CHAPTER IlI
METHODOLOGY

3.1 Materials and Equipments

3.1.1 Chemicals
+ Silicon dioxide (Si02) with surface area 380 m2/g from Jebsen &
Jessen Chemicals (T)., Ltd.
« Rhodium(I11) chloride hydrate (RhCb'x"0 ) crystalline, >99.9%
trace metals basis from S.M. Chemical Supplies Co., Ltd.
« HBr/H20 (48 wt% in water) from Ligand Scientific Co., Ltd.
« Distillated water
3.1.2 Gases
« Methane (99.995% Purity)
« N2(99.99% , HP grade, Purity)
« 02(99.99% , HP grade, Purity)
* H2(99.99% , HP grade, Purity)
* He (99.99% , HP grade, Purity)
o AirZero (99.99% , HP grade, Purity)

Methane and oxygen were utilized as raw materials while nitrogen
was used as carrier gas. The utility gases for GC are hydrogen, nitrogen, helium and
air zero. Methane was purchased from Praxair (Thailand) Co., Ltd and other gases
were purchased from Thai Industrial Gas, Co., Ltd.

3.1.3 Equipments
* Quartz-tube reactor filled with quartz sand
« Temperature controller equipped with athermocouple (Type K)
« Gas chromatography (Agilent 7820A) with GS-GasPro column
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3.2 Experimental Procedures

3.2.1 Catalyst Preparation
Catalyst preparation of Rh/Sio2 was prepared by the incipient wetness
impregnation method as described below.
3.2.1.1 Support Preparation ofSiOl
SiC> was prepared by calcinations in furnace (at 400 ¢ in
atmospheric pressure for 4 h by using heating rate 5 °c/min) to get rid of moisture.

3.2.1.2 Catalyst Preparation ofRh/SiO-

RhCl3*xH,0 was dissolved in the distillated water to get RhCl; solution

A

RhClj5 solution was dropped on the prepared SiO, with certain amount

A

The sample was kept in air at room temperature for 30 min

The sample was dried at 383 K for 4 h and then calcined at 723 K for 6 h
to obtain Rh/SiO; catalyst.

Y

The Rh/SiO; catalyst was sieved in range of 40-60 mesh

Figure 3.1 Catalysts preparation flow scheme.
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3.2.2 Catalyst Characterization
The catalyst characterization techniques applied in this research are
surface area analysis (BET), Temperature-Programmed Reduction (TPR), X-ray dif-
fraction (XRD), Scanning Electron Microscopy and Energy Dispersion X-ray Spec-
troscopy (SEM-EDX).
3.2.2.1 Surface Area Analysis (BET)

Surface_area analyzer (AS-1-MP) was used to examine the
surface area of the catalysts. The sample approximately 0.06-0.1 g was pressed into
the dried glass tube, and then outgassed at 250 °C until the moisture completely de-
sorbed which can identity by the desorbed molecule less than 20 pmol/min. The out-
gassed sample was weighed again to obtain the exact weight before introduce into
the analysis station. The measurement was performed at the liquid nitrogen tempera-
ture (-196 °C), using relative pressure (P/P0) in the range of 0.001 to 0.999 with a
number of adsorption equal to 21 points and desorption 20 points. The surface area
was calculated by using 7 points BET method with P/POin the range 0f0.05 to 0.3.

3.2.2.2 X-ray Diffractrometer (XRD)

The X-ray diffraction patterns of the prepared is obtained by
using a Rigaku RINT 2000 diffractometer equipped with a Ni filtered CuKa radia-
tion source (X = 1.542 A) of 40 kV and 30 mV. A catalyst sample is first pressed into
a hollow of glass holder and held in place by a glass window. After that, it is
scanned in the 29 range from 5 to 90° in the continuous mode with the rate of
57min. The XRD results consist of peak parameters, including the centroid 29, the
full line width at half the maximum of intensity (P), d-value, and intensity. The mean
crystallite size will be calculated from the XRD data from X-ray line broadening,
using the full line width at half maximum of intensity and the 29 value and plugging
them into the Debye-Scherrer equation.



21

3.2.2.3 Temperature Program Reduction (TPR)
The TPR experiments were carried out at ambient pressure in
an apparatus. The experimental parameters are;

Flow rate = 11 ml/min

Heating rate = 10 °C Imin

Reducible material = 5% H2 balanced in N2

TPR profile recorded range.= 200-1000 K

The sample was weight around 0.05-0.1 g and placed into
quartz tube that supported with quartz wool. The sample was pretreated in 20 ml/min
nitrogen flow at 120 °C for 30 minutes with heating rate 10 °c/min. The TPR analy-
sis process utilized 30 ml/min of 5% hydrogen balanced in nitrogen flow and detect-
ed the signal by TCD detector from 200-1000 K with heating rate 10 °c/min.

3.2.2.4 Scanning Electron Microscopy and Energy Dispersion X-ray
Spectroscopy (SEM-EDX)

Field-Emission Scanning Electron Microscope (Hitachi,
S4800) was used to examine the morphological structure of the catalyst. The samples
were placed on the holder with an adhesive tape and coated with a thin layer of plati-
num using Hitachi E-1010 ion sputtering device for 180 second prior to observation
under SEM. The scanning electron images were investigated by using an acceleration
voltage of 5 kv with a magnification in the range of 250-1 OOOOx.

'Energy Dispersion X-ray Spectroscopy was used to identify
the elemental composition in the catalyst and also examine the elemental distribu-
tion. The sample preparation was the same as SEM, the acceleration voltage was us-
ing 20 kv with a magnification 9000x.
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3.2.3 Catalytic Activity Testing
The oxidative bromination reaction was carried out in continuously-
flow reactor under atmospheric pressure. The reaction procedure is shown below.

1. Rh/SiO; catalyst was packed between two plugs of quartz wool in

quartz tube reactor and the bottom side of reactor was also end filled

!

2. The catalyst bed was heated from room temperature to prior reaction

with glass insert.

temperature under N, flow.

Y

3. The gaseous reactants of CHy, O, were fed into the reactor by two separator
mass flow controller.

A 4

4. The temperature was raised to a specific value.

A

5. HBr/H,O solution was fed by a syringe pump after all reactant flow
were constant. (Time of stream was started at this point.)

v

6. The effluent exiting the reactor was cooled down by the condenser.

A

7. The gas effluent was analyzed by Gas Chromatography after the

reaction was stabilized for at least an hour.

v
8. The products was continuously injected every 30 min until the HBr/H,O
solution was used up.

Figure 3.2 Procedure flow scheme for oxidative bromination of methane reaction.
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Figure 3.3 Experimental setup for oxidative bromination of methane reaction,
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