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lele I NTRODUCTION

7e0lites aore erystalline aluminosiliestes
represented by the formula & Mg, 0, AlgDgy 15104, YHD
vhere ¥ 1s a cation of valanee n, Tho zeolite structure
consists of a three dimensional net-work of /10, and
810‘ tetrabedra linked to each other by sharing the
oxygen ions. The excess negative charge on the sluminum
ion is balanced by aon alkall metal ion which ean be
partially or complotely exchanged with other monge, die
or trivalent lons. The 5104, Al04 netework forms honey-
conbed structure consisting of cavities and channels of
moleculer dimensions.

The nature of cations profoundly afiects the pore
size in the seolite whieh in turn chenges the sorption and
catalytiec properties of the zeolites. As a result of thelr
unique struetural properties, zeolites have been employed
extensively in petrochenicel and allied industries es
adsorbents lor separation of hydrocarbon and as share
selective catalysts for eracking, isomerization, selecto-
“>ming and transformation arematic hydroearbons.

Lefe SO CAL _BACEIROUND

The history of zuclites began with the discovery
of stilbite in 1766 by the Svedish minerslogist, Cronsted .
The nome seolite signifies "bolling stone®. Zeolite
minerals have been recognised as widespread couponents in



basaltie rocks and are found in many parts of the world.

A reversitle dehydration” of the zeolite erystals and
adsorption” of gases in dehydrated ehabazite were observed

in eerly 19th gentury. Barrer™® ana coworkers earried out
systematic imvestigations on the synthesis, strueture and
adsorption properties of a lorge mmber of zeolites,
Simulteneously, at the Union Carbide, Linde Division, ¥ilton®
and his assoclates earried out commereiasl develorment of
moleeulsr sieve zeolites designated as A, X end Y, However,

a major break through in zeolite technology came in 1962 when
Mobil 041 Coe (UeSers) introduced the zeolites for catalytie
eracking reasetions in petroleum processing. Sinece then, zeolite
catelysis has undergone rapid snd dynemic advances, as is
evident from the tremendous scientific and techmieal literature
execeding 26000 articles and more than 86000 (U.S.) patents, The
erystal structure of forty zeolite minerals has been established
to date and over 160 synthetic zeolites have been reported’ in
literature.

The major industrisl processes that use zeolite
catalysts are listed in Table 1.1, together with their respective
zeolite usages. Three of the milestones that formed the foundae
tion for the discoveries and break throughs in industrial
processes m' (1) the introduction of commereial eatalytie
eracking in (1964), (2) the demonstration of shape seleetivity
in chemical reactions (1962), and (2) use of organie eations
as templates for zeolite synthesis.



Process
Catalytie
eracking
Isonerizae
Catalytie
reforming
Polymeriza=
tion
Alkylation

Hydrode-
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Dehydroge~
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Dehydration

Dehydrohalo-
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TABIE « 141
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APPLICATIONS OF ZEOLITES

Probable zeolite catalyst

Competitive features

X and ¥

¥, Mordenite
Y, Mordenite
Y

Y, HSHS

Xand ¥

X and ¥

X and ¥

Xand ¥

> >

Iproved ylelds. Redueed
light gas and coke.

High umunx and
resistance to high poisoning

Activators, unnecessary
high selsetivity.

Ronegorrosive.
lon=corrosive, feed troate
ment mlnimizo&.

Hlgh setivity and improved
selectivity.

Resistence to S poisoning.

Separation problems
oinindzed,

High ylelds, resistance
to poisons.

Improved seleetivity,

Improved rates and ylelds,
Molecular size selectivity.

PJEs Plekers, A.P, Botton and M.A. Lanewala
Chtm.Enln., m 133 (19682).
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Using tetramethyl ormonium fon, Darrer" synthesized
(Neh)y (HeX) and (NeY) peolites. Kerr® observed that organie
cations facllitate the synthesis of new zeolites, MHe first
synthesized zeolites ZEe4 and Zie8, These bresk throughs were
followed rapidly by the synthesis of many seolites from organie
ecation containing mixtures such as cun“, SHeg' and zsu-u"z.
The most important smongst these is Zeolite Socony lMoidl designated
Z8MB.

Ginee Mobil 01l Corporation introduced a mew shape
selective high silica Z5ME zeolite, a mumber of commercially
important catelysts and processes have ieen developed, which are
listed in Table 1.8,

The Z5M6  type zeolites possess the following umique
properties:

1. High thermal stability (> 1283 K) and stability to
post minersl sedds. They also show struetural stabdlity’> to
steam under ¢atalytic reaction conditions,

2e lolecular shape Mvtw“ arising from the unique
pore dimensions (l.l-d) offering both steric restrictions at

the active sites and oceurange of preferential diffusion nu-“.

2 The constraint that, mormally, hydrocarbons contsining
more than 10 earbon atoms are mot formed in the methamol to
gasoline conversion'® on ZSME seolites, which is also true of
other processes.

The unique catalytic properties of szeolite including
its high resistance tovards deactivation due to coking are
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INDUS THIAL PROCESHES IABBD ON SHAPE

BELECILIVE 45O

Proecess

Objective

Major chemiecal proecess
characterisation

Selectoforming

Meforuing

iylene isomerie
zation

Octane nunber is
inereased in
oline LPG proe
Ne

Selective neparaffin
eracking.

Cracking depending on
degree of branching
aromatic alkylotion and
cracking fragments,

Cracking of high

Ethylbenzens of iidgh through put
%&‘ long eyele life,
ucx, handling suppression of side
reactions.
Toluene disproe- Benzene and
portionstion zylenes from
toluene .
Mothanol to Methemol (from Synthesis of hydroearbons
gasoline. coal or natural only, mmma to mouno
gas), comwersion range (Cg4 cm)
mm “muﬂ.
o

® Refs Welsz, P.8,, Pure and Applied Chem,,
£2, 2001 (1980).




attrituted® "8 ¢o the presence of strong acid sites as well
a5 unique molecular shape selective properties imparted to
the zeoclites by the three dimensional system of intersecting
channels .

The struetural adsorption snd eatalytie properties
of Z5MB tyre zeolites are reviewed in the following sections,

1.3, CHARACTERISTICS OF ZSME ZEOLI TES

(A) gtrusture of SME

The ZoMB belongs to a pemtasil famdly of zeolites
and has a urique channel structure which differs from the
large pore X and Y seolites and small pore seolites such as
Linde & and eriomite. As reported by Kokotailo ot s1}7, the
fromework of ZoMB zeolite is composed of a nmovel configuration
of linked tetrahedra which are bound together in groups consist-
ing of eight five-membered rings os shown in Fig. le. These
building units are attached to each other through edges to form
chains as shown in Fige 1b. The cheains are then connected to
form planes, and the linking of the planes gives three
- ddmensional fremework structure. The planes parallel to (100)
and (010) sre illustrated in Pigs. 1 and 14 respectively.

The as synthesized, uncaleined ZSME zeolite generally
exhibits orthorhonble symmetry with lattice parameters a = 20,19,
b = 10,08 and ¢ = 12,48, Hovever, reversible transformetion to
monoelimie symmetry hes been mormu due to caleinstion and
ion exchange. The composition of the unit eell in the Ha form
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0)CHARACTERISTIC CONFIGURATION
OF ZSMS

b) LINKAGE OF ZSM-5

t) SKELETAL DIAGRAM OF 010 FACE

d) SKELETAL DIAGRAM OF 100 FACE

¢) CHANNEL STRUCTURE OF
ZSM-5 ZEOLITE

FIG. 1. . STRUCTURE OF ZSM-5 ZEOLITE .



18 Ne Al 5450 0. 00.16H,0 where n < 27 and typieslly'® avout

3, The number of Al atoms per unit ecell is ecalculated as

‘ = L
‘1 1 +R

wvhere R = and N the toms of 81 and A
?;L. By Ly being gram a
respectively.

The Z5M6 framework consists of two intersecting
channel systems, one sinusolidal running parallel to 001l and
the other straight and parallel to (010) as shown in Fig. le.
The simusoidal channel has near cireular opening (5.4-6.6%)
and the straight channel has elliptical opening (6.2+5.8%).
A similar framework structure has been found'® in silicelite
which is Al free three dimensional erystalline 5104

(8) Sorption and Diffusion im 7SHS zeolites

In molecular shape selective eatalysis, the effective
pore opening and chonnel dimension play important roles in
controlling the tyre of moterial that react and the products
formed, The sorption and diffusion deta are helpful in
understanding the produet distribution in estalytlie reaction.
In 25M86 the neparaffins and monomethyl paraffins diflfuse more
rapidly than monoeyclie hydrocarbons which in turn diffuse more
rapidly than dimethyl substituted paraffins. Anderson et a1°C
have compaired the adsorption behaviour of some hydroecarbons
on NaZSMS and HZSME zoolites and have classified the sorbents
into two categories:



() Fast adsorption which includes n hexane, toluene
and pexylene,

(2) GSlow sorption which occurs with 2,3 dimethyl
butane, cexylene and 1,3,8 trimethyl benzene. The lower
sccessibdlity of the inner pore structure of ZSNE6 was attri-
buted to this behaviour.

Similar studles have been reported on silicalite® and zsmE
of different 54/i1 retios™™ and it is observed that the ion
exchange capacity, the catalytic sctivity and hydrophobleity
are linearly dependent on the Al content,

(C) Jon Exchange

The ion exchonge characteristies of ZSME have been
examined by Chm et dm for a wide spectrum of cations using
a voriety of morphological and compositionsl forms of szeolite.
1t was found that the ion selectivities in Z3ME were conside-
rably different from those of the comventional synthetie
zeolites A, X and Y, The overall selectivity ranking of the
slkali metals and NH,' and divalent lons is found to be:

cs*> my > x*> m*> 1l oma

cuZ’ > zn®* > m®.

(D) Zeray Diffrsction

The Xeray diffraction is a powerful tool for the
identification of zeolite species and has been extensively
used to understand the kineties®*™% snd mechanism of zeclite



erystallization. The changes occuring in the lattice
parameters on ion exchange, csleinetion and thermal and
hydrotherral treatment of the sample ean be also eveluated
by the Xeray mmm“.

(£) 1nfrared Spectroscopy

infrared spectroscopy has been employed
extensively to imvestigate the fremework vibrations®° in
different zeolites and is complimentory to ieray analysis.
The spectra of zeolites in the mid infrared region (200
1300 ea™}) o Just 1dke ieray diffraetion, a typieal ir
pattern for each zeolite. In addition to the framevork
studies, the ir spectroscopy has been extensively employed
for the charasterization of surface acldity”’. The
absorption bands st 2600 em™* and 2720 ex”l eorresrond to
strong and weok Brénsted seld sites respectively. The
intensity of the band ot 860 em™ has been related” ! to
the erystallinmity of the ZSNE samples,

(7) Ihevwal amelyele

Thersoanalytical data (DTA, TG, DTG) of zeoclites
have been extensively used for evaluating the rate of decome
position of oecluded organic as well as water molecules from
the seolite cavitiess The thermsl stabllity®® hes been
estimated from the high temperature exotherm and is related
to the 54/,1 ratio in the zeolite samples. The weight loss
which oceurs at about 800°-700°C has been sseribed to the



dehydroxylation of acidie OH groups and the data is used
for the estimation of the number of acid sites in the zeolite
sample.

(G) Catelytic Reactions over ZSME Zeolites

Aromatic hydroearbons, especislly benzene, toluene
and xylenes, are important rav materials used in organo-
chomical industries. The demand for ortho and para xylenes
as chemical intermediates for plssties and polyester fibres
has inereased repidly in recent years., Xylenes are produced
during reforming of petroleum napths using the reformer
effluent vhich consists of mainly aromatics and paraffins
vith very pinor amounts of olefins, Xylenes are also
produced by catalytiec disproportionation of toluene>? or
transalkylation vith trimethylbenzens™ , to yield prinmeipslly
xylenes and benzens. Pure ortho xylene is obtained from Cg
aromatic stream by fractional distillation. Becouse of their
close boiling points, p- and mete-xylenes canmot be separated
by distillation. But due to relatively high melting point
of pexylens (+13,3°C) compared with other aromatics, it can
be seperated by fractional erystallization.

Most of catalytic isomerization studies have been
nade 292 itk homogencous scid helide catalyst., The acidle
eatalyst such as AlClyy ALBrgHBr, HF, BFy are hMghly
eorrosive and suffer from the disadvantage that thelr hydrogen
halide complexes are gases. '

11
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On the other hand, vapour phsse isomerization over
heterogensous silica-alumina and other duel function catalyst
avoids the corrosion and recovery problems but leads to coke
formation™" and lover yleld of desired products. Zeolite
catslysts are more active than their amorphous counterparts
ond reach similar conversion levels at lowver temperature than
that required for the amorphous catalyst™®, synthetie szeolites
type X, Y and mordenite and ZSHS have been reported>C to be
good eatalysts for isomerization and the selectivities for
0y W, Pexylones esn be varied by mere structure modifications.
The rare earth exchanged X zeolites had higher setivity but
side reactions such as disproportionation and cracking
rodum“ the selectivity for isomerization. Due to higher
szog/ueo, ratios the Y zeolites were found to be more stable
than the X type. The isomerization activity was related ’ to
the acidity of the catalyst and was in the order:

HY > EEY > MgY > NaY

Mordenite eotalysts heve been extensively studied™® for
isomerization of xylenes both in liquid and vapour phases.
However, as a consequence of narrow one-dimensional pores,
it was found that during isomerization reaction, the catalyst
deactivated by coke deposition.

Z5M6 zeolite is known for umusually high stoe/ugoa
ratio and high degree of thermal and acdd stablility. XAylenes
are hmtuda at 260«310°C in the absence of hydrogene



The eetalyst is highly selective towards isomeriszation
rathor than disproportionstion of xylenes?®, The ratio
of isomerization rete (ki) to disproportionstion rate
kda for some of the zeolites are as follows:

B

Catalyst ky/ka

ZBMB 1000

Mordenite 70

Faujasite 1020
1ede SCOFE OF PRESLNT WORK

The objeetives of this research are two-old:

(1) To prepare ISME type szeolites using indigemously
sveilable rav materials and to prepare their ion exchanged
and aeld forms by lon exchange with the appropriate salt
solutions and treatment with hydrochloric acld at two
different temperatures respectively.

(2) To study the characteristiec properties of the
zeolites by ieray diffraction, thermal analysis, scanning
electron mieroseopy and by selective adsorption of argonm,
water and hydrocarbons and to correlate the sbove data with
catalytic isomerizetion of ortho xylene over a few selected
samples .
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2.1, SINTHESIS OF ZEOLITLS

Selsl. Introdustion

The zeolites are generally prepared by using
suwer sstursted squeous solution: of appropriste materials
at relatively low temperatures (298 to 472 X). Under these
conditions, the nature of the actual produet is determined
by the composition of the reaction mixture, temperature,
reaction period, etes The synthesis conditions of
important zeolites using systems such as Rag0wAly0qesd0g=iiy)
have been reviewed™*4? 1n getatl. Becsuse of lack of
thermodynamic equilibrium, there is infinite scope for
modifying the reactants and physical conditions to rroduce
new seolites or to nodify the chemieal composition (eege
5405/41004 Fatio) and physieal properties such as size and
shape of the erystals.

In typicel synthesis, highly unstable reactants.
such as "young™ copreeipitated gels, in agquecus solution
containing an alkeld hydroxide at high pH sre used. Under
such conditions, the zeolite inherits struetural units,
such as four rings of linked Al0, or 510, tetrahedra, with
assoclated cntions and vater moleocules,

funerous studles have shown that copreeipitated
gel undergoes an aging in whieh the bulk physiesl nature and
consequently intinmate atomie linkeges change. After this
asging proeess, whieh presumably produces the appropriate



struetural units or building blocks, nueleation and growth
of the zeolite is accomplished from the aqueous phases,
Usually, the aging process is earried out at a lower
temperature (298 K) than the erystallization (272«873 K).

Heaetions with smaller changes of emtropy favour
zeolites with high disorder. The zeolites with wide pores
and eonsequent disorder among the water molecules and
exchengeatle entions are closer in structural properties and
entropy $o the highly disordered gels, and tend to form
initially in preference to the compact zeolites, With
inereasing temperature of the synthesis, the more compeet
zeolites are formed. The yleld of zeolite depends on the
source of the raw materials. Changing the source of 510o
from the sodium silicate to eolloidal siliea produces
marked variations in the produets, even for the same bulk
composition ond temperature.

Sinee 4t 18 difficult to observe the detalled
atomic movement during the gel formation and erystsllization
of zeolites, all theories are speculative, but data on
hydrated cotions occuring in the seolite strueture snd ine
corporation of various elements like phosphorous by
simultaneous coprecipitation of sll couponents into inter-
mediate gel, swport the theories of struetural inheritance
during zeolite erystallization.
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Z2eleBs System for erystallization
of seollte M8
Inereasing attention has been given during the
past deecade to the synthesis and study of the properties
of new zeolite materials erystallized in the presence of
organie eations. The synthetie zeolites like the ZSMB
series, will alvays be most imvortant and greot variety of

tailor-nade speecles will be possidle through the synthesis
routes.

The synthesis of ZSNE zeolite has been reported

extensively v ™48, the gsystem used for the Z5MS erystallizae
tion is

(Reiilgd = Mg/pd = Alglg = 5105 = B0~
where (B‘l)'u the quatermary ommonium estion and ¥ is the

alkalinetsl estion of valense me In gemeral, RN’ can be
selected from

Tetremethyl smmondum (TMA),

Tetraethyl smmonium (TEA),

Tetrapropyl smmonium (TPA),

triethylenepropylamponium (TE"A) and

Tetrabutyl smmonium (TBA),
ions and from the slkalimetal or amronium eation, “eolite
‘SME eam be suitably synthesized by preparing a gel eontaining
orgonic cotions, sodiun oxide, oxide of sluminium, oxide of
silicon and water, heving composition in terms of mole ratios
of oxides, falling within the ronge as shown in Table 2.1.
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TABLS o 21
RANGE OF CONPOSITION OF REACTION
!E’fm IN TERMS OF MOLE RATIOS

or 0xIpesdd
Ratio Broad Preferred  Partioulsrly
range preferred
OH /8805  0407+10  0.1+0.8 04200476
Hg0/0K" 10300 10300 10800
510p/i150  86e100 1060 10=40
A'%R* ¢ Ha®) 04200408 043¢0.9 04dm049

Zeolite ZSMS is comventionally formed as eluminosilicate.

The composition can be prepared by utilizing materials which
supply the appropriate oxides., GSuch composition includes for
an aluminosilicstes, sodium aluminate, alusdnium salts,
alumina, sodium silientes, silica hydrosol, siliecs gel, silicie
acld, sodium hydroxide and quaternary smmonium compounds. It
has been found that eech oxide composition utilized in the
reaction mixture for preparing a member of the ZSME family
can be mized together in any order. TITypieal recetion condie
tions consist of heating the reaction mixture, containing
TPABr/TEPARY, -'0' nao,. 830., and 5'0 to a temperature of
about 373 to 472 X for a period of about € hours to G0 days.
A more preferred temperature is from sbout 423 to 473 K.
When the temperature is in this range the erystallisation
time 4s reported to be less than & days®®, Crystal size and
erystallization time of Z5M6 will vary with the nature of
the reactants employeds 661, 183¢ ZSM-5(043)
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The factors influencing the synthesis of ZSME
seolite using mixed alkyl ammondum cations of the type
ik & where &* and % are aifferent alkyl grows end
X+ Y= 4, hove been investigated®® and results hove been
compared with the ZSHE seolites synthesized in presence of
tetrapropyl ammonium (R‘I)’ eations.

In this chapter, the synthesis of ZSMS using
TPABr and TEPABr has been deseribed and the product
characterized by XAD, SEM, IR, adsorption and eatalytie
e nversion of ortho xylene.

g,a. Ethﬂh of hugrge
gmooniun brouide (TPABY)

PABr was preparved by refluxing egqual molar
solutions of tripropyl amine (Fluka 99.6% pure) and ne
propyl bromide (SDS 3 99.68) in dry ethanol for 24 hours.
The execese aleohol was distilled off and the TPABr erystals
separated by filtration and washing with dry ethyl ether.
The white neodle sheped erystals were dried at 363 K
overnight in an air oven. The miercanslysis of the dry
produet for C, N and Br sgreed with the theoretically
coleulated volues withdn & 0.6%.

Celede ww
apeondum browide (TRPARES
Triethyl amine, TEA (SDA 99.6§) and nepropyl

bromide (518 90.68) were dissolved in methyl ethyl ketone
and refluxzed at about 363 K for 24 hours on a waterbath,
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The TEPABr erystals were separated by rilteration, washed
vith eold dry ethyl ether and dried at 363 K overnight.
The C, N end Br anelysis of the produet agreed with the
theoretiecal values within & 0.8%.

2,148, Synthesis of 7SME Zeolites

Synthesis runs were carried out at various
temperatures in stainless steel autoclaves of 76 ml
earaclty at autogeneous pressure, The reactants used for
synthesis are given in Table 2.2.

Appropriate asmounts of sluminium sulfate and
sulfurie acdd were added to distilled water to yleld
solution Ae (uarternary emmonium compound and sodium
silieate vere mized with water ylelding a viseous solution
Be The solution A was added to solution B in reaction
vessel with continuous stirring ond then reaction vessel
was sealed as quickly as possible to rrevent sorption of
CO, from alrs The reaction vessels were placed in an alr
oven at the required temperature., When the required
temperature was attained (measured with a thermocouple
inserted in a thermowell provided in the autoclave) time was
noted as seroth hour. On the termination of resction, the
resctors were quenched in cold water to stop the erystalliza-
tion process. The solid products vere filtered, washed with
hot distilled water and dried in static sir oven at 302 K for
24 hourse



TABLE « 2,2

SPECIVICATION OF AEACTANTS

Chenical name Chemdcal formula Cheudcal
composition

Sodium silicate W“' “0“ 8‘0"
8ol Hagdy
64045 11,0

Aluiztun suiphete A15(50,) 9l 6H0 1685 11,0,

Sulfurie acid (BDH) I’BO‘ 085 8280‘

Tetrapropyl ammonium (Cqly ) JHOH 408 TPAOH

xide (Fluka AGe

hydro ( ) :dmu

Tetrapr ammonium (C,1,) -

m-f«qfﬁnbm) A o

Iri «~NePIOP

n-::lm un-u!l ‘°a”a’a°a'7“" -

un
(synthetie)

-

20



S2)e8. Frepagation of NSNS seolites

As synthesized sample of ZSME zeolites contain
the quaternary smmonium fons and sre designated as ZEMB(C/N).
The organic guaternary asmonium ions which oecwpy the channels
in the zeolite erystals are removed by heating the sample in
a muffle furnace at 812 K for about 8 hours. The final caled-
nation temperature is atteined at linear heating rate of 246 K
min."l, The product is cooled to room temperature and is kept
over saturated amwonium chloride solution for a week. The
sample is designated as NaZSkB,

In order to obtaln NHIONS, the zeolite samples
are exchanged under reflux conditions with SM solution of
n‘ca. at a 1iquid to solid ratio of 1611, The samples are
filtered, vashed with hot vater and dried at 202 K for 12 hours.
Seme procedure is repeated thriece to obtain maximum exchange.

The sedd or protonated forms (HZISME) are obtained
by adr uxamuonuln.munmxruem. The heating
rate 45 2.6 K min"', Then the sample is cooled to room tempera~
ture and kept in a desiccator over saturated ammonium ehloride
solution for a week., The aeid form of the sample is designated
as HiSMS., The seld or protomated forms (HISME) are also
obteined by treating NaZSMS with 0,973 N HCl, The quantity of
acld used 42 1 ml/gm of HaZSME and 10 ml/gm RaZSHE respectively.

Both the forms are obtained by stirring the sample
in the aeld solutions overnight at room temperature and at
waterbath temperature respectively.
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The samples exchanged at room temperature have been
designated as Naei=(26)el and Naeli=(25)«-10 wvhere the bracketted
figure refers to the temperature of treatment and the numbers
1 and 10 indicate the amount of aeid used per gram of the zeolite
sample. Simdlarly, the samples exchanged at waterbath temperature
have been designated o8 Neeli=(98)«l and HaeH-(98)=10. ALl the
samples ave filtered, washed free of exvess acdd, dried at 120°C
overnight in an alr oven, cooled and kept in a desiccator over
saturated ammomium chloride solution for »  week.

24147 Cation exehange of NaZSMB

The eation exchanged form of NaZSMS are obtained by
repented treatment of the HaZSMS with respeetive salt solutions

using 2-fold exeess solution.

The relevent data is summarized

belowes Anslytieal reagent grade chemicels were wsed for the

cation exchanges

Sample Source Solution used for
R I exchange
1. HoEeZSME heile BDH OudN ECLe
2 RaeCaZENS Aelle BDH Oelli camg.
2. Na=}gioMb hefle BDH (/78 § ) u(m,),.
4. Ha=La sMB s Indian Rare
'x‘{au-. 8% LaClge
<3!§‘3=im
Se Ra=Cuiské Aelis BDH Q24N Gl(l)')g.
6. Fo-H4Z5M8 AeRy BDH 0e8H HL(N04)pe



ALl the ion exchanged samples were filtered, washed free of
excess catioms and drded in sn sir oven at 120°C overnight,
cooled and kept in a desliceator over saturated ammonium
ehloride solution for a week,

2.2 CHARACTERZZATION OF Z8ME ZROLITES

2e2ele Zeray Diffraction

The synthesized samples were analysed by Xeray
powder diffragtion pethod for gqualitative and guantitative
phase identificotion, The unit usedvas Phillips Xeray
Diffractometer, Model PW 1730, Ni filtered Cuk, rodiation
(n = 1.640R) was used for the anslysis of the sample. For
quantitative ihn identifiestion, selected reference sample
was used and per cent erystalliszation was caleulated from
the sum of areas of the peaks between 20= 22 ¢o 28°, The
extent of erystalliszation wes estimated by using the formula™®

Peok srea between
20 = 229 g 28° of the product

Pesk area between

20 = 22° to 26° of the reference
sample.

# Crystallisation =

228+8, 1Infrered Spectroseopy

The infrared spectra were recorded in the irequency
range 2001300 em"* on PYE UNICAN SP 800 Spectrophotometer using
KBr pellets and/or nujol mulls of the samples. For quantitative
phase identification, o selected reference scmple ves used and
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per cont erystallisation was csleulated from the area under the
peak ot 660 -". The extent of erystallization was estimated
using the fm“

Peak of the band at
§ Crystallization = S50 of the produet
Peak area of the band ot

880 em™} of the reference
sample.

ECN was used o8 an internal standard.,

£s2+8, Thermal inalysis

Simul tancous TO«DTA-DTO snalyses of intermediate
phases were performed on an automatie derivetograph (MONe
Budapest, Type 00-102 B) deseribed by Peudik et a1 , The

thermograms of the samples were recorded under the following
econditions:

Weight of the sample - 70 mgs
Heating rate e 10K min™
Sensitivi
v - 100
DTA - 5
DTG - 1/8

Froheated and finely powdered «-alumins was used as a reference
materdal,

Ze8eds Seanning tleetron Mieroseopy

The morphology of Z8MB zeolites and representative
intermediate phases were imvestigated by seanning eleetron
mieroseope, &terioscan Model 160 Cembridge, Usk. The sample was



dusted on alusdnium pegs and costed with an Au~Pd
evaporated film.

2s8s6 Chomical Analysis

Enoun quentity of zeolite sample was hested at
high temperature in a platinum crueible in duplieste, for
€ hours to constant weight. The dried zeolite powder vas
treated with hydrofluoric acld and evaporated to dryness.
The HF treatment was repeated three times. From the loss
in veight siiies was estimsted, Tie residue vas treated
with hot water and filtered. Some portion of filtrate vas
used for estimetion of sodium by Mleme Photometry. Further,
the residue was treated with potassium pyrosulfate to dis-
solve slumine es well as iven (impurity) s sulfetes. This
solution wae used to estimate the slumina snd irem by
atomie alsorption spectroscopy. The per cent composition
of the verious sezples are given in Talle 2.3.

Zefebe &Md argon, vater
and hydroesrbons

The adsorption of water and hydrocarbon vapours
in the mieropores of ZEMS zeolites was measured using a
gravimetrie quarts spring (MeBain) balsnece shown in Fige2el.
The zeolite sample was pressed into a pellet (260 mg) and
activated under s vaseuum of 10"® torr st 663 K to desord
the water from the seolite pores., After the semple had
reached a constant weight, the temperature of the furnasce
was lovered and the somple eese was surrounded vith a



TADLE « 2,3

CHEMICAL COMPOSLITION OF Z8Mf ZEOLITES

bl GHT PEACLHIAGE
Sreliv. Ssaple 5409 Mgl  Hagd Mgd  Feglg
1. RaZsMB 04049 4496 Ded4 - 033
Se Hawiie(26)el 94,73 4,78 0.08 - 0418
3. Haw!(28)«10 94492 4.68 Ce0ll = C.154
4. HawH-(08)~1 84,92 8,19 0,07 - 011
Ge Na=le(08)=10 94,51 8,00 0,082 04184
Ge Hawil=Z3MB 98 .40 £.00 0,02 0,72 -
Te Na=Ca 8MB 06,82 5,08 004 00144 -
8. RaMgZoMB 07.47 8.11 0,04 0,44 -
2. MalLaZSHB 95,81 8,03 0.04 1,97 -
10. Ra=Cu-Z5H8 96,97 £402 0,037 1,76 -
1l. Na-NiZsMB 96,72 B.00 04081 0,30 -
12,  Ne-NHZSHE 96447 5,06 0,010 2,80 -
- -

* M= Exchonged eation.
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thermostat at 208 K« To measure the kineties and equilibrium
adsorption, the sorbate was admitted to the sample and the
veight gain by the sample at 208 K was measured as a function
of time at constant temperature and pressure. After recording
the equilibrium sorption, tie sample vas evacuated and heated
to 663 K at 10°° torr and used for the next measurement.

Surcae Aves

The surface ures of the seolite samples were deter-
mined by the sorption of argon at 77 K using Accusord Unit
(Micromerities Model 2100E).

Surfage ares determination involved admitting an
adsorbate to the sample of known weight, whieh had been
previously aetivated to make it free of the adsorbed water by
heating in vecuun and determining the amount of the sorbate
adsorbed by the material, under standard conditions of tesmpera-
ture and pressure.

The surface area is calculated using BET (Brunaver,
Emett and Teller) equation :

P ! Cel
- el L
v ° (43 O.P 3 '.c '-c °

where V, = amount adsorbed at pressure Py
v'-vammmmmmwuu
surface is covered by a monomolecular layer,
€ = a constant, and
Po ® the ssturstion pressure of the gas.
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A plot of & P/V (P «P) vs P/P_ gives a straight line, the
intereept and slope of which are 'EF- and ;.‘-% rose
pectively. Prom this information and knowledge of the
physicel dirmensions of sorbate molecule, the surface area
(8A m°/g) of adsorbing 80114 is computed by the follewing
equation

s x20"%% G.022 x 10“

22,414 x 10° (slope + intercept)

wvhere 5 is the area occoupled by a single adsorbed gas
moleeule (%)%

5A

22247, Catalytic conversion of ortho
ZEME zeolite

The catalytie reactions were carried out in a
fixedebed, downeflov eylindrieal silics reactor (Mig.2.2).
About 2 gms of the estalyst (10«22 mesh) was positioned in
the reactor which was electrically hested, The reactor vas
provided with a thermowell in the centre for the n oasurement
of the cstalyst bed temperature., All the experiments were
carried out at atmospherie pressurse. Pure ortho xylene was
delivered by a metering rwp (Model 352, Sage Instrument Co.
USA) to a vepourizer, packed with inert porcelain beads.
A schematie dlagrem of the experimental set wp is shown in
Fige 242 The reaction temperature was meintained constant
throughout the caotalyst bed.
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The resection produets were cooled by pasoing
through condensers, ecooled by ehilled water and then
analysed hourly using a HePe 5840\ gas chromatogreph
fitied vith 2 FdeDe detector.

The GeCe conditions are given below:

ie GeCe Column - @ x 1/8" 1.4, column pocked
vith 6§ bentone + 8§ diiso-
deeylphthalate on chromosord
Al 80w100 meshe

Le Inge Tompe - wco

8. coluzn temps ~ Isothermel 76%°C for 6 mine
P smning ot 10°/min, to
120°¢ held for & min.

by Felale toupe =« 260°C .
6o Carrier gas « HNitrogen, flow rate 200 ul/mine.
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3.l CAY T LLIZATION OF “8MB ZEOLILE

In order to optimise the conditions for
obtaining 1008 erystalline materiasl, the influsnce of
resction parameters namely tie neture of raw pateriels,
composition, etes has been studted?®9982 orpoisavary,
It vas observed that the rete of erystellization ineres.
205 vith the 540,/41,0, mole ratio as well as the type
of temploting agent used 4in the gel mix. + typiecal set
of experiment, results reported sre reproduced in FigeSel.
It wvas found that ineressing the reaction temperaturec as
vell as 510p/A1,04 strongly enhances the kineties of the
process. Ingreasing temperature of the resetion nass
reises the solubility of the solid sluminosiliecte phase
videh has beneficisl effeet on the rate of erystallizstion.
Moreover, the observed inercase in the rate of erystallisse
tion is related to the rate of nucleation of the zeolite
phase. The duta presented in Fige. 3.1 also indicate that
the rate of erystallisation is faster in TPABr systenm
rather than TEPABr system.

2.2, AeRAY_DIFPRACTION

The Xeray diffraction patterns of the erystalli-
sed products obtained by using TPAOH, TPABr ond TREPABY as
templating agents are illustrated in Fige. 3.2, The peak
heodght I and the position of the X«ray diffraction peak as

32



% , CRYSTALLIZATION

%, CRYSTALLIZATION

75

2%

FIG.

433 K

1,2,3 TEPABr
4,5,6 TPABr

—
-

413 K
o
-
3 [2

TEPABr

16 32 48
TIME, HOURS

3:1. THE KINETICS OF CRYSTALLIZATION OF

%
A) ZSM-5 ZEOLITE AND B) SILICALITEA

64



T —r T T T T T L 3 T g T T
(
’f
|
|
|
|
I
»
-
"
x
w
-
z
I\ 1 1 1 1 1 1 1 1 1 1 1
30 26 22 8 1a 10
-— 286
FIG. 3:2 X-RAY DIFFRACTION

PROFILES OF ZSM-5 ZEOLITES

1) TPAOH 2) TPABr 3) TEPABr



=3
(]

o funetion of 20 where O 4s the Bragg angle, were
estimated from the spectrometer chart. rrom these, the
relative intensities a/z, = 100) vhere I, 4s the inten-
sity of the strongest line or peak ond 4 4s the intere
planar dlstange in A", were ealeulated, The values of
interplanar speein; (2) and relative intensities obtained
from the leray difirectograms are given in Table 2,1 for
the various exchanged 28MS samples and Table 3,2 for
the acld trested NaZSMB zeolites, Poth the dwalues and
relative intensities are identiesl with those reported in
1 terature®5® sop 155 seolites. Zon exchange as well os
the acdd treatment wto nearly one normal HCl does not
significently influence the basie structure.

3080 1 NPRARED SPECTHOSCOPY

The structure of zeolite phase formeqfron the
aluninosilicate mixtures has been reported=t28y50
extensively. The IR vibration bands in the frameverk
reglon (2001200 en") for aifferent types of zeolites have
stovn® 5 ghat the band at 560 en™) indicate the formation
of Z5ME zeclites, Even though Xeray diffraction shows
smorphous pattern, the presence of thds band unambiguously
shows that such a seolite has been formed. The relationship
between the IR band intensity and erystellinity of the sample
estimated from the Jleray intensity hes been estsblished,



TABLE » So) 76
RIRD Sy L R e B
and relative intensities for
son-gxchanged (N6 zeolites

L p— - o

NaZsSM8 NaLaZo W Raid 25 M6 NaCaZoME
16%) @/ )a00 40%) G/,M0) AG®) (1/1_:00) () G/1,M00

1l.11 4d2 2007 53.67 111 48461 11.04 60.22

10,02 26,40 0495 82,14 10,04 26.24 10,04 36,12
2.76 13448 D8l 11,0 9.82 12,86 D71 13,66
7448 10,20 Ted2 5,98 7.42 7.04 Ted2 4,90
6,70 6.26 Ge 68 B8 6,70 704 670 Gol6
6,37 728 G2 774 &.,22 BeE0 Ge34 8481
£.98 Te24 8,98 11,90 &.98 11.08 5498 10,87
6464 7«60 8,67 833 5.7 704 5,67 10,23
£467 819 E.82 10,71 B.63 11.51 6,86 8.8
4,62 Be84 4e60 6,36 4.62 746 4,62 8,72
4,36 D26 4,35 D82 4427 10.44 4,35 0.60
4426 10,62 4.24 13,60 4.26 11.30 4e868 11445
3.86 100 3,82 100 3486 100 3,86 100
3.681 73,10 381 7142 3.82 G0eD4 3,82 71426
2,72 aeb4 370 47.62 3,76 32450 376 32,60
364 “8eBE BG4 28,07 38,64 27.60 3.64 28,10
3,48 Ge78 47 714 247 746 3,47 7,76
.44 10,99 Jedd 1012 3,44 11.72 3448 9462
338 8418 34 84928 342 3.24 8464 G.60
204 1170 304 10,70 3,08 13.22 3,06 1l.89
2498 13,10 2407 11,90 2,97 13.86 2407 11,45
2404 Ge08 Ze04 T4ld 294 7426 2804 6,17
2460 5.26 24,60 4,76 2,00 G882 2460 4,85
248 B84 o448 64986 2,48 7446 Be40 6,72
2400 D36 24,00 0.62 2,01 10,66 E,00 9,16

1.99 .36 1.99 11,30 1.98 11,08 1,90 0,80




TABLE - 3.2

d-Spacings and relative intensities for
acld treated ZSM6 zeolites

- — -~ -

Na-i- (25)-1 Na-H-(26)-10 Na-H{98)-1 Na-E-(98)-10
d(A ) (1/1,400) a(a®) (1/1,800) (d(a®) (1/1_x100) a(®) (1/1,x100)

11.18 49,08 11307 47.47 11.18 52,33 11,04 41.14
10,04 33,74 9,98 38,05 10,04 37.80 9.92 33,92
9.82 13,74 9,81 156,49 9,82 15,39 - .

6.32 8.59 6,32 9,56 6.38 9,60 6.32 9,17
5.98 9.82 5.98 12,12 5,96 11.33 5.98 11.71
5.72 6.13 5.67 8,62 5,71 8,99 6.67 8.23
5457 8.59 5.53 10,10 5,60 17.24 65.683 9.17
4.61 6413 4,95 5.39 4.61 6,40 4,60 5.56
4.37 9.57 4.59 6,06 4.37 9.24 4.58 5.57
4.26 12,27 4.35 8,08 4,27 11.08 4.24 10.76
4.00 6.44 4.24 11.11 4,00 7.88 3.98 6.33
3.86 100 3.83 100 3.86 100 3.83 100
3.76  33.74 3,70 49,83 3.72 49,26 3.70 46.20
3.656 28,83 3.63 20,63 3.64 28,32 3.63 27.85
3.45 10.06 3.46 7.00 3.48 6.40 3.46 6.33
3.34  8.59 3.34 10.10 3.34 9.24 3.34 8.86
3.3l 9.20 3,30 10,77 3.31 10.47 3,30 9.62
3.06 12,26 3,04 12,79 3,06 19.08 3.04 12.66
2.97  13.19 2,96 7.13 2.97 20,32 2,98 13.29
2.93 6475 2,93  6.40 2,93 7.14 2,93 6,96
2,48 5.21 2,48 6.06 2,49 5.60 2,48 6,65
2,01 8.59 2,02 9,69 2,01 9,98 2,01 10.76

1.90 8.90 1.98 9.16 1.99 9.98 1.90 10.76




The IR speetra of WaZSMB and acld treated Z5ME
have been recorded (Fige 3.8) using nujol mull technigue

and using ECHN as an internal standard (reference pesk at
2200 em"t)s ALl the three semples shoved strong abtsorbde
tion bandtin the 400~1200 em™> region. The band at 1000=
1200 has,3554cned”® to internal vibrations of 5104 410,
tetrahedrae The absorbance at 880 ea™> has been assigned®®
to highly distorted double & membered rings present in the
seolite struetures The ares under the peak at this frequency
hes boen employed %o estimate’™ the erystellinity of the
satericl. The framevork vibration frequencies observed for
acid treated NaZSMb samples are illustrated in Table 3.3.

No significant changes are observed in the frequencies of the
IR bands,

344, TEINAL ANALIDIS
wel)

The seolite ssmples synthesised using TPABr as s
TEPABr hove been examined by the simultaneous thermal analysis.
The loss in weight as well a8 the therual effects that ocowr
on heating the ssmple at a linear hesting rate of 10 K min™*
have boen recorded as the DTA, TG, DTG Shermograns and have
been wmu“ to estimate the water and organic quaternary
suponiun don content in the cyystalliine and intermediate
phosese The 70 cuwrves Allustrated &n Fige 34 show a two
step weolght loss at 2084723 K sad 583-873 K while the DTA
curves siown in Figse 3.6 and 246 exhibit en endotherm at

B
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TADLE » 8.3

Exepevork vibretion frequencies for
ZEME type seclite

Lave mmber obscrved (em=l) for sample
SNt e AT GBel  Hoolie(28)e10 WawleDBel Wewii-(98)-)

- -~ -

84«0 bonde 480 468 468 460 460
ing

Distorted 860 £68 5886 860 8885

double 6

rings

lw ' u - - - -

- €80 680 688 €00 GBE
1186 718 716 72 718 70
BLSS 706 800 8386 800 808
BLSS 870 830 890 890 820
ITAS 1076 1078 1080 1060 1080
8is0 a8 1220 1230 1239 1230 123

retrie )

BLGS « ExSernsl Link Complex Five Hembered ringy
ELSS < Externsl Link Symmetric Stretelhj

IT58 « Interncl Tetrahedrel Symmetelc Stretehy
ITAZ « Infernal Tetrahedral isymmetric Streteh.
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£98+473 K and exothersswith tiree posks between 573 to 873 &
respectivelys The endotherm obtained in the temperature range
298«473 K 15 due to the dehydration of physiecally adsorbed
and gecluded water in the zeolite, while the exotherms
(823-873 K) are dus to the decouposition of the organie
cations occluded in the pores of the seolite during synthesis
of &M6 structure. OSimilar results have been obtained for
the TEPABr-zeolite systems. It is interesting to mote that
the decomposition of the tetraalkyl ammonium salts (TPABr/
TEPABr) occurs at 473872 £, wiile when these eations are
bound to the silicoealumina framework ths decomposition oecurs
above 623 K. Similar results have been rsported by Manton
and n.um“ in case of TPA estions. Pure TPA decomposes in
the temperzture range 478-673 while those oecluded in the
sedclite fremework decompose at higher temperatures, These
results confirm the previous muﬁl“ that the qunwvms.,}
anconium fons ere probably located at the intersections of the
seolite channels where they ean interaet with the fremework
nepative charges.

The DTAyy TG data evaluated from Figse 3.4 to 3.6 for
the various lon exchanged and ascld treated Z3)5 zeolites show
that widle couplete dehydration ocours between 208 to 842 K for
the originel HaZSKS, on ion exchange with die and trivalent
cations, complete dehydration takes place at much higher
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temperatures (Table 2,4). This moy be sseribed to the
higher hydration energy of water molecules bound to
ug®*, ca®*, cu®*, M2* ana 1a?* cations. The mintmum

of the endsthermie peak also shows s shift to higher
tomperaturess The decomposition of guatermary emmonium

fon is o complex process since the decomposition is
sceonpanied by oxidstion of the deeomposition products.

The decomposition occurs in three stages as illustrated

by the DTA ecurves in Figse 3.6 and 2,6, The velght loss

and peak temperatures for the dehydration and decomposition
of the ion exchanged and seld treated Z5HS sawples are given

in Tables 3447 and 3.4B respectively.
Bebe & 4% ELS MEC S COPY

The seanning eleetron microscopy (SEM) has been
extensively smployed to Lnvestigate morphologlesl characteris-
ties during seslite synthesis. Genmd and coworkers’! have
shown that the sise and shape of Z5MB erystals can be altered
st will ehanging the reaction conditions as well as rav
materials used for the synthesis, In a limited applieation
the SEM photographs of Z8M5 zeolite and representative
intermediate phases for TEPABr system (sao,/ugo, = 86,
OH/Hy0 = 648 x 2077, 7 = 483 K) are shown in Fige 3.7, The
photographs A and B indicate amorphous gel and coexistance
of both smorphous and erystalline phsses respectively after



TADLE » 344A

DTA and TG deta for cation exchsnged
ZSM5 seolites

4b

Tomperatuwre(®L) of

Ze0lite # zehange Lx::: o T
- ________ cndothornde posk dohyiration
HaZi M8 - 88 ara &4
NaKZuHB 93.18 1l.0 a2 663
HaCaZ8M8 9049 110 298 713
NaCuZ8NB 01460 11.0 a83 608
taLeZSMB 9049 Oeb 362 e72
RalgZshd 9049 11.0 arn 743
RaMiZnMB 82,40 11,0 283 638
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16 hours of erystallization at 463 Ke The presence of
amorphous meterial at higher erystallization period indicates
that erystelline phose is embeded in the amorphous material.
Similar results were obSained in the systems where IPABr wes
used as a templating agent. The wmorphology and erystalidte
size are simdlar in both TPABr ond TEPABr systems, igs 3.7C
and D show the mierogrephs of ./ erystalline msterial and
tlown wp pieture of one polyerystalline aggregate of about
16«20 ym,

De6e ADGORPTION

The adsorption and estalytic properties of seolites
are nodifled®® to o considerable extent by the replecement of
Na® 4n the originsl zeolite with hydrogen or other multivalent
cotions. The changes in the properties of zeolite brought
about by fon exchange are wsually determined by the variastions
in the sorption thermal and seidic propertiess The low tempers-
ture nitrogen and argon adsorption isotherms for pure szeolite
sample is guite characteristic snd is distinguishable from that
of the amorphous materials, Ritrogen adsorption isotherms have
beon employed to estimate® the per sent erystallinity of the
synthetie and thermally treated seolite catalysts., Moreover,
such isotherns ave used™ for the coloulstions of the surface
accessible to molecules comparable in size and also the surfaee
area of the samples. From the sorption ecapaeities of water,
ne-hexane and eyclohexane, the modifications in the pore
structure of the seolite can be determined and the total pore



volunme estimated. Similerly, the sorrtion dsta for the resctant
molecules and products formed during the reaction navely ortho-
notoe and pexylenes in the eatalyst samples provided useful
correlation for the activity of the catalyst. The adsorption
of hydroesrbon molecules of varying siszes end shape as well as
those of reactants and products formed during xylene isomerie
sation are presented in the following sections.

(A) Adsorption of argon

The sorption data st 77°K are sumsarized in Tables
346 and 3,6, The velues of Vp and surfoece areas have been
estimated by the application of BET equation described in
Chapter II. The adsorption isotherms for argon at 77°k sre
illustrated in Fige 3.8 and the BET plots are shown in Figs,
3.9 and 3,10 respectively. The surface areas estimated from
the BET plots shov an inerease from about 64,7 n®/g for
NaZSME to 412 m°/g for the aeld extraeted sample NaHZSNS(26).
Gimilar changes are observed in the equilibrium adsorption
volumes Vy (Tables 3.6-3,7)s However, the values of pore
volume Vp estimated by the application of Dubinin equation
4o not vary significontly in the vaerious samples. The Dubdinin
plots log s Vs (log P /P]% shown in Fige 3,11 have been
employed to evaluate the value of 'a' and the total pore volume
of the sample.

The sorption ecapacity for argon follows the order
NoH(26) > NaH(98)~10 > NaLaZSMB > NaZSMB.
It may be observed from Table that Nali(98)«1l0 and NaHISMS



TABIE » 2,6

| ——

ADSORPIION OF ARGON AND SURFACE

ALEAS OF 7SME ZEOLITES
S ample Sorption surface
equilibrium area
Vy (oes/gn) (%/gm)
Ra-ZE B 98 36447
Howlle (08 )l Oe”3 1B 102,86 382,86
Howla=-Z8H8 102 381,00
Howim {28 )elO=lo NE 108,909 412,00

o - -



TABLE » 3.6

VOID VOLUME OF JON EXCHANGED

Z8M6_TYPE ZEILITE
Zeolite log ag G ag v’
(ces/gm) (gus/gm) (ces/gm)
NazZsMB 241286 133,36 Da24 017
Hawle (98 )=10 2,063 115,81 0O.21 Cel8
ZzsHe
NaLaZS¥B 2,06 113,71 0,203 Oel46

Homile(28)=10 2,00 123,08 0.22 0e16
B8

8y * saturation capacity,

Y’ = total vold volume,
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contadn 0,0€L2 and 04072 Ha® fons per unit eells The
equilibrium sorption capaeity of the seclite sample is
found to inerease with decressing Na' fons per unit eells
The free energy of scrption aG°( — AT 1n Po/P) 48 given
in Table 3.7

Yt

The sorption kineties of water vapour on LSMS
ssuples hove boen measured using a gravimetrie MePain siliea
spring balanee at 266 K« The sorption kinetles for the acld
troated samples are illustrated in Fige 3,12 and for the
eation exchanged zeolites in Fige 3,13, It can be seen that
the initial rate of sorption is more for the original HaZSHE
samples (7ige 3.12-)e Acld trestment and szwondum exchange
appears to reduce the initial rate of adsorption. The equili-
brium adsorption values estimated after 120 minutes exposure
to the water vepour follow the sequence

NoZ8M6 > Nal(08)«10 > HaH(26)«10 > Nal(08)el > HaH(26)ed

> an‘(nmu.
These results indieate some lattice distortion and inereasing
order of hydrophotdeity in the above samples has taken place
on acld treatment of the 25M8, The eastion exechanged 75NMS
zeolites indicete marked chemges in the sorption of water
(Fige 213). Wiile the Hy0 sorption inereases on K= end W%
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exchange, there is a signifieont deerease in HyO sorption
in c.". ua’, cu®* and LaezsMS sample. The sorption
capoeity follovs the sequenee

M2 22> ma* > 4g%% > cu®terra®tr s,

() Serphion of m~heplens and eyelobexems

The sorption data for neheptune in different acid
treated and Jon exchanged zeoclites are illustrated in Fig.
814 and 3,18 respectivelye As compared to the sorption of
water, the nehoptane sorption shows o relatively smell variae
tion vithdn 2 0.,7# in the acid treated Heform of the ZSNE
(Pige 3414)s 1t may, bovever, be noticed from Fige 3,16 that
the neheptane sorption dota in eation e xchanged forms follows
the trend for thl.omﬂon.tb-mmaotmm being

leust in the I..". cne’ samplese

The wtake of eyelohexans on acid treated ond ion
exchanged ZSME zeolites is fllustrated in Pige 3,16 and 3,17
respeetively. The rate of adsorption of eyeclohexane is very
much smeller then that of nehexane in a given seslite samnle.
The erystallographie pore dimensions of ZSME estalyst (8.4 x
£46 A) connot be uwsed to estimate preeisely vhat wmolecules will
be sorbed snd what moleoules excluded. While doeresse in
adsorption of water and hexene corresponds to genersl expecta-
tion, the deerease in the rate of eyclohexane sdsorption with
aeld treatment is surprising. In general, the rate of sorption
of eyclohexane in Z5M6 samples is slow and equilibrium is not
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attained even after 120 minutes exposure, the sorption
values at 120 minutes follow the sequence

NaH(26)=1 > Na® > NaH(25)-10 > NaH(98)-10
> NaH(98)-1 > Na(NH,)~(H) ZSM5

for the acid treated samples, and

Nn' > NaCuz* > muz* > NaK > NaCa

> Nari® > NaLa®'zsMs

2+

for the ion exchanged samples respectively. The remarkable
reduction in the sorption of eyclohexane in NaLaZSM6 may be
attributed to partial pore blocking (at the intersection)

of the zeolite. It is possible that while adsorption of
n-hexane occurs in both the pores and channel intersections,
eyclohexane having larger cross-sectional area 1s adsorbed
preferentially at pore intersections only. It has been found
that the catalytie activity for the xylene isomerization 'whi &h
occurs at the channel intersections correlates with the amount
of eyeclohexane adsorbed.

(D) ADSORPTION OF ORTHO,
META AND P-XYLENES

The uptake time curves for ortho, meta and para=-
xylenes on various ZSM6 samples are illustrated in Figs. 3.18,
3.19 and 3,20 respectively. While like n-heptane, para-
xylene uptake is faster, the other two isomers are sorbed at
a slower rate, The equilibrium sorption of the three isomers
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on the Z5ME samples show the sequence

Pelylong > Meta > Orthe.

The equilibtriun uptake velues for the various samples (in
120 pinutes) are given in Table 3.8, The sorrtion date
shows that the degree of adsorption is influenced strongly
by nature of cation as well as the size and polarity of the
adsorbate molecule ond the degree of ion exchenge or seid
trootment to replace the Na' fons originally present in the
parent seslite matrix. '

8.7 CATALYTIC REACTIONS OF ORTHO

It has boen reported™® that ZSMetype catalyst
chonically modified by incorporstion of phosphorus or
mognesium possess greater than us selectivity %o para
zylene in the alkylation or disproportionation reactions.
The high seleetivity to pars isomer was attributed® to the
shape selective characteristies of the pores of ZiME seolite.
With a viev to study the influence of exchanged cutions on
zylene isomerization, five ZuMBetype catalysts modified by
fon exchange with La®*, m%*, cu®* §* (mzsHE) have been
tosted for ortho :ylene isomerization reactions.

The reaction was earried out at G223 K in view
of several earlder studles®®, vhieh hed estatlished this
tomperature to be ideal, It was observed that at higher



TABLE « 3.8

WATER AND HYDROCARBON SORPTION

IN Z8MB ZEOLITES

e

71

TS A . T 0 A% e T T

Catalyst Nos of molecules of adsorbate/unit eell
N Water leHeptane Cyclohoxane DaX =X PeX
NaZsSM$ 4.8 84,28 3.27 1.83 2,01 8.4
(original)
HaeE-ZEMB 41.8 8426 2441 ~ - -
NawlleZBME 43,7 8.64 262 1.98 2.16 8408
NHa=Cu«ZSMB 36,8 8.12 2496 1.84 2469 778
Na=MuwZSHE 41.3 8.64 2.66 - - -
Ha~iig~ZEME 3847 8d1 27 2.68 2466 8,04
B..&‘?&'}S’QA ‘.“ Soﬁ - - -
Na‘b%)_sam a.a 3.33 - - -
Howlim{O8)=) 830,90 8406 2.66 - - -
wi3r-5
Haeli=(98) 4l.4 8.10 2468 0038 1.43 8.81
«l0z2m—<
NawLa«ZEME 33.98 7.0 060 1.4 1.18 8,16
HawCa«ZEME 80,18 7.68 2.19 ~ - -
Na-mi‘- 36,00 701 2.20 - - -
(H)-ZsMs

Anderson et a} J. Cat, Vol, 68y 114130 (1979)
Pexylene = 5,56 molecules/unit eell ot 208°k

and in 10 minutes.



72

tewperatures dealkylation of xylene to toluene and methane
ond disproportionation to Cy aromsties and toluene tokes ploes.
A% lower temperatures comversion of ortho xylens 15 too low.
The activity for isomerization reaction is empressed in terms
of PATE (pexylene spprosch to equilidrium) ond is eculewlated
using the following expression:

# Pexylene 4n product smong the iscwers

PATE = § Pereexylons in the feed smong the isomers

$ Pexylone at equilidriun «
$ Pexyleone in the feed.

The resetion produets vere eclleeted every hour and anslysed

by GeCe (Chapter II)., The produet distribution obtained using
five typlical Z5ME samples &s illustreted in Tadble H.0¢ It wes
observed that all eatalyst samples excopt NeCulsSi showed
sGuble sctivity during the period of experiment. Deastivetion
with time which 48 a charscteristic of all cctalysed reastions
is observed at very large time on stream with Z5M type catalyst.

The experimental data presented in Tahle 3.0 indicates
thot out of the five catalyst samples tested for the ortho
xylene eonversion reaction only H:SMS is,suitable cotelyst. The
ion exchanged Z5M8 eatalyst showed low ortho xylene conversions
and henece are not suitable for commereciol exploitations and
shy commereial cotalyst suitadle for the reaction would be one
based won HISME zeolite whieh hos been sultabdly modified to
fzprove life and PATE.
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The catalyst presently tested i.e. Nal(98)«10
gave an ortho :ylene conversion of 708 and PATE of 88f,
This activity was stabdle beyond the 12 hours tested in
s separate™ ™ stuay, The incresse in Cg in the line
vith the greator setivity of the estalyss.
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SUMMARY




The ZoMS type zeolite i1s o new shape selective
zeolite belonging to a pentasil family of erystalline
aluning silicotes and has bdeen extensively studied os a
commerelal catalyst for isomerization, alkylation, dise
proportionation, dewaxing and selectoforming,

The 75M8 type mzeolite has been prepared using
indigeneous rav materials and chsrscterized by Xeray
dirfraction, infrared speetroseopy, sesnning eleetron
microseopy, chemiesl snalysis, thermal snelysis (DTA, TG,
D1G), adsorption of argon, vater and organic vapours end
eatalytic reaction for the conversion of ortho xylene,

A series of acid treated ond ion exchanged forms,
HalizsM8 and Hed®*25M8 where M** represents x*, cu®*, m®*,
ca®*, 1% and 1a®* nave been prepared. The structurel
and catalytie properties of the modified ZSMS zeolites have

been examined by employing the above physico-chemical
techniques.

The Xeray powder diffraction patterns of the aeld
treated and cotion exchenged ssmples did not show signifi.
ecant changes in the d values (interplansr spsecings) or
intensities of the diffrvaction lines, Further, the results
indicate a high stabllity of ZSME structure to acid treate
ment (1N HCl), which ean be an alternmate route for the
preperation of E form of ZSNS in the form of an active
eatalyst for hydroecarbon conversion reactions,
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The seanning eleetron migroseopy revealed distinet
differences in the amorphous and erystalline phases during
the course of erystallization. The IR spectra revesled that
ZEWE strueture possesses a characteristic absorrtion band at
560 en™*, which has been assigned to Mighly distorted double
6 membered ring in the pentasil structure.

The thermograms indicated two step weight loss, the
first step due to dehydration and the second due to the decome
position of the occluded organic material in the pores of the
Z8M6 structure. PFurther, the DTA thermograme showed an endoe-
thern due to desorption of water from the zeolite cavities and
three yd.l resolved exotherss wvideh have been -ssigned to the
decomposition of the occluded meterial. No struetural changes
in the Z8M5 fremevork were observed wpto 1276 K indicating
high thermal ctatdlity of the seolite, This was true for all
the ion exchanged and acld treated ZSME zeolite samples,

The adsorption of argen ot 77°K was fast and | attedned
equilibrium values at relatively low pressures, Ffrom the argon
adsorption at 77°K, the surfsce srea and pore volume of a few
Z8M5 semples have been estimateds The sppliecability of Dubinin
equation for the ecaleulations of free energy of adsorptiem (ad°)
has been tested, The sorption capocity was maxioum in acld
trested sample and minimus in La>' exehonged seciite. The latter

has attributed %o a partial bocking in the M channel intere-
seetion,
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The water adsorption rate and equilibrium capacity
decreased with exchange of Na with multivalent cations as
also with acld treatment of the zeolite. The modified zeolltes
readily sorbed n-heptane while the uptake of cyclohexane which
has larger molecular size than pore dimensions was slov and
equilibrium did not reach even after 120 minutes exposure of
the zeolite to the cyclohexane vapour.

The kinetics of sorption of ortho, meta and para
xylenes on the ZSM6 type zeolites revealed that the uptake
of para isomer was fastest and equilibrium reached within 5 to
20 minutes exposure. Relatively, the meta isomer was sorbed at
a slower rate. The equilibrium sorption values followed the
sequence

para > ortho > meta.

The eritieal dimensions of ortho, meta xylenes and
cyclohexane are larger than para xylene and therefore their
uptake is slow and smaller as compared to the para lsomer.
Moreover, the critiecal dimension of ortho xylene (6.8R) is
slightly larger than the pore dimensions of the ZSM6 channel.
As a result, the uptake is slow and small.

The activity of modified ZSM6 samples for the
conversion of ortho xylene was evaluated at 623 K. The
reaction products were analysed by G.C. and the % conver=
sion of ortho xylene and PATE for p-isomer for the & catalyst
samples has been estimated. Further, the stability of the
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catalyst under optimum conditions of reaction wus deteramined.
The BZSMS besed estalyst showed optimum conversion and stadble
catalytie 1ife over = perded of 12 hours.

| From the present studles i1t may be conecluded that the
sorption and eatelytic properties of 7ZSME zeolites depend upon
the nature of ¢stion present. The N form of the ZSME seslite
shoved optimum conversion of ortho xyleme and stable eatalytie
aetivity.
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