CHAPTER III

EXPERIMENTS

Ovens and F ur7
The catalysts ty diied at \ Memmert UM-500 oven and

further calcined at : bolite R ) ;-‘ > furnace with programmable

heating rate of 1°C/

XRD
The . X-ray diffractio sured Aisi ¢ a Rigaku DMAX 2200 X-ray powder
diffractometer at College of Pe bl d P emistry, Chulalongkorn University.

Elemental A
oL :
- i -
Silicon co ’3’_ ned/ using X-ray fluorescence

spectrometer (SISOI\mInstrument ARL 8410) at Departmﬂ of Scientific Service, Ministry
of Science a ﬁ‘ g the Shimadzu AA-670
atomic abs ﬂ ﬂﬁ[pjf\l ﬁnch is located at the
Deparrw,ei a ﬁr 0 é’ ity. Aluminum
contenfs were analyze using tlggarlan pectra A -\K] ﬂmic a sorp lon spectrometer

with nitrous oxide / acetylene flame, which is located at Scientific and Technological

Research Equipment Center of Chulalongkorn University.
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Nitrogen Adsorptometer

The BET specific surface area was measured using the Quantachrome Autosorb-1
nitrogen adsorptometer at National Metal and Materials Technology Center (MTEC),
National Science and Technology Development Agency.

NMR

Solid State “’AI-NMR spectra were performed using the Bruker Advance DPX 300

rq/,

MHz NMR at MTEC.

Gas Chromatographs

imadzu GC-9A gas chromatograph

reactor of 0.54-mm i.d. or a qu ubula re tor of 0.60-mm i.d., our-own-made split-tube

“.“J‘l“"{kﬂ* .' -

manifold, a gas-liquid ) pparatus was shown in Figure

SugAn UNINEINT
q Wﬁ awﬂ?’m/wdﬁ ?Wﬂ 'ﬂrﬂﬁ 120 were kindly

provided by TOSOH Company, Japan with Professor Tatsumi at Yokohama National

3.1,

University as a referee. Nitrogen gas, highly pure grade was purchased from Thai Industrial
Gases (TIG) and was dehydrated by passing through a 40 cm x 2.5-cm tubular of the
molecular .sieve 4A. Absolute methanol was supplied from Carlo Erba. Standard gas
mixture and liquid mixture for GC analysis was kindly obtained from Thai Olefins

Company. Other chemicals were from Merck or Fluka.
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Figure 3.1 Schematic diagr ) e | \ ar tus for the methanol conversion
1 = need e 4& (2 ) : 3 = three-way valve,
-is
4 = water bath &Q:‘EE 7 6 = heating tape,
Ataly ,
7 = catalyst A g ! 9 = electric furnace,
SNaindais 4
10 = tubular reactos;— rap, 12 =dry ice-acetone bath,
i ‘/J-‘*' j"i’ :
) e o -
13= 0 med controller,
15 , le
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Isna:l:)(ﬂn THE}MOO go au?a! ;]taﬂt‘v;;s soaked with 10 cm” of
AT I O YT YT gy

form of volatile SiF, species. The solid was heated but not boiled to dryness on a hot plate.
The fluoride treatment were repeated twice more. An amount of 10 cm’ of a mixture of 6 M
HCI : 6 M HNO; at a ratio 1 : 3 was added and further heated to dryness. An amount of 5
cm’ of 6 M HCI was added to the beaker and warmed for 5 minutes to dissolve the remains.
An amount of 10-cm’ deionized water was added to the beaker and warmed for 5 minutes to

complete dissolution. The solution was transferred to a 50-cm’ polypropylene volumetric
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flask and made to the volume by adding deionized water. The flask was capped and shaken
thoroughly. If the sample is not analyzed immediately, the solution was then transferred into

a plastic bottle with a treaded cap lined under with a polyethylene seal.

3.4 Preparation of H-MOR
There are three methods to be studied for preparation of H-MOR from Na-MOR via

the ammonium ion exchange process. Je maximum level of ion exchange or the least

amount of non-exchanged soc\‘hki
judgement for the best @par@s exchange of mordenite is shown in

Figure 3.2. / ‘&

the unchanged structure is used as the

‘oniea

Aut
QR VEEMITRHHNATN Y6 8

Method A: In a typical ion exchange, 6.0 g of Na-MOR was mixed with 900
em’ of 0.05 M ammonium chloride solution and boiled with stirring overnight. The
ammonium-form mordenite obtained was separated from the solution by centrifugation
(4000 rpm, 30 min) and washed with deionized water until no chloride left on the solids. If

chloride still existed. it should be leached to the washing water and be precipitated with 0.1

T2041A%1H K
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M silver nitrate solution. The sample was dried at 100°C overnight in an oven. The dried

sample was coded as H-MOR(A).

Method B: The treatment was performed as described in Method A but it
was repeated twice more before drying in an oven at 100°C overnight and was subsequently
calcined in a muffle furnace at 540°C for 10 h. The sample was coded as H-MOR(B).

Method C : This method comprised of two-step treatment, ammonium

structure.

3.5 Factors Involved i
The catalysts with differeat-Si7AT rafi ere prepared by modifying the aluminum-
rich sodium-form mordenitej 2ol d Na-MOR, Si/Al = 11, obtained from

TOSOH, Japan. Toremos Ve a cer tain amount of aluminum ‘ Na-MOR, the zeolite was

(0 A
converted to hydroges-fo by the 1on-exchange process prior to

J

the acid treatment wit l}ydrochlonc acid at an elevated temperature. To obtain the catalysts

with reqmrﬁu ﬂo@} ﬁﬁ Ei ﬁﬁ Wrﬁ}qﬂﬁnmlon process via acid

leaching of th%ydrogen form mord?ute were studled Apparatus for dealummatlon of the

QAR UNINY A Y
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Figure 3.2 Apparatusﬁ)/wéalmnmatioxiof H-MOR.
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3.5.1 Study on Effect o Ie_m[:era(‘slre;on the Extent to Dealumination
Into a 504m’ ou__ﬁd}bgti{)m ﬂ;iég 1.0 g of H-MOR (Si/Al = 11) and 25 cm’ of

i ah 'ir -Jf . . . .
1.0 M HCI solution were added. The reﬂux-'_ﬂsilllatlon of the mixture was conducted using

F I =
an oil bath at 90, 100, 110 or 128°€ for 3 h. The acid treated solids were separated by
=

centrifugation (4000yrpm, 30 mm) and washed several times with deionized water until no

s -

chloride. The dealdt;fftj_ated mordenite samples were dried in;ﬁl oven at 100°C overnight and
subsequentAly calcined'in a muffle furnace at 540°C for 10°h. The calcined samples were
characterized usifig NH;-TPD @ud AASteehniques.
3.5.2 Study on Effect of Acid Concentration on the Extent to Dealumination
Inla50-¢m*roufrd Bottom'flask 1.0 g 6fIHIMOR [was thiked with 25 cm® of a
hydrochloric acid solution with various concentration: 0.1, 0.5, 1.0, 2.0, 4.0 and 6.0 M.
Then, the reflux distillation of the slurry was operated using an oil bath at 100°C for 3 h.
The acid treated solids were separated by centrifugation (4000 rpm, 30 min) and washed
several times with deionized water until no chloride. The dealuminated mordenite samples

were dried-in an oven at 100°C overnight and subsequently calcined in a muffle furnace at



38

540°C for 10 h. The calcined samples were characterized using XRD, NH;-TPD and AAS

techniques.

3.6 Preparation of Dealuminated H-MOR
3.6.1 H-MOR with Si/Al Molar Ratio = 40
Into a typical reflux distillation set-up, 1.0 g of H-MOR and 25 cm’ of 2.32 M

HCI solution was added. The mixtur eated using an oil bath at 100°C for 3 h. The

(4000 rpm, 30 min) and washed several

c rid@y precipitation with silver nitrate

an oven at 100°C overnight and

acid treated solids were sepa
times with deionized f]

solution. The Produ(

subsequently calcined i

a \~ 0 h, The calcined H-MOR(40) was

characterized using X

Similarly to " M .0'g'of H-MOR was reflux heated in 25 cm’ of

5.46 M HCI solution usi K: etz :u_ °C for 3 h. The acid treated solids were

separated by centrlfugatlon (4@'— 30,4

water until no ch eft.  The product of H-MOR(80). :} s dried in an oven at 100°C
—_——

overnight and subsezﬂn

yand washed several times with deionized

U 0°C for 10 h. The calcined H-
MOR (80) was characteelzed using XRD and AAS techniques.

AUYINYNTNYING

3.7 Cataly"'c Activity Tests of the Mordenite alysts
Sl i ki %@%W BHa e st
methanol in nitrogen was introduced to the tubular reactor at a constant gas-hourly space
velocity (GSHV) of 2000 h™' which is correspondent to a gas flow of 11 cm’/min for 0.2 g of

catalyst or 22 cm’/min for 0.4 g of catalyst.
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3.7.1 Preparation of Tiny Pellet Catalysts
The catalysts under the examination on the methanol conversion to olefins have
different Si/Al ratios: 11, 39, 73 and 120. An amount of 0.1 g of each ground catalyst was
pressed toward a 0.7-mm thick self-supporting wafer using a stainless steel die of a 13-mm
inner diameter, in the similar manner to making KBr samples for IR measurement. The
hydraulic press with pressing force of 3 tons was held on the catalyst wafer for 5 min. In an

agate mortar, the catalyst wafer was ¢

‘u'fd into tiny pellets of a size 2 x 2 x 0.7 mm’,

approximately. -~
3.7.2 Study on Ei@b oqﬁtrean-ﬂétpanol Conversion
An amounK ! catalyst having the Si/Al ratio of

11 was loaded into a mid [ -a§tor, 5.4-mm inner diameter and
was held in place by a p! Wgol ion was also covered with small
amount of quartz wool. T ‘, as 13 mm resulted in the catalyst
volume of 0.30 cm’, atalyst in the tubular reactor was

then heated at 500°C for 1 i at ¢ of 40 cm/min. The feed of 20%

outlet gas was samp? min (20, 40 and 60 min) and
I

collected into a Tedlar %g for 3 min before closmg the stopper on the bag. The gas products

were analyzeﬂ).‘udﬁj 4‘63 ‘ﬁwﬁuﬁ ﬁwmﬂ!ﬁmm the Alumina-PLOT

column.
T G
An amount of 0.40 g of the tiny H-MOR pellets with the Si/Al ratio of 11 was
loaded into the middle part of the borosilicate tubular reactor and held in place by a plug of
quartz wool. The catalyst portion was also covered with small amount of quartz wool. The
height of the catalyst portion was 26 mm resulted in the catalyst volume of 0.60 c_r_n3. The
catalyst in the tubular reactor was then heated at 500°C for 1 h, at the pure nitrogen flow of

40 cm*/min. The feed of 20% methanol in nitrogen was introduced from the top through the
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catalyst at a GHSV of 2000 h™" at the tube outlet while the catalys.t was still heated at a
required temperature. The tests were performed at different temperatures: 300, 350, 400,
450, and 500°C. After 40 min of the time on stream, a 10-pl volume of the gas sample was
withdrawn from the line at the septum point below the catalyst location for methanol
analysis using the GC equipped with the Carbowax column. At the same time the gas

products were collected into a Tedlar bag and analyzed for hydrocarbon components using

the GC equipped with the Alumina-P olumn.
anol Conversion

3.74.1 Effe i t erature
iy pellet H-MOR catalysts having

different Sf/Al ratios: 11 . and v ade e borosilicate tubular reactor and

held in place by a plug ¢ quia] :" atalyst p on was also covered with small
amount of quartz wool. | G ,,,.' \,‘ 26 mm resulted in the catalyst
volume of 0.60 cm®. T S&JQ%J{; £ -..\ as then heated at 500°C for 1 h, at
the pure nitrogen flow of 4 cm3 . ~The= of 20% methanol in nitrogen was passed

from the top through the catalys ca G t.".—,' 20 0 h at the tube outlet while the catalyst
"'4
was still heated at 500°C time on strea a 10-ul volume of the gas

kl

t-below the catalyst location for

: i
sample was withdraws

methanol analysis using the GC equipped with the Carbowax Column. At the same time the

gas products ﬁ !uwﬁ 6'] nﬂ E}Jﬁ ﬁ w ﬁﬂ‘ﬂ ‘§ydrocarbon components

using the GC e&llpped with the Alumana -PLOT co]umn

q BRI ) 6 2

The experiment was performed in similar manner to what was

described in Section 3.7.4.1 except the reaction temperature was lowered to 300°C.
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3.7.5 Determination of Catalyst Life Time
~ An amount of 0.20 g of the tiny pellet H-MOR catalyst with the Si/Al ratios 11
and 120, was loaded into the borosilicate tubular reactor and held in place by a plug of quartz
wool. The catalyst portion was also covered with small amount of quartz wool. The height
of the catalyst was 13 mm resulted in the catalyst volume of 0.30 cm’. The catalyst in the

tubular reactor was then heated at 500°C for 1 h, at the pure nitrogen flow of 40 cm’/min.

The feed of 20% methanol in nitroge ’/ assed from the top through the catalyst at a
GHSV of 2000 h™" at the tub )t was still heated at 500°C. A 10-pl

portion of the gas sam drawh ev i from the line at the septum point

below the catalyst locationfor 10l ana using the GC equipped with the Carbowax

column.

3.8 Determination of
The coke deposited atalysts ) termined by the difference in mass before
and after calcination as followed in‘'Eq Atiof

=

’7 _Q x 100 (3.1)

When,

FJJ u %ﬂn :EIW%:W ﬁd’c’rﬂsﬁefore calcination
) TGRSR 51 B

Wea Weight of the used catalyst after calcination at 540°C

The used catalysts with Si/Al ratio of 11 at various temperatures were dried
in an oven at 200°C for 2 h. The dehydrated catalysts were calcined in a muffle furnace at
550°C for 10 h. The extents to coke formation were determined using the weight loss upon

calcination and Equation 3.1.
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3.8.2  Study on Effect of Si/Al Ratio on Coke Formation on Catalyst

The catalysts with various Si/Al ratios used at 300 and 500°C were

determined for the coke content in the same way as described in Section 3.8.1.

AuEINENINeINS
RN TUAMINGAY



	Chapter III Experiments
	3.1 Equipment and Apparatus
	3.2 Chemicals, Materials and Gases.
	3.3 Sample Preparation for Aas
	3.4 Preparation of H-Mor
	3.5 Factors Involved in Dealumination of Mordenite
	3.6 Preparation of Dealuminated H-Mor
	3.7 Catalytic Activity Tests of the Mordenite Catalysts
	3.8 Determination of Coke Deposited on the Catalysts


