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CHAPTER V

RESULTS AND DISCUSSION

In this chapter, the results and discussion are classified into five major parts.
Firstly, characteriztic of metallosilicate structure by XRD of H-AL-Silicate or H(AI)
ZSM-5, H-Fe-Silicate, H-Zn-Silicate, H-Ga-Silicate and Silicalite were observed. In
the second part, the study of crystallite size . emical composition were analyzed by

t of qualitative analysis of 2’Si
NMR and Al MSA NMR,

othermal treatment of the

structure and 2’Al stru
respectively. In the thi »
catalysts on crystallinity e fouith part, ‘e also discussed the result of the study
of FT-IR to illustrate : .metallosi ates. Einally, this research was

X-ray diffraction (XRD) gatterns for samples H-Al-Silicate [H(AZSM-5], H-
Fe-Silicate, H-Zn-Sllncate\ licalite are displayed in Fig 5.1.The
catalysts used in this ‘part were s sverview “the difference of their
1\‘

.- patterns of all catalysts

71, 72] as direct synthesis,

- “’Fﬁiﬁf ALIFI it 1 ilevaicmametoie
MEFI structure (1 SM- [65]. Metallosilicate
with a ZSM-5 structure having metalsM as a compaenent will be denpted [M-ZSM-5]

e WA REFIRRIAINE1R E

prepared in this labor » 'y by rapid crystallization metho'
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Moreover, The ZSM-5 structure can easily crystallicze in pure silica form (silicalite)
which could form as metallosilicate reaction mixture, giving the characteristic X-ray
diffraction pattern without incorporating the desired metal component into the
structure. However from the comparison of XRD patterns between the fresh and
pretreated catalysts. We found that after pretreatment, all catalysts still maintain
metallosilicate structure having MFI structure. This indicate that hydrothermal
treatment do not affect to change the structure of metallosilicate catalysts. But, the
intensity of X-ray diffraction lines of all catalysts after pretreatment are lower than

that without pretreatment. It can at, after pretreatment, all catalysts

have lower crystallinity causi m hydrothermal treatment.

—‘;

5.2 The study of crys on and ¥Si and Al MAS

NMR structure in framé b

5.2.1 Morphology

Scanning electron 1y M) of the catalysts-are shown

in Figure 5.2 that shown thg (; nd mietallo licate particles are not strongly

isolated, but are agglomeratlons ".;.a;,z..r:_'- allites with having average crystal
£ .W'M:'a

size diameter of 5.5, 5,5, s 3.5, 500 9, 5.6-um.(from Fig 5.2 a to j)

respectively and ha 5‘,#— ~sptiericat-ti F‘g ated and stepped faces.

ber of nuclei were formed in
the initial stages of crys‘;alhzatlon causing growth of a large number of small,

B 1) ‘?“ﬂ“ﬂ'ﬂ“ﬁ Lok
AR AININURIINA Y

The conclusion reachedfro



H-F¥-Silfate,(fresh)

b rida AEAS 4

b) H-Fe-Silicate (pretreated)

Figure 5.2 SEM Photographs of the catalysts

35



d) H-Ga-Silicate (pretreated)

Figure 5.2 SEM Photographs of the catalysts (continued)

56



5

Silicate (pretreated)

Zn

f) H

Figure 5.2 SEM Photographs of the catalysts (continued)



-AT—S cate (fresh)

W W,
idd

h) H-Al-Silicate (pretreated)

Figure 5.2 SEM Photographs of the catalysts (continued)
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(fresh)

te)

—

j) Silicalite (pretreated)

2 SEM Photographs of the catalysts (continued)

Figure 5
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before and after hydrothermal tfeatment; particle size do not change and similarly
particle size of all catalyst both before and after hydrothermal treatment. Moreover, It
was found that morphology of catalyst both fresh and pretreated catalyst have similar
morphology. No change of structure was observed in hydrothermal treatment at 600°C
in 10 mole% water for 24 hr. This indicates that the hydrothermal treatment condition

does not affect to morphology and particle size of catalysts.

,1/95/i and *’Al MAS NMR structure in
7Z.

S— T—

The results of iative a asi -.' iMetal ratio in the synthesized
crystalys are shown in T , g an o \:\ esent in the metallosilicates
were determined by X-rayFluefest : \\§

The four metallosili€atg'cata {s show eS 0 etal ratio with identical

5.2.2 Chemical composition

—

framework of catalysts

Si/Metal ratio in the ori@ ar measured Si/Metal ratio

(fresh) after crystallization. e metal incorporation into

structure. A possible reason for thishigh an orporation of metal in structure

is the template synthe51s of thx
TPA" cation in eith¢r-thé

preparation the MFI structure the

mplate has been the most
¥
successful and metallesilica re tained from preparation
using TPABr [67]. Ho@ver, from ha
structure, it is suggested thatsin the case of metallosilicate, almost of all of Al, Fe,Ga

and 70 cam @b VIS INGIQ )G s syrtsis vitous

addition other metal as second component in the zeolite synt&sms hinders the

e R TQTPTIIATY B Bl o o

preparatién of two components heteroatom-containing zeolite system. For Si/Metal

g highly amoun@f incorporation of metal in

ratio (pretreated), the content of metal loaded was not significantly changed by the
pretreatment as seen from the XRF data. This indicated that there was no significant

loss of metal species such as evaporation of metal due to the hydrothermal treatment.
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For ®Si MAS NMR spectra of silicalite, H-Al-Silicate, H-Fe-Silicate, H-Ga-
Silicate and H-Zn-Silicate are shown in Fig 5.3. In the spectrum of silicalite the
observed sighal at —106 to —120 ppm can be attribute to Si(4Si) [68]. This is
suggested that each of the Si site is coordinated to four oxygen atoms with
tetrahedrally coordinate by oxygen atoms and it have attachment during Si-O bond.
For H-Al-Silicate, Si (0Al) is at about —112 ppm and Si (3Si (1Al)) is at about —~104
ppm [69]. This signal show that having substitution of Al atom by tetrahedral

coordinate with oxygen. From N NMR spectra of H-Al-Silicate is obtained

by comparison of corresponding of tetrahedral aluminum (55 ppm.)
" f/
[79] Both “Si MAS NMR

incorporate into the tetrahedral u--i am of molecular sieve structure

< ndlcate that Al™ cation can be

during synthesis. For 2SI M ME ilicate, the obserued signal at
—104 ppm can not be attibtiic / ( \\\ 'h s indicate that Fe'> may be
incorporated into the tCtrahedr oli e \’ but can not be seen with *’Si
MAS NMR by must m€as E (AFS \\\ \ Bell and et al. [85]. That,

£¥5 LA
this apparatus have no i ailand. *.f...- nly\‘ \ )Fe)or Si (4Si) which is at about
_113 ppm. For H-Ga-Siligfteff :-;;Lf fre: Si (

3 \

-

a or 0Zn) are at about —112

k F -

al

ppm and Si (3Si (1Ga)) or -»-—- ¥ at about —104 ppm [69, 70]. These
i A

signals show that having substitt M . n atom can be incorporate into the

tetrahedral zeolite framev & Frot th ‘§pectrum resonance of °Si NMR

spectra of H-Al-Sil ;-.:::..-1::,,—_‘------“-» ﬁlthese signals show that

having substitution of 7T ato oofdinate element (Al, Ga, Zn,

etc.) and metals cation ca9 be mcorporated 1nto the tetrahedral zeolite framework sites
of molecular s wgﬂsﬁj of the zeolite site; Si
atom is COOI‘dIﬁ to oxygen atom and S?al atom (Al, n) and these catalysts
syste w ? ﬁf -0-Si-O nuclei
(the meqm}ﬁﬁﬁ ﬁ)ﬂj’T ﬂ m %])
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Figure 53 Si NMR Spectra



(b) Silicalite after treat
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Figure 53 Si NMR Spectra (continued)
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5.3 Effect of hydrothermal treatment of the catalysts on crystallinity

Crystaliinity of metallosilicate catalysts are shown in» Table 5.1 Crystallinity
determined base on XRD profiles, was calculated using the area of the dominant peak,
which was compared with that of silicalite (fresh) as a reference. The intensity ratio is
generally believed to reflect the crystallinity, i.e., the amount of crystalline zeolite
phase in the studied material [82]. The crystallization during the synthesis procedure
can increase the intensity of selected XRD pattern peaks since the chemical

composition of site occupancy in hase will not change during the

synthesis process [82]. Accor! s of the fresh catalysts, in the
peak intensities of highest
crystallinity because of framg atom cupyr e same lattice sites [82].
Upon hydrothermal treatms y of Ailicalite od) " catalyst exhibit a high
resistance towards, hydfotheamalfteatis 11 ) the stallinity of the silicalite

catalyst is not affected k gfmat 11 nt with slightly decreased (from 100

lattice cation content, the contributic
oy “,-;‘.',:-“:_."‘::’J";J iy
position to the stmct?ﬁfaet;ors. is generally s

ig matter in extra-framework lattice

ared_to that of the framework

[82], and Vetrivel .1::;-».-:—:;::,—;7,——-- t=5-and conclude that Al favors longer
bond length than Si. Ifﬂ:on‘ poration of trivalent framework

elements (e.g. Fe, Ga) in ?n&unts correspongglg to aboﬁt 2% of the T-atoms affects
the peak intensﬂsﬁiiﬂiﬂﬁtn?ﬂﬁmj rrj:inity of zeolites but-
less than H-Al-8ilicate due to the Scattering factor o ilicon and Fe or Ga in
framew, ] S‘ it ery. differ stfédgth of chemical
bond dﬁﬂﬂﬁﬂﬁﬂjﬂ‘ﬁg ﬁ\ﬁlgrﬁt | s%ilate structure

on crystallinity. In the sample H-Zn-Silicate is visible, with intensity too decreasing
in comparison with that of Silicalilite (fresh) that the crystallinity of H-Zn-Silicate
was considerably to reducing. This is suggested that although Zn*" cations atom can
incorporation into zeolite framework sites to form metallosilicate structure but its

strength of structure have lower than other metal in the same family (i.e. Al, Fe, Ga)

because of it have lower strength of chemical bond during Metal-Oxygen as was seen
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from table 5.1 and the atomic weight of Zn is larger than that of Si and Al, and the
7n-O bond is longer than those of Si-O and Al-O [70]. So, the crystallinity of H-Zn-
Silicate have lower than other metallosilicate catalysts. For all pretreated catalysts,
crystallinity of them were considerably reduced following hydrothermal treatment
that means having loss of hydrothermal stability and durability at high-temperature.
However, we found that H-Zn-Silicate have lowest hydrqthermal stability when
compared with silicalite. At temperature 600°C in 10 mol% water, 24 hr. of

hydrothermal treatment condition of the metallosilicate catalysts (Table 5.1),
indicating that the order of stren; ‘ ( / | stability is Al>Fe>Ga>Zn-MFI,
in suggestion with earlier men ton _base f chemical bond during Metal-
Oxygen. After hydrothew of metallosilicate reacts

with water at elevated tem

metal occurs resulting in
the destruction of the f ¢ b e\ t any bonds are broken. The
crystallinity of all ca falys afgl-reduced | followi ydrothermal treatment.

Moreover for H-Fe-Siligate stallinity are” screased (from 73 to 66%) after

hydrothemal treatment condition_af cmperatures causes dislodgment of
. ; e L :
iron from frameworlfﬂtes and ifs intensity 15 dex hg by hydrothemal treatment,

indicating that imperfgct CryStaiZation=—=1ae=c .{,. signal intensity by

hydrothermal treatrnenfﬁ ducto etion 5t framework Fe®* site [83].

In the case of Fe-containpgzeolites, the location of iron in the zeolite framework

(Feyp) or outsidﬁl ﬁ\fgﬂ ﬁ%ﬁl , d micropores, Feer
(mostly in the fofih o e,03, muc gvmhan HE‘I:,TIJE considerably more
stable [ ize-it appe { w ureand hydrothermal
stabilitﬁmanmﬁpmmmoﬁic e tlﬁl.]:f‘lnae%tled to type of

metals in metallosilicate structure on crystallinity under hydrothermal condition.
However, H-Fe-Silicate may be incorporate into the tetrahedral zeolite framework site
of molecular sieve structure during synthesis using EXAFS by Alexis T. Bell and et.
al [85]. They found that Fe’* ions can incorporation into zeolite framework sites to
form metallosilicate structure. For H-Fe-Silicate is in structure effect to add acidity as

seen from TPD-NH; (Fig 5.4) and some of substitution of Si in framework with the
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second metal such as Al, Zn, Fe and Ga will effect to add acidity too. That, Addition
of second metal into structure is addition acidity of silicalite. For TPD-NH; curve
(Fig 5.4) of Fe,03 impregnation on silicalite, we found that Fe,O3 on surface catalyst

will not effect to add acidity.

5.4 Infrared Spectroscopy (FT-IR) technique to illustrate the species of

metallosilicates

Infrared spectroscopy provides entary evidence for framework

les are shown in Fig.5.5. In all
ons of the — (Si-O-Si (Al))s-
or H-Fe-Silicate, the broad
. It is well known that the

absorption bands at th asymmetric vibration of

Y
A

iron incorporated zeoli pology [14, 75, 78]. H-Ga-
Silicate, IR spectra recor: \ es show the same bands as
these recorded on HZSM-5 MZE{ . : therefore, evident that the Ga-
containing zeolite was of the | type. “Theabsorption bands at 1225 and 1098 cm’'

correspond to TO4 (T is Ga) as etrio : g vibration, while those at 880 to

625, 545 and 454 cm;ic 10 TO4 (THis G mmetric stretching,double-ring

and bendmg v1brat10 TCS] _-,—.. ----- SRS CYMTERITHT i) the broad band around
950 cm™' can be reason@: ttriby ibratien with the incorporation of
Zn in the framework. e bands at 705 and and 797 c¢m’

instance, due t is Zn). This can be
ascribed to the @Erﬂeﬁ ﬂﬂﬂim S.lﬁ‘jse the atomic weight
of Zni at e Zn-@bond is lo er than those of Si-O
and Aﬁ ﬁ%&ﬁfm l\m’l}m&x a.l& fresh with

pretreated catalyst, they have similarly both before and after pretreatment. This

in H-Zn-Silicate, for

indicating that the hydrothermal condition do not affect to change the structure of
catalysts and still maintain MFI type structure. Moreover, the shape of line signal FT-
IR spectroscopy of pretreated all metallisilicate catalyst at 600°C were roughly similar
to that of fresh silicalite indicating that MFI structure was maintained even after

pretreatment at 600°C
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Figure 5.5 FTIR Spectroscopy (continued)
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5.5 FT-Raman Spectroscopy technique

This research was explained completely by FT-Raman Spectroscopy. From
2Si MAS NMR spectra of H-Fe-Silicate, Fe’* can not incorporate into the tetrahedral
zeolite framework site but it is in the form of hematite (Fe,O3) as seen from FT
Raman Spectroscopy of H-Fe-Silicate (Fig 5.6 a, b) when compared with hematite
reference (Fig 5.7) [80] that they have similar and peak appear at resonance 296.35
cm’, 410.79 cm™ and 1317.59 em™. For FT-Raman of H-Zn-Silicate (Fig5.6c,d)is

not similar with peak resonance o .8 b) [81] which appear at resonance

ind S that Fl#Za#S licate have attachment of Si-O-Zn
which have not ZnO. Ft-Rafian o jo 5.6 e, f) is not similar with

peak reference of Ga,OsFig o9 \\1‘*‘-\\ 1056.61 cm™. This
indicates that H-Ga-Silieftc haVeutee! ' w“\ m\{.\ to framework which does
not Ga,03  / ‘ \

N
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Figure 5.7 Reference of hematite
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