CHAPTER IV

EXPERIMENTAL

This chapter is the explanation about the experimental system and the

experimental procedures that were used in this work. The chemical used in the

preparation of metal oxides are presented in section 4.1. The lists of experimental

apparatus are shown in section 4.2. In section 4.3 and 4.4 the metal oxides preparation

and characterization are presented r

4.1 Chemicals

The lists of chemic

/

nt are shown in the following
1{O(CH;,);CHs]4 ), Aldrich
=C(O-)CHs]3 ) , Aldrich

. Zinc (II) acetylagptonaie ( Z CH=C(0-)CH3 1, ) , Merck Co. ,

Ltd. , Germany. , (95% b/ |

. Tetraethyl  orthosilicate  ( TEOS, Si(@C4Hk),) , Aldrich Chemical
< — (j

G O(CHZ)MH ) , Aldrich Chemical

e THanihsnanns,

Hl gh purity nitrogen gas (99.99%vals), Thai Industrial Gas Co.Ltd.
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Table 4.1 Reagents used for the synthesis of metal oxides.

Metal Oxides Reagents Weight or Volume
Titanium oxide Titanium tert-butoxide, TNB I5¢g
Tetraethyl orthosilicate, TEOS
For Si/Ti=0 Og
Si/Ti = 0.005 0.0457 g
i/Ti 0.7313 g
Iron Oxide 15¢g
Og
Si/Fe = » 5\ 0.0436 ¢
Si/fe =008 0.6973 g
A
., ‘ -
Zinc Oxide Zin€ (1) acetyl-acete ' 15¢
Tetraéthylorthe 111
..a"%' L,d { 0 g
0.0574 ¢
09184 ¢
ﬁc Solvents a E;i);]tqﬁe%
ﬂ u ‘si 100 cm®
In the gap os 30cm’
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* Calculation of catalyst preparation, Appendix A
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4.2 Instruments and apparatus
4.2.1 Autoclave reactor

The autoclave is made of stainless steel with 1000 cm® volume and 10 cm
inside diameter. There are the iron jacket which used to reduce the volume of
autoclave to be 300 ml and the beakers were used to contain the reactant.

This consists of a pressure gauge wi e range of 0 to 140 bar and a relief valve,

which used to control pressu s autoclave can be operated at

high temperature and pr ed out under the autogeneous

pressure, which gradually i d rature was raised. The autoclave
reactor is shown in Fiﬁe /1NN

4.2.2 Autom

This supplied thq-rﬂulred heated to the autoclave for the reaction. Autoclave

can be operateﬁr% ﬁn(}%w;} w E]ﬂoﬁge £200 volts.
Q’Wﬂ@‘@ﬁ@ﬂﬂ‘ﬂﬁqﬂ NYIRY

High purity nitrogen gas is equipped with a pressure regulator (0-150 bar) and
needle valves were used to release gas from autoclave. The schematic diagram of the

reaction apparatus is shown in Figure 4.2.
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Figure 4.2 Schematic diagram of the reaction apparatus.

4.3 Metal Oxides preparation

The synthesis of metal oxide, 15g of metal acetylacetonate ( Ti,Fe and Zn )

was dissolved in 100 cm® of organic solvent (1,4-butanediol/toluene) , in a test tube
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which was then set in an autoclave. In the gap between the test tube and autoclave
wall was added with 30 cm’ of organic solvent. The autoclave was purged with

nitrogen, heated to the desired temperature (200-350°C) at a rate of 2.5° C/min and

held at that temperature for 2 hours. Autogeneous pressure gradually increased as the
temperature was raised. After the reaction was terminated, the autoclave was cooled
to room temperature and the precipitate was separated from the solution via
centrifugation, washed with methanol and dried at room temperature. Part of the
products was calcined in a box ﬁm{ :
a rate of 10°C/min to the desired temp

1 hour. St 9 “4

1 \;‘-?"
d‘\ﬁ,ed m\c?mqudde were doing the same

K cé ‘l@cetoﬁét&%nd an appropriate amount of
in Tabe 4.

ple in a combustion boat was heated at

°C) and held at that temperature for

The synthesis
procedure with the use

tetracthyl orthosilicate, f order to control the charged ratio of

_ A w)
Si/Metal equal to 0.0 pé_cdti-‘ ly:
.;l‘-“]" M r'lj \\
b AT ks
4.4 Characterization r J‘—-{’ /R
LS
4.4.1 X-Ray lefractl?}x;%))a_,_%
. LAY !
In X-Ray Difffaction (XRD) a collimat: 0L X rays, with wave length A

— y > o
= 0.5-2 A; is incident 9}‘ a specimen and racted bﬂhe crystalline phases in the

specimen according to Btagg’s law ( A = 2dsin6 , where d is the spacing between

conic s ) S S Y YHI FIHELR R it e

measured as a function of the diffraction angle 20 and the spegimen’s orientation.

s P B0 R b e
measure ifs structural properties, including strain (which is measured with accuracy),

epitaxy and the size, and orientation of crystallites (small crystalline regions).

XRD pattern of the catalyst sample were determined by using Ni-filtered
CuKa radiation in the 26 range of 10 to 80° (SIEMENS XRD D5000, Center of

Excellences on Catalysis and Catalytic Reaction Engineering, Chulalongkorn

University). The crystallite size was calculated from the half-height width of the line
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broadening using the Scherrer equation (see Appendix B). The value of the shape
factor, K, was taken to be 0.9 and a-Al,0; was used to be internal standard to
eliminate the broading effect attributed to the equipment.

4.4.2 Scanning Electron Microscopy (SEM)

In Scanning Electron Microscopy (SEM) method, an electron beam passing
through an evacuated column is foc

surface. The low energy (<50eV) : ons emitted from the surface of the
4f

sample provide the basi

by electromagnetic lenses onto the sample

i imaging. The beam can be
concentrated to a small pro he(20A di ) be deflected across the sample

cle was observed by JEOL-

58001V scanning microsce a‘!? : ’, ,-TT Technological Research Center

The multli)jnt 'BEI surface aredL.of the sam? es were measured by a

micromeriticsﬂo &J/@ mﬂm g&n&’]x §rbate at the Analysis

Center of thea”bepartment of Chemical Engi gineering, Faculty, of Engineering,

PR P15 S WD KR ¢

Sample weight ~03¢g
Degas temperature 200°C for as-synthesized sample
300°C for calcined sample

Vacuum pressure <10 pmHg
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