CHAPTER III

EXPERIMENTAL

3.1 Equipment and Appara
Sample Heating'and € ind-Calc
During the sy g mixture was heated using a
Memmert UM-500 over. was carried out using the
same oven. Calcination ofgthe Solidfcatalyst: « 1perature was achieved in a

Carbolite RHF 1600 m ate.

g

X-Ray Diffraction

Synthesized mesopor ..,,.;,m: fe identified for the structure using a

Rigaku D/MAX-220 X d Petrochemical College,

Chulalongkorn Unive @0 V, 30mA) at the angle of

26 ranged from 5 to SOBFhe scan speed was 5%min and the-aan step was 0.02°. The three
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respectively.
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Chemical Composition

Silicon contents in the catalysts were determined using X-ray fluorescence
(SISONS Instrument ARL 8410) at the Department of Scientific Service, Ministry of Science
and Technology. Aluminum contents in the dealuminated mordenite samples were analyzed

using either the Shimadzu AA-670 atomic absorption spectrometer with nitrous
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oxide/acetylene flame, or the Perkin Elmer Plasma-1000 inductively coupled plasma-atomic
emission (ICP-AE) spectrometer located at the Scientific and Technological Research

Equipment Center of Chulalongkorn University.

NMR Spectrometer

Solid-state >’ AI-MAS-N ' ere performed using the Bruker Advance

DPX 300 MHz NMR spectr ' and Materials Technology Center

nitrogen adsorption-desorption
isotherms, BET specific stributien of the catalysts was carried

\

er at Professor T. Tatsumi’s
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Acid strenﬂ 0 o usithe BEL Japan REX-P2000

instrument equipped with¢'the AVELVA M-QA100F quadrupolar mass spectrometer at
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Hydrocarbon gases were analyzed using a Shimadzu GC-9A gas chromatograph

equipped with a 30-m long and 0.53-mm outer diameter column of PLOT-Alumina. Liquid
samples were analyzed using the Shimadzu GC-14A gas chromatograph equipped with a 30-
m long and 0.25-mm outer diameter DB-1 (0.25 um film thickness) column. All GC detectors
are flame ionization detectors (FID). The GC heating programs for 0.20-cm’ gas and 0.20-pl

liquid analysis are shown in Schemes 3.1 and 3.2, respectively.



32

10 min 140°C

3°C/min

200°C

..fl

.ﬂ | i

The Crackin@talﬂic Apparat!u .

ﬂ L1308 TH o LMk n ur tborsory, i

composed of a borosnllcate tube reactonfof a 3-cm widg.and 22 cm long, gwith a side arm (as
L mmmm AR5 depbibie comecta
with temperature programmable controller, 2 condensers cooled with stream of ice/water.
Apparatus for catalytic cracking is shown in Figure 3.1. Gaseous products were collected into
a Tedlar bag. Volatile liquid products were from the reactor by vacuum evaporation to a cold
trap cooled in an ice/water bath. Apparatus for collecting volatile liquid products is shown in

Figure 3.2.



¥
[ !'eactor

o I

Figure 3.1 Apparatus for catalytic activity test in polymer degradation.
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3.2 Chemicals and Materials - e, !:J

LF

Zeolite mordedite, Na-MOR wiwci H-MOR with the Si/Al

ratio of 120 were kin provided by TOSOH Company, jz{)an via Professor Tatsumi at

B 1) (13001 A

Industrial Gase§}(TIG) and was dehydrated by passmg through a 40 cm x 2.5 cm tube of

W L RO R AR

nitric adid solution (HNO;) from Merck were used to obtain sample for AAS and ICP-AES.

Ammonium chloride that was purchased from Fluka was used in ammonium exchange. The
mixture of standard hydrocarbon gases and the mixture of standard hydrocarbon liquid were
kindly obtained from Thai Olefins, Rayong.

Polypropylene bottles and polyethylene disposable gloves were used as reactants for

catalytic reactions.
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3.3 Sample Preparation for AAS and ICP-AES

In a 100-cm® Teflon beaker, 0.0400 g of calcined catalyst was soaked with 10 cm’ of
6 M HCI and subsequently with 10 cm® of 37% hydrofluoric acid to get rid of silica form of
volatile SiF, species. The solid was heated to dryness on a hot plate. The fluoride treatment
was repeated twice. An amount of 10 cm® of a mixture of 6 M HCl: 6M HNO; at a ratio 1:3

t of 5 cm® of 6 M HCI was added to the

was added and further heated to dryn 1

An amount of 10-cm’ of deionized

_‘l

water was added to the bea wmplete solution. The solution

was transferred to a 100- Jumetric \flask and.made to the volume by adding

beaker and warmed for 5 min

g !
amount of un-exchangeﬂso unchanged structure is used as the

judgement for the best mewod Apparatus for 1(&1’exchange of mordenite is shown in Figure

s AULINYNINYINS

Methodu An amount of 6.04g Na-MOR was treated with 1&9 cm® of 0.05 M
oSl Gbint e b A k. Bk smmion
form mordemte obtained after the ion exchange, was separated from the solution by
centrifugation (4000 rpm,30 min) and washed with deionized water until no chloride. The
remaining chloride would precipitate with a silver nitrate solution containing HNOs. The
sample was dried at the temperature of 100°C overnight in an oven.

Method B: The treatment was performed as explained in the method A but the

treatment was repeated twice more. The dried sample was eventually calcined in a muffle

121048439
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furnace at the temperature of 540°C for 10 h. Heating diagram for calcination of mordenite
was shown in Scheme 3.3.

Method C: This method comprised of two-step treatment, ammonium exchange and
residual sodium activation at the temperature of 540°C for 10 h, the two steps treatment was
repeated twice.

The samples treated by these t}{et tipr t methods were analyzed for the sodium
amounts left in the zeolite samgl_?h:;smg ato @n spectrophotometer. The structure
of the zeolite samples was"i usﬂé XR‘D‘W‘B!‘M the remaining of the mordenite
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Heater

Figure 3.3 Apparatus for the ion exchange of Na-mordenite.
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Scheme 3.3 The heatingaiac

35  Factors Involved in Dealyininz
The catalysts with differes ’5 ifAl ra epared by modifying the aluminum-
rich sodium-form mordenite-type-zeolite.-so-catled Na-MOR wnith the Si/Al of 11, obtained
Yy N
from TOSOH, Japan. ‘I emo umintiim from the zeolite, Na-MOR

i

was converted to hydroger@fgl mordenite (H- R), by the ion-exchange process prior to

sl po b ol DY £ TTIE T S

required Si/Al ratlos those factors influeficing the dealymination process viaacid treatment of

o 5o 5w ol ol o s

shown in Figure 3.4.
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3.5.1 Effectof 'I%em_perature on Dealummatlon

"’—\

Af] a}mmmt{ oqu o'g Pivjop is?”m M t%)ian z% 1:m \of 1.0 M HCI solution

were added into a 50-cm’ round bottom flask. The reﬂux was cond.pq,ted at a require
~ Q AN EAE%] 19R A M Qf |
temperh‘tcdlré'% |0§_)r 11:4) or| 1%@)"@,!__#@;1 hhThe a @‘elatfd soleﬁ“é/eireJ separated by

centrlfugatlon (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 540°C for 10 h. The calcined samples were

characterized using NH;-TPD, XRF and ICP-AES instrument.
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3.5.2 Effect of Acid Concentration on Dealumination
The dealumination of H-MOR was carried out by reflux of 1.0 g H-MOR in
25 cm® hydrochloric acid solution of a required concentration: 0.1, 0.5, 1.0, 2.0, 4.0 or 6.0 M.
The reflux 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

F i

and subsequently calcixﬂ 1 re of 540°C for 10 h. The

calcined H-MOR (20) was l?haracterlzed usmg , ICP-AES and 7A]-NMR.

ﬂﬁﬁl??lﬂﬂ‘ﬁ‘ﬂﬂ']ﬂ‘i

3.6.2 H-MOR with the Si/AFRatio of 40
q W’J @ q ﬂ 1@4& MO’] g m Ejl\’/l]ha ﬂnc acid was
operated using an oil bath at the temperature of 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 product of H-MOR(40) was dried in an oven at 100°C overnight
and subsequently calcined in a muffle furnace at the temperature of 540°C for 10 h. The

calcined H-MOR (40) was characterized using XRD and ICP-AES.
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% Catalytic Activity Test in Polymer degradation
3.7.1 Polypropylene Degradation over H-MOR with Various Si/Al Ratios

H-MOR catalysts with Si/AL ratio of 11, 19, 47, 90 and 127 were chosen for

the catalytic activity test. An amount of 0.4 g H-MOR and 1 g polypropylene were loaded

into borosilicate-tube reactor with 2 condensers that were cooled with stream of ice/water.

Furthermore, the degradation was_carriec w er the nitrogen flow of 12 ml/min. The

reactor was heated by a split-tube ‘\\ tC &n temperature within 15 min. The

) e

reaction temperature was 450 controlled by the temperature-programming

. constant for 30 min. The gas

controller. After reaching ' \ '\ -
products were collecte ¢ ction was cooled to room temperature. The
volatile liquid product ¢ .‘ old trap ooled by liquid nitrogen using a

vacuum pump. The pro analyzed]
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shown in Figures 3.1 and 3 4
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3.72  PolypropyleneDegiadation ativ:
The ? “was carried out a va "k-'i' res of 350, 450 and 550°C

using temperature of @\40

collected and analyzed in &'similar way as described in Section 3.7.1.
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3.7.3 Polyethylene Degraddtion over H-MOR with Various8i/Al Ratios
RN UABI DN, s

but polyethylene was used instead of polypropylene.

emperatures

0 127@5 catalyst. The products are

3.7.4 Polypropylene Degradation at Various Temperatures
This experiment was carried out in a similar manner as described in Section

3.7.2 except polyethylene was replaced by polyethylene.
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