CHAPTER IV

EXPERIMENTS

4.1 Preparation of N

Na-MFI, Zn, netal contents were prepared.

The AICI; was repla e of gel formation in the rapid

crystallization met thesis [50]. The preparation
procedures and the reagants shown in Figure 4.1 and Tables 4.1, 4.2, (For

calculation see £ ug- andix A

v— \' ‘

4.1.1 Prepara mmn of Decantation Snlutmn and Gel Solution

ﬂUH’J‘I’IHﬂ‘ﬁW&I’]ﬂi

The source of metals for Jarapafatlnn of decantation and gel solutions were
we R PRI FR AT ST G} oo
Ammumum Bromide ) [(CHsCH-CH.)sN)Br] was used as organic template. The
atomic ratio of Silicon/Aluminium was set at 40. The preparation of supernatant
liquid was separated from that of gel, which was important to prepare the uniform
crystals. The detailed procedures were as follows: Firstly, a gel mixture was

prepared by adding solution A-1 and solution B-1 into solution C-1 dropwise with
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H-FORM CATALYST

Figure 4.1 Preparation procedure of MFI type catalysts by rapid crystallzation



Table 4.1 Reagents used for the preparation of Na-MFI

Solution for the gel Solution for decant-solution

preparation preparation

Solution A1
AICly 0.8998 g
TPAEr 7539
NaCl 60 ml
De-ionized wale 3.4ml
H,S04 (conc.) 4
Solution B1
Sodium silicate 69 g
De-ionized wale 45 mi
2y,
‘e \

TPAB v 1 | 26.27

P UL INETINEINT 24
NaCl U 51.54 g | De-ionized water 104 mi

THIASN T AN

H;S0. (conc.) 1.55 mi




Table 4.2 Reagent used for the preparation of Zn, Al-silicate catalyst.

Solution for the gel

preparation

Solution for decant-solution

preparation

Solution B1

T m——
[Lae=te

Y

=0 “- LE

Sodium §
De-ioni

0

- i —

T NN s

" Solution A2
:

0.8998 g
Xg
753g
60 ml
3.4 ml

69g
45 ml

¥

TPABr . ¢ 218g|NaCl o, 26279

) 519N T S0 | A o
4 NaOH 239¢g

‘De-ionized water 208 ml )

H2S04 (conc.) 1.55 mi
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vigorous stirring using a magnetic stirrer at room temperature . The pH of the mixed
solution was maintained within 9-11, since it was expected that this pH value was
suitable for precipitation. Tte gel mixture was separated from the supernatant liquid
by centrifugation. The precipitation gel mixture was milled for totally 1 hr . The

milling was done for 15 min and then the supernatant solution was removed by

centrifugal separation. The milling progess was repeated twice with the milling time

of 15 and 30 min, resp 1 A0e" gel mixture before the hydrothermal
#

treatment was essent wﬂ fine crystals. Secondly,

solution C-2 with thaSamiel méthod of the aration of gel mixture. The

The milling @a itate nt,_a decant solution were mixed
together in a glass vessglin an autoclaye. The atmosphere in the autoclave was

et by Hibdeh e b AIWEAR T T e s

was heated frum room temperaturé to 160 °C iF80 mi hiéd up to 210 °C with a
mnstsﬂ mhlatﬁuﬂzmm a go!n%!lij ﬁdﬂ mixture to room
temperature overnight. The temperature was programmed under the hydrothermal
treatment to minimize the time which was necessary for the crystallization. The
produced crystals were washed with de-ionized water about 8 times by using the

centrifugal separator for each 15-20 min to remove chloride out of the crystals, and

dried in an oven at 110 °C for at least 3 h.




e rapid crystallization.

AUFSRR
R8N TS

ON-OFF SHITC

Figure 4.3 A powder miller (Yamato-Nitto, UT-22).
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4.1.3 First Calcination

The dry crysta's were calcined in an air stream at 540 °C for 3.5 h by heating
them from room temperature to 540 °C in 60 min. This step was to burn off the
organic template and to leave the cavities and channels in the crystals. Then, the

calcined crystals were moled toraorm temperature in a dessicator. After this step

the catalysts formed were llec Na-M &Zﬂ.ﬁl—ﬂliﬂﬁtﬂ. respectively.

/

4.1.4 Ammoniugmitn

The ion-exchs lixing 3 g of the calcined crystal

with 80 ml of 1 M NH =

9 bot plate at 80 °C for 1 h. Then,

the mixture was coolegfdaWri td -- 7 tempe rature. Then, the ion exchange step
was repeated again. Aft€r ifval the ic anged crystal was washed twice with

deionized water by using cé: Then, ion-exchanged crystal was

dried at 110-120 "‘-r Cab ieast 3 4 in oven. The dr Eﬂ' stals ( "NH,-MFI" and "NH,-

Zn Al-silicate" ) werﬁnan )|
4 sﬂwmﬂmw gI1N7

qnﬂ;lﬁ:ﬁ;aj m mmmgs@ D%'lhemnal treatment

of the ion-exchanged crystal in a furnace at 540 °C, with the same temperature as
the first calcination. The catalyst formed in this step were called “H-MFI" and

"H-Zn,Al-silicate” for MFI type catalyst and Zn,Al-silicate, respectively.




4.2 Loading Zn by lon-exchange

About 2 g of MFI type zeolite was stirred with 60 m! of 0.04 M NaNO; for two
times then added with 53 ml aqueous zinc sulfate solution of an adequate

concentration and adjust pH to 8. This was stirred for 12 hr. The wet cake was

obtained by separation from the sait W washed with de-ionized water and dried
at 110 °C overnight /

-
—

4.3 Platinum Loading

The ion-exchajifle Mad fondueted by eatingithe catalyst with PtNH),Cl,

A

solution at 98 °C for 3 i ir with a constant heating rate

of 3 °C/min. up to 350 in. The calcined catalyst was

treated with a stream of 2 heated up from room temperature to

400 °C and kept at 400 ° in Figure 4.4). The amount of Pt

38t Appendix A-2)

loading in the catal ‘;r e

TN ING
RGN
ollof

(a) ()

Figure 4.4 A set of apparatus used for preparation of metal ion-exchanged

on catalyst (a). A diagram for metal ion-exchanged on catalyst (b).
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4.4 Dehydrogenation of Propane

4.4.1 Chemicals and Reagents

Propane (20 %) balanced with nitrogen was provided by Thai Industrial

(Gases Limited (TIG).

from quartz tube with @€ o, Inside dia eter, SO it can be operated at high
temperature. The reaCliog'was, f‘-: =, '._ t unde \ dinary gas flow and atmospheric
pressure. |

4.4 2 ol Iiar : This consists of a

B

M
temperature controifér connected to a thermocoupl &“attached to the catalyst bed in

reactor. A dﬂaﬂﬁ% mgﬂyﬂlﬁemMra within the range

between 0 °C 16 600 °C. ¢ . .
ARIANNTIUARTINE IR Y

4.4 2.3 Electrical furnace : This supplies the required heat to the

magnetic switch V : transformer and a RKC

reactor for reaction. The reactor can be operated from room temperature up to

700 °C at maximum voltage of 200 volt.
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4.4.2.4 Gas Controlling System : propane and nitrogen cylinders are

equipped with a pressure regulator (0-120 psig), an on-off valve and needle valve

were used to adjust flow rate of gas.

4425 Gas Chromatographs : flame ionization detector-type gas

chromatograph, Shimadzu GC-14A / -GowMac were used to analyze feed and
L]

effluent gas. Operating conditi in Table 4.3.

/ ‘“
Table 4.3 Operating cog ///, / \\\\\
Gas chromatographs /' yirs ’ \\\\\ GC-GowMac
Detector " FD
Column VZ-10
3x3m
Carrier gas M- (99.99 %)

Flow rate of carrier gas 25 cc/min.

Column tempera ;,'— E] 50°C

- Initial m 0°C : L'J

- Final ¢a 140°C

mmﬂrml’l YLI:-L‘VI?W UM e
T e e,

hydrocarbon
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4.4.3 Reaction Method

The propane dehydrogenation was carried out by using a conventional flow
apparatus shown in Figure 4.5. A 0.5 g portion of the catalyst was packed in a quartz
tubular reactor. Aromatization of LPG reaction was carried out under the following

conditions : atmospheric pressure rly space velccity (GHSV), 2000-10000

h™', reaction temperature,
The procedure usgeto

(1) Adjust the quifle LPG to 1 kg/cm?, and allow the
gas to flow through a g measure the outlet gas flow

rate by using a bubble fla#

(2) Heat up the reac of {undes ! raising the temperature from room

temperature to 45 -féélE-a_-f-r:Af~: '*_-—“-:* for 30 min. Then
the temperature wasi ed 1 450 °C to the :. temperature and wait until

the required reaction temperature becomes constant,

AU INENINEINT
MG o) Xk ralb Lok 1 )

(4) Take sample to analyze at 1 h on stream. The reaction products were

analyzed by gas chromatographs ( For calculation see Appendix A-5).
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N,

4, Three-way stop-cock ;
rt; 8. Electric furnace

12. Trap ;

1. On-off valve ; 2.
5. Flow meter ; 6.
9. Catalyst ; 10.

4.5 Characterizationfofithe Catalystsy/

AUBINETINGINT
aﬁﬁaﬁﬁ‘i‘ﬁﬁﬁmwmaa

X-ray diffraction (XRD) patterns of the catalysts were

performed at Sedimentology laboratory of Department of Geology, Faculty of

Science, Chulalongkorn University.
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4.5.2 Specific Surface Area and Pore Size Distribution Measurement

Surface areas and pore size distribution of the catalysts were

measured by the BET method, with nitrogen as the adsorbate using a

micromeritics model ASAP 2000 at liquid-nitrogen boiling point temperature at

of the size of the crystals were
observed by JEOL Sc (SEM) at the Scientific and
Technological Reseag ‘quipment’ Centre Chulalongkorn  University

(STREC).

Percemtage of metalg, loading was analyzed by atomic

absorption s@:«%ﬂ%ﬂﬂﬁ WH qnsﬁovas dissolved by the
W“"im SAUYBAANHARLL. soonnes,

digestlng solution containing solution of 20 ml of conc. HCI, 10 ml of conc.
HNO,, and 10 ml of H,O. The mixture was heated up until the color of the
support changed into white. During heating step, H;O had to be added into the
mixture to maintain the volume of mixture. Then, 5 drops of HF were added

into the mixture in order to digest the support. Heating step was repeated until
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the solution became clear. Then volume of the solution was made up to 50 ml
by adding de-ionized water.

The zinc iuntent of the prepared solution was analyzed by
atomic absorption spectrometry (AAS) at the Scientific and Technological

Research Equipment Centre, Chulalongkorn University.

The acidityerfaSarafent was assessed by using the technique of
temperature-programpet /- ption? (TF of "NH; with a Shimadzu thermal
a -I'( i
X 2 A
analyzer TA-51 at Pel® f / Engineering Res :arch Laboratory, Chulalongkorn

University. & x‘:‘f '

40000
The tempérailiré prog : forthe NB.-TPD measurement is shown in
’ ..M = \
Figure 4.6. Catalyst (15 mig),Was heais om temperature to 450 °C with a

constant heating rate of _,f,_:f_?}__:; gas flowing at 50 ml/min. The

temperature was “&E;:i‘:‘f—-"f,i‘ff*‘-'""‘ﬁ"""—"‘:r‘h.'w catalyst was dried, the

L)

s

temperature was lc .ﬂ , 5 strear .ﬁgaswastl‘mn replaced with 5
% NH3 (95 % N3). When the amount of agdsorbed -NH; attained its maximum, NHy/N,
gas was mplm%%m mﬂm to 80 °C and kept at

. sorbed NHs“was desorbed.®Fhe temperature was

o A AL ST N AT A E e

( For calculation see Appendix A-3).
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Figure 4.6 Temperature program for the NH3-TPD measurement |19
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