CHAPTER III

EXPERIMENTS

3.1  Instruments and Appars t
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All synthesized samples were dried by a Memmert UM-500 oven at 100°C for

degree with scan speed

1 day. Metal precursors in the interlayer of clay were converted to metal oxide by
calcination using a Carbolite RHF 1600 muffle furnace. The calcination temperature was
set between 300 to 600°C for 5 h with the heating rate of 1°C/min. The heating program

is shown in Scheme 3.1
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Final calcination temperature, 5 h
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Scheme 3.1 The heatingproets or-.Calein of Fe-pillared clays
(RT = Room Temperatuzg; |
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(Perkin Elmer)

Inductive Couple Plass A Sb
\ 4

R

cd-Clays was analyzed using the

Perkin Elmer, ICP-AES, LASMA1000 located at Scientifi¢ and Technological Research
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Th8 BET specific surface area of synthesized samples was measured by the

The amount o g!‘ :

Quantachrome Autosorb-1 nitrogen adsorptometer at Department of Chemistry, Faculty

of Science, King MongKut’s Institute of Technology Ladkrabang Campus.
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Scanning Electron Microscope (SEM)

SEM and elemental ion mapping photographs of synthesized samples were
analyzed using the JEOL (JSM-5800LV), at Scientific and Technological Research
Equipment Center, Chulalongkorn University.

Gas Chromatograph (GC _

Liquid products wer&™ana Si u GC-14A gas chromatograph
equipped with a 30- ' m

thickness). The detect

program was shown in

ter diameter, 0.25 pum film
FID) The GC temperature

100°C, 5 M 5#

Scheme 3.2  The GC tenfpezature program fowli ulcéjroducts
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Gas Chro“atograph and Mgig Sgectrome!gr (GC-MS)
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uct isomers were identified using the Agilent Technologies 6890N GC

system, Agilent 5973 Network Mass Selective Detecter and Agilent 7683 Series Injector
which was located at Department of Chemistry, Faculty of Science, Mahidol University.
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Catalytic Apparatus

The catalytic apparatus for Friedel-Craft alkylation of benezene with 1-dodecene,
shown in Figure 3.1, is comprised of:
1. awater-cooled condenser

round bottom flak

thermocouple - , ,/

temperature controll /‘///
__’
——

heating coil

— -
silicone oil baw' '
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Figure 3.1  Catalytic apparatus.
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3.2 Starting Materials

Clays used as the raw material are bentonite and hectorite (Hectabrite DP).
Bentonite is kindly supported by CERNIC INTERNATIONAL CO., LTD. Hectorite is
also kindly supported by VOLCLAY SIAM LIMITED. The compositions of hectorite

and bentonite are summarized in Table 3.1.

Table 3.1 Hectorite and ben ‘. 01

Bentonite®

Si0, 63.60
ALO3 17.60
MgO -
Fe,0; 3.10
CaO 3.00
Na,O 3.40
K,O 0.50

a Data from VOLCLAY SIAM L

b Data from CERNIC INTERNATH

Bentonite wa vﬁ : , -1': n. A hundred grams of

bentonite was dispersed ll to 1000 ml of deionized water #hder vigorous stirring. After
sedimentation, th colloid® clay was ated’ o er centrifuged steps. The
sediment is mosﬂc%ﬂeaf mﬂmﬁﬂﬁlﬁd clay was centrifuged
at various speed (%OO, 2000 and 4000gtpm) and drigd, at 100°C. The gifferent centrifugal
oo s QIFARARTE T2 18

L
3.3  Chemicals

1. Sodium hydroxide, NaOH (Merck, reagent grade).
2 Sodium chloride, NaCl (Scharlau reagent grade).
3. Iron (III) chloride, FeCls anhydrous (Riedel-de Haén).
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1-Dodecene, C ,H,4 (Fluka, 95%).

Benzene, CsHs (J.T. Baker reagent grade).

n-Pentane, n-CsH,, (Fisher Chemicals reagent grade).
Sodium sulfate anhydrous, Na,SO; (Fluka, 99%).

Gallium (III) nitrate hydrate, Ga(NO3); -H,O Aldrich, 99.9%).
Cumene, CoH;; (Fluka, 98.0%).

X ope oy o=

3.4  Homoionic Clays

qd

-

Homoionic clay btained by means of cation
, SM NaCl and 5SM NaOH,

with the ratio of clay toNa-sluo at room temperature. The

exchange. Starting clay.

products were washed wath déig ide or hydroxide anions were
eliminated by a process g \ and decantation. The Na-ion

exchanged process was fepedted for, iseve de

to investigate the effect of

Na-ion exchanged on d-spac

ciflg of ¢ty AH pr Juct’ obtained was named Na-clay

e.g. Na-Bentonite and Na-He€to (E_i.":f diaid

3.5  Synthesis of Ke-Pillared Clay:

S

Na-clay was dismrsed in delonized water (10% mw) by vigorous stirring for
1 day A 1M iron (1II) chléride solution was 8léwly added into the suspended clay. The

o or ' 0§y isioricd i0ls WA 280 kol el oftay. The misare s

stirred contmuous‘!,r for 24 h at roomemperature. ”Al"hen the produ&bwas washed with

delonlzw 'ﬁinao@ﬁe‘iw ﬂ%@ﬂp&}q a cﬁnfugatlon and

decantatiof). The as-synthesized samples were finely grounded and dried at room

temperature for 1 day. Afterwards, they were calcined at 300°C for 5 h in a muffle
furnace. The calcined products obtained were named HFe, and BFe,, where x is the

amount of iron loading in meq per gram of clay. H and B stand for hectorite and

bentonite, respectively.
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3.6  Synthesis of Ga-doped Fe-Pillared Hectorite

The Ga-doped Fe-Pillared Hectorite was synthesized by two methods. For method
A or direct intercalation, Na-clay was dispersed in deionized water (10% w/w) with
vigorous stirring for 1 day. The aqueous mixture of iron (III) chloride (FeCls) and

gallium (III) nitrate hydrate (GaNO;*H,0) was slowly added into the suspended clay.

The Fe’":Ga’" to clay ratio was 10 gram of clay. The mixture was stirred
continuously for 24 h at room temperature. L€ was washed with deionized water
until chloride and nitrate iGns = &pmcéss of centrifugation and
decantation. On the oth gnation of gallium (III) nitrate

hydrate (GaNO;*H,0)

the as-synthesized sam

fixed at 10:1 meq. However,
~grounded and dried at room
¢ lcined at 300°C for 5hin a
muffle furnace. The calci » air method A and B were named

HFe (Ga, and HFe;(Ga; : espectively.

sequently with 10 em® of
a out in fornmf volatile SiF4 species. The

mixture was heate but n& %hlled to at e removal of silica was
repeated three ti w ratio 1 : 3, was added
and further heatecﬂo dryness 5cm’ 0Q6M HCl wa; dded to the be@r and the mixture

s R TR VPRI b 0o

polypropylene volumetric flask and made up the volume by adding deionized water.

The flask was capped and shaken throughly. If the sample was not analyzed immediately,

10 cm® of concentrat
48v% hydrofluoric acid

I
11 ) to remove

the solution was then transferred into a plastic bottle with a treated cap lined under with

a polypropylene seal.
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3.8  Calcination of Fe-Pillared Clays

All as-synthesized Fe-pillared clays were calcined before using as catalysts. To
obtained the optimal temperature for calcination, the as-synthesized Feo-pillared
hectorite (as-HFe;o) was calcined between 300 to 600°C for 5 h. The obtained products

were characterized using XRD technique.

3.9  Alkylation of Benzene ‘//

—

The Friedel-Craf CNE W] 1t @decene was performed in batch
mode. A 0.2785 g catalySt wés Adde \\::\ﬁ-\ of benzene and 1-dodecene
(0.05 : 5 x 10 mol) i oufidb flask connected with a cooling condenser for
refluxing. The mixture was' cofiti ing and the reaction was performed at 60 to

150°C and 15 to 600 min ingé si & oil bath A fte AN e reaction was quenched with

deionized water and the eatalys ure. The organic layer, mixture

products, was separated an@ d a;S0;). The mixture products

were diluted with n-pentane g cumene as an internal standard.

The isomer products were identif ine

3.10 Reuse of Catalyé | >
U
The catalytic efficiéney of catalyst inggaction cycle for industrial economy was

et G VIR BRIy Gt s,

The structural cHéracterization of the‘used HFeo catalyst was tested using XRD and

Nz-adsoﬂiiWﬁrm ﬂ?‘furwm@ﬂ Ej fﬁ]ﬁxﬁm catalyst was

performedgin the reaction again.
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