬁmﬁﬁ&s‘ﬁ i i
hdfron aa\m:mwmm& %aa&l S

morpholggy of the products as shown in Figure 5.8. SEM pictures show the surface
fracture of a sponge-like material with significant differences in reaction to the
nanostructure SEM images of the product synthesized at 220°C shows an irregular
and very rough surface that seems to indicate the presence of very large pore. On the
contrary, with the higher reaction temperatures, SEM picture is characterized by a
finer roughness surface, probable indicating that smaller pores have formed during the

glycothermal process (Solinas et al., 2001).
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Table 5.3 Crystallite size and surface area of iron (III) oxide products synthesized in
1,4-BG at different reaction temperatures.

Reaction Temperature Crystallite size Surface area (m%/g) Si/S,
(°C) (nm) S Sy’
220 16.6 79.4 69.5 1.1
250 47.1 0.8
300 46.8 0.8
320 24.6 0.9
340 23.6 0.6

*Specific BET surface aé# /// ‘\\\

\\\\\
P N

is nonporous spheres and gsing 4.2 g/cm’

\\

*Specific surface area ca  on assumption that the crystal

ﬂUEI’J'VIB‘VﬁWEI’]ﬂ‘i
QWWﬂ\ﬂ\ﬂ‘iﬂJlIWI’mEﬂaEl
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Figure 5.8 SEM morphology'of iron {I11) éxide product§'synthesized'in'1,4=BG for
various reaction temperatures. (A) 220°C, (B) 250°C, (C) 300°C, (D) 320°C,
and (E) 340°C.
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5.1.2.2 Reaction in toluene

Iron (III) acetylacetonate was used to react with 100 ml of toluene at various
reaction temperatures for 2 hours. These reaction temperatures were varied to 220,
250, 300, 320, and 340°C. The synthesized product at 220°C appeared amorphous
phase, increasing the temperature of reaction to 250, 300, 320 and 340°C all of the as-
synthesized iron (II[) oxide yielded the maghemite iron (III) oxide (y-Fe;O3).

Evidence was obtained from XRD v f y-Fe,O3 without the other phases as
illustrated in Figure 5.9. \\““}& })}
— e

are shown in Table 5.4. At a
r large (48.8 nm) under this

increased of the reaction

The crystallite si
higher reaction tempe

reaction condition.

temperature. The S;/S at the reaction temperature
was 250 and 300°C and ¢ reaction temperature increased to
340°C

The relevant SEM ducts are shown in Figure 5.10. A lot
of globular clusters along with-acicular s -Fe,Os are observed, indicating

: S

that the y-Fe;O3; p -i.-!‘3'_"Y‘:‘.‘iﬂ!‘f“iﬂ‘lii’.‘—.‘ii’:—i‘.i‘;‘:".‘—.’f:'i

es much rougher and the
acicular shape bars become shorter evidently. (Jing and Wu., 2003).
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Figure 5.9 XRD patterns of iron (III) oxide products synthesized in toluene for various
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Table 5.4 Crystallite size and surface area of iron (III) oxide products synthesized in

toluene at different reaction temperature.

Reaction Temperature Crystallite size Surface area (mzlg) Si/S;
°O) (nm) Si* S’
220 amorphous - - -
250 224 12.7 51.6 1.4
300 30.3 1.8
320 27.1 0.8
340 23.6 0.8

*Specific BET surface as ?/ 7 m\\\

*Specific surface area caléul: \\\?\ 3 sumption that the crystal

is nonporous spheres and ” inlp the de \\ \n 2 g/cm

f

SR

T )
J [

ﬂUEI’J'VIB‘VﬁWEI’]ﬂ‘i
QWWﬂ\ﬂ\ﬂ‘iﬂJlIWI’mEﬂaEl



Figure 5.10 SEM morphdlogy of iron (111) oxide products syathiesized in toluene for

various temperatures. (A)250°C, (B) 300°C, (C) 320°C, and (D) 340°C.
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5.1.3 Formation of zinc (II) oxide and the effect of reaction temperature

on zinc (II) oxide product
The reaction of zinc (II) acetylacetonate with organic solvents, 1,4-butanediol

or toluene were done in this work. The synthesized temperatures were varied under

autogeneous pressure.

5.1.3.1 Reaction in 1,

-' 7nediol
i&reaction temperature (200, 220,

9
I XRD patteins for the crystalline zinc (II) oxide

Zinc (IT) oxide w: '
250, 270, 300 and 320°C

powders obtained in di are shown in Figure 5.11.

indicated that the crystalfite//Size- of zime Oxide obtained in this reaction are
significantly varied with the__@_ “tem erature which is 14.3 nm at 200°C and

increases to 92.5 at320°C. In contrast. the specific surface/areas obtained from both

BET measurement & increasing the reaction

temperature.

270C
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Figure 5.11 XRD patterns of zinc (I) oxide products synthésized in 1,4-BG‘for various

reaction temperatures.
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Table 5.5 Crystallite size and surface area of zinc (II) oxide products synthesized in
1,4-BG at different reaction temperature.

Reaction Temperature Crystallite size Surface area (m2/g) Si/S,
(°C) (nm) s/° S
200 14.3 39.0 74.7 0.5
220 39.2 20.6 273 0.8
250 17.8 19.9 0.9

270 13.2 15.8 0.8

300 15.6 0.8

320 11.6 1.0
*Specific BET surface a /‘/// : “}\\\*\\
*Specific surface area calélla E qua \ \ assumptlon that the crystal
is nonporous spheres : sy \\

For Si/S, value it f. ' : ed with increasing the reaction
temperature. These indicatec the crysta fo ed to free-flow crystal.

_ . -—:;-'7-25&‘:’--‘;‘"’ ) r

The SEM image of the ZnO powders prepared | by glycothermal treatment of

zinc (II) acetylacet c’-v.-’«*' ction“temperature are shown in

Figure 5.12. It is obse 1’ that the morphology of the o ” ined ZnO particles changes

:: ht::; tf: 2 ﬁﬁj sﬁfa{ﬂj tqch rgtdl-lﬁ %é% mﬁeﬁnﬁ% reaction temperature
AW aﬂﬂim UNIINYAY
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Figure 5312 SEM mgrphology of zine (11)oxide products synthesized/in 1,4:BG for
various redaction temperatures. (A) 200°C, (B) 220°C, (C) 250°C, (D) 270°C,
(E) 300°C. and (F) 320°C.
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5.1.3.2 Reaction in toluene

Crystallite zinc oxide powders have been prepared by solvothermal treatment
of zinc (II) acetylacetonate in toluene under autogeneous pressure for 2 hours at
various reaction temperature (200, 220, 250, 270, 300, and 320°C). The XRD patterns
of obtained powders are shown in Figure 5.13. It is found that all specimens become
zinc oxide powder with well-developed crystallinity. It reveals that zinc oxide powder
was directly synthesized during th thermal process. All diffraction peaks are

assigned to ZnO, indicating t 1 &der was monophasic zincite with a

‘
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Figure 5.13 )ﬂ)ut%;lw’} ﬂmi d in toluene for various
U
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Table 5.6 presents the crystallite size and the specific surface area of zinc (ID
oxide which shows that at 200°C the crystallite size of ZnO powder is around 16.4
nm; however, it is raised to 54.5 nm, when the reaction temperature increased to

320°C. On the other hand the specific surface area decreases with an increase of the

reaction temperature.

1
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The nanostructure of ZnO powder prepared at different heating temperature
are shown in Figure 5.14. It is observed that at the reaction temperature was
200-270°C, the particles exhibited lumpy surface and observed the small particles
with a rod-like treated at high reaction temperature.

Table 5.6 Crystallite size and surface area of zinc (II) oxide products synthesized in

toluene at different reaction temperatures.

]

Reaction Temperature \;}5‘\ : Surface area (mz/g) Si/S;
(°0) 52"
200 65,3 0.6
220 57.3 0.5
250 432 0.6
270 27.1 0.5
300 30.2 0.4
320 19.7 0.5

*Specific BET surface area fronf, BET mca
bSneci ——
ecific surface area calculated ffom equ:
P culateiBopy e
is nonporous spheres-and using the density of anatase of4.2 g/cm

[ — Y]

sae

6/dp on assumption that the crystal
' 3

)
AULINENINYINT
RN IUNRINYIAY



Figure 5.14 SEM morphology of zinc (II) oxide products synthesized in toluene for
various reaction temperatures. (A) 200°C, (B) 220°C, (C) 250°C, (D) 270°C,
(E) 300°C, and (F) 320°C.
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5.2 Effect of solvent and reaction temperature on the crystallite size of metal

oxide product
5.2.1 Effect of solvent and reaction temperature on titanium (I'V) oxide

Reaction of titanium tert-butoxide in 1,4-butanediol and toluene at various
reaction temperatures for 2 hours under autogeneous pressure show that the increase

in reaction temperature resulted in. increase in as-synthesized crystal. The

as-synthesized crystallite size depenc yion temperature, which synthesized

Considering for \ stallite size, as seen from
Figure 5.15. The synthesi 7 \. luene resulted in the nearly
as-synthesized crystal si ich éonsidere mllar slope of the graph. For

afl -} \. the crystallite size.

“iuﬂ"‘iww%’wirfﬂmm -

QW’QMﬂ@ﬂ#‘ﬂJW]'ﬁ?W&I'}ﬂB’o

hesis Temperature( C)

Figure 5.15 Relation between reaction temperatures and solvents on the crystallite
size of titanium (IV) oxide.
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5.2.2 Effects of solvent and reaction temperature on iron (III) oxide

Nanocrystalline iron (III) oxide was prepared in 1,4-butanediol and toluene at
different reaction temperatures. The crystallite size obtained at lower temperature was
small, with increasing reaction temperature, the crystallite sized obtained increased.
The relation between reaction temperature and solvent on the as-synthesized

crystallite size of iron (III) oxide is shown in Figure 5.16.

The synthesis in both . : toluene exhibited in the similar
as-synthesized crystal size. I in i slope that is 0.2618 and 0.2917.
It was shown that both W : crystallite size.
60 - AR c -
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40
e 1,4BG
30 [T
do (nm)
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2917T - 50.287
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2=0.9974
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Figure 5.1?Relation between réaction temperatures and solvents on the crystallite

ARTRINIUARTINYIRY

5.2.3 Effects of solvent and reaction temperature on zinc (II) oxide

Zinc (II) oxide was synthesized in 1,4-butanediol and toluene for various
reaction temperatures. The results showed that the increase in reaction temperature
resulted in the increase in as-synthesized crystallite size. The crystallite size of

zinc (II) oxide obtained are significantly varied with the reaction temperature.
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The growth of the as-synthesized crystal in two solvents are not the same as
seen in Figure 5.17 that the growth of as-synthesized crystallite size in 1,4-butanediol
are higher than the growth of crystal synthesized in toluene compared with difterent
slope of both solvents. The growth after nucleation can be affected by the kind of
solvents, because the particle interaction potential is different in each solvent. For zinc

(IT) oxide the different solvents are affected the crystallite size.

100
80
60 |
«1,48G
d v
S LTQ'!E“_CJ

40

359

5.3 Formation of silic fﬂ
53.1 Fmgjlw E‘J’ﬂﬂ%“’wlg avpe
m s e A v e

temperatures (230, 250, 320, and 340°C). The XRD patterns of the products obtained
with addition of TEOS revealed that all the products had the anatase structure and the
peak intensities were not affected by the TEOS content in the reaction mixture as seen
in Figure 5.18 to 5.21. The crystallite size of the as-synthesized silicon modified-
titania and the product after calcination at 900°C are summarized in Table 5.7.

With the increase of the amounts of TEOS added, the crystallite size decreased.
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SEM images of the as-synthesized silicon modified-titania and the product
after calcination at 900°C for 1 hour are presented in Figure 5.22 to 5.25. As seen
from SEM pictures for all reaction temperatures the morphology of silicon modified
titania did not changed with increasing the amount of silicon. The shape of the

secondary particle was an irregular particle.
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Figure 5.18 XRD patte

2-theta

Si/Ti = 0.08

Si/Ti = 0.005

Simi=0

70
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SifTi =

0.08

0.005

Figure 5.19 XRD patterns of silicon modified titania products for various silicon contents

at 250°C.




69

SilTi=0.08

Si/Ti =0.08

Al
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Figure 5.21 XRD patterns of silicon modified titania products for various silicon
contents at 340°C
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Table 5.7 Crystallite size data of titanium (IV) oxide synthesized at various reaction
temperature for the different molar ratio of Si/Ti before calcination (do) and calcined
product of 900°C (dggo)

Reaction Temperature Charged Crystallite size (nm) dogo/do
) Si/Ti ratio dy dooo
230 0 35.0 5.9
19.6 4.2
20.0 43

250 37.0 6.0
39.6 6.1

154 24

320 3.1
2.5

2.5

340 : 2.4
. — %06 2.2

J0.08 6.5 =199 3.1

AUEINENINGINS
PAIATUAMINYAE
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Figure 5.22 SEM motphology of silicon modified titania products at 230°C:

(A) Pure titania, as-synthesized, (B) Pure titania, calcined 900°C, (C) Si/Ti 0.005,
as-synthesized, (D) Si/Ti 0.005, calcined 900°C, (E) Si/Ti 0.08, as-synthesized, and
(F) Si/Ti 0.08 calcined 900°C.
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(E) (F)
Figure 5.23 SEM morphology of silicon modified titania products at 250°C.

(A) Pure titania, as-synthesized, (B) Pure titania, calcined 900°C, (C) Si/Ti 0.005,
as-synthesized, (D) Si/Ti 0.005, calcined 900°C, (E) Si/Ti 0.08, as-synthesized, and
(F) Si/Ti1 0.08, calcined 900°C.
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Figure 5.24 SEM morphology of silicon modified titania products at 320°C.

(A) Pure titania, as-synthesized, (B) Pure titania, calcined 900°C, (C) Si/Ti 0.005,
as-synthesized, (D) Si/Ti 0.005, calcined 900°C, (E) Si/Ti 0.08, as-synthesized, and
(F) Si/Ti 0.08, calcined 900°C.
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5.3.2 Formation of silicon modified iron (III) oxide

Iron (III) acetylacetonate and an appropriate amount of tetraethyl orthosilicate
(TEOS, Si/Fe atomic ratio of 0, 0.005, and 0.08) were added to 100 ml of 1,4-
butanediol and heated to a desired temperature (220,and 300°C). The XRD patterns as
seen in Figure 5.26 and 5.27, show well defined peaks, clearly assigned to y-Fe,O;.
As the Si/Fe ratio increased the crystallite size slightly decreased. The size of the
crystallites was calculated using Sche (T,r’s equation, using the most intense

diffraction peaks. The y-FeZQ( : / w with increasing the reaction
A 7

temperature. On the contxa;@éfallit

: th%fd silicon modified iron (III)
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Figure 5.26 XRD patterns of silicon modified iron (III) oxide for various silicon contents at
220°C
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Figure 5.28 SEM morphology of silicon modified iron (III) oxide products at 220°C.

(A) Pure iron (IlI) oxide, as-synthesized, (B) Pure iron (III) oxide, calcined 900°C,
(C) Si/Fe 0.005, as-synthesized, (D) Si/Fe 0.005, calcined 900°C, (E) Si/Fe 0.08, as-
synthesized, and (F) Si/Fe 0.08, calcined 900°C.



Figure 5.29 SEM morphology of silicon modified iron (III) oxide products at 300°C.

(A) Pure iron (III) oxide, as-synthesized, (B) Pure iron (11I) oxide, calcined 900°C,
(C) Si/Fe 0.005, as-synthesized, (D) Si/Fe 0.005, calcined 900°C, (E) Si/Fe 0.08,
as-synthesized, and (F) Si/Fe 0.08, calcined 900°C.
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5.3.3 Formation of silicon modified zinc (II) oxide

The reaction of zinc (II) acetylacetonate and an appropriate amout of
tetracthylorthosilicate with the charged ratio Si/Zn of 0, 0.005, and 0.08 in 1.4-
butanediol with the reaction temperature varied to 200, and 300°C were done in this
work. The typical XRD patterns of the products obtained with the addition of TEOS
imply their good crystallinity. All diffraction peaks in the XRD patterns of the as-
synthesized ZnO can be assigned to the hexagonal structure and the peak intensities

were not affected by the TEOS qo\ € reaction mixture as seen in Figure 5.30
and 5.31 respectively. The ' size Brepared silicon modified zinc (II)

ged ratio.

oxide and the calcined t 9(ﬁ°C Wded in Table 5.9, which the
] y .:x ‘ \ 1

crystallite size decreased A

The SEM image of n modified zinc (II) oxide and the

calcined products at 90( 2'and 5.33. It is observed that

for the reaction tempera exhibit the lumpy surface.

When the reaction tempera e particle with a rod-like shape

with increasing the ameu Zn molar ratio of 0.08 the SEM
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Figure 5.30 XRD patterns of silicon modified zinc (II) oxide for various silicon contents
at 200°C
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Table 5.9 Crystallite size data of zinc (II) oxide synthesized at various reaction
temperatures for the different molar ratio of Si/Zn before calcination (do) and calcined

product of 900°C (dggo)

Reaction Temperature Charged Crystallite size (nm) dogo/do
°C) Si/Zn ratio do dooo
200 0 14.3 146.1 10.2
12.1 64.0 53

0.005
S\V// Ay, 31.0 3.9

300 — e 156.6 23

1532 139.2 2.6
:&ﬁfi:::: 43.6 1.1

AULINENINYINT
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Figure 5.32 SEMmorphology of silicon modified zine (1) oxide products at 200°C.
(A) Pure zinc (I1) 6xide, as-synthesized, (B) Pure zinc (II) oxide, calcined 900°C,
(C) Si/Zn-0,005;ras=synthesized, (D) S8i/Zni0).005)caleined 9003C ] (E) S/Zn0.08,
as-synthesized, and (F) Si/Zn 0.08; calcined 900°C.
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Figure 5.33 SEM morphology of silicon modified zinc (II) oxide products at 300°C.
(A) Pure zinc (II) oxide, as-synthesized, (B) Pure zinc (II) oxide, calcined 900°C,
(C) Si/Zn 0.005, as-synthesized, (D) Si/Zn 0.005, calcined 900°C, (E) Si/Zn 0.08,
as-synthesized, and (F) Si/Zn 0.08, calcined 900°C.
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5.4 Effects of silicon on the crystallite size of metal oxide product
5.4.1 Effects of silicon on the crystallite size of titanium (IV) oxide

Apparently as seen from Figure 5.34, the small crystal size synthesized at low
temperature and the large size at the reaction temperature higher than 300°C for
undoped titania. For small as-synthesized crystal, doping a small amount of silicon the

reduction of crystal size does not change much. This result are the same for large as-

synthesized crystal. When doping //)con (8%), the decrease of crystal
apparently occur for large ¢ stal size. :
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Figure 5.34 Effects of titanium (IV) oxide
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The effects of silicon on thefreduction of as-synthesized crystal are presented
in Figurel 53 Thesinl s of rdaped samile s b b much when
the perce%tage of silicon doped was varied. In the contrary, the large in crystal size

play in an opposite role that is the crystal gradually decreased when doped for more

percentage of silicon.
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5.5 Effects of silicon on the thermal stability of metal oxide products

To determine the thermal stability of metal oxide, the crystallite size data of
the products were plotted as the relation between dggo/dg versus dy. From this relation
the thermal stability can be defined as,

Thermal stability = dggo/dy

Where dggg = e size of product after calcined at 900°C
zl rystallite size

T —

growth is quite high. Whe v:mr@—the p@e f silicon added to 0.05 and 8%,
respectively. It retarded a growth,r_té of, sim_as much as increase silicon. On the

other hand, for larg(e.:hs synthesized CM of silicon is negligible.
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Figure 5.37 Effects of %Si on the thermal stability of titanium (IV) oxide
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5.5.2 Effects of silicon on the thermal stability of iron(IIlI) oxide

Figure 5.38 presented the effects of silicon on the thermal stability of iron (III)
oxide. Comparison between small and large crystallite size. Doping silicon to the
small crystal, the crystal growth gradually increased when added more silicon, the
crystal growth drastically decreased. Considering large crystal, adding silicon
resulted in the slightly decreased in crystal growth.

00% Si
m0.05% Si
W8% Si

d900/do

d' J
....‘_,,p-‘ A

synthesis teilperatig_"é

Figure 5.38 Effects o&Si ori-fl;e thermal stability of irm (IIT) oxide

553 &1 usslla m ﬁ:l m ﬁamﬂ&ﬂ.ﬁ (1) oxide
’@gﬁf’%ﬁﬁ AT AHNAR TR b o

Figure 539. For the small crystallite size, the crystal growth is quite high.
When adding silicon, the crystal growth drastically decreased. It retarded a growth
rate of sintering as much as increased silicon. On the contrary, for large as-
synthesized crystal, the addition of silicon is not affected. The crystallite size after the

calcination does not change much when adding silicon compared to the small size.
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