wms and the experimental

procedures used in this _catalyst preparation method is
presented in section 4 and the Temperature-
Programmed Oxidation (IPQ : { in sections 42 and 43
respectively.  Finally]™ suppg etal dig ethod and surface area
measurements are included A . each section, details of
experimental procedures, | apparatus are as follows.

The Scope of This Study =" - =0

e

One type .w‘,,— e er .Ae‘,‘. used in this study

AL Wﬂ“ﬁ“’%‘ﬂ%'m

The reactmn conditions of the dehydregenation reaction are as follows:
ARIANNIUARTINE IR E
Catalyst Reduction Temperature : 500 °C
Reaction Temperature : 600 °C
Operating Pressure 1 atm,
Time of Dehydrogenation : 5-360 min.
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4.1 Preparation of Bimetallic Catalyst
4.1.1. Materials

The chemicals used in this experiment are normally Analytical Grade, but

only some critical chemical have t ,)ec:ﬁed as follows:

ufactured by Wako Pure

1. Chloroplatinic
Chemical Industries CQ ,
2. Stannous Chiefl . Haf '} mianufactured by Fluka Chemie
AG, Switzerland.
3. Alumina [/

Aluminium Smelting Co

0 ‘- ﬁh ¢ NKH-3) obtained from Sumitomo

J!Jd

qzn'

4 1.2. Apparatus : Unit fo

o i 0 followed by

msg: ﬂ;lﬂ and other
impurities, then dried at 110 °C for overnight. Subsequently, the support was calcined
in air at 300 °C for 3 hours.

The platinum complex solution was prepared by dissolving 1 gram of
chloroplatinic acid in de-ionized water to the total volume of 25 ml.
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4.1.5. Preparation of Platinum-Tin catalyst

1. The concentration of impregnating solution, for 2 grams of catalyst
support, was prepared by calculating the amount of the stock solution to yield
the required metal loading. The second metal, tin, was followed the calculation to
yield the required tin loading, and hy,
was then added to the soluti

of the solution was ubmhﬂ‘-:_‘;
ﬁ

-
2. Two 3 support

ic acid, 5 weight percent of support,
ter was finally added until 2 ml

. 100 ml. Erlenmeyer flask
slowly dropped to the
ixture in the flask while
homogeneously distributed

for 6 hours to obtain good

i )i Ha o
l:r'r‘l.‘-f"{_- - -Igl’

:'gf - ;

1°C in air overnight.

4. The impreﬂa'

5. Therbaki Ej;“ ‘ “w.ﬂuﬂ g the dried: material
obtained fmmm a mm;:gm was firstly introduced into the
tube ate - of %m ﬁ Qﬂ’ up at an
mcrmmﬂmlalinn Y the ﬁnp :ﬂﬂm “gje:ubsequmtly,
the nitrogen was changed to air at a flow rate of 100 ml/min. (space velocity
of about 2,000 hour). The material was held in this condition for 3 hours.

6. For reduction, after calcination in air for 3 hours, the tube was

purged with nitrogen for about 5 min. to remove air. Then switched to

hydrogen gas for another 3 hours at the same space velocity and temperature.
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7. After reduction in hydrogen gas for 3 hours, the tube was purged by
nitrogen to cool down until the temperature decreased to room temperature.

4.2 Reaction of Propane Dehydrogenation

Gas mixture ' pane i litrogen._ s pplied by Thai Industrial
: dehydrogenation in this study.
= ultra - high purity argon

4.2.2. Apparatus
Flow diagram of the prépane dehydrogenation system is shown in figure 4.1
The system consists of a_reactor, an autom mperature controller, an electrical
furn and controlling systen
ace, Bas Y Y

sac

4.2.2.1 Reactor ¢

n SHEANINANIANG., o o
e S TS S R D

between quartz glass wool layer.



VENT

14

20% propane
in nitrogen

i Eﬂﬁ&“‘““ﬁ‘ugqﬂg ' Fowoter

S ik b

Figure 4 1 F ow diagram of tiie pmpam: dehydrogenation system.

Or
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4.2.2.2 Automatic temperature controller

An automatic temperature controller consists of a magnetic switch, a
variable voltage transformer, a temperature controller( PF - 96, RKC ), and a
thermocouple. Temperature control setpoint is adjustable within the range
between 0 to 800 °C.

4223

An electri “sopplies . heat. e reactor for propane
dehydrogenation. Ther - faagtor can be. ed from room temperature up to

- . L el - - ] * &
1. A cylin der of 2 ropane o rogen; equipped with a  pressure
regulator (0-50 p.ﬂg - mﬂeﬁng valve, are used for
adjusting the flow raxes uf these gases. ’

A qwﬂwsWQWﬂi

rs of ultra high purity argon and hydrogen, equ:pped with pressure
o 8% A S I T T e
adjusting 1 . | |
4225 Gas chromatrograph
A gas chromatograph (GC GOW MAC series 750) equipped with a flame

ionization detector (FID) was used to analyse the composition of hydrocarbons in the
feed and product streams. The operating conditions are illustrated in table 4.1
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Table 4.1 Operating condition of gas chromatograph (GC Gow-MAC Series 750)

Model GC Gow-MAC Series 750

Detector

Packed column

The reaction_system Coris 5 €ro reactor installed in a tube furnace.

The diagram of the ) bited-sehematicaliy i figure 4.1 The funace

temperature is controfled by a

] 'ﬂ" The micro reactor is

constructed from a qu’m}z tube. A gas nE:ture (20Vol.% C3Hs +Vol. 80% Ny) is

o

e e B T WLy e ™ o=

mixture through the cata bed which was maintained at a temperature of
¢

600°C. Dusi ior m - itored using a
thermocouple pital 't‘. : Mis analysed

by the gas chromatograph.

4.2.4. Experimentation,

The deactivation of catalysts was performed by propane dehydrogenation
reaction. The experimental procedures are described in detail below.
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1. 0.1 gram of catalyst was packed in the middle of the quartz
microreactor. The reactor was then placed in the furnace and the ultra high
purity argon gas was introduced into the reactor at a flow rate of 30 ml./min.

2. The reactor was heated up ata heating rate of 10°C/ min. until the

n, ultra high purty argon gas was
in. followed by heating up the

i m catalyst temperature reached
T —

. for 1 hour.

catalyst temperature reached 200°C

replace by hydrogen gas at alloy
tor at a heating ratevol

reactor at a heating

500 °C. The catalyst :

3. When th

up again to a tempera
was held constant at

the reactor was heated
10 °C/min. The temperature
rogen gas was switched to
the 20 % propane
Hy/HC = 0).

rate of 30 cc./min. ( ratio

4. The gas ample ~Wwas minutes to the whole reaction
.L :

intervals.

5. When dwre; time on stream wasreached the propane was changed to

the ultra lughﬂjg @’ﬂ m Mqﬂﬁmﬂ down without the
holding step at r 2 hours due to t mvest:galor { Atchara,1995) who
proved o differe d no purging
AN




4.3 Temperature - Programmed Oxidation

4.3.1. Materials

The 1 Vol% oxygen in helium gas mixture supplied by Thai Industrial
Gas was used as oxidizing agent ltra high purity argon was used for

The app . WO gas \ ines  for the ultra high purity
argon and the 1 Vo p ; \ proper gas was chosen by
v ¢ flowrate \ ~feed stream is controlled by

s with an outside diameter

r g
e i i ol e

was measured by using a
thermocouple. The reactor G'-.ﬂr*.'_""“ ! mace which various heating rate
LT\ 2

was controlled by a programmable iemperat nEPI_Ier(PC-ﬁﬂﬂ, Shinko) at
temperatures  be “"':‘—"“:‘5:""——""""**’\1 by an automatic

v,ﬁ;—;:.—.:,‘ e ;
temperature controller’ w 0 stmi temperature. The flow

diagram of this system 1; shown in ﬁgureu4.2.
o

ﬂuEJ"JﬂEJV] lﬂl‘r@toﬂaﬂ?ﬁcsm, Shimadzu)

The operating condition of gas

AT T Y
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5. Gas Chromatography 6. Pressure Regulator

Figure 4.2 Flow diagram of Temperature-Programmed Oxidation system.
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Table 4.2 Operating condition of gas chromatograph ( GC 8AIT, Shimadzu)

Model GC- 8AIT (Shimadzu )
Detector TCD
Packed column porapack QS (200x 0.32 ¢cm.)

Helium flow rate @‘V//// 60 ml./min.
Column tampem&_\: é 90 °C
Detector / injectg

perd "wn“(l
Detector currg J\

AN

4.3.3. Experimenta

a quartz tube located in a fﬁgl}f_ﬁ_ }) furnace. The furnace temperature
was controlled by a mi__: - ) emperature _controller. A gas mixture
consisted of 1 Vo “: iith—was—used oS 1 oxidising gas. In one
experiment, the Tempeératu fation process began by heating

grat .
up the catalyst at nprate of 5°C/min. The oxidzl:]on process was performed

‘o Q/
until the furn | Durin xidation, the amount
of CO; in tﬁeﬂlﬂ lwm?;ﬂﬂ m t:a: catalyst temperature
o) oVt rovivigh) (i el
cmmM( | ith ﬂ mipling valve (1 ml

sampling loop)and a thermal conductivity detector. The operating conditions of

the GC. are reported in table 4.2. The purpose of these experimental procedures
was to observe TPO curve of varying coked catalyst samples.
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1. The coked catalyst was packed in the middle of quartz microreactor
before placing the reactor in the The catalyst section was placed in the
constant temperature zone of the

2. The 1 Vol % oxystiv i iu as.was flowed through the system

at a flow rate of 30

temperature was raised )¢ ‘ héa rate of 5 °C/min. When the
temperature was 50 °C, the feffl am was sampling every 5 minutes by

an on-line gas sampler.

4. The amount of okygen consul

e

sae

arbon dioxide produced was

5. After the Qz:]y: temperature reached -mmc., the 1 Vol.% oxygen in
ke o BT D TR INE I g o e
RINNIUUNIINEINY
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4.4 Support and Metal Digestion Method

Procedures

(1) Digestion

Approximately 0.5 grams of's
evaporating dish with 20
water. Then, the evapo glass and start to heat with
the low heating rate. Afie hydrofluoric acid was added to

dissolve Si0,. Wait for ér 30/msinutes. Finally, e 51 down the obtained solution to

The mixture of coke aeic firs step had to be diluted by water and
separated by a centrifugal separafor (ab 0 mifutes. 3000 RPM) for five times in

order to wash out he -acie the coke puti into an oven which was

operated at 110 °C mﬁn ed

T ETNUNINE N
BN N TR Y30 i i s

variety of reports are available for the ASAP 2000, which include:
Single and multi-point BET surface area
Langmuir surface area
Micropore volume and area
Full adsorption and desorption isotherms
Mesopore volume and area distributions

Total pore volume
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