CHAPTER IV

EXPERIMENTAL

The experiment system and produces used in this work are described in this

chapter; they are divided into tree part: the catalyst preparation, the catalyst test by

Wst characterization. The details of
———
The scope of this study 7 ——

oxidative dehydrogenation reaction an

the experimental are descried bel

The reaction conditi ive dehydrogenation are as follows:

Catalyst #ZnGa 04 (mola itio of 0.25 0.33, 0.5 and 1.0)
nAl \ \; of 0.33, 0.5 and 1.0)
Reactance gas ' 420 % propane in helium

ource)

Reaction tempegature ~ : 400-600 °

Operation press Y i/

Flow rate of reactam:e : 100 ml/min m

C3:0,: Heratio ¢ &  :4:8.88 &/ ‘

Gas hourlﬁuﬂc’il Qn :%,%iﬁ %EI f] ﬂ ‘j
U

4.1 Catal)qqu;?flm ﬂ iﬂjuﬂ']’i qn Elr] ﬂuil

1. Zinc acetate [(CH;COO),Zn] available from Aldrich, 99.9%.
2. Gallium acetylacetonate [Ga(acac);, (CH3;COCH=C(O-)CH);Ga] available
from Aldrich, 99.99%.
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3. Aluminium Isoproproxide [API, ((CH3);CHO);Al] available form Aldrich,

98%+.
4. 1,4-Butanediol [HO(CH,)4OH] available from Aldrich, 99%.

Table 4.1 Reagent used for the synthesis of zinc gallate

Reagent Weight/Volume
Gallium acetylacetonate 500¢g
Zinc acetate (calculation of catal ”y endix A)

For Zn/Ga =0.25 0.6806 g
Zn/Ga = 0.33 7 0.8330 g
Zn/Ga=0.5 / | 1.2496 g
Zn/Ga =10 / _ 2.4991 ¢

Organic solvent (1,4-butanedio an .‘:L! AN
In the synthesis mixtur: / (= 4\ 100 cm’
In the gab 7 [ & s | 30 cm’
Table 4.2 Reagent used for the syw
Reagent Weight/Volume
Aluminium isopropoxide 500¢g
Zinc acetate (calculation Qi
For Zn/Al = 0.33 1.4670 g
Zual = osﬂumwamwmm 22404 g
Zn/Al =1. O oy 44012 ¢
orme 40} (AR TBA 1711 1
In the synthesis mixtures 100 cm’®
In the gab 30 cm’

4.1.2 Instrument and apparatus

The schematic diagram of the reaction apparatus for the synthesis of zinc

gallate and zinc aluminate is show in figure 4.1.
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Autoclave reactor: the auto clave reactor is made from stainless steel with

1000 cm® volume and 10 cm in side diameter. This consists of a pressure gauge within
the range of 0 to 140 bar and relief valve, which use to con troll pressure in autoclave.
This autoclave can be operated at high temperature and pressure. The reaction was
carried out under autogeneous pressure, which gradually as the temperature was
raised.

consists of a magnetic switch connect to

Automatic temperature controller'

rature controller connected to a

thermocouple with 0.5 mm diameter a ‘ the31s mixtures in autoclave.
A dial setting establishes a W th in the rang 0 to 400 °C.
Electric furnace (heatgs)? upplie ired heat to the autoclave for

the reaction. Autoclave ca ] 7 emperature up to 300 °C at
voltage of 200 volts. -

Gas controlling ressure regulator (0-150

The synthesis zin éa ate and U etyla@onate. For zinc gallate,
gallium acetylacetoate 5.0 g ﬂd appropriate@ount of zinc acetate (Zn/Ga molar

ratio of 0.33, 0.5 ﬂdu)ﬂa/}lwlﬂiﬂﬁﬁtwrﬂo’} fgahi solvent i test tube,

which was them séf in an autoclave. ‘In gab between the test tube wall, 30 cm® of
e R TANT T R N A :1 {0 (ﬁ

autoclave was purged with nitrogen, heated to a desired temperature (300
°C) at rate 2.5 °C/min and held at this temperature for 2 hour. Autogeneous pressures
during the reaction gradually increased as temperature was rised and depend on the
kind of organic solvent. After autoclave was cooled, the resulting products were
washed with methanol. Centrifugation and dried in air. The calcinations of the thus-
obtained product carried out in a box furnace [carblite]. The product was heat at rate

10 °C/min to temperature 400 °C and held at that temperature for 1 hour.
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Figure 4.1 Autoclave reactor

4.2.1 Material D

]

The mixeﬁf %%ﬁlw?

stream for oxidativejdehydrogenation reaction of tEis study.

AT IUNNINGAE

o
1

Qﬁﬁm was used as feed
y. _

Flow diagram of propane oxidative dehydrogenation system is show in figure
4.1. The system consists of a reactor, an automatic temperature controller, an electric
furnace, and gas controlling system.

Reactor: The micro reactor is made from a quartz tube and can be operated

from room temperature up to 1000 °C under atmospheric pressure. The samplings are

G oI~ 000
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provided below the catalyst bed. Catalyst was placed in quartz tube between quartz

wood layers.

Automatic temperature controller: Automatic controller consists of a solid
state relay, a variable voltage transformer, a temperature controller (Chino LT230,
SSR) and a thermocouple. The temperature was measured at the bottom of the bed of
catalyst in the reactor. The temperature control set point is adjustable with in the
range of 0-800 °C.

Electric furnace: Electric fi

heat to the reactor for oxidative

et s o
analyst the hydrocarbon compositi&%& ad product stream. The operating
conditions are illustratf:ﬂn table 4.3.

Table 4.3 Operating condﬁion '

Parameter ¢a 'Y ‘Condition
Detector F|1|El IV'EIT" jvql |f| l
Packed colurfin VZ-10

ngaen 1) 500 N 3 6 8

Injectign temperature
Detector temperature 1507C

Column temperature 70 °C
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4.2.4 Oxidative dehydrogenation procedure

The experimental procedures are as follows:

1) 0.1 g of catalyst was packed in the middle of the quartz tube (micro
reactor). Then the reactor was placed in the electric furnace.

2) Flow rate of propane, helium and air were adjusted to the required

values. The feed was 4 vol% propane, 1% oxygen and the balance helium. The

total flow rate was 100 ml/min. C | ’i
3) For the catalyst pretreatr ent, @r was heated up with heating

d T da thlS temperature for 1 hour.

rate of 10 °C/min to desire

4) The reactor d ate of 10 °C. The first gas

analysis was performed at e te te ures were between 400-600

%propyle | sel
|

43 Catalynt chaﬂt%#&lﬂ 1 EI NINYINT
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X-ray diffraction (XRD) patterns of the catalysts were performed with
SIMENS XRD D5000, accurtely measured by using Ni-filtered Cu K radiation in the
2 rang of 10-80 26 angular region for zinc gallate and 20-80 20 angular region for
zinc aluminate, at Petrochemical Engineering Research Laboratory, Chulalongkorn

University.
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4.3.2 BET apparatus for the single point method

The reaction apparatus of BET surface area measurement consisted of two
feed lines for helium and nitrogen. The flow rate of the gas was adjusted by means of
fine-metering valve on the gas chromatograph. The sample cell made from Pyrex
glass.

The mixture gases of helium and nitrogen flowed through the system at the
vt sample (ca. 0.3 to 0.5 g) was placed in

/}° " and held at this temperature for 2
dow 1 temperature, nitrogen uptakes

nitrogen relative pressure of 0.3. The cat

the sample cell, which was then h

h. After the catalyst sample

were measured as fOllOW? q

Step (1) Adsorptio L a e sample cell was dipped

oy )
Step (2) Desorptio : The sample. | with nitrogen gas-adsorbed catalyst

sample was dipped into the N Toom emperature.} The adsorbed nitrogen gas
P ¥
was desorbed from the surfa tep was completed when the
indicator line was in the position q h
Lt R

Step (3) Calib{’g_tion step: 1 ml of nitr atmospheric pressure was
injected through the &l «‘\». ph and the area was
measured. The area wasBe bra Des a Culaﬁm method is explained in

Appendix C.
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