CHAPTER 1V
EXPERIMENT

¢ experimental procedures used in this work

are described in this chaptén.  They 4 into three parts: the catalyst
preparation, the catalyst.eha '- erizatio aﬁalyst testing by propane ODH

reaction. In each p rocedure \\__ﬁ_‘ the materials and apparatus

The reaction condi re chosen as follows:
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flow rate of reactant : 100 ml/min
Reaction Temperature  : 300-600 C

gas hourly space velocity : 60000 ml hr_lg_1
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4.1. Preparation of Catalysts

4.1.1 Materials

The chemicals used in this experiment are the following:

AG, Switzer]
(3) Ammonium Mg
Carlo Ebra, |
(4) Sodium Nitrg
Germany.
(5) Potassium Nitgte [KNO.], A Grade, manufactured by the Eagle

Manufacturing, |

4 ﬁllg,':__“'—r o |
a) Impregnation U it : ‘

This unit comsts of a flask, a magnetimstirrer and heater, and a

thermometer. E‘ug WW wﬂrim and impregnating the

solution onto support.
" EHRTAN NIMNRIINYIAY

This unit, which consists of an electrical furnace, an automatic temperature
controller, and a variable voltage transformer, was used for calcining the

impregnated catalysts at high temperature.



V-Mg- t
a) Preparation of mixed oxide catalysts of V-Mg-O
An appropriate amount of MgO powder was added to an aqueous solution
containing 0.5 wt% ammonium metavanadate (NH,VO,) and 1 wt% ammonium

hydroxide (NH,OH) at T0C. | ing, the suspension was evaporated to

dryness. The resulting solid was ir at 550'C for 6 hours (standard

condition). This solid was"slightly grus ak up the crumbs and used as

catalyst. 7 : N —~—
In this work, thegéffs / alcination tempe ‘ture and period of time for

V-Mg-O catalyst except for adding priate amount of NaNO, or KNO, into
g —;P{;‘; ‘- F':-JA
the aqueous solutiorof WE&V@M 2@ powder at the same time.

EANENINENS
AL R A

Mg-O catalysts which were prepared in this work was determined

composition of
by atomic absorption spectroscopy. The prepared catalyst was dissolved in 0.1 M
nitric acid (HNO,) before sending to be analyzed by the Scientific and
Technological Research Equipment Center, Chulalongkorn University.  Sample

calculation was shown in Appendix A.




45

4.2.2 Surface Area Measurement
The BET surface areas of samples were determined by nitrogen adsorption

in an automatic apparatus ASAP 2000 constructed by Micromeritics, U.S.A.

i S were Se | analyze their lattice structures using
X-ray diffraction with C radiati A& performed by Department of

), of sample:KBr equal to 1:200.
and  pressed into a thin wafer.
and 400 cm  with FT-IR
spectroscopy, Nicolet Impact Fon- ment Corporation, U.S.A. The

spectra were used to,stud functional group of surface vanadium oxide species

of V-Mg-O catalyst ;_,—-

as placed o a Pt pan_before facing in theffumace. Airff Ar were used as
e AT m:a;m,nm 1 —
to 700°C at a constant rate of 10 C/min. The data were displayed and recorded

using a microcomputer. The data were used to study the decomposition pattern of

the catalyst during heating up.
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4.2.6 Thermal Analysis

This analysis was carried out to analyse species evolved during the
decomposition of the catalysts. The analysis was performed by packing catalyst
sample in a quartz tube. Then, placed the quartz tube into a furnace and increased

o
the sample temperature from roo ature to 600 C at a heating rate of 10

OC/min. The system was purge 1 99.99%% He. The effluent gas was analysed
using a gas chromatographi*Shimadzu GC- Apan) equipped with a 1 ml gas

and flow diagram of this

Detector TCD

Packc apak QS

e
i P

Col 1 ture 90 C

Detecuﬂnjector emperature | mlOOC

He flow fates
ilEAnen e TE
quﬂﬂﬂimﬁﬁqﬁﬂﬂqﬁﬂ




Helium

71 00000000
5

I —

|
Bloo

ﬂﬂﬂiﬂﬂ N4 ﬂmﬂ *s“e
ammmmuwwwﬁw d

Figure 4.1 Flow diagram of Thermal Analysis
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4.3 Oxidative Dehydrogenation Reaction

4.3.1 Materials
Mixture of 20% propane in nitrogen supplied by Thai Industrial Gases

Limited (Thailand), oil free air and ultra-high purity argon were used as feed

Flow diagram 1 ~\. genation system is shown in
,‘ .ad

ih
_—

.
trolln
-
;

cact \ automatic temperature controller,
g a
3:'5:.., 4
:‘#' '.zz.f:: e ' “‘m

\
cnatic .C C
- L)

actor is made from quartz tube

up to l,OOOOC under atmospheric
pressure. Sampling poin : (K“the catalyst bed. Catalyst

was placed between i R

b) Autommc Temperature Controller | m

Automati &iﬁ | . iw i of _a magnetic switch, a
variable volwﬂ]ﬂ\ ) Mﬁ E[:ﬁlﬁ] F-96, RKC), and a
thermogql , e ¢ ﬁ . ﬁ of catalyst in
the reactor. miﬁm:mns | Jﬂgll\j 1 EImnge between

o
0-800 C.

¢) Electrical Furnace
Electrical furnace supplies heat to the reactor for propane oxidative
dehydrogenation. The reactor can be operated from room temperature up to 800°C

at maximum voltage of 220 volt.
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d) Gas Controlling System

The system consists of:

(1) A cylinder of 20% propane in nitrogen, equipped with a pressure
regulator (0-50 psig), an on-off valve and a fine-metering valve used for adjusting

@(gon, and air, each equipped with a
éml fine-metering valves used for

the flow rate of propane.

(2) Cylinders o
pressure regulators (0-1

adjusting the flow rat

e) Gas
Flame ionizati \ ph was used to analyse the
compositions of hydrocs n the, fe \ ict streams. The operating

conditions are illustra

meaeter —  —1——— HSnatier

Packed‘c umn VZ-10

fﬂ&é&%ﬂ»ﬁﬂ‘ﬂwﬂm
ARSI NN Y

Column temperature 45°C

Injection temperature 75°C

Detector temperature 100°C
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33 C
(1) 0.1 gram of catalyst was packed in the middle of the quartz
microreactor. Then, the reactor was placed in the furnace.
(2) Flow rates of propane, argon and air were adjusted to the required

values. The feed was 4 vol% propane, 8 vol% oxygen, and the balance He. The

flow rate was 100 ml/min.

(3) The reactor was-heated up el rcasing rate of 10°C/min. The
first gas analysis was ’ 0'C ction temperature was between
300-600 C. |
the term of:

(4) The result o

% propane conVersio & 0l -» cted / mole of propane feed

% selectivity to'A = ‘1;; ’ D ‘ ed'/ mole of propane reacted
WAAY
ft"‘{. ii.-:_.r""

LRI I
Sl Sl = P

when A is reaction product
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Figure 4.2 Flow diagram pf the propane oxidative dehydrogenation system.
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