CHAPTER III

EXPERIMENTS

3.1 Equipment and Apparatus

Ovens and Furnaces

Crystallization of SB 00°C using a Memmert UM-

500 oven as a heater. Orgau the SBA-15 support by
calcination at 500°C using lace with the programmable

heating rate of 1°C/min. ‘

X-ray Powder Diffract

Characteristic structure of s ntified using a Rigaku D/MAX

2200 Ultima® X-ray Powder diffra &53"9;“ eq with a monochromator and a Cu-
e

target X-ray tube. (A
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Laser Raman Spec meter
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Raman spectromet@f at the Gems and Jewelry Institute of Thalland (GIT), Chulalongkorn
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Nitrogen Adsorptometer

BET specific surface area and pore size distribution of SBA-15 support and
WO;/SBA-15 were measured using a Quantachrome Autosorb-1 nitrogen adsorptometer
at Department of Chemistry, Faculty of Science, King Mongkut’s Institute of Technology

Ladkrabang Campus.



Scanning Electron Microscope
Morphology of SBA-15 and WO/SBA-15 was investigated using JEOL JSM-
5410LV scanning electron microscope at Scientific and Technological Research

Equipment Center, Chulalongkorn University.

DR-UV Spectrome

Tungsten coordinatj byathe diffused reflectance-

ultraviolet (DR-UV) spec n the 200:400, nm using a Perkin Elmer

LAMBDA 14 DR-UV-VIS % \\ tute of Analytical Chemistry

Gas Chromatog

Hydrocarbon gases i ere ana adzu GC-9A gas chromatograph
L J

¥

equipped with a 30-m longgnd,0.53-mm outer diameter Alumina-PLOT column. Liquid

samples were arﬂzuﬂ%l‘maﬂ ms«u &Jo:’lgzg equipped with 30-
m long and O.32-qunm outer di‘a‘meter Hp-5 (0.25 hi sﬁ . The GC
heating Q@Hﬂfﬁgﬁ dem'a ayﬁ :‘lam Ej;j‘n ' E]: and 3.2,

respectively.
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Scheme 3.2 The GC he I g program for liquid analysis
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Catalytic Apparatus
ytic App ¢ . o
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comprisesq.of a borosilicate tube reactor of a 0.54-cm internal diameter, our laboratory-
made split-tube furnace, a K-type thermocouple connected to the temperature

programming assembly, a gas manifold, a gas-liquid saturator and a nitrogen gas cylinder.

The catalytic apparatus is shown in Figure 3.1.
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Figure 3.1 The appara I or metathe
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W meter 10) quartz wool
) l-hexene saturator (12) thennocouple
(5) water bath (13) temperature controller
(6) heating tape (14) outlet sampling point

(7) inlet sampling point (15) cold trap
(8) tube fuenace (16) dry ice-acetone bath

(17) Tedlar bag



3.2 Chemicals and Gases

Pluronic P123 triblock copolymer (EO,,PO,,EO,, MW=5800) was supplied from
Aldrich. Tetraethyl orthosilicate (98% TEOS) was commercially available form Fluka. 1-

Hexene was supplied by Fluka. High grade nitrogen was purchased from Thai

Industrial Gases (TIG) and a g2 ‘o€t uie in gas was removed by passing
- .7 - d
through a 40 cm x 2.5 cm tUBEEHHTAINing """"""":"‘-'2‘-..‘ Standard gas mixture and

)

- .- Olefins. Other chemicals
A

Wise Specifially identified.

eported by Stucky er al.’ using

liquid mixture for GC ana

X
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4,70 1S

were purchased from BDE
3.3 Synthesis of SBA-15,

SBA-15 silica was syn

Pluronic P123 triblock copo pore directing agent. A 40 g of

v

4-neck round bottom :! . Then, 8:50'¢g osi :; e (TEOS) was added, and

Pluronic P123 was di .‘: I solution in a 500-cm’

the resulting mixture was stirged for 1 h and theflkept at 40°C for 24 h with stirring. The

resulting gel wﬂauﬂj govwﬂnmnﬁamﬂ:]tn)swithout stirring for
48 h. The Teflon gclmle was take fmh ven a Wi rlm-lap water to
room te%me’l@sﬂﬂai ‘,ﬂﬂijﬁ'ﬁ?ﬂﬁt air dried by
suction wich a water aspirator for overnight. The white powder material was obtained.

The procedure for preparing the SBA-15 support was shown in Scheme 3.2
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[ Pluronic 123 + 2m el + 10 |

Stirring until
template dissolved

Stirring for

Template Gel

solution
Aging with stirring
at 40°C for 20 h

As-synthesized
SBA-15

| Aged gel |

Scheme 3.3 Preparation diagf?

3.4 Organic Templat ;.:I' erme
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SBA-15 was remgg/ed from the pores at'high temperature. The sample @és calcined in a

e opafifroh pdnbertrrbdo ub ¢ foroa 11 &) | 61 £
q
3.5 Impregnation of WO; on SBA-15
The sample of WOs/SBA-15 was prepared using an incipient wetness method and

various loading amounts of WO;. A required amount of readily soluble sodium tungstate

Na,WO,4.2H,0 as shown in Table 3.1 was dissolved in 1 g of deionized water. In a 120-



cm’ plastic bottle, the clear solution of sodium tungstate was added dropwise on the
calcined SBA-15 support with shaking vigorously. The tungstate-loaded sample was
shaken vigorously for another 20 min to disperse tungsten on the support uniformly. After

thoroughly mixing, the loaded sample was air dried by suction with a water aspirator for 3

Table 3.1 The amount of sedfiuz statd, impre o ate arious supports

% Loading of WO; ' 5 - | Weight of support
on support (2)
1 - 1.00
3 =;—;_ 1.00
5 ' 1.00
7 | 0.0998 ‘ 1.00
[ 4 7R

10 | g

. @mmn‘ms N130E088

The calcined catalyst (ca. 0.35 g) was pressed into a wafer using a hydraulic press of

1
-J

pressure 0.5 tons for 5 min and then it was crushed to tiny pieces. A 0.35-g portion of the
catalyst was loaded into the middle of a borosilicate tubular reactor with the inner

diameter of 0.54 cm and was held in place by a plug of quartz wool. The height of the
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loaded catalyst was 3.00 cm and resulted in the volume of 0.69 ¢cm®. The catalysis was
carried out using apparatus shown in Figure 3.1. The catalyst was then activated in the
tubular reactor at 500°C for 1 h under nitrogen flow at 12.7 cm*/min. The feed of 30.5%

of 1-hexene vapor in nitrogen was passed from the top through the catalyst at the reaction

dry ice/acetone bath and
\. duets were analyzed using GC

MmN, teéspectively.
3.6.1 Effect of Tempe

®ied using WO,/SBA-15

1-Hexene ; S —

as a catalyst to select g optimal™“temperature."The 5% :; 03/SBA-15 catalyst was
introduced into the tubular féacter. After the ca st was activated at 500°C, the feed of
30.5% 1-hexene %ou El(gnnsﬂsm iﬂ tﬂcjlﬁl i GHSYV of 500 h!
and at vﬁwrwf rq‘ TT% t&ﬁf ?j ﬁpﬁlﬁ% grfa‘;fﬁe gas and
liquid prodqcts v‘vere ﬁecte and analyzed by GC.

3.6.2 Effect of Tungsten content on Catalytic Activity

The WO3/SBA-15 catalyst with various loadings of tungsten oxides (1, 3, 5,

7 or 10%) was introduced into the tubular reactor. After the catalyst was activated at the
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temperature of 500°C, the feed of 30.5% I-hexene vapor in nitrogen was passed through

the catalyst at a GHSYV of 500 h' and at the selected temperatures. After 30 min, the gas

and liquid products were collected and analyzed by GC.
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