CHAPTER IV

RESULTS AND DISCUSSION

4.1  Homoionic Clays §Vy/

Homoionic hectoziiesa u-". ntonite ~. : ' ed by purification and ion
exchange method. In the ot ' 0 \i\‘\ﬁ. her impurities were removed

igjor component in rocks and

interrupts the analysis of clays.
The Na ion is preferfed # ifitefcala ' etween the elay layers in order to obtain

homoionic clays. The restiltir ofs-are a1 \ solid as the starting materials.

XRD patterns, o - ) nite and purs bentonltes collected from
different centrifugal ds are shown in Fi 1""
: d 35 degr@ At the centrifugal speed of
2000 rpm and lower, the 24heta peak at 26.5 dggree which was assigned to quartz (SlOz)

v e USSR GG s o e

samples. The qua peak disappeared j in purified bentomte collectedg)m the centrifugal

speed oﬁOﬁxﬁTMﬁgﬁﬁm g}q ﬁ?\ﬂﬂ{‘ anit}:nal bentonite.

Table 4.1 Summarizes the dgg; spacing es during purification process. All

es show the characteristic

peaks of bentonite at 2-theta range ¢

collected samples from different centrifugal speeds show the dgo; spacing in the range of
10 to 11 A. The dgo; peak of purified bentonites slightly shifts from raw material
bentonite; however, their XRD patterns still show the characteristic peaks of bentonite.

Therefore, purified bentonite obtained from the centrifugal speed of 4000 rpm, which
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impurities particles were mostly removed at the centrifugal speed of 2000 rpm, is chosen

as starting bentonite clay.

© bentonite

4+ quartz
4000 rpm
‘§ 2000 rpm
£
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=
&
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_l\;,
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Figure 4.1  XRD patterns of ray nite and purified bentonites collected

from different centrifugal.§
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Table 4.1 The dgo; spa;mg of different centrlfugal parts of bentonite

AN NN
TSR N Iny 48

Partlcles collected at 2000 rpm 10.82
Particles collected at 4000 rpm 11.96
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4.1.2 The Effect of Na Sources and Concentrations

Hectorite

The relationship between the doy spacing of hectorites and the number of

Na-exchange is shown in Figure 4.2. It has clearly seen that the dgo; spacings of Na-clays

NaCl for four times. Wheg 7
it is found that the dyy; spa€ing jECToTItE treal jw: vith 'NaOH is higher than that treated
with NaCl as shown in Lable. guiesd. 3\shy D patterns of hectorites treated
with SM NaOH. The clay g -

lower value of 2-theta, Sugg

RD patterns but changing to
2 into the clay layers and NaOH
does not destroy the clay*si e quite stable around 15 A when
hectorite is treated more thdn fou .\ T ore rite treated with SM NaOH for

five times was chosen as a sta g1 homo) iond which is named Na-Hectorite.
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Figure 4.2 The relationship between the dyg; spacings of hectorite and the number of

Na exchange.



30

1 6 times
z2 o
2 | .
£ 5 times
- e e .
2|
s |
[5] | .
~ 4 times
3 times e
1 time e
0 time (hectorite)
0 25 30

Figure 4.3  XRD patterg§ ofthe
Bentonite

Purified bentqnite collect: ifugal speed of 4000 rpm, which

impurities were remoy é_;::r:-—-:--—- alspeet ot *:‘ was also treated with SM
NaOH. The XRD pa % ' 0 ‘T. are shown in Figure 4.4

and the doo; spacing a ' summarized in Table 4.2. Fromf XRD, the 2-theta value of
bentonite treated_mwi g NaQH i em reated, Qne suggesting Na ions
intercalate into H’Zﬁ eﬁﬂ&%o ﬂrﬁolniy structure. The dy;
spacing of Na-Be?cl)nite was quite stable when bentenite was treatedsince three times.

Bentonife 44 Wi} Y NEGH fldedibndd] S heReld & b afohHomoionic clay,

which is nfimed Na-Bentonite.
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Figure 4.4  XRD patterng o \ ith 5SM NaOH.

Table 4.2 The doo; spa€inglo NaOH

L} e o
Number of exchafige =55~ = doo1(A)
Purified bentonite A= = 11.96

oA 1522
14.91

i ,

4% ~ 1481

ﬂuaqwﬂwswawn%
ammnimummmaa

4.2 The Gharacterization of Fe-pillared and Ga-doped Fe-pillared Clays

\7

Fe-pillared and Ga-doped Fe-pillared clays were successfully synthesized.
The obtained products are deep-red solids. The XRD patterns of all samples are shown in
Figures 4.5 to 4.9. The shift of dyg reflection peak of clays was observed in all calcined

samples. The synthesized method was successfully reproduced.
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4.2.1 Intercalation of Fe-precursor into Clay Layer

XRD patterns of hectorite and Fe,¢-intercalated hectorite (as-HFe;() are shown in
Figure 4.5. The dyq reflection peak of as-HFe( was shifted from the 2-theta of 7 degree
to 6.48 degree. The dgo; spacing, which calculated from 2-theta value of as-HFel0, is

higher than pure hectorite. The result can be described by intercalation of iron precursor

Relative Intensity

ectorite

)

<

0 c i % 30 35
AL 3

Figure 4.5  XRD pa :! s of hectoriteand's €10- U

2 o RAREY TIE N T
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shows XRD patterns of HFe,, at various temperatures. It has been seen that all HFes
show characteristic peak of dgo; without destruction of clay structure and the doo; spacing
decreases with increasing calcined temperature as shown in Table 4.3. Since 400°C, the

doo1 spacing dropped to around 9.6 A and it remains constant when the calcine

temperature was higher than 400°C. In this work, Fe-pillared clay with higher dyo,
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spacing is preferred because the organic reactants for catalytic reactions can be
intercalated in pore site. At this point, the appropriate calcine temperature at 300°C is

chosen for this study.

- 600°C
\1 777 T
z o 0
Z . — 500°C T
.TE . . 400°C
§ W \~ N T
/ 2
] 23 : Room temp
0 25 30
Figure 4.6  XRD patterns.o Fe; { ed temperatures.
(7 Y]
Table 4.3 The dgo; \I‘ . céiiemperatures
Temperature (°C) - dom(A)

400

ammnimummmaﬂ

600 9.61
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4.2.3 Effect of Iron Loading

In order to investigate effect of iron loading in pillaring agent on structure of
catalyst, the amount of Fe in pillaring agent was varied between 0.5 to 240 meq per gram
of clay and all as-synthesized products were calcined at 300°C for 5 h. After calcination,

the doo1 spacing of all Fe-pillared hectorite differs from as-synthesized and calcined

hectorite as shown in Table 4.4. I ¢ah Befexplained that water molecules which is

ﬁxsors were converted to iron oxide

do e Fe-precursors are claimed to
ed by the data of AAS and N,

7, respectively.

absorbed between clay layers wei
at calcine condition. From tHe"difi
occupy in the interlayer[28

adsorption-desorption isg

Table 4.4

doo1(A)

Calcined heCtorj 11.62
HFeq s 14.45

HFe, 14.45

HFe;s - : 10.69

HEo) S, £ ) | | o7

HPeds. 1117

HFexd) 9.96
HFe,(Gaff 0.42
Ot T’IEJ'VITW 81N
Calc‘led bentonite 11. 3

ARIBINTAU NN INL Y

BFezo 9.68
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Figure 4.7  XRD patter 0. alcitte C al illared hectorites with various

iron contents.

The doo; spacing of Fe- depends on the amount of iron in
ek a of 6.12 with a shoulder at 8.42
degree indicating thaty w ereatate i atl 8lay layers[43]. The low dyg,
spacing is observed in’ I‘ / 3

Ga-doped Fejo-pillared hectorites were synthesized

pillaring agent. HFey 5 and

A
00T small Fe-precursor cluster.
|

d by two methods i.e. direct

intercalation (HFezGa,) aﬂ’dm ati %Waz‘l "i spacings of HFe;(Ga;,
and HFe,(Gayl ﬂo w WEL% *n t the door spacings of
HFe;(Ga; and HF 10Gayl are slightly different fromethat of HFeo. gheir XRD patterns

ooy A ) AN W B ot 0

observed if both Ga-doped Fe;o-pillared hectorites, indicating that gallium does not affect

the clay structure.
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Figure 4.9  XRD patterns of calcined purified bentonite and Fe-pillared bentonite with

various iron contents.
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For the bentonite support, Table 4.4 shows dgo spacing of calcined purified
bentonite and Fe-pillared bentonite. The doy; reflection peak of Fe-pillared bentonites
(BFey) was also shifted to lower value compared with calcined purified bentonite and it is
quite constant around 10A as shown in Figure 4.9. This result can be described earlier in

Fe-pillared hectorite.

4.2.4 Scanning Electron Mlc@“ ,//

The surface morpho toate
using SEM. SEM image '

lared hectorite were investigated

wn in Figure 4.10. Hectorite

shows the layer structure bstructure is observed in HFe;,

indicating that HFe, stil

@ ‘o

Sﬂ"ﬁfﬁ ‘?‘ﬂ"ﬁi%‘%”ﬁ Eﬂﬂ‘ﬁ
ol s RINFWT B MV 1111

Fe ion is {omogeneous distribution in the clay structure. Besides, no aggregation of

Fe,03 was observed on the clay surface suggesting that Fe precursors intercalate in the

clay layer as Fe,0; after calcination.



o (b)

(d)

Figure 4.11 SEM ng{Felo (a), and its elemental ion n{apping images: Fe ion (b),
Mg ion (c) and Si ion (d). ¥

L —
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4.2.5 Fourier Transform Infrared Spectroscopy (FT-IR)

The FT-IR spectra of hectorite and Fe-pillared hectorites with Fe content up to
240 meq per gram of hectorite are shown in Figure 4.12. It has been reported that Si-O
bond stretching vibration shows FT-IR band at ~1000 cm™ with a shoulder at 1200 cm™.
The bands at 1630 and 3400 cm™ belong to the O-H bending and stretching of water,
respectively[44]. The absorption bz nd -.~\ it 1450 and 3600 cm™ are due to the O-H bending
and the stretching of hydroxyl* groups

980 cm™ is due to the Si-OH'Bond=The SisO bonds i Trar ework structure[46] are shown
at 800 and 470 cm™. |
All Fe-pillared

absorption bands about 8§

on contents still show the
i-O bonds in the framework
structure remain. Therefog drcal? (\Fe precursor does not destroy the clay-
layer structure. Due to the of malti 5f & O \-\ i-O band was shift from 1003
to 1022 cm™ with an incr€asafin 0 ; -.\n orite shows the Si-O band at
999 c¢cm'[45]. The absorpfic s Mot observed in all Fe-pillared

hectorite because the protonfof fhe-O-H- be of "hydroxyl groups in clay sheet is

9

AULINENINYINT
ARIAIATUAMINYAE
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Figure 4.12  FT-IR spectra of hectorite (HFe,) and Fe-pillared hectorites (HFe,).
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4.2.6 Determination of Iron and Gallium Contents

The iron contents in calcined samples were analyzed by AAS technique. Table 4.5
reports the iron contents in form of Fe,Os;. The iron contents in calcined samples are
higher than pure clays. For Fe-pillared hectorites, the iron contents increase with

increasing amount of iron in pillaring agent. The iron contents are quite constant when

iron in pillaring agent is raised fro r gram of clay. It may be explained by

the limitation of cation exch torite. The smectite clay, hectorite

m the iron in pillaring agent is

e clay layer. Because iron can

and bentonite has CEC a
higher than 10 meq, it cas

be reduced by O, in air, uster which does not intercalate

into clay layer[47]. It is r of Fe-precursors, diffusion

between the clay layer ig d.which leads to deposition of

Fe-species on the external be seen on the HFe,4 whose

the iron content was droped tg

For Fe-pillared be ‘the same trend as Fe-pillared

hectorite. It can be concluded -..u ffet tal in octahedral clay framework
does not affect the intercalatio .__gf;x :
Al,O5 in octahedral sheet4vhereas hectorite is MgO i -

S~ A J

Table 4.5 The iron m“tents in clays and Fe-pillared c@s

ecursors. Bentonite is composed of

amples? & v % Fey 03
ﬁj RINAS

111 deo

qlHFeo5 4.81as

q W’]@ﬁﬂ‘im URIINYIAY

HFes 21.83
HFeyo 24.61
HFe,q 22.36

HF6240 12.30
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Table 4.5 (continued) The iron contents in clays and Fe-pillared clays
Samples % Fe,03
Bentonite 6.61
BFes 29.69
BFe 30.19

BFey 31.41

The amount of galli as analyzed by ICP and data in form
of Ga,0s are summarized .ii

HFe;(Ga; because HFe; &%

its higher gallium content than

tercalation method. Thus, the

"'\,

amount of gallium coopefated an the direct impregnation.

Table 4.6 The iron aad gall - e and Ga-doped Fe-pillared
hectorite \
Samples % Gay0;
Hectorite 0.03
HFe (Ga, 1.19
HFe;(Ga;l 3.39

]
4.2.7 Nitrogen Adsormo A m
The B ﬁﬁh lared clays (HFe, and
BFey) are showﬂ m HHMOma? sotherm and pore size
distribution of clays and Fe-plllared‘c ays_are_s n e “l-l to A-11. The
revers1blaim1q am%m ﬁ%ﬁ%ﬂﬁl&duaw indicating
that Fe203qin calcined samples converted clay-layered structure (2D structure) to micro-

mesoporous structure (3D structure). Therefore, the BET specific surface areas of
Fe-pillared clays were higher than pure clays. The BET specific surface area of Fe-

pillared clays depends on iron content. As iron contents in calcined samples are
increased, the BET specific surface areas are also increased and it becomes constant

when the iron content reaches 10 meq. This result correlates with XRD pattern and the



43

data of iron content described earlier in 4.2.3 and 4.2.6, respectively. Until the iron
content was 240 meq, the BET specific surface area was dropped to 105 m%/g because

HFe,49 had lower iron content and doo; spacing value than the others as described earlier
in 4.2.3 and 4.2.6.

Table 4.7 The BET specific surface area and pore diameter of Fe-pillared clays

Samples BJH pore diameter (A)
Hectorite -
HFej s 38.12
HFe, 38.22
HFes 38.16
HFe;o 38.17
HFeyq 38.08
HFej40 38.08
Bentonite -
BFe;s 38.17
BFe 38.20
BFey 38.13

=

G

The BET specifx =',',;M ared hectorites from two

il
e‘compared with hectorite and HFe;, as shown in Table 4.8.

HFe(Ga; and ﬁaﬁﬁﬁﬂ lﬁwtﬁym as than hectorite but
slightly lower ¢ i ally, 10Ga; ,ilium deposited on the
pore wall of HFej, causing the BEF specific susface area and pore diameter being

reduced. Hp{afér) lacpel Fepilldcd thdclotied s b v iefabtorted type 1v

isotherms Which indicate that they have micro-mesoporous structure also.

synthesized methods a
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Table 4.8 The BET specific surface area and pore diameter of hectorite, HFe,, and

Ga-doped Fe-pillared hectorites

Samples BET specific surface area (m” /g) BJH pore diameter (A)
Hectorite 74.82 -

HFeq 176.08 38.17
HFe;(Ga, 162.23 38.03

HFeloGa1I 37.63

4.3  Used Catalyst

Used HFeg

Relative Intensity

30
2-theta (degree)

Figure 4.1 @ua an Emﬁlﬂ g1N7
ﬁﬁqﬂ q&}%’qﬁ H3 The results
show that poth samples have the same structure with doo; spacing of 11.86 A, suggesting

the structure of catalyst did not destroy after the reaction. Although the catalyst was
recalcined at 300°C for 5h, the structure of clay catalyst was still remained. However, the
BET surface area of used catalyst decreases as shown in Table 4.9. It may be due to

blocking of organic compound in catalyst pore.
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Table 4.9 The BET specific surface area and pore diameter of HFe,, and used HFe;,

Catalysts BET specific surface area (m’ /g) BJH pore diameter (A)
HFelo 176.08 38.17
used HFejg 116.94 ' 38.36

4.4  Catalytic Activity
Alkylation Reaction

Alkylation of b deger 8 10 ~ phenyldodecane was selected

for testing the catalytic ativii Fo-pillal - cle N\ gallium-doped Fe-pillared clay.

The reaction temperature afid timg were_varied to find the optimal condition.

a-doped Fe-pillared Clays in

Phenyldodecane hagffive igomers, Y 2\ 6?pheny1dodecanes, as shown
in Figure A-14[48-49]. dentified by GC-MS and the mass
spectra are shown in Fig nt peak observed at m/z = 105 in
Figure A-15 is assigned to the i6f ;-we he decane. The parent peaks observed at
m/z = 91 and 119 in Figure A-16 ; 1
peaks observed at m/z=291 and 133 in F _‘_—;;;;;.M ied to the 4-phenyldodecane
ion. The parent peaks vl[ e

5-phenyldodecane ion. Tlie parents pea

-phenyldodecane ion. The parent

ar e A-18 are assigned to the

i), 105, 119, 161 and 175 in

observed at m/z

Figure A-19 are ass1ﬁd 18 thie. %e ldodedafie ion.

i this {8l gl Wbe o 4 Ehdbroduct, Theretore, e

products occurr from isomerizationy of 1- -dodecene e.g. 2-dodecgne and 4-dodecene
- RARIRTRNNINYA Y

4.4.1 Effect of Temperature

HFejo was used as a catalyst for obtaining the best reaction temperature. The
catalytic activity of HFe;o is summarized in Table 4.10. At room temperature, the

alkylation of benzene with 1-dodecene does not occur but with increasing temperature,
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the conversion of 1-dodecene and the selectivity to phenyldodecane product increases.
The selectivity to 2-phenyldodecane isomer also decreases from 58 to 49% when the
reaction temperatures are raised to 150°C. Even though, there was no difference in the
selectivity to phenyldodecane product and 2-phenyldodecane isomer after 100°C,
conversion of 1-dodecene at 120°C was slighly higher than others. Therefore, the reaction

temperature at 120°C was chosen for further investigation.

|

Table 4.10  Catalytic activi ) @Lohs reaction temperatures
yu h“‘--.‘ \‘W P

Temp. | Time %C % "Sele —V Select1v1ty to phenyl isomer

(°C) | (min) 4- 5- 6-
RT. | 30 '\\\\\x 0 0 0 0
60 | 30 33

I]’/‘E ‘\\\\& 1791 | 1135 | 760 | 461

80 30 8.20 liw \“‘\ 10.69 | 7.44 | 4.61

100 | 30 69.82 ’lﬂ;ﬁ; ‘l“\‘ 21.01 | 13.06 | 9.93 | 6.31

120 30 72.50 & %’ 1@ 21.09 | 1423 | 11.64 | 7.77

150 30 69.27 t"'ﬁ“@ 49. 20.78 | 13.25 | 10.40 | 6.44

TN

'*'c;,=_,,
4.4.2 Effect of Reactip) X |

U . 0

HFe,( is also used‘agatalyst for ob&i,ning the best reaction time. The results

from Table 4.1 lﬂ‘%@ﬂm ﬂéﬂ“ﬁ soh

phenyldodecane prbduct increase with i mcreasmg reactlon time. The hlghest conversions

e TRTAIE ?MWTI?MWHZZQZ‘K

2-phenyldodecane was decreased while other isomers were increased. Although the

selectivity to phenyldodecane product was not different between the reaction time at 15
and 30 min, conversion of 1-dodecene at 30 min was higher than that at 15 min.

Therefore, the optimal reaction time would be 30 min.



Table 4.11

Catalytic activity of HFe;( with various reaction times

47

Temp. | Time %Cis % Selectivity to % Selectivity to phenyl isomer
(°C) | (min) | conversion P];:Z:)- Others 2- 3- 4- 5- 6-
120 15 43.31 19.79 | 80.21 | 51.44 | 20.06 | 12.68 | 9.68 | 6.15
120 30 72.50 21.15 | 78.85 | 45.27 | 21.09 | 1423 | 11.64 | 7.77
120 | 240 86.70 35.57 3430 | 20.60 | 17.38 | 16.09 | 11.63
120 | 600 99.72 ‘ 20.31 | 18.02 | 15.55 | 15.22

ondition was set at 120°C for 30
caction. The catalytic activity
hematite) and pure hectorite
does not occur without catalyst

llared clays, the catalytic activity

ene and selectivity to phenyldodecane

product incresed with imcre e _5 and become decreased

when the iron content\irgpillaring age ,j:.'";ﬂ is in agreement with the

BET specific surface area of cata , ed e 'ﬂl

ﬂ‘lJEl’J‘VIWﬁWEI’]ﬂ‘ﬁ
ammnimumqﬂmaﬂ
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Table 4.12  Catalytic activity of hectorite, Fe,O3 and Fe-pillared hectorites
%Cy % Selectivity to % Selectivity to phenyl isomer
Catalysts conversion | Foenyldo- Others 2. 3- 4- e 6-
decane

No 0 0 0 0 0 0 0 0
Hectorite 7.74 1.60 98.40 | 6190 | 17.62 | 9.27 | 698 | 4.23

Fe,03 0 0 0 0 0 0 0
HFe, 7.31 \HJ l, 18.78 | 1239 | 9.20 | 6.04
HFes 60.84 h-::'-_ 5902, | 20.43 | 1235 | 930 | 5.83
HFe), 72.50 | 1-"'- ""“"3. 21.09 | 14.23 | 11.64 | 7.77
HFey 41.67 / //’.ﬁ%\\\\th‘ 9.61 | 11.69 | 9.19 | 4.60
HFey4 30.60 \\*&\\\‘ 9.65 | 11.51 | 9.55 | 5.50

Fe-pillared bentoxn ‘- B
30 min. The activity of all IF ot .. "
in Table 4.13. The catalyticfactivity =
conversion of 1-dodecene and th
Moreover, 2-phenyl is6ine 15 pref
of HFe, and BFe,, it i1

affect on the catalytic acB'ity

é\\

catalytic activity at 120° for
w1 o ied bentonite and summarized
) it0n contents. All BFe,s show the
henyldodecane product as high as HFe,.
mafs, From the catalytic results

\&ciorite and bentonite) do not

y

e G4 81 PRI Ry
% Select1v1ty to % Selectivity to phenyl isomer
Catalysts —ia— :
o WY ﬂ’\ fﬁm NN IRY| > | ¢
Bentonitd 7.05 1.13 98.87 | 53.02 | 19.40 | 12.46 | 8.54 | 6.58
BFes 61.41 15.96 84.02 | 53.35 | 20.90 | 11.83 | 858 | 5.36
BFe 68.20 22.85 77.16 | 47.60 | 21.64 | 13.47 | 10.41 | 6.88
BFey 61.57 15.01 84.99 | 54.96 | 20.46 | 11.38 | 8.19 | 5.03
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4.4.4 Effect of Gallium in Ga-Doped Fe-pillared Hectorite

The catalytic activity of Ga-doped Fejo-pillared hectorites are shown in Table
4.14. Ga,O; does not catalyze the akylation of benzene with 1-dodecene. The conversion

of 1-dodecene was decreased from 72 to 44% when gallium was added to clay. This can

be explained by the lower BET specific surface area of Ga-doped Feo-pillared hectorite.

Table 4.14 Catalytic do
%C1s ty to ivity to phenyl isomer
Catalysts _ Phgividb- 15 = .
conversion - 5- 6-
ecahe i ‘
HFe 72.50 1 . .09 | 14.23 | 11.64 | 7.77
Ga,03 0 P == 0 0 0 0
_ T
HFe(Ga,; 44.02 17.11 B ' e 0 | 19.23 | 10.37 | 7.89 4.71
HFe;(Ga,l 59.05 11.33 | 8.34 4.83
4.4.5 Reused Catalysfm m

‘o v
The reu ﬂat ﬂ;ﬁlﬂﬁ:w E”ﬂ@ﬁugh the catalyst was
recalcined at 3(&%&: as the fresh catalyst, the lower BET surface area of used
catalyst ( s i ﬂ ? g exhibits lower
conveﬁoﬁoﬁﬁﬁﬁiﬁ:ﬁl nmﬁl mgj;:]; ‘Hduct are also

decreased. Both catalysts prefers to produce 2-phenyldodecane isomer product than other

isomers up to 45%.



50

Table 4.15  Catalytic activity of HFey
Cycle of %Ciy % Selectivity to % Selectivity to phenyl isomer
reaction | conversion | L ™% | oihers 2- 5= 2 5- 6-
decane
1 72.50 21.15 78.85 | 4527 | 21.09 | 1423 | 11.64 | 7.77
2 55.68 17.97 82.03 | 57.08 | 19.79 | 10.78 | 7.78 4.57

AULINENINYINT
ARIAATAUNN TN
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